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ABSTRACT 

Central to any understanding of the nature of an organism is the examination of the relative 

contributions of heredity and environment to its development. Set within this framework are the 

literatures studying the environmental forces which interact with biological predispositions to pro-

duce the mature individual (Shaffer 1985). One such area of research which has provided evidence 

that the environment has a beneficial impact on an animal's neurochemistry, neuroanatomy and 

behaviour is the environmental enrichment literature (Rosenzweig 1984; Renner and Rosenzweig 

1987; Rose 1988) where animals reared in socially and perceptually stimulating environments are 

compared with their litter mates raised in impoverished environments. 

Within this literature are a handful of studies which suggest that these beneficial effects are 

not only confined to those animals directly exposed to an enriching environment but also can be 

passed across generations. It is this intergenerational research which provides the focus of this 

thesis in which the effects of exposing female rats to differential environments prior to pregnancy 

on successive generations were investigated in Hooded Lister rats. 

Chapter one, the introduction to this present work, provides a historical background to the 

investigation of early experience, enrichment and its effect on the brain and reviews those few 

studies which have investigated the results of maternal enrichment on the offspring generation. 

Enrichment as an environmental manipulation has been extensively researched and those studies 

investigating the behavioural consequences of exposing animals directly to Enriched (EC) and 

Impoverished (IC) conditions are reviewed in chapter two, to provide a profile against which to 

compare the offspring generations investigated in this thesis. 

The impact of inter generational effects has of course been explored using manipulations other 

than enrichment. Indeed, it is now well established that various kinds of stressors imposed upon 

females of different species can affect both the physiology and behaviour of their offspring (Joffe 

1969b; 1978; 1982; Thompson and Grusec 1970; Archer and Blackman 1971). Chapter three 

of this thesis provides an overview of the literature investigating the effects of manipulation of 
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the maternal generation either prior to pregnancy, during pregnancy or postnatally on offspring 

and grandoffspring generations emphasising the diversity of manipulations other than enrichment 

that have been employed. 

Following chapter four, which describes the general methodology employed in this thesis, with 

details of the breeding programmes, the environmental manipulations and behavioural test appa

ratus used, are the four experimental studies designed to investigate the effects of enrichment on 

successive generations. In particular, chapter five (study one) provided a profile of animals ex

posed directly to environmental enrichment, impoverishment and standard housing (SC) against 

which to compare future generations' behavioural patterns. Futhermore, this chapter also tested 

the efficacy of the enriched environment employed in this thesis, best described as a Superenriched 

environment (SEC) in male, female and postpartum female rats. The inclusion of the latter group 

was to ensure that the commonly found enrichment effects would continue postpartum despite 

undergoing pregnancy and litter-rearing. 

Moving on to successive generations, chapter six (study two) explored the effects of differential 

maternal environments prior to pregnancy on offspring and grandoffspring behaviour. Animals 

were put through a battery of tests to investigate their activity, perceptual and learning perfor

mances. From this work qualitatively different behavioural profiles were observed in both the 

offspring and grandoffspring of the three maternal conditions. Possible causes for the observed 

performance differences were discussed and it was suggested that they might reflect amongst other 

things, different learning capacites between the groups or differential arousal and/or stress levels. 

The last two studies of this thesis were designed to investigate these postulated causes further. 

Chapter seven (study three) analysed the effects of differential maternal environments prior to 

pregnancy on offspring performance in the Hebb-Williams maze and in an operant conditioning 

task, whilst chapter eight (study four) considered the hypothesis that offspring of SEC, SC and 

IC dams are differentially aroused, by artificially manipulating arousal levels with d-amphetamine 

sulphate. 
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In the final chapter of this thesis (chapter nine) the main findings of the four studies are sum

marised and possible causes of the intergenerational transfer of effects discussed. In addition, the 

individual experiments are critically assessed and avenues for future research suggested. 
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CHAPTER ONE: GENERAL INTRODUCTION 
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Were man able to trace every effect to its cause, he would probably find that the virtue or the 
vice of the individual, the happiness or misery of the family, the glory or the infamy of a nation 
had their sources in the cradle, over which the prejudices of a nurse have presided. The years of 
infancy are those in which the chains of virtue or vice are generally forged, for in proportion to 
the length of time any idea occupies the mind so does it acquire strength and produce conviction. 

Samuel H. Smith 1796. 

1:1 HISTORICAL BACKGROUND TO THESIS 

According to Jerome Kagan (1979) the infant has a special symbolic meaning in all societies 

because it marks a beginning. Furthermore in the West "where origins are sacred, the infant is 

awarded a set of unique qualities, the most important of which is the capacity to be changed 

permanently by experience" (p13). 

Historically, the importance of experience as a major determinant of the "nature" of an organism 

can be traced back to the Classical philosophers and in particular to Aristotilean heuristics (Hall, 

Perlmutter and Lamb 1982). In contrast to this "environmentalist" viewpoint, the Platonic 

version of determinism (Plato: The Republic) stressed the importance of innate differences in 

aptitudes amongst human beings and that these individual differences should be recognised. 

This "nativist" position became increasingly reinforced by the Church, such that by Medieval 

times, humans were considered to be sinful and corrupt by nature and that this "original sin" 

could only be redeemed through Christian salvation (Santrock and Bartlett 1986). More recently, 

towards the end of the seventeenth century, John Locke (1690) argued that the neonate arrived 

in the world with an empty mind, a Tabula Rasa, on which experience carved out the various 

qualities which we ascribe to humanity. By the late eighteenth century, however, a new version 

of nativism had been proposed by Jean-Jaques Rousseau (1762) a French philosopher reacting 

to the prevalent idea that human beings are inherently wicked. He revived the Platonic view 

that children are born innately good, and in his book "Emile" suggested that the child should 

be permitted to grow naturally, with little or no monitoring, such that inborn propensities could 

guide a healthy development. 
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Given these philosophical traditions, it is not surprising that a continuing debate in modern 

psychology concerns the relative contribution of heredity and environment to the development of 

an organism, although as Harris (1971) has pointed out, one by-product of this history has been 

to divide people into patterns of thinking or ideology, creating an unecessary or false dichotomy. 

Terminology has varied from time to time, nature versus nurture, nativism versus cultural re

alism, genetics versus social controls, maturation versus learning or innate traits versus aquired 

characteristics (Thomas 1985), but the basic issue has remained the same: how do inborn factors 

compare with environmental factors in determining the nature of an organism? 

Early in this century, the question of causality was predominant, with Wiggam (1923) for example 

arguing that the genetic makeup of an animal was the determining factor in development. 

"Heredity, and not environment is the chief maker of man ... The differences amongst 

men are due to the differences in the germ cells with which they are born" (p42). 

The opposing viewpoint, that of the nurturist can be exemplified by Watson (1925), who wrote: 

"Give me a dozen healthy infants, well formed and my own specified world to bring 

them up in and I'll guarantee to take anyone at random and train him to become 

any type of specialist I might select- doctor, lawyer, artist, merchant, chief and yes, 

even beggar-man and thief, regardless of his talents, penchants, tendencies, abilities, 

vocations, and race of his ancestors. There is no such thing as an inheritance of 

capacity, talent, temperament, mental constitution and behavioural characteristics" 

(p82). 

Few contemporary psychologists, however, would endorse either of these radical points of view. 

Indeed, the current consensus of opinion is that the relative contributions of nature and nurture 

depend upon the aspect of development in question. Complex human attributes such as temper

ament, intelligence and personality are the result of the interaction of biological predispositions 
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and environmental forces (Shaffer 1985). 

Furthermore, on the question of causality, the debate has progressed from which one to how 

much and subsequently to in what way (Anastasi 1958). Indeed Denenberg (1982) has argued 

that the philosophical basis of causal attribution is no longer valid and "now acts as a major 

intellectual and emotional barrier blocking attempts to gain an understanding of the deeper 

structure underlying developmental processes" (p78). He points out that a rigid adherence to 

simple cause-effect thinking prevents us from advancing conceptually and argues that a new 

paradigm, General Systems Theory (Bertalanffy 1969) should replace the Aristotilean linear 

cause-effect model. The key to the more complex systems model has been dealt with from a 

philosophical perspective by Bunge (1979), in his book "A World of Systems" and relies on the 

simple assumption that every thing interacts with other things. According to Denenberg (1982) 

"it is now time for researchers to deal with interactions at a conceptual level as an inherent 

property of systems rather than to think of them simply as statistical nuisances resulting from a 

particular type of experimental design involving the analysis of variance" (p80). 

One area of research in which both the linear cause-effect model and the more sophisticated 

interactionalist approach have been applied to gain insights into the processes underlying devel

opment, is the animal literature investigating the effects of early experience on later behaviour 

(Denenberg 1982). Within this field two factors have repeatedly surfaced as having immense 

impact: firstly the fundamental importance of the type of experience typically manifest as the 

"experimental manipulation" and secondly the timing of the experience in the organism's life. Set 

within this literature and of particular relevance to the present thesis are the growing numbers 

of reports that suggest that an animal's behaviour can be influenced by manipulations imposed 

upon its mother (Joffe 1969b; Archer and Blackman 1971; Joffe 1978) and some few reports 

that have extended the notion of early experience across generations (Denenberg and Rosenberg 

1967; Thompson, Watson and Charlesworth 1962; Ader and Belfer 1962b; Ressler 1966; Wehmer, 

Porter and Scales 1970; Lane and Hyde 1973). It is this latter theme which is central to the cur-
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rent work and which will be considered in section 1:6 of this introduction. Firstly, however, the 

importance of early experience will be considered, as it is from this literature that the present 

work, in which the effects of differential maternal environmental experience prior to pregnancy 

on offspring behaviour are explored, can best be positioned. 

1:2 THE IMPORTANCE OF EARLY EXPERIENCE 

It is now well established that early experiences can have a profound effect on an organism's 

development and important consequences for future behaviour (Thompson 1968; Thompson and 

Grusec 1970; Denenberg 1972; Bond and Joffe 1982). Indeed one commonly held view is that the 

experiences of infancy produce a set of dispositions that have a continuous influence throughout 

life, implying that the effects of early experience are difficult to alter. This proposition has its 

roots in the philosophical traditions described above, as well as being influenced by psychoanalytic 

theory and data from animal laboratories. With respect to the latter both comparative psychol

ogists and ethologists have alerted the scientific community with demonstrations of dramatic 

and apparently irreversible effects of early experience in animals, some of the most impressive 

examples coming from the experiments on imprinting (Spalding 1873; Heinroth 1911; Lorenz 

1935; 1937) and the production of abnormal behaviour in rhesus monkeys raised with inanimate 

wire "mothers" (Harlow 1958; 1960). More recently, however, there has emerged some evidence 

to suggest that the infant is responsive to change and that the effects of early experience are 

reversible under proper environmental conditions (Kagan 1979). For example, as early as 1959 

Denenberg was commenting on the pervasiveness of interactions between early and late expe

riences, leading him to conclude that "the data were not consistent with the hypothesis that 

the effects of early experience are irreversible" (Denenberg 1982, p82). Whether the effects of 

early experience are permanent or are subject to modification by later experiences, although a 

fascinating debate in its own right, has relevance to the present work only in that it serves to 

illustrate the importance of "nurture" in the development of the organism. 
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Within the context of early experience, one area of research which has had an important impact 

is the considerable literature on differential environmental experience. Indeed, over the last four 

decades it has been consistently demonstrated that exposing an animal to either an enriched 

environmental condition (EO) in which typically a group of 10 to 12 animals is placed in a 

relatively large cage with various objects (Rosenzweig and Bennett 1969) or to an impoverished 

environmental condition (10) where animals are housed in isolation with no social or perceptual 

stimulation \ can affect its behaviour, neuroanatomy and neurochemistry (Rosenzweig, Krech, 

Bennett and Diamond 1968; Rosenzweig, Bennett and Diamond 1972c; Bennett 1976; Greenough 

1976; Rosenzweig and Bennett 1976; 1977; 1978; Walsh 1980; Walsh 1981a; Rosenzweig 1984; 

Renner and Rosenzweig 1987). As this area ofresearch provides the starting point for the present 

thesis, the historical background and implications of differential environmental experience will 

be discussed in more detail in the following section. 

1:3 HISTORY AND CONSEQUENCES OF EC/IC 

The first report of the behavioural consequences of differential environments was in a paper given 

by D.O. Hebb (1947) at a symposium on learning, entitled "The effects of early experience on 

problem solving at maturity". He noted that seven rats reared at home as pets, with much of 

their time spent outside their cages, were superior to their littermates reared in laboratory cages, 

when tested in a Hebb-Williams maze. He concluded that there was a lasting effect of infant 

experience on the problem-solving of the adult rat. Since 1947, there have been many reports of 

superior EO perfomance in the Hebb-Williams maze (Davenport 1976) although the notion that 

this reflects a learning superiority per se has been questioned (for example: Woods, Ruckelshaus 

and Bowling 1960; Woods, Fiske and Ruckelshaus 1961; Dell and Rose 1986). A variety of tests 

linked with several types of learning paradigm, other than maze performance, have also been 

reported in the literature, including discrimination learning, reversal learning, passive and active 

avoidance learning, as well as operant conditioning (Davenport 1976; Renner and Rosenzweig 

1 For a full description of these environments the reader is refered to chapter four. 
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1987). It is clear from the results of these experiments that the effects of enrichment are task and 

response dependant (Lamden 1985). In addition to learning, a variety of other behaviours has 

also been examined including exploratory behaviour, motor behaviour, sensory capacity, arousal 

and play behaviour. As the present research is concerned with the consequences of enrichment 

of one generation on the behaviour of subsequent generations, the findings reporting behavioural 

effects in animals exposed to EC and IC provide the basis for the literature review in chapter 

two. 

Paralleling the behavioural changes in animals exposed to differential environments have been 

numerous studies which have reported effects manifesting themselves at the neuroanatomical and 

neurochemical levels. Enrichment can thus be seen as a non-invasive method of exploring the 

relationship between brain and behaviour and has opened up a valuable avenue of research with 

implications for understanding the localisation of higher order functions in non-Iesioned brains. 

This impact of enrichment on the brain is fundamental to the interest that has been generated by 

the effects of differential environments over the years and as such, is of relevance to the present 

work. The main findings from this literature will be briefly overviewed in the following section. 

1:4 ENRICHMENT AND THE BRAIN 

As the main thrust of the present thesis is behavioural in nature, this overview of the neu-

roanatomical and neurochemical effects of environmental enrichment and impoversishment aims 

to give a flavour of the main findings, rather than being a comprehensive review. For a fuller 

exposition of this work the reader is referred to Rosenzweig, Bennett and Diamond (1972c); 

Bennett (1976); Rosenzweig and Bennett (1978); Walsh (1980); Jones and Smith (1980); Walsh 

(1981a); Rosenzweig (1984); Renner and Rosenzweig (1987); Bedi and Bhide (1988). 

The notion that an animal's training or experience might alter its brain can be traced back to 

the eighteenth century. For example, Michele Malacarne (cited in Rosenzweig 1971; Rosenzweig, 

Bennett and Diamond 1972c) examining the hypothesis that changes occur in brain anatomy 
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as a result of experience, gave extensive training to one member of several pairs of different 

animals and no training to the other. Effects of training, he concluded, could be seen in the 

cerebellum, there being more folds in the cerebellum of the trained animals than the untrained 

animals. During the nineteenth century, however, lack of adequate experimental and statistical 

techniques precluded a clear demonstration of the effects of experience on the human brain 2. 

By the begining of the twentieth century, it was generally thought that the brain could not be 

measurably altered by experience. In 1953, however, a multi-disciplinary team at the University 

of California (Berkeley) started to search for relations between naturally occuring differences in 

brain chemistry and differences in learning ability in rats (Rosenzweig, Krech and Bennett 1960; 

Krech, Rosenzweig and Bennett 1962; Rosenzweig 1964). After considerable study of the effects 

of brain chemistry on behaviour, they extended their research to see whether there might be an 

inverse relation, namely whether behaviour affected brain chemistry and found that there was. 

When comparing brains of littermates kept under enriched or restricted conditions for eighty days 

after weaning, they found clear effects on brain chemistry (Krech, Rosenzweig and Bennett 1960). 

In addition to the neurochemical findings, clear anatomical differences also emerged between the 

groups (Rosenzweig, Krech, Bennett and Diamond 1962). 

Since 1962 there have been numerous reports of neuroanatomical brain changes at both the macro 

and micro anatomical level in the literature, as well as reports of neurochemical changes result

ing from different experiences. Considering first the macro-neuroanatomical effects, differential 

experience has been found to cause small but statistically significant alterations in brain weight 

with EC animals having on average a 4% heavier cortex than their IC counterparts (Rosenzweig, 

Krech, Bennett and Diamond 1962). Since this first report, over 80 papers have been published 

in the literature which have confirmed and extended the original brain weight findings (Rosen

zweig, Bennett and Diamond 1972c; Bennett 1976; Rosenzweig and Bennett 1978; Renner and 

Rosenzweig 1987). Typically enriched rats have a significantly heavier cerebral cortex than im

poverished and standard colony animals after both 30 and 80 days exposure to the differential 

2 A fact which is still true today, despite the advances made in brain scanning apparatus. 
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environments. The difference in cortical weight is not a product of uniform increases in weight 

across the whole cortex, however, but reflects regional differences in the effects of enrichment 

such that the greatest magnitude of environmentally induced change is found in the occipital 

cortex, other areas of the cortex (somesthetic, dorsal and ventral) showing considerably smaller 

but nevertheless significant differences. It is not yet clear why EC-IC cerebral differences are 

larger in the occipital cortex than elsewhere in the brain, but since this effect occurs even if the 

experiment is run in total darkness, or if the rats are blinded (Rosenzweig, Bennett, Diamond, 

Wu Slagle and Saffran 1969) it might be that the occipital cortex is best seen as an intersensory 

area (Renner and Rosenzweig 1987) and that EC-IC differences in the occipital cortex are not 

primarily visual in nature. 

One interesting feature of these EC-IC differences is that the cerebral effects vary as a function 

of both the duration of differential experience and age at which it occurs. For example, exposure 

to EC-IC for one or three days begining at weaning does not produce significant differences in 

brain weights, but by four days, highly significant effects are found (Rosenzweig and Bennett 

1977; 1978). With starting ages of 60 days or more, clear effects are only found after 15 days 

experience. Attempts to have also been made to determine the minimum period required to 

produce cerebral effects (Rosenzweig, Love and Bennett 1968; Ferchmin and Eterovic 1980; 1986) 

with effects occuring in periadolescent rats exposed to EC for as little as ten minutes a day for 

four days. Although the shortest periods of enrichment only appear to affect young animals, 

there is no "critical period" for enrichment, as both very young and very old rats are susceptible 

to environmental influences (Malkasian and Diamond 1971; Riege 1971; Cummins, Walsh, Budtz

Olsen, Konstantinos and Horsfall 1973; Rosenzweig and Bennett 1978). 

Coupled with the publications of an increase in EC cortex when compared with their IC litter

mates, have been several reports of a decrease in EC subcortex (Rosenzweig, Krech, Bennett and 

Diamond 1962; Rosenzweig, Bennett and Diamond 1972; Bennett 1976; Rosenzweig and Bennett 

1978) reflecting the fact that these animals have a lighter terminal body weight (brain weight 
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varies with body weight). These subcortical effects vary with age and duration of experience, 

but typically parallel the percentage difference in terminal body weights. 

Following the initial findings of the brain weight changes in animals exposed to differential en-

vironments (Rosenzweig, Krech, Bennett and Diamond 1962) anatomical examinations of the 

thickness of cerebral cortex were initiated (Diamond Krech and Rosenzweig 1964; Diamond, Law, 

Rhodes, Lindner, Rosenzweig, Krech and Bennett 1966; Diamond 1967) to ascertain whether the 

change in brain weight reflected changes in bulk or density of the tissue. It is now clear from the 

studies measuring the thickness of the cortex that it is the bulk rather than the density of the 

cortex which is altered by environmental experience and that, as with the weight findings, it is 

the occipital cortex which consistently produces the largest differences. Both effects of age and 

duration of exposure have also been studied and resultant patterns of cortical changes mapped 

out. The smallest duration of experience that has been found to affect depth of cortex is four 

days exposure (Diamond, Ingham, Johnson, Bennett and Rosenzweig 1976) whilst greatest ef-

fects have been found in animals placed in modified enriched environments in the pre-weaning 

period (Malkasian and Diamond 1971) 3. 

As well as brain weight and cortical depth measures, the effects of enrichment on width and 

length of the cerebral cortex and on various hippocampal dimensions have also been reported in 

the literature. In 1968, Altman, Wallace, Anderson and Das reported that exposing animals to 

differential environments from weaning for three months, significantly affected the length of the 

cerebrum in favour of the EC animal. However no differences were found between the groups in 

width of cerebral hemispheres ~. In 1969, however, Rosenzweig and Bennett reported that they 

3For a fuller analysis of cortical depth measurements the reader is referred to Diamond, Krech and Rosenzweig 
1964; Diamond, Law, Rhodes, Lindner, Rosenzweig, Krech and Bennett 1966; Diamond, Lindner and Raymond 
1967; Rosenzweig, Bennett, Diamond, Wu, Slagle and Saffran 1969; Walsh, Budtz-Olsen, Penny and Cununins 
1969; Bennett, Rosenzweig and Diamond 1970; Diamond, Johnson and Ingham 1971; Malkasian and Diamond 
1971; Diamond, Rosenzweig, Bennett, Lindner and Lyon 1972; Walsh, Cununins, Budtz-Olsen and Torok 1972; 
Diamond, Lindner, Johnson, Bennett and Rosenzweig 1975; Diamond, Ingham, Johnson, Bennett and Rosenzweig 
1976; Diamond 1976; Diamond, Johnson, Mizono, Ip, Lee and Wells 1977; Hamilton, Diamond, Johnson and 
Ingham 1977; Szeligo and LeBlond 1977; Pappas, Diamond and Johnson 1978; Greer, Diamond and Tang 1981; 
Cununins, Livesey and Bell 1982; Greer, Diamond and Tang 1982; Katz and Davies 1983; Katz and Davies 1984; 
Diamond, Johnson, Protti, Ott and Kajisa 1985; Van Gool, Pronker, Mirmiran and Uylings 1987; Diamond, Greer, 
York, Lewis, Barton and Lin 1987. 

4The latter finding is not surprising as Altman et al (1968) also reported that the lateral growth of the r8t 
cerebrum comes to a halt sooner than its anteroposterior growth, with an asymptotic level in the width of the 
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were unable to detect any significant increases in length in rat or gerbil cerebri, following exposure 

to differential environments for 30 days. This apparent contradiction in findings was resolved by 

Walsh, Budtz-Olsen, Torok and Cummins (1971) who found that the duration of the experiment 

was an important factor in eliciting the cerebral effect. These findings have since been confirmed 

and extended (Walsh, Cummins and Budtz-Olsen 1973) in which study the cerebral component 

contributing to the increase in cerebral length was found to lie anterior to the region of maximum 

cerebral width. Temporal characteristics of the development of environmentally induced changes 

in cortical length have also been explored (Cummins and Livesey 1979) with younger animals 

demonstrating the least amount of difference. Cerebral length has also been examined in Hooded 

Lister rats, the strain employed in this thesis (Katz and Davies 1983) and has been found to be 

affected by behavioural training and testing prior to sacrifice (Crnic 1983). Finally, increasing 

the complexity of the EC has also been found to have an impact on cortical length, producing 

greater differences than those found in animals exposed to the more traditional EC (Kuenzle 

and Knusel 1974), whilst enrichment following impoverishment has also been found to increase 

cortical length (Katz and Davies 1984). 

Subcortical anatomy has also been investigated. Szeligo and LeBlond (1977) have reported that 

the corpus callosum underlying the occipital cortex was thicker in EC animals and that the 

number ofaxons was also greater in this pathway than in the IC animals. The latter finding 

has been supported by Juraska and Meyer (1986). Of particular interest to researchers, however, 

have been the studies concerned with the hippocampus because of its known involvement in 

memory formation (Diamond 1976; Diamond, Johnson, Mizono, Ip, Lee and Wells 1977) and 

its possible involvement in the behavioural differences between animals reared in complex and 

isolated environments (Fiala, Joyce and Greenough 1978). 

Early work seemed to offer positive results, with for example, Rosenzweig (1966) stating that 

"preliminary measures indicate that the hippocampus becomes thicker as a consequence of en-

hemispheres being reached at about 20 days that is lateral growth was completed before these animals were 
exposed to the environments. 
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riched experience" (p 324). This initial finding was confirmed by Walsh, Budtz-Olsen, Penny 

and Cummins (1969) who reported a 5.9% difference in the medial area in favour of EC rats and 

by Rosenzweig (1971) who measured hippocampal thickness in 51 pairs of littermates kept in 

EC or IC from 25 to 105 days of age. No differences have been reported in hippocampal depth 

(Diamond, Ingham, Johnson, Bennett and Rosenzweig 1976) or weight (Rosenzweig and Ben

nett 1978) even under a variety of different environmental conditions (Jones and Smith 1980). 

However, in Battleboro rats (which have abnormalities in learning and memory) enrichment did 

have a significant effect on the hippocampus and in micro-anatomical studies, increases have 

been found in numbers of granule cells in the dentate gyrus of EC animals compared with their 

IC counterparts (Susser and Wallace 1982), with Walsh and Cummins (1976b) reporting nuclear 

size in the granule layer being more variable in IC animals. 

In recent years, with the increase in sophistication of microscopic procedures, there has been a 

shift in focus from macro to micro-anatomical analysis of neuroanatomy. In this field too, EC 

has been found to have a considerable impact on brain morphology. In particular, researchers 

have considered neuronal and glial density and size, dendritic morphology (number and length of 

dendrites, counts of the number of spines per unit length of dendrite) and synaptic morphology 

(number and size). 

With respect to neurons, cell counts have revealed a decrease in neuron numbers per unit corti

cal volume in enriched compared with impoverished animals (Diamond, Krech and Rosenzweig 

1964) although there are regional differences in the magnitude of effects (Diamond et al 1964; 

Cummins and Walsh unpublished data cited in Walsh 1981a). Initially it was assumed that the 

total number of neurons was fixed (Diamond et al 1964; Rosenzweig 1966) and that the reduc

tion in density in the EC animal was therefore indicative of, and indeed could be used as, an 

index of cortical expansion. However, subsequent experiments have not supported this index, 

no significant differences emerging between EC, SC and IC animals in number of neurons per 

unit measured (Diamond et a11966; Szeligo and LeBlond 1977). Furthermore recently, Ferchmin 
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and Eterovic (1986) have provided evidence that cellular multiplication is not a factor in EC-IC 

effects by showing that the inhibition of putrescine synthesis (resulting in inhibition of cell pro

liferation) does not reduce EC-IC effects on cortical weight. Therefore, as Walsh (1981a) points 

out, care must be taken in interpreting the meaning of both neuron density and neuron:glia ratio 

measures. 

Size of neuron has also been examined. Preliminary results (Diamond et al 1966) found no 

significant differences between the groups in either the size of the perikaryon or the size of the 

nucleus. However, using a more intense magnification Diamond (1967) did note cell increases 

in both nuclear and perikaryon size in favour of the EC animal. Largest effects have since been 

found in peri adolescent animals (Malkasian and Diamond 1971) and, as with previous studies, 

there are regional variations in this effect (Diamond et al 1966; Malkasian and Diamond 1971) 

and age-duration patterns (Diamond et al 1975). 

Measurements of glial cells have also been made, with initial results (Diamond et al 1964; 1966) 

suggesting that the density of neuroglia is increased in the EC animal. Glial subtypes, how

ever, contribute differentially to this effect with EC-induced increases in oligodendoglia and 

intermediate cells being primarily responsible for the results. Szeligo and LeBlond (1977) have 

since confirmed these findings, as well as extending them to include increases in astroglia in EC 

animals following long (80 days as opposed to the more traditional 30) exposure to their environ

ment. Furthermore, this effect is robust, as Katz and Davies (1984) have shown. In their study 

no reduction in the EC effect occured even when the animals were subsequently housed in an 

impoverished environment. 

In their original report of increased cortical thickness, Diamond et al (1964) suggested increased 

dendritic branching as one of the factors contributing to the greater EC cortical bulk. They 

based this theory on a report (Eayrs and Goodhead 1959) that postnatal cortical development 

is largely due to dendritic proliferation. It was not for a further two years, however, that the 

first investigation of the effects of enrichment on dendritic branching was published (Holloway 
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1966). In this paper individual stellate neurons from the visual cortex were traced using Sholl's 

(1956) method 5 and EC animals were found to have more dendritic branches than their isolated 

littermates in 11 out of 15 cases. Although Sholl's method provides an estimate of the total 

amount of dendritic material and the volumetric extent of the dendritic tree (Greenough 1975) 

individual dendritic branches and their order of branching have also been examined 6. Using 

animals exposed to EC, SC and IC for 30 days Volkmar and Greenough (1972) found that EC 

animals displayed a greater branching of distal (order 5) branches of basal dendrites in layers 

II, IV and V pyramidal cells of the visual cortex and layer IV stellate cells. As compared with 

isolates, standard housed animals showed only small effects in the most distal branches. In a 

further study (Greenough and Volkmar 1973), order of branching for basal dendrites and oblique 

branches from apical dendrites were determined independently. EC effects were found mainly in 

the basal portion (beyond the third and fourth bifurcations) of the pyramidal cell dendritic tree 

7. In a further study (Greenough, Volkmar and Juraska 1973) investigated whether or not these 

effects were confined to the occipital cortex and found that dendritic branching was also affected 

in the temporal cortex (layers IV, V pyramidal cells), but not in the frontal cortex. In all the 

experiments exploring dendritic arborisation reported so far, the environmental experience was 

started at weaning. Effects have also been found in animals exposed to differential environments 

when adult, at 112 days (Uylings, Kuypers, Diamond and Veltman 1978), at 145 days (Juraska, 

Greenough, Elliot, Mack and Berkowitz 1980) and when old, at 600 days (Connor, Melone, Yuen 

and Diamond 1981) 8. So enrichment appears to affect the plasticity of cells, although cell types 

within different regions are differentially affected. As yet the functional significance of these 

patterns of responding to environmental experience remain to be demonstrated (Renner and 

5 Concentric circles at intervals of 20 microns are drawn around the cell body, the number of intersections the 
dendrites make with each circle being counted. 

6 Based on a method devised by Coleman and Riesen (1968) order of branching is described as follows: a branch 
from the cell body is defined as first order, both branches past the bifurcation as second order, both branches 
after a second bifurcation as third order and so forth. 

1N.B. Lower order branches are fully developed early in life, hence the main effects occuring in the higher 
order branches. In addition this study is particularly interesting as effects seem to be prominant in the type 
of dendrite involved in intercortical communication, pyramidal cells receiving input from recurrent collaterals of 
nearby pyramidal cells. 

8For further analyses of dendritic effects please see Connor, Diamond and Johnson (1980); Connor, Diamond, 
Connor and Johnson (1981); Connor, Beban, Melone, Yuen and Diamond (1982); Connor and Diamond 1982; 
Connor, Wang and Diamond (1982). 
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Rosenzweig 1987). 

As well as changes in number of dendrites, both dendritic length (Uylings, Kuypers, Diamond and 

Veltman 1978; Juraska and Greenough 1979; Juraska, Greenough, Elliot, Mack and Berkowitz 

1980; Connor, Melone, Yuen and Diamond 1981) and number of spines per unit length of dendrite 

(Globus, Rosenzweig, Bennett and Diamond 1973; Schapiro and Vukovitch 1970) in the cortex 

have been found to be altered in favour of the EC animal. Furthermore, as with branching, this 

increased number of spines is particularly evident in the basal dendrites, which receive primarily 

intracortical connections. Dendritic effects have also been found in the subcortex, specifically 

in the hippocampus (Fiala, Joyce and Greenough 1978; Juraska, Fitch, Henderson and Rivers 

1985) but in this region the most branching occurs in the inner part of the dendritic tree, and in 

female animals. 

Finally, synaptic morphology has also been explored in the EC/IC literature. The first report of 

synaptic examination failed to find any consistent differences between EC and IC animals (Bloom 

1970). However, that study explored cells from layer I of the cortex, the only layer to be unal-

tered by enrichment with respect to cortical thickness. Individual synapses in deeper layers of 

the occipital cortex (layers II to VI) have since been examined with positive results (Mollgaard 

et al 1971; Diamond, Lindner, Johnson, Bennett and Rosenzweig 1975; West and Greenough 

1972; Walsh and Cummins 1976; Bhide and Bedi 1984; Bhide and Bedi 1985; Sirevaag and 

Greenough 1985; Turner and Greenough 1985). Typically, enrichment as opposed to imp over-

ishment has been found to modify synaptic size, at least as far as post-synaptic thickening of 

axodendritic synapses is concerned and also to modify synaptic number. In addition, subsynap-

tic plate perforations (gaps in the post-synaptic thickening) are also affected, higher proportions 

of occipital cortex axodendritic synapses displaying perforations in EC when compared with IC 

animals (Greenough, West and DeVoogd 1978). Studies of synaptic contact curvature 9 have 

also been undertaken with EC rats showing greater concavity than their IC littermates (Wesa, 

Chang, Greenough and West 1982). Finally Greenough, Hwang and Gorman (1985) have found 

9 A structural feature which, it has been proposed, indicates greater synaptic efficiency (Dyson and Jones 1980). 
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higher levels of polyribosomal aggregations 10 in the postsynaptic region in EC animals, leading 

Renner and Rosenzweig (1987) to suggest that "neural activity concomitant with responses to 

environmental enrichment may actively induce synapse formation" (p 24). 

To summarise then, enrichment does seem to have an impact on both cerebral and subcortical 

weight, cortical depth and hippocampal thickness. In addition, micro-anatomical changes at 

neuronal level have been found. At this point however, a note of caution should be introduced. 

Recently the reports of increased depth of cortex in enriched animals have been called into ques-

tion by Bedi and Bhide (1988) who have highlighted what they consider to be methodological 

problems in obtaining the samples examined. In addition, they have pointed out that the changes 

"claimed to have been observed in neuronal perikaryal volumes and nuclear sizes, glial cell nu-

merical densities, synaptic numerical densities and synapse to neuron ratios (are) not obvious 

and should be regarded with some caution" (p138). 

Turning briefly now to the neurochemical effects of differential environments both acetylcholinesterase 

and cholinesterase respond to the differential environments, displaying a pattern of regionalspeci-

ficity analogous to reported brain weight changes (Zolman and Morimoto 1962; Geller et aI1965; 

Krech, Rosenzweig and Bennett 1966; Riege and Morimoto 1970; Bennett and Rosenzweig 1968; 

Rosenzweig, Bennett, Diamond, Wu, Slagle and Saffran 1969; Rosenzweig, Bennett and Diamond 

1972; Rosenzweig and Bennett 1978; Bennett 1976; Greenough 1976; Walsh 1980). With respect 

to the biogenic amines, studies have reported either no significant differences between EC and 

IC animals (Geller, Yuwiler and Zolman 1965) or small but significant decreases in EC cortical 

serotonin (Riege and Morimoto 1970). Recently, however, using whole-brain microwave irradia-

tion for sacrifice 11 Renner, Blank, Freeman and Lin (1986) have noted that serotonin turnover 

rate may be increased in the hippocampus in the IC rat, whilst dopamine is increased in the 

occipital cortex of EC animals. This work seems to parallel O'Shea, Saari Pappas, Ings and 

10 Location of these aggregates is taken as indication of synapse formation (Renner and Rosenzweig 1987). 
11 This technique, which Renner and Rosenzweig (1987) advocate, reduces the continued enzymatic activity that 

typically occurs post-mortem in the more usual methods of sacrifice, thus making the sample more representative 
of the enzyme activity occuring in the live organism. 
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Stange's (1983) discovery that isolation rearing decreased dopamine levels of the hypothalamus 

and posterior cortex. Both norepinephrine concentration and total brain norepinephrine have 

also been examined and have been found to be significantly higher in IC animals (Geller et al 

1965) these differences manifesting themselves in the caudate nucleus (Geller and Yuwiler 1968; 

Geller 1971). More recently, Pappas, Saari, Smythe, Murtha, Stange and lngs (1987) have sug

gested that forebrain norepinephrine <Cis permissive to the deleterious behavioural consequences 

of restricted experience during maturation" (p153). 

As with the neurotransmitters, both RNA and DNA content have also been investigated in ani

mals housed in differential environments, and it is now clear that total DNA is largely unaffected 

by environmental complexity (Rosenzweig et al 1972; Ferchmin and Eterovic 1986) but envi

ronmental enrichment does appear to affect both RNA and RNA/DNA ratios (Rosenzweig and 

Bennett 1977; 1978; Rosenzweig et a11972; Ferchmin et a11970; Ferchmin and Eterovic 1986; Es

sman 1971). Qualitative changes in gene activation and RNA diversity have, however, been more 

difficult to determine. It seem likely that the multitude of morphological and metabolic effects 

which follow differential rearing are at least partially due to differential activation of the genome 

so that transcriptional activity of the genome to effect RNA synthesis is modified (Walsh 1980; 

Uphouse and Bonner 1975; Grouse, Schrier, Bennett, Rosenzweig and Nelson 1978; Uphouse and 

Moore 1978; Uphouse 1978; Uphouse and Tedeschi 1979). 

Finally, there has been some investigation of protein changes following exposure to differential 

environments (Bennett et al 1964; Krech et al 1966; Das and Altman 1966; Levitan et al 1972a; 

1972b; Welch, Brown, Welch and Lin 1974; Jorgensen and Meier 1979; Jorgensen and Bock 1979; 

Hyden and Ronnback 1979). To date, however, little is known of the precise relationship of 

these biochemical responses to the neural electrical activity which induced them or to the final 

long term anatomical and chemical effects which they mediate (Walsh 1981b) although Leah, 

Allardyce and Cummins (1985) have reported that evoked cortical potentials from enriched rats 

showed a decreased amplitude with somatic stimuli whereas those from isolated animals did 
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not. This has led them to suggest that "isolation impairs development of control of sensory 

input and that this is reflected in somatosensory cortical electrical and behavioural responses to 

environmental stimuli" (p 27). 

From the above several interesting points emerge. Firstly, and most importantly, mere exposure 

to environmental experience has an impact on brain morphology and chemistry. Furthermore, in 

most cases, animals exposed to environmental enrichment appear to undergo anatomical changes 

of a beneficial nature, when compared to their impoverished counterparts. Despite the criticisms 

of the methodologies employed (Bedi and Bhide 1988), morphological changes in the anatomical 

measures taken are consistent across age, sex and duration of exposure to environments and 

remarkably robust. Finally, when considering all the evidence, the pattern that emerges suggests 

that active interaction with the environment has a positive impact on a variety of increasingly 

microscopic measures. 

Despite the large literature on the effects of differential experience on brain and behaviour, 

however, the causes of these differences are less clear. To date, there are few environmental 

characteristics, or even subject characteristics, that have not been singled out at on time or 

another and proposed to be the critical difference between EC and IC animals. The earliest 

reports of neural plasticity induced by differential environments included control experiments to 

examine the possible roles played by handling and locomotion in these effects (Krech, Rosenzweig 

and Bennett 1960). Since then a variety of factors has been suggested as causing the EC/IC 

differences (Rosenzweig and Bennett 1976; Renner and Rosenzweig 1987), including different 

rates of maturation (Cummins, Livesey, Evans and Walsh 1977) stress (Geller 1971) arousal 

(Walsh and Cummins 1975) as well as endocrine system alteration (Rosenzweig and Bennett 

1984; Renner 1987) differential motivation (Lamden and Rose 1979; Chadha and Rose 1981; Rose 

et al 1986; 1987) and social forms of play (Einon, Morgan and Kibbler 1978; Einon, Humphreys, 

Chivers, Field and Naylor 1981). A recurring hypothesis in the literature, however, is that 

the differences observed between EC and IC animals are the result of learning in the enriched 
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environment that does not occur in the impoverished environment (Rosenzweig and Bennett 

1976). This idea is a direct descendant ofthe hypothesis that led to the first work with differential 

environments at Berkeley and is perhaps the most intuitively satisfying of all the explanations that 

have been advanced. However, it is difficult to obtain direct experimental evidence supporting 

or refuting the hypothesis that learning is responsible for the EC/IC differences, the hypothesis 

typically only gaining support from indirect sources, for example with the rejection of alternative 

explanations. In general, much of the research directed towards elucidating causes of EC/IC 

effects has focussed on single variables. However, as Renner and Rosenzweig (1987) point out, it 

would be overly simplistic to assert that one or the other variable is the cause of these differences 

and it is probable that the neural and behavioural responses to environmental manipulation are 

the "cumulative result of compound synergistic influences of several different types of variables" 

(p 90). For an in depth analysis of the possible causes of the enriched effect, the reader is refered 

to Renner and Rosenzweig's (1987) review. 

Today the study of the effects of differential environments in a wide range of species includ

ing various strains of rats (Krech, Rosenzweig and Bennett 1960; Ferchmin, Eterovic and Levin 

1980; Greer, Diamond and Murphy 1982), mice (LaTorre 1968; Henderson 1970; 1973; Cum

mins, Livesey and Bell 1982; 1983), gerbils (Rosenzweig and Bennett 1969; Cheal, Foley and 

Kastenbaum 1984; 1986), guinea-pigs (Sahakian and Robbins 1975) ground squirrels (Rosen

zweig, Bennett and Sherman 1980; Rosenzweig, Bennett, Alberti, Morimoto and Renner 1982; 

Rosenzweig, Bennett, Renner and Alberti 1987), Peking ducks (Heaton and Klein 1981), chicks 

Jones (1982), cats (Cornwell and Overman 1981; Wilson, Warren and Abbott 1965) and monkeys 

(Gluck, Harlow and Schiltz 1973) constitutes an important and considerable area of research 

which is of potential value in a number of contexts. These will be outlined in the following 

section. 

42 



1:5 IMPLICATIONS OF ENRICHMENT EFFECTS 

Apart from the obvious implications of environmentally induced brain changes for the nature 

versus nurture debate, this paradigm offers a method of studying the relationship between brain 

and behaviour. The initial hypothesis of the Berkeley group was that individual differences in 

brain chemistry might be related to individual differences in learning ability. Their research did 

yield significant results, (Rosenzweig, Krech and Bennett 1958) and later they found significant 

correlations between brain weight measures and learning in several strains of rats (Rosenzweig, 

Bennett and Diamond 1967). Since this early work, it has become increasingly clear that the 

plasticity of the nervous system plays a major role in the storage and processing of information 

and it has been through the studies of the effects of differential environmental experience that 

much of the detailed information pertaining to brain plasticity has emerged (Will, Schmitt and 

Dalrymple-Alford 1985; Renner and Rosenzweig 1987). In particular, studies of enrichment have 

identified various areas of neuroanatomy and neurochemical function that are particularly suscep

tible to changes in the external environment, thus highlighting areas which warrant more detailed 

investigation (Greenough 1976). In addition, this documentation of the various areas sensitive 

to change and their differences in responsiveness have afforded clues about the localisation of 

neural functions and thus to the relationship between brain and behaviour, without having to 

resort to invasive techniques. As noted earlier this area of research has obvious applications for 

our understanding of higher order processing, without having to work with lesioned animals. 

In addition, the findings of brain plasticity in adult and even in geriatric rats (Connor, Mel

one, Yuen and Diamond 1981; Cummins, Walsh, Budtz-Olsen, Konstantinos and Horsfall 1973; 

Kubanis, Zornetzer and Freund 1982) has challenged the assumption of many psychologists and 

neuroscientists that the brain assumes adult values early in life (Rosenzweig 1984). Apparently 

these findings have influenced the thinking of a number of developmental psychologists, for ex

ample, in calling for more intensive studies of the memory of older persons (Honzik 1984) and of 

how best to help to keep people fit in advancing age (Sandman and Donnelly 1983). 
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The use of enriched experience to promote recovery of function after brain damage and the 

mechanisms of this effect have also been a topic of investigation. Schwartz (1964), for example, 

has shown that after cortical lesions had been inflicted on neonatal rats, subsequent housing in 

an enriched environment led to better maze performance than was found in lesioned rats housed 

under standard colony conditions. The beneficial effects of post-lesion environment have not 

only been found in neonatal animals (Will, Rosenzweig and Bennett 1976), however, but also 

in post-weaning (Will, Rosenzweig, Bennett, Hebert and Morimoto 1977) and in adult animals. 

(Will and Rosenzweig 1976). In addition, environmental enrichment has been found to partially 

ameliorate the effects of undernutrition, although the details of these benefits are still subject to 

disagreement (Levitsky and Barnes 1972; Sara, King and Lazarus 1976; Katz and Davies 1983; 

Bhide and Bedi 1982; 1984). Elements of enrichment employed as a therapeutic environment 

can be found in a variety of human situations too, for example in fostering the development of 

retarded children (Hayden and Haring 1984) and in the use of conductive education at the Peto 

Institute in Hungary (Hari and Akos 1988; Hari 1989) and more recently at the Birmingham 

Institute for Conductive Education. The work with deaf-blind children at the Moscow Institute 

in Russia (Lambert 1987; 1988) and Feuerstein's work improving the social and cultural abilities 

of maladapted children in Israel using "instrumental learning" (Sharron 1987) can also be seen 

in this context. Ideas about recovery of function have evolved rapidly in recent years, with 

demonstrations that the brain and spinal cord are not static organs. Stimulation and training 

aids have been increasingly investigated and some recent volumes include papers devoted to 

this topic (Almli and Finger 1984; Bach y Rita 1980; Van Hof and Mohn 1981). Enrichment 

has been found to aid compensation for lost function when employed as a post-lesion therapy 

(Rose et al 1988) and to protect against the deleterious behavioural deficits when employed as 

a pre-lesion preventative measure (Dalrymple-Alford and Kelche 1985). Obviously this work 

has furthered our knowledge about the mechanisms subserving recovery of function after brain 

damage. For a more detailed discussion, the reader is referred to Rose (1988) and to Will and 

Kelche (forthcoming 12). 

l2In Rose F.D. and Johnson D.A. (Eds) Recovery of function following brain damage. London: Plenum Pub!. 
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Animals, too, are benefitting from the ECjIC findings. Bennett and Rosenzweig (1981) have 

advocated enriching the environments of laboratory animals, so that they are more representative 

of their species. In addition some of the attempts to provide zoo animals with more natural 

and more complex environments draw upon the Berkeley group's laboratory work (White 1975; 

Markowitz 1982; Markowitz and Spinelli 1986). In the case of farm animals, research is showing 

that an enriched environment is helpful in raising pigs and calves. The animals grow better 

and are less aggressive when raised in moderately complex environments rather than in barren 

conditions (Woodgush, Stolba and Miller 1983). The growing interest in the latter application is 

reflected in the increasing number of publications, for example in Applied Animal Ethology, and 

The International Journal For The Study Of Animal Problems (Rosenzweig 1984). Improving 

the quality of livestock has tremendous economic implications and must be considered as one of 

the most important practical applications of this area of research. 

To summarise, attempts to improve health and behaviour by providing enriched environments 

are now being seen in many situations, ranging from the housing of laboratory, zoo and farm 

animals, to encouraging normal development in retarded children, improving the quality of life in 

the elderly, and promoting recovery after brain damage or malnutrition. All of these applications 

concern organisms directly exposed to the enriched environment. 

A recent and exciting extension of this area, however, concerns the effects of differential envi-

ronments on offspring behaviour. Within this field, a handful of studies already exist that have 

found significant anatomical and behavioural differences in progeny of enriched compared with 

impoverished animals and it is this area of research which provides the point of departure for 

this present thesis, the historical background of which will be described below. 

Co, Ltd. Publication date Winter 1991. Content covers the material presented at the European Brain and 
Behaviour Society (E.B.B.S.) workshop on the recovery of function following brain damage held at Goldsmiths' 
College, University of London, 11-13 April 1991. 
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1:6 TRANSFER OF EFFECTS ACROSS GENERATIONS 

Over the last few years there has been a growing interest in the effects of differential maternal 

experiences on their offspring. The notion that the environment can influence future generations 

is not new. Indeed in the Orient and particularily in Japan, there is a longheld belief that 

the cultural enrichment of a pregnant woman can influence the intelligence of her unborn child. 

This intrauterine education is known as Taikyo, and can be traced back more than two thousand 

years in Chinese literature (Nakae 1983). Despite this tradition, however, it is only comparatively 

recently that experimental studies have been reported which appear to corroborate this popular 

concept (Kiyono et al 1985). 

Within the EC/Ie literature, there are several studies in which female rats and their litters have 

been reared in enriched environments postpartum, and a few experiments where the research 

procedure has incorporated some prenatal environmental experience too. Methodologically, in 

these studies which are outlined in Table 1:1, it is almost impossible to separate out the maternal 

influence from the offsprings' direct experience of enrichment, as both mothers and offspring are 

exposed to enrichment. However, these studies do have something in common with the present 

thesis, namely the effects of enrichment of the offspring could in some way be mediated by their 

interaction with their mother and as such merit a brief mention in this introduction. 

Of direct relevance to the present research are those few studies in which the effects of enrichment 

of the parent generation on their offspring have been the focus of the research, and where pro

cedures such as cross fostering the offspring generation postpartum, or confining the differential 

environmental experience to the parent generation alone have allowed the transfer of the effects 

to the offspring to be studied in some detail. This research is central to the present thesis and 

as there are only a few studies, the relevant work in this field will be reviewed in the following 

pages, rather than in a separate chapter. 
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AUTHOR EXPERIENCE EXPERIMENTAL TESTS FINDINGS 
Forgus 1956 Perinatal Visual Discrimination Early Experience 

Superior to 
Late Experience 

Dawson and Perinatal Open Field EC>SC (Exploration) 
Hoffman 1958 Postnatal Hebb Williams EC>IC 
Forgays and Perinatal Y Maze EC>SC 
Read 1962 Hebb Williams EC>IC 
Schwartz 1964 Perinatal Hebb Williams SC>EC 

Postnatal Lesioned EC>Others 
Whimbeyand Prenatal and Wide Battery of Tests Effects of Mothers 
Denenberg 1966 Perinatal Employed Found on Offspring 
Ravizza and Prenatal Table Top Exploration EC>SC 
Herschberger Perinatal Hebb Williams EC>SC 
1966 Activity Wheel EC>SC 
Whimbeyand Prenatal Wide Battery of Tests Results Factor 
Denenberg 1967a Perinatal Employed Analysed 
Whimbeyand Perinatal Wide Battery of Tests Mainly Reporting 
Denenberg 1967b Postnatal Employed Open Field Reliability 
Denenberg, Woodcock Prenatal Hebb Williams SC>EC 
and Rosenberg 1968 Perinatal (N o. of Errors) 
Denenberg and Prenatal Wide Battery of Tests Some Pre-Postnatal 
Whimbey 1968 Perinatal Interactions 

Postnatal 
Denenberg 1969a Perinatal Open Field Included Handling 

Postnatal A voidance Conditioning Emotionality / Activity 
Consummatory Behaviour Differences 

Manosevitz 1970 Perinatal Open Field EC>SC 
(Mice) Postnatal Running Wheel EC>SC 

Food Competition EC>SC 
Konrad and Perinatal Novel Room Differences in Rates of 
Bagshaw 1970 Postnatal With Objects Developmentof Play 
(Kittens) Sequences in Favour 

ofEC 

Table 1:1 Brief review of all the studies that have employed differential environments prenatally, 
perinatally (that is before weaning), or postnatally (after weaning), but have not controlled for 
the direct effects of environmental experience on the offspring. 

Key: EC Enriched Condition; IC Impoverished Condition; SC Standard or Control Condition; 
> and < indicate direction of effects. 
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Malkasian and Perinatal Docility SC>IC 
Diamond 1971 Postnatal Body Weight IC>SC (at 28 days) 

IC>EC (at 14 days) 
Body Length EC>IC (at 14 days) 
Testicular Weight EC>IC (at 14 days) 
Cortical Depth EC>IC (at 19 and 28 days) 
Nucleic Perikarya IC>EC 

Smith 1972 Perinatal Open Field IC>EC 
Postnatal Hebb Williams Significant Environmental Effects 

Manosevitz and Prenatal Open Field EC>SC 
Montemayor Perinatal Exploration EC Habituated Faster 
1972 (Mice) Postnatal Running Wheel SC>EC 
Henderson Perinatal Brain Weights EC>SC 
1972 (Mice) Postnatal Body Weight EC>SC 
Manosevitz and Prenatal Open Field Activity EC>SC 
Joel 1973 Perinatal Open Field Defecation SC>EC 
(Mice) Postnatal Running Wheel EC>SC 

Exploration EC>SC 
Hoarding EC>SC 
Body Weight EC>SC 
Adrenal Weight EC>SC 

Manosevitz and Prenatal Body Weight EC>SC 
Pryor 1975 Perinatal Open Field Activity EC>SC 
(Mice) Postnatal Open Field Defecation SC>EC 

Water Consumption EC>SC 
Sjoden and Prenatal Open Field SC>EC 
Soderberg 1975 Perinatal 
Will, Rosenzweig Perinatal Hebb Williams Environmental Effects 
and Bennett 1976 Postnatal Cerebral Width (no details) 
Henderson Perinatal Climbing EC>other groups 
1977 (Mice) 
I vinskis and Prenatal Hebb Williams N/S 
Homewood 1980 Perinatal Hebb Williams EC>SC 
Nau, Elias Perinatal Bar Pressing SC>EC 
and Bell 1981 Postnatal 
Jones 1982 0-7 Days Novel Environment Immobility SC>EC 
(Chicks) Latency to Emerge SC>EC 
Muir, Pfister Perinatal Hebb Williams Errors SC/IC>EC 
and Ivinskis 1985 
Venable et al Perinatal Hebb Williams No of Errors SC>EC 
1988 Postnatal Latency to Leave Start Box SC>EC 

Running Time SC>EC 

Table 1:1 continued. 
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The first work to consider the inter generational effects of environmental experience emerged from 

a series of studies in the 1950's and 1960's, by Victor Denenberg and his colleagues. In an at-

tempt to understand the adult organism's behaviour and having established that a variety of 

experiences have an impact on subsequent performance (Denenberg 1970) they combined these 

various experiences into a "spatial and temporal" experimental framework. This allowed them to 

programme life histories, and produce heterogenous subgroups with marked behavioural differ-

ences, which Denenberg terms "experimentally produced individual differences or personalities" 

(Denenberg 1970 p63). Within this framework, one manipulation which falls within the class of 

events best described as "social interactions" (Denenberg 1969a p22) was the exposure of the 

mothers of the experimental subjects to differential environments (Denenberg and Rosenberg 

1967), in particular, preweaning housing of future mothers in either stainless steel maternity 

cages, or in free environment boxes, and postweaning housing of future mothers in a stainless 

steel laboratory cage, or in a free environment. In addition, half of the animals were offspring of 

females which had been handled preweaning. The experimental subjects, offspring of the animals 

exposed to the differential environments, were given one three-minute open field test and weighed. 

The data for activity levels and weaning weights revealed firstly, that the nature of the mother's 

living quarters during her early life will affect her offspring and secondly, that handling females 

(the grandmothers of the experimental subjects) in infancy can have an effect two generations 

futher on. Examination of the means tabled in the 1967 paper shows that postweaning housing 

of mothers in a free environment produced offspring that were more active but less heavy than 

offspring of mothers housed in laboratory cages. 

Direct investigation of the effects of differential maternal environments on offspring, without 

involving additional variables such as handling in the design, was first reported in 1971 when 

Diamond, Johnson and Ingham published a paper entitled "Brain plasticity induced by environ-

ment and pregnancy". This paper included a report on the offspring of parents experiencing 

varied environmental conditions prenatally. In this instance, Diamond et al discovered no signif-

icant differences in pups from EC vs IC parents in number of offspring, number of implantation 
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sites, or in cortical depth measures. However, they did find that the pups from the EC parents 

had significantly greater birth weights than pups from IC parents. This birth weight difference 

is interesting, as it is in the opposite direction to the weaning weight differences observed by 

Denenberg and Rosenberg (1967). The lack of significant differences in the offspring brain mor-

phology present somewhat of a paradox, namely no apparent offspring differences in cortical 

depth measurements (Diamond, Johnson and Ingham 1971) yet differences in Open Field behav-

ior (Denenberg and Rosenberg 1967). This might, however, be explained in two ways. Firstly, 

it is possible that morphological differences did occur in the offspring brain, but that they were 

at an ultrastructural level (Diamond et al 1971) and therefore were not detectable by cortical 

depth measurement. Secondly, that for any prenatally mediated brain changes in the pups to 

manifest themselves, perhaps a degree of postnatal interaction with the mother or siblings is re-

quired (Ivinskis and Homewood 1980). In Diamond et aI's study, all the animals were sacrificed 

immediately after birth. Perhaps a delay prior to sacrifice, of either a few days, or even until the 

animals were weaned would have produced significant brain changes? More recently, in "Psy-

chology Today", an interview with Marion Diamond (NOV 1984) gave a clue to understanding 

this apparent paradox, which fits in with the explanations offered above. 

" we found that rat pups from the enriched parents have increased body weights 

at birth, but the cortex does not show significant change. Then we wondered if we 

would see cortical differences when these pups grew up. And we did! ... " (Diamond 

1984 p 68) 

Housing of these animals was in a standard cage, that is, with no direct enrichment, but their 

brains were still larger as adults. In fact Diamond reports that 

" We're up to the third generation and the brains are still enlarged ... " (Diamond 

1984 p 68) 

yet her explanation for the findings is quite simply that the pups coming from the enriched 
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parents have greater body weights, reflecting the fact that brain weight is known to vary with 

body weight (Rosenzweig and Bennett 1978). The findings of differences between the offspring 

of animals directly exposed to the differential environments have been reported in slightly more 

detail elsewhere (Diamond, Chui, Johnson, Chelgren, Greer and Gibbons 1984) in which abstract, 

cortical thickness differences between male progeny occipital cortices were described. Data is 

being analysed for the frontal, parietal and occipital cortices from male and female rat progeny, 

across three generations, (Diamond Jan 1986 personal communication), which will reveal a clearer 

picture of the anatomical effects 13. 

As well as anatomical investigations, the behavioural consequences of prenatal maternal enrich

ment and restriction on offspring have also been examined. One of the earliest studies was that of 

McKim and Thompson (1975) who exposed female rats during pregnancy to enriched, restricted 

or normal cage environments and at parturition cross-fostered whole litters from each biological 

mother to a foster mother that had occupied a prenatal environmental condition either different 

from or the same as that occupied by their biological mothers, thus generating a nine cell design 

representing all possible combinations of pre and postnatal treatments. This elegantly designed 

experiment revealed that variation in environmental complexity undergone by female rats during 

pregnancy can produce definite changes in offspring behaviour, specifically offspring open field 

performance. In particular, offspring of enriched animals reared by an enriched foster mother 

were more active than offspring of control or restricted mothers, reminiscent of the earlier findings 

of Denenberg and Rosenberg (1967). 

Probably the most interesting findings on the behavioural consequences of prenatal maternal 

environment on offspring performance as they involve offspring learning abilities, have been 

published by a group of Japanese researchers led by Dr. S. Kiyono. In an early paper (Kiyono, Seo 

and Shibagaki 1982) they reported that facilitative effects of prenatal environmental enrichment 

in rats could be observed as a decrease of initial error scores in Hebb-Williams maze learning 

in the offspring, as compared with environmentally impoverished mothers' offspring. In 1985, 

13 At the time of submission of this thesis, this data was still not published. 
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Kiyono, Seo, Shibagaki and Inouye extended these early findings, as their initial sample was too 

small to form any definite conclusions. In addition, in the later study, they included a standard 

colony condition (SC) as a control reference, as well as a cross fostering element in which half 

the male progeny were reared by their biological mothers and half by foster mothers. This rather 

complex design is summarised in Table 1:2 and was instigated to examine the contribution made 

by the prenatal and postnatal mothers separately. At 21-25 days, subjects were weaned and 

housed according to rearing conditions and then trained and tested on the Hebb-Williams maze. 

After completion ofthis experiment, animals were sacrificed and brain samples taken. The results 

of this research are most interesting and will be described in detail below. 

PRENATAL POSTNATAL NATURAL 
MATERNAL MATERNAL OR FOSTER 
EXPERIENCE EXPERIENCE MOTHER 
Enriched Enriched Natural 
Standard Standard Natural 
Impoverished Impoverished Natural 
Enriched Standard Foster 
Standard Standard Foster 
Impoverished Standard Foster 

Table 1:2 Diagramatic representation of the breeding design employed by Kiyono et al (1985). 

Firstly, they found no significant differences between the groups with respect to both littersize 

and birth weights. The latter measure is of particular interest as in this instance IC progeny 

tended to be heavier than EC progeny in direct opposition to the finding of Diamond et al 

(1971). Secondly, total errors in the Hebb-Williams maze over the 12 test problems revealed 

a significant difference between offspring of EC and IC mothers, but not between offspring of 

EC compared with SC mothers or offspring of SC compared with IC mothers. Interestingly, 

no significant effects were found due to fostering, nor was there an environment by fostering 

interaction. The latter point was futher examined in a second experiment in this study, which 

will be described below. Thirdly, after completion of the experiment, the rats were sacrificed and 
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wet brain and cerebral weights were measured, as was thickness of the occipital cortex. Dendritic 

spines on the pyramidal neurones were also counted. Curiously, neither the brain weights nor 

the cortical thickness yielded significant effects of environment or fostering, although Kiyono et 

al report that the values of the EC offspring were larger than those of the IC offspring, with 

offspring of SC females situated between the EC and IC groups, for all measures. The number 

of dendritic spines also revealed no specific differences between the groups. Overall, therefore, 

although no significant differences emerged, unlike those reported by Diamond et al (1984) on 

reflection, this is not unusual, as both the IC and SC groups had undergone intensive training 

and testing on the Hebb-Williams maze prior to sacrifice, which would have altered their brain 

anatomy (Rosenzweig and Bennett 1977) . 

In the second experiment, which was conducted to extend the initial findings, pregnant EC 

dams were allowed to explore a Hebb-Williams apparatus three times a week as well as being 

maintained in their enriched environment. In addition, all litters were cross fostered to SC 

dams. Interestingly, in this experiment the body weights of the offspring of EC mothers were 

heavier than the offspring of SC mothers at the end of testing, with no differences being found 

between the progeny of SC and IC dams. Typically, with animals directly exposed to the EC/IC 

environments, the opposite effect occurs, namely IC animals weigh more than EC animals (Fiala 

Snow and Greenough 1977). The total error scores for the three groups were generally similar to 

the the data observed in the previous experiment, with progeny of EC dams making fewer errors 

than the progeny of SC and IC dams. 

In summary, the possible effects of postnatal maternal influences were examined in experiment 

one in which the offspring were reared either by their own mothers or by foster mothers and in 

experiment two in which all offspring were reared by foster mothers. Kiyono et al conclude that 

the design allowed the postnatal maternal contribution to offspring behaviour to be eliminated 

and propose that the results can be attributed to prenatal influences. Secondly, they conclude 

that prenatal maternal enrichment aids offspring learning in the Hebb-Williams maze and thirdly 
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that post-testing, no significant brain differences exist in the progeny. 

Finally, in their most recent publication, Inouye Kiyono Seo and Shibagaki (1986) have re

examined the effects of prenatal enrichment on offspring brain morphology. Dams were exposed 

to EC, SC or IC during gestation, being re-housed in standard colony cages on day 20 of gestation, 

just prior to parturition. Offspring were reared by their biological mothers until weaning and 

then kept in SC (N=4 per cage) until 32 days old, at which point they were sacrificed. Brain 

wet weights were recorded and dendritic spine counts taken from Kreig's areas 17, 18a and 39. 

Results indicated that there was a non significant tendency for the EC brain to be heavier than 

its IC or SC counterparts', reminiscent of Diamond et aI's (1984) findings. Moreover, there was 

also a significant increase in the number of dendritic spines in the EC offspring when compared 

with the other two groups, a finding in opposition to their earlier work (Kiyono et al 1985). 

To summarise the effects of differential maternal environments on their offspring, considering 

all the studies reported above, several striking facts have emerged. Firstly, physiological and 

neuroanatomical differences have been found between the progeny. If examined directly post

partum, no brain differences exist with respect to cortical thickness, (Diamond, Johnson and 

Ingham 1971) but allowing the animals to mature does produce significant differences in occip

ital cortex thickness in favour of the enriched progeny (Diamond et al 1984). However, these 

differences disappear in a post-testing situation (Kiyono et aI1985). Similarly, there are no cere

bral weight or dendritic spine count differences between the groups, after training and testing 

in the Hebb-Williams maze (Kiyono et al 1985), although dendritic spine count differences have 

been found in untrained animals (Inouye et al 1986). Animal body weights are also affected by 

maternal environment. At birth, offspring of EC dams weigh more than offspring of IC dams 

(Diamond, Johnson and Ingham 1971) although Kiyono et al (1985) were not able to replicate 

this. Weaning weights seem to show the opposite pattern, with progeny of IC mothers reported 

as heavier than progeny of EC mothers in the Denenberg and Rosenberg paper (1967). However, 

post-testing, Kiyono et al (1985) found the original EC/Ie difference re-emerging. In none of the 
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papers was there any differences in littersize, number of offspring or number of implantation sites 

reported. With respect to the behavioural measures, both activity levels and learning seem to 

be influenced by the maternal environment. Both Denenberg and Rosenberg (1967) and McKim 

and Thompson (1975) found EC offspring to be more active than IC offspring, as measured in 

an Open Field paradigm. Moreover, in both experiments reported by Kiyono et al (1985) EC 

offspring made fewer errors than their IC and SC counterparts. 

As would be expected with such a new area of research, few causes of these effects in the offspring 

have been proferred to date. With respect to the anatomical differences, Diamond (1984) has 

suggested that the increased cortical dimensions in the offspring of enriched dams might simply 

reflect the observed increases in body weight in these animals. However, more recently, in the 

Brain and Mind Bulletin (March 1987, Vol 12, Number 7) reporting on a paper that Marion 

Diamond gave to the annual conference for the Gifted in Los Angeles, another solution was sug

gested. Diamond, according to the article, has speculated that the mechanism for the transfer of 

effects across generations might be mediated in part by progesterone which can cross the blood

brain barrier. This fits in with Kiyono et aI's (1985) suggestion that the "maternal biochemical 

changes produced by enrichment may have altered the intrauterine environment of the fetuses" 

(p434), thus mediating the changes in Hebb-Williams performance that they observed. Other 

than these physiological explanations, however, one other which has intuitive appeal, has been 

suggested by Ivinskis and Homewood (1980) who implicate maternal behaviour as a mechanism 

for transferring experience. In particular, they suggest that when mothers (and in their exper

iments, the pups) are exposed to an enriched environment, the effects of this early experience 

are mediated to the pups by a higher internal arousal caused by extra stimulation from their 

mothers. 

Whatever the causes, the research outlined above clearly demonstrates that the effects of differ

ential environmental experience can be transferred across generations and provides the focus of 

the present thesis, the details of which will be outlined in the next section. 
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1:7 PURPOSE OF PRESENT THESIS 

In this introduction, several important themes have emerged which drawn together provide the 

roots ofthe present work. Historically, there has been a continuing and often philosophical debate 

about the nature of mankind with the relative contributions of heredity and environment to the 

development of any individual continually being reassessed. Contemporary psychologists are of 

the opinion that both biological predispositions and environmental forces interact to produce the 

complexity of human attributes (Shaffer 1985), with methodological interest focussed increasingly 

on how the environmental components of the equation interact with each other (Anastasi 1958; 

Denenberg 1982). This is particularly obvious when the animal literature, from which most of 

the experiential research has emerged, is considered. Typically both the timing and the nature 

of the experience has been manipulated, with both beneficial and deleterious results. 

The present thesis, taking the view that the ameliorating effects of the experience is of primary 

importance, has focussed on one literature in particular, namely differential environmental ex

perience. Exposure of animals to environmental enrichment has been found to have beneficial 

neuroanatomical, neurochemical and behavioural consequences, with implications for the quality 

of life in both animals and humans (Rosenzweig 1984; Renner and Rosenzweig 1987). Within this 

literature are a few studies which indicate that these beneficial effects might not only be confined 

to those animals directly exposed to the experience of an enriching environment, but might be 

transferred across generations. The impact of intergenerational effects has of course been re

searched using manipulations other than enrichment and has a long history in the orient (N akae 

1983). Indeed, it has long been established that various kinds of stressors imposed upon females 

of different species can affect both the physiology and behaviour of their offspring. (Reviews 

eg: Joffe 1969a; 1969b; Thompson and Grusec 1970; Archer and Blackman 1971; Joffe 1978; 

1982). Within this field both prenatal, that is during pregnancy, and pre-pregnancy paradigms 

have been employed. In addition the nature of the stressors have been both "physical" in which 

procedures are employed which appear to be physically stressful (eg Handling - Ader and Con-
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klin 1963; Ader and Plaut 1968) or involve a painful component (eg Footshock - Joffe 1977) or 

"psychological", which include procedures that are neither physical nor painful. However, few 

of these manipulations can be seen as necessarily ameliorating, hence the decision in the present 

thesis to concentrate on the intergenerational effects of environmental enrichment rather than 

some of the other methodologies that are currently available. 

To date few studies have explored the effects of environmental enrichment on successive gener-

ations, although there is now evidence that both physiological and anatomical differences have 

emerged between the progeny of differentially housed mothers. The present thesis was therefore 

designed to complement and extend this work by compiling a more complete behavioural profile 

of offspring of differentially housed mothers. In addition, the behavioural investigation in the 

current work was extended across three generations of animals, namely animals directly exposed 

to differential environments, their offspring and their grandoffspring. 

Finally, although manipulation of the environment of the parent generation is not a new exper-

imental phenomenon, other than the paper reported by Denenberg and Rosenberg (1967), the 

handful of studies examining the behavioural effects of differential environments on offspring, all 

employed a prenatal paradigm, that is the manipulation occured during pregnancy. Employing 

an experimental procedure during pregnancy, however, does present a dilemma. Procedures may 

affect the foetus directly (Joffe 1978), rather than being mediated by the mother and would thus 

be comparable to exposing the animal directly to the differential environments. In the present 

research, this factor was taken into account, by employing a paradigm similar to that employed 

by Denenberg and Rosenberg in their innovative 1967 paper, namely, a pre-pregnancy paradigm 

14. This was to ensure that any effect found in the offspring could only have been mediated by 

the mother. 

14 A review of the main findings of the effects of manipulating the maternal generation on offspring behaviour, 
using paradigms other than differential environments will be presented in chapter three of this thesis. 
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1:8 EXPERIMENTAL PROGRAMME OF PRESENT THESIS 

As outlined above, the general purpose of this thesis was to investigate the effects of differential 

maternal environments, prior to pregnancy, on future offspring. In particular, the experimental 

programme was designed to examine three areas of interest, which are outlined below. 

• Firstly, this thesis aimed to provide a behavioural profile of animals raised in the differen

tial environments, both to validate the use of the superenriched environment employed in 

this thesis and to serve as a baseline against which the behavioural profiles of the offspring 

and grandoffspring could be compared. Study one (chapter five) therefore consisted of two 

experiments: the first designed to establish a behavioural profile of male and female rats 

directly exposed to the differential environments, using measures of activity and emotion

ality (open field), perception (visual cliff) and learning (Skinner box) and the second to 

check that the environmental effects continued postpartum in the females. 

• Secondly, this thesis was designed to establish a behavioural profile of the offspring of differ

entially housed mothers. Study two (chapter six) investigated whether or not behavioural 

differences existed in the offspring of differentially housed mothers using the same battery 

of tests as was employed in the previous study, to allow a comparison of behavioural profiles 

of offspring and parental generations to be made. In addition, the possibility of effects being 

transferred over two generations were also examined in a second experiment in this study. 

• Finally, a further investigation of the nature of the behavioural differences observed in the 

offspring was conducted. Of particular interest was whether there was a learning difference 

per se, or whether differential performances in the operant conditioning paradigm of study 

two merely reflected an activity difference. Study three (chapter seven) consequently em

ployed a maze learning task and a Skinner box conditioning task which has previously been 

found to equate motivational differences in ECjIC animals (Rose, Love and Dell 1986). To 

further investigate the learning versus activity question, study four (chapter eight) artifi-
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cially manipulated activity levels using amphetamines as advocated by Walsh and Cummins 

(1975). 

In addition to these four experimental chapters (chapters five to eight inclusive) and this present 

introduction, this thesis also contains two review chapters, a methodology chapter, and a final 

discussion chapter. More specifically, chapter two reviews the behavioural characteristics of 

animals exposed directly to differential environments, including the paradigms employed in this 

present work, against which to compare the offspring findings from the present research. The 

effects on offspring of manipulations other than enrichment imposed upon the maternal generation 

prenatally, are the subject of chapter three, whilst the methodologies employed in the present 

experiments and the analyses used will be described in detail in chapter four. A resume of the 

findings and consideration of the wider implications of this research will be provided in the final 

discussion in chapter nine. 
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CHAPTER TWO: 

OVERVIEW OF THE LITERATURE INVESTIGATING 

THE EFFECTS OF DIRECT EXPOSURE TO 

DIFFERENTIAL ENVIRONMENTS ON BEHAVIOUR 
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2:1 INTRODUCTION 

The first investigation of the effects of maternal environments on offspring revealed a behavioural 

difference between the progeny of enriched and impoverished dams (Denenberg and Rosenberg 

1967). Since this early study it has become apparent that both offspring activity levels and perfor

mance in learning tasks are affected by differential maternal experience (McKim and Thompson 

1975; Kiyono et al 1982, 1985). Behavioural effects associated with direct exposure to envi

ronmental enrichment have also been well documented. The purpose of the present review is to 

outline the main findings in the latter area to provide a profile against which to set the behavioural 

effects in offspring of differentially reared animals examined in the present work. Furthermore, 

as the complexity of the effects of differential environments on behaviour only become appar

ent when the full profile of enriched and impoverished animals is considered, the present review 

aims to delineate this more complete picture, rather than just focussing on those experimental 

paradigms employed in this thesis. 

"Just as manipulation of the complexity of the environment in which an animal is raised leads 

to changes in the brain, experimental manipulation of the environment has a measurable impact 

on behaviour" (Renner and Rosenzweig 1987 p 39). In fact, this issue was studied prior to 

the search for neural correlates of differential experience (see chapter one). As early as 1947, 

Hebb reported behavioural differences between rats reared at home as pets and rats reared 

in laboratory cages. Since then, the majority of investigations of behaviour in differentially 

housed animals have focussed on direct measures of learning and memory. Implicit in this avenue 

of research is the notion that animals with an enriched experience and with the concomitant 

increases in brain measures when compared with their impoverished counterparts, will also be 

behaviourally superior. As Renner and Rosenzweig (1987) point out, however, "this inference 

often goes unstated and even unexamined". Furthermore, "although animals housed in complex 

environments are different from those housed in impoverished environments, the linkages between 

the brain changes and alterations in behaviour are not obvious" (p40). 
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Despite this cautionary viewpoint, over the past four decades a large literature examining the 

behavioural characteristics of differentially reared animals has emerged, which will be outlined 

in this chapter. As well as investigating the effects of EC and IC on learning and memory, other 

facets of behaviour have also been studied, including activity levels, perceptual skills and motor 

behaviour. These will be designated "unlearned" behaviours (Curry 1987) and will be reviewed 

in the second section of this chapter. Firstly, however, the major findings concerning "learned" 

behaviour will be considered. 

2:2 SECTION A: LEARNED BEHAVIOUR 

The early report by Hebb (1947) that rats reared as pets learned mazes more rapidly than rats 

reared in laboratory cages and his subsequent assertion that it was "the richer experience of the 

pet group during development (that) made them better able to profit by new experiences at ma

turity" (Hebb 1949 p 298) provided the impetus for a major effort to investigate and understand 

the effects of differential experience on subsequent learning, or problem-solving behaviour. 

Since this seminal work a wide range of tests linked with several types of learning paradigms 

have been employed in the literature and will be described in some detail in this section. For 

ease of organisation the material will be further subdivided into the following: 

1. MAZE LEARNING 

• Hebb-Williams 

• Lashley III Type Maze 

• Other 

2. DISCRIMINATION LEARNING 

• Brightness 

• Pattern 

• Spatial 

• Tactile 

62 



3. DISCRIMINATION REVERSAL LEARNING 

4. AVOIDANCE LEARNING 

• Active 

• Passive 

5. SKINNER BOX CONDITIONING 

• Simple Procedures 

• Complex Procedures 

2:2.1 MAZE LEARNING 

a) Hebb~ Williams Maze 

In 1946, Hebb and Williams described a method of rating animal intelligence using a closed 

field test apparatus. This, it was claimed, provided the first method of analysing the quality 

of performance coupled with sytematically comparable scores for different subjects. This first 

"Hebb-Williams" maze was refined and standardised by Rabinovitch and Rosvold in 1951 and 

in this later form bases its quantitative score on qualitative analyses of performance on twelve 

different tasks. Within the EC/IC literature, it is the latter version of the maze and its concomi-

tant procedures which are typically used by researchers, albeit in an idiosyncratically modified 

form. 

Since the early investigations of Hebb (1947,1949) a large number of papers describing the effects 

of differential environments on Hebb-Williams maze performance has appeared in the literature. 

Table 2: 1 lists chronologically 40 studies that have found superior maze performance in animals 

reared in complex environments, when compared with animals raised in isolation, or in socially 

housed conditions l • Initially, this EC performance superiority was interpreted as a difference in 

"intelligence" between the groups (Hebb 1947; 1949; Hebb and Thompson 1954). However, 

1 There is one further study (Yamamoto et al 1988) which could also be included in Table 2:1. Unfortunately 
this paper is written in Japanese so few details were available, other than the fact that raising animals in isolation 
produced animals whose performance in the Hebb- Williams maze resulted in more errors than animals raised in 
socially enriched groups. Interestingly, extra-cage stimulation did not enhance group housing and indeed, produced 
animals whose performance in the Hebb-Williams was less efficient than their socially enriched counterparts. 
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REFERENCE AGE STRAIN GENDER COMPARISON 

Hymovitch 1952 27-79 Hooded M EC-IC 

Forgays and 26-90 McGill M EC-SC 
Forgays 1952 
Smith 1956 18-90 Long Evans M EC~SC 

Eingold 1956 55-75 no details MF EC-SC 

Cooper and 25-65 McGill Bright MF EC-SC 
Zubek 1958 McGill Dull control 
Dawson and 0-30 Wistar MF EC-SC 
Hoffman 1958 
Woods 1959 23-54 Sprague MF EC-IC 

Dawley 
Woods et a1. 21-90 Sprague MF EC-SC 
1960 Dawley 
Woods et a1. 25-155 Sprague MF EC-IC 
1961 Dawley 
Forgays and 0-109 Rutgers M EC-IC 
Read 1962 (various) Albino 
Denenberg and 0-50 Wistar MF EC-IC 
Morton 1962 
Schwartz 1964 0-96 Hooded MF EC-SC 

Hughes 1965 33-66 Holtzmann M EC-IC 

Schweikert and 25-75 Wistar EC-SC-MC 
Collins 1966 
Ravizza and 0-19 Charles MF EC-SC 
Herschberger 1966 River (Handled) 
Nyman 1967 30-80 Hooded M EC-SC 

Brown 1968 20-100 Long M EC-Ie 
(various) Evans and others 

Denenberg et a1. 0-50 Purdue F EC-SC 
1968 Wistar 
Lavallee 1969 21-90 Albino MF EC-IC 

and Hooded 

Table 2:1 Chronological listing of all studies which have found superior 
performance in enriched animals in the Hebb-Williams maze. 
Key for this, and all other tables in this chapter: 
SEC=Superenriched Condition 
EC= Enriched Condition 
IC= Impoverished Condition 
SC= Standard Condition 
M= Male F= Female 
AGE= Treatment Age 
< and > indicates direction of results 
R/R= Rabinovitch and Rosvold 1951 
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TRAINING 
AND TESTING 
PROCEDURES 
6 Training probL 
24 Subtests 
7 days training 
24 test probl. 
prelim R./R training 
24 tests prob1. 
no details 
no details 
prelim R/R training 
12 test prob1. 
3 days training 
4 days testing 
9 clays training 
3 days testing 
prelim R/R training 
12 test prob1. 
6 days training 
12 test probl. 
7 days training 
12 days testing 
prelim R/R trainhlg 
12 test prob1. 
prelim R/R. training 
12 test probl. 
prelim R/R training 
7 test prob1. 
9 days training 
12 dyaB tes ting 
Adapted R/R 
18 test prob1. 
10 days training 
2 test probl. 
2i d'ays training 
12 test probl. 
3 days train1xlg 
12 test pro b1. 
prelim R/R training 
tested in light 
and tested in dark 



REFERENCE AGE STRAIN GENDER COMPARISON TRAINING 
AND TESTING 
PROCEDURES 

Sturgeon and 21-81 Hooded M EC-IC modified R/R training 
Reid 1971 and SEC 36 test probl. 
Tanabe 1972 25-60 Wistar M EC-IC no details 

no details 
Wells 1971 21-45 no details no details EC-IC no details 

no details 
Wells et al. 21-45 Holtzmann M EC-IC 6 practice probl. 
1972 12 test probl. 
Smith 1972 0-55 Carworth MF EC-SC long training period 

21-55 Europe EC-IC adapted from R/R 
12 test probl. 

Cummins et al. 21-509 Wistar M EC-IC no details 
1973 no details 
Will et al 0-65 Berkeley S1 M EC-SC prelim R/R training 
1976 21-40 MF EC-IC 12 test probl. 
Ivinskis and 22-46 Albino MF EC-control prelIm R/R t'raJning 
Ivinskis 1976 2 test probl. 
Will et al. 36- Fisher M EC-IC 11 days training 
1977 Berkeley S1 12 test probl. 
Kelche and 125-165 August M EC~IC prelim R/R training 
Will 1978 12 test probl. 
Rosenzweig and various Berkeley M EC-SC no details 
Bennett 1978 no details 
Celedon 21-98 Sprague MF EC-IC prelim R/R trafning 
et al. 1979 Dawley 12 test pfobl. 
Ivinskis and various nodetails MF EC-SC prelim R/R training 
Homewood 1980 2 test prohl. 
Renner 21-90 Sl M EC-IC no details 
et al. 1981 no details 
Chadha and 21-51 Hooded MF EC-IC 8 days training 
Rose 1981 1 test prohl, 
Kiyono et al. 21-51 Sprague M EC-SC prelim R/R training 
1981b Dawley 12 test probl. 
Shibagaki et al. 21-51 Sprague M EC-IC-SC prelim R/R training 
1981 Dawley 12 test probl. 
Seo et a1. 23-53 Sprague M EC-IC-SC prelimR/R training 
1982 Dawley 12 test prohl. 
Dell and 21-49 Hooded M EC-IC prelim R/R trainhig 
Rose 1986 6 test probl. 
Pappas et al 25-60 Wistar M EC-IC prelim R/R training 
1987 12 test probl. 
Venable et al 10-24 Gray M EC-SC prelim R/R training 
1988 JAXC) 12 test probl. 

Table 2:1 continued. 
For key, please see page 64. 
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under certain circumstances, IC performance has been found to be equivalent (Eingold 1956; 

Woods et al 1961; Hughes 1965; Reid et al 1968; Aubrecht 1974) or indeed superior to EC 

performance (Hymovitch 1952; Forgays and Forgays 1952). Table 2:2 comprises those few studies 

where no EC performance superiority has been found. These studies are particularily interesting, 

as they suggest that the use of the term "intelligence" (Hebb 1947) may be misleading and offer 

other explanations for the performance of differentially housed animals in the Hebb-Wiliams 

maze. 

Hymovitch (1952) was the first researcher to replicate Hebb's (1947) findings of improved maze 

performance in animals with greater infant experience, using larger numbers of animals and more 

carefully controlled conditions. Animals were raised in either a "free" environment (FE) which 

provided extensive opportunities for experience, (it contained a variety of alleys, inclined runways, 

small enclosed areas and apertures), small mesh cages, enclosed activity wheels or stovepipe cages 

(SP). The last condition restricted both social experience and visual perception. Testing in the 

Hebb-Williams maze revealed that the FE group was clearly superior to the SP group over 24 

test problems. However, when the Hebb-Williams test apparatus was rotated 900 clockwise, 

FE animals made significantly more errors than the SP group. Hymovitch interpreted this as 

evidence that the problem-solving behaviour of the FE rat was more dependant on a "wider 

sensory environment" than that of the SP rat. This finding, that under certain conditions, IC 

animals perform better than their FE counterpa.rts, was replicated by Forgays and Forgays (1952). 

They initially found superior Hebb-Williams performance in FE animals, when compared with 

animals raised in isolation, but when the apparatus was rotated, FE animals made more errors 

than the IC animals. This was explained by the greater use of visual distance cues in the FE 

rat, as a result of early experience. Indeed, when extra-maze cues were removed by the simple 

expedient of suspending a black cloth one foot beyond the perimeter of the Hebb-Williams ma.ze 

in a later experiment (Ravizza and Herschberger 1966), forcing subjects to rely heavily on motor 

cues, animals that had experienced motor restriction in their early experience exhibited inferior 

performance when compared with non-restricted subjects. 
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REFERENCE AGE STRAIN GENDER COMPARISON TRAINING 
AND TESTING 
PROCEDURES 

Hymovitch 1962 27-79 Hooded M EC-Ie trained/tested 24 probl. 
rotated prob1. 

Forgays and 26-90 McGill M EC-SC 7 days training 
Forgays 1962 rotated test problem 
Eingold 1966 36-55 no details MF EC-SC no details 

75-95 no details 
Woods et a1. 25-60 Sprague MF EC-SC Prelim R/R training 
1961 Dawley high and low 

drive groups 
Hughes 1965 33-66 Holtzmann M EC-Ie Prelim R/R training 

7test prob1. 
Reid et a1. 21-81 Hooded M EC-Ie high degree training 
1968 and deprivation 

24 test prob1. 
Aubrecht 1974 21-66 Holtzmann no details IC-SC no details 

no details 

Table 2:2 Chronological listing of all studies where no EC performance 
superiority has been found. 
For Key please see page 64. 
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The use of extramaze cues, as a problem-solving strategy, is not the only explanation for the 

typical finding of FE superiority in the Hebb-Williams apparatus. Zimbardo and Montgomery 

(1957) speculated that the problem-solving ability shown by the FE animals might be due to 

the fact that the test situation had relatively less novelty for them. As a result, FE animals, it 

was suggested, engaged in less exploratory activity and hence made fewer errors. Indeed, Woods 

(1959) reported that some animals would solve the maze problem, but would then wander back 

through the maze before returning to eat the food and thus terminate the trial 2. In these cases, 

total error score was not just a reflection of the difficulty the animal had in solving the maze, 

but rather a combination of this, and exploratory behaviour. In a later experiment (Woods 

et al 1960), both exploration and error scores were examined. High correlations were found 

between these measures, with restricted females exhibiting high levels of exploration suggesting 

that exploratory differences rather than "intelligence" differences were a major factor in the 

characteristic finding of FE animals' problem-solving superiority. Furthermore, adaption and 

preliminary training increased the amount of exploratory behaviour in the restricted groups, and 

decreased it in the 'free' groups, thus maximising the differences between the groups. 

In a further experiment, (Woods et a11961) exploratory behaviour was experimentally mediated, 

in the restricted group, by establishing a strong and competing drive. Under these conditions, 

restricted animals' performance was equivalent to that of the FE group, suggesting that explo-

ration was a realistic explanation for the perceived Ie deficit in Hebb-Williams performance. 

Indeed, this hypothesis was futher substantiated by Reid et al (1968) who found isolated sub-

jects to be as efficient as enriched animals in solving maze problems, when both the amount of 

pretraining, and degree of deprivation were extraordinarily high. Furthermore, Reid et al (1968) 

suggested that the main difference between the groups' early experience was the relevance of 

that experience. For example, the early experience and learning of the enriched group may well 

transfer positively to certain kinds of problems, whereas the early experience and learning of the 

2 More recently, Holson (1986) has argued that Ie animals turn away prior to reaching the goal box, despite 
knowing where it is, that is they actively avoid the goal box and its food reinforcement. This he attributes to a 
form of neophobia, that these animals are wary of eating in a novel environment. 
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isolated group may not tranfer to those same problems. They speculated that the transfer of 

learning to habituate to irrelevancy was the factor that most easily accounted for the differences 

in problem solving aptitude of the two groups, a hypothesis that was later examined by Dell and 

Rose (1986). These authors reported that the acquisition slope for Hebb-Williams maze per

formance did not differentiate EO from 10 animals, but that EO-IO differences were due to the 

impaired asymptotic performance of the 10 subjects. This, it was felt, was due to the inadequacy 

of response inhibition in the 10 animals, such that having established a route through the maze 

(initial learning), irrelevant diversions were maintained, despite their redundancy. Interestingly, 

in this paper, no differences in exploratory behaviour, as measured by number of rears in the 

maze, were found between the groups. 

As well as examining the underlying causes of the differential maze performances of the enriched 

and impoverished animals, other factors such as quality of experience, age of onset of experience, 

and duration of experience have also been investigated in the literature. 

With respect to the quality of experience, typically the "enriched", "complex" or "free" environ

ment consists of ten or more animals living in a large cage in which there is a variety of stimulus 

objects (Rosenzweig and Bennett 1977). Often there is also a variety of visual and auditory stim

ulation around the cage; thus this type of environment includes social stimulation, stimulation 

from inanimate objects with which the animals can have direct contact and stimulation through 

distance receptors by objects with which the animals have no direct contact. Each of these dimen

sions has been investigated and the effects on Hebb-Williams performance noted. Taking social 

stimulation first, it is apparent that degree of socialisation, as measured by numbers of animals, 

is an important factor in the enrichment effect. Aubrecht (1974), one of the few researchers to 

find no differences between his groups, investigated the importance of "the social factor" (sic) by 

raising animals either in isolation, or in pairs. His lack of significant differences is not surprising, 

however, considering that Brown (1968) housed his "restricted" group in threes. In this latter 

experiment, socially housed animals raised in groups of 25 in a bare enclosure, performed signif-
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icantly better than the restricted animals. Maximal effects, however, require both social contact 

and object interaction. Brown (1968) found animals housed in a complex environment, in groups 

of 25, performed significantly better in the Hebb-Williams maze, when compared with 25 socially 

housed animals. Rosenzweig and Bennett (1978) have also found superior EC performance, when 

compared with socially housed controls, as have Forgays and Forgays (1952). The only paper 

to find no differences between socially housed animals and socially housed animals with object 

interaction was Aubrecht (1974). However, his group sizes were small, with animals being housed 

in pairs, which may well have biased the results. Interestingly, frequently changing the objects in 

the enriched environment to provide additional enrichment (Sturgeon and Reid 1971) does not 

significantly alter problem-solving performances in these differentially enriched groups (Ivinskis 

and Ivinskis 1976). 

The importance of extra-cage stimulation has been investigated by Lavallee (1969,1970). Rats 

given daily slide shows from weaning to 80 days of age were superior problem solvers when 

compared with control rats exposed to blank screens. However, Rosenzweig and Bennett (1976) 

report an unpublished study by Ricard, which failed to replicate these findings and indeed state 

"any investigator who believes the extracage stimuli to be effective in determination of EC-IC 

differences is encouraged to present evidence that this is more than fantasy" (Rosenzweig and 

Bennett 1976 p 194). In addition superior performance in enriched animals has been found in 

animals blinded at infancy, or indeed at maturity, for which extracage visual experience would 

have been irrelevant (Hebb 1947; Hymovitch 1952) which lessens the importance ofthis particular 

dimension of experience on the general finding of superior EC performance in the Hebb-Williams 

maze. Finally quality of experience has also been investigated by Woods (1959), who found that 

animals initially placed in isolation at weaning and transferred to an enriched environment at 

66 days of age, performed significantly better than animals that had remained in the isolation 

cages. 

Briefly then, in general, the greater the social and perceptual experience, the better the per-
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formance of the animals concerned in the Hebb-Williams Maze. Furthermore, the behavioural 

effects of isolation can be reversed, and Hebb-Williams performance improved (Woods 1959). 

A second factor, which might influence an animal's maze performance, namely age at which the 

experience was initiated, has also been examined in the literature. Hymovitch (1952) was the 

first to report that animals exposed to free environmental experience early in life (30-7 5 days) 

were superior to those that had had this experience when mature (85-130 days). Subsequent ex

periments have confirmed this finding, although there has been some debate as to exactly which 

period is the most effective, within this "early" time scale. Eingold (1956) for example, found that 

groups receiving free environmental experience at a mean age of 55 days, performed significantly 

better than those receiving it at 35 or 75 days. Forgays and Read (1962) on the other hand, 

found no differences between groups exposed to differential experience between either 22-43 days 

or 44-65 days. Preweaning enrichment has also been found to reduce error scores (Dawson and 

Hoffman 1958; Forgays and Read 1962; Denenberg, Woodcock and Rosenberg 1968; Will et al 

1976; Ivinskis and Homewood 1980; Venable et a11980), although according to Forgays and Read 

(1962) this is less effective than experience during adolescence. More recently (Rosenzweig and 

Bennett 1978) in six experiments in which differential experience started at 85, 101 or 123 days 

of age, significant effects have been found between animals exposed to EC versus SC experience. 

Finally, when preweaning (Days 10-24) enrichment is combined with training, animals' perfor

mance is superior to that of littermates exposed to postweaning enrichment (Venable et al1988), 

suggesting that the quality of experience must also be taken into account when the effects of age 

at which experience occurs are investigated. Overall therefore, although it appears preferable to 

expose animals to differential experience during adolescence, enrichment will produce effects in 

preweaning, adolescent or mature animals. 

Duration of exposure has also been investigated with respect to Hebb-Williams performance. 

Eingold (1956) exposed animals to differential experience at different ages, for either 10 or 20 

days, and reported that length of exposure was not a significant variable. Nyman (1967) on the 
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other hand, exposed animals to either 8 hours or 1 hour of experience a day, for either 30-40, 

50-60 or 70-80 days, and found that "more experience" was more effective than "less experience" 

over all three age periods. It appears from these papers that a minimum of experience is required 

to produce the EC-IC effects, but that this minimum is surprisingly small. 

In summary then, the majority of the experiments in this field has found that enriched animals 

perform better in the Hebb-Williams maze than either socially housed or isolated animals. En

richment produces an animal that is better able to use extramaze cues, (Hymovitch 1952; Forgays 

and Forgays 1952) whereas restriction induces higher levels of exploration (Woods 1959; Woods 

et al 1960; 1961) and inadequate response inhibition (Reid et al 1968; Dell and Rose 1986). 

Indeed, it appears that, as Greenough (1976) says, "differentially reared animals have learned 

different techniques for dealing with their environment". 

b) Lashley III Maze 

The Lashley III Maze (Lashley 1929) typically comprises a rectangular box, subdivided length

ways by three partitions, thus forming four alleyways with eight culs de sac. Openings in the 

partitions and from alternate sides of the box where the start and goal boxes are located, allow 

the animals to trace a path through the maze. Errors are scored whenever the animal enters the 

blind alleys, demarkated on the floor of the maze by lines. 

Of the 16 studies examining the effects of differential environments on performance in this type 

of maze, only three have found no significant differences between the groups. Table 2:3 lists 

chronologically those studies that have found EC animals to be superior in the Lashley III maze, 

whereas Table 2:4 details those few studies where performance of the groups was equivalent. 

Interestingly, no studies have reported evidence of Ie superiority in this apparatus. 

As with the Hebb-Williams literature, it is those atypical studies, which have found no significant 

differences between the groups, which require some explanation. Indeed, both Peeke et al (1971) 
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REFERENCE AGE STRAIN GENDER COMPARISON TRAINING 
AND TESTING 
PROCEDURES 

Ray and 21-85 Zivic Miller MF EC-IC(p) 4 days 
Hochhauser 1969 14 days 
Greenough 25-81 DBA2J Mice M EC-IC 5 days 
et a1. 1970 3 days 
Bennett 25-55 Sl M EC-IC no detail 
et al. 1970 60-90 Sl M EC-IC no detail 
Rosenzweig 30 days Sl M 2hrsEC-IC no detail 
1971 no detail 
Riege 1971 310-360 Sl M EC-IC 5 days 

4 days 
West and 21-51 Long-Evans M EC-IC 5 days 
Greenough 1972 5 days 
Freeman and 28-88 Zivic-Miller MF EC-IC(p) 4 days 
Ray 1972 F344/FMai 14 days 
Greenough 22-52 Long-Evans M EC-IC 8 days 
et al. 1972a 5 days 
Greenough 25-55 Mice M EC-IC no detail 
et al1972b spaced and 

maned trials 
Greenough 22-52 Long-Evans M EC-IC 5 days 
et a1. 1973 2 days 
Bernstein 21-84 Wistar M EC-IC no detail 
1973 trials to cri terion 
Warren 1985 no details Mice no details EC-IC no details 
Pappas et al 25-60 Wistar M EC-IC no details 
1987 10 days 

Table 2:3 Chronological listing of all studies with an EC superiority in the 
Lashley III Maze. 
For key, please see page 64. (NB IC(p )=IC animals housed in pairs) 

REFERENCE AGE STRAIN GENDER COMPARISON TRAINING 
AND TESTING 
PROCEDURES 

Le Beoufand 21-52 K MF EC-IC(p) no detail 
Peeke 1969 trials to cri terion 
Peeke 51-70 Long-Evans M EC-IC 3 days 
et al. 1971 trials to criterion 
Warren 600-750 C57BL/6J Mice M EC-IC no detail 
et al. 1982 10 days 

Table 2:4 Chronological listing of all studies with no EC superiority In the 
Lashley III Maze 
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and Le Beouf and Peeke (1969) suggest that their results can be accounted for in terms of 

"the time required to produce modifications in adult learning ability" by which they mean a 

critical length of time before the effects of enrichment manifest themselves in the performance 

of enriched animals. In their studies, this is operationalised in terms of the onset and duration 

of differential experience. Considering the studies in Table 2:3, however, this explanation loses 

credence, as several researchers (Bennett et al 1970j West and Greenough 1972j Greenough et 

al 1972aj 1972bj 1973) have also used similar "time" periods to those of Peeke et al (1971) 

and Le Beouf and Peeke (1969), and found significant differences between the groups. Age of 

onset of differential experience may account for the findings of the third study that has reported 

equivalent performance in EC-IC animals (Warren et al 1982), however, in this study mice 3 

were exposed to environmental experience between 600-750 days. In this instance there are no 

parallels in Table 2:3 although Riege (1971) has found significant differences between animals 

exposed to EC-IC between 310-360 days, a time when the rat is considered to be "old". 

Typically in the literature, age of exposure to differential environments has not been found to 

influence Lashley III maze performance in those studies finding significant EC-IC differences. 

Probably the first report of manipulating two age periods, was that of Bennett et al (1970). 

They reported significant differences between EC-IC groups' initial errors, at both 25-55, and 60-

90 days of exposure. Futhermore, Rosenzweig (1971) suggests that maze performance is enhanced 

by experience in exploring open fields, which may be gained at any age, although it should be 

noted that this improvement in performance might not be equally effective at different ages. 

Strain differences, and their effects on Lashley III maze performance have also been examined 

with no differences being found betweeen Zivic Miller and F344/fMai animals (Freeman and Ray 

1972). Indeed, as can be seen from Table 2:3, a variety of strains has been used and significant 

differences found between EC-IC animals. It is therefore unlikely that strain differences have 

caused the lack of significant findings in the three studies described in Table 2:4. 

3It is worth noting here that this result is not just a reflection of species differences, as enrichment effech have 
been found in a variety of different species (Renner and Rosenzweig 1987). 

74 



The nature of environmental enrichment has also been examined in the Lashley III maze lit-

erature. Enrichment consists of both social and perceptual experience and the nature of social 

experience alone has provided a possible explanation for understanding enhanced EC performance 

in the Lashley apparatus. An early view was that social enrichment with large groups of animals 

produces animals that do not differ from socially and perceptually enriched animals (Bernstein 

1973). Reducing the numbers to two or three animals typically removes any enrichment effects 

(Ray and Hochhauser 1969; Rosenzweig 1971; Freeman and Ray 1972), which has led Rosen-

zweig (1971) to suggest that the Lashley III maze is sensitive to enrichment of experience above 

the colony level (p320). However, under certain testing conditions, where spaced practice trials 

are employed, a degree of social enrichment (housing in pairs) produces performances equivalent 

to animals housed in socially and perceptually enriched environments (Greenough et al 1972b). 

This suggests that degree of enrichment produces animals with different capacities to process 

or store information and that if the behavioural test is appropriate, minimal amounts of social 

enrichment will produce superior performance in the maze, when compared with animals raised 

in isolation. Indeed, the interaction between behavioural testing and the nature of enrichment 

may well explain those studies where no EC-IC effects have been found. 

Other than differential processing and storing capacity, a variety of explanations has also been 

put forward to explain the EC-IC performance differences in the Lashley III maze. Firstly, the 

notion that familiarity with environments similar to mazes may improve EC performance (Riege 

1971) is probably correct, but, as Greenough (1976) points out, not very useful for interpretation 

of changes in EC behavioural capacity 4. Secondly, the idea that fear or reactivity to either the 

experimenter (McCall, Lester and Dolan 1969) or to the test situation (Myers and Fox 1963) 

in the IC animal may produce behavioural deficits which account for the EC-IC performance 

differences, has received limited support. As Greenough et al (1972a) point out, pretraining 

should make the groups homogenous with respect to these factors, prior to the testing phase 

4 Presumably as effects are observed in a variety of different learning procedures that are dissimilar to enriched 
environments. 
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5 In situations with little or no pretraining, however, IC reactivity may well contribute to 

inferior maze performance. Thirdly, Freeman and Ray (1972) state that, following the lack 

of observed differences in open field activity in their study, differences in performance in the 

Lashley III maze cannot be accounted for in terms of general activity differences. However, they 

do acknowledge that increased duration of exposure to isolation results in increased emotionality, 

as measured by defecations in the Open Field, which would result in "freezing" and this in turn 

would interfere with solving the Lashley III maze 6. Fourthly, West and Greenough (1972) suggest 

that their results represent either an enhancement of some normal developmental process in the 

enriched animals, or a retardation of such a process in the isolated rat. However, in a further 

experiment, as outlined above, (Greenough et al 1972b) it was suggested that the consistently 

poorer performance of the isolated animal might reflect deficits in information storage. This 

fifth hypothesis has since received further support (Greenough et al 1973), although, whether 

the EC-IC differences in memory storage parameters were related to differences in attentional 

mechanisms involved in memory, or to differences in memory storage per se was not specified. 

Finally, in a recent paper (Pappas et al 1987) in which newborn male rats were depleted of 

forebrain norepinephrine (NE) by systemic 6-hydroxydopamine injection, isolated rearing was 

found to impair Lashley maze performance in control animals but not in the injected rats. This 

suggests that intact NE terminals are important in the mediation of isolation-induced deficits 

and offers a biochemical level of analysis, reflecting a growing trend in the EC-IC literature to 

investigate the causes of behaviour differences at a neurochemical level. 

To summarise, in general, environmental enrichment produces an animal with enhanced Lashley 

III maze performance. To date, in the literature, no firm explanations of what causes this superior 

performance have been proffered, although both improved information storage and familiarity 

with problem-solving environments in the enriched animal and increased reactance, emotionality 

and deficits in information storage or NE functioning in the IC animal have all been suggested 

5 Although it is not clear whether it does always eliminate the differences. 
°It should be pointed out, however, that other researchers have found differences in activity in the open field, 

research which is reviewed in section 2:3:1 of this review. 
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as important in mediating the behavioural differences between the groups. 

c) Other Mazes 

This section will review the behavioural testing of differentially reared animals, in mazes other 

than the Hebb-Williams and Lashley III paradigms. Within the literature, there has been a 

variety of different types of maze employed, including Y mazes (Zimbardo and Montgomery 

1957; Montgomery and Zimbardo 1957; Ehrlich 1959; Forgays and Read 1962; Einon and Morgan 

1978b), T mazes (Hymovitch 1952; Forgus 1955a; 1955b; Goldman et aI1987), L mazes (Watson 

and Livesey 1982), inclined or elevated mazes (Bingham and Griffiths 1952; Forgus 1954; Luchins 

and Forgus 1955), multiple U mazes (Myers and Fox 1963), radial mazes (Einon 1980b; Juraska 

et al 1984; Van Gool et al 1985; Pacteau et al 1989), Dashiell mazes (Ehrlich 1959; Bennett et 

aI1970), symmetrical mazes (Gonzales and Davenport 1972; 1973; Davenport 1974-1975; Joseph 

1979; Joseph and Gallagher 1980), Warner-Warden mazes (Bingham and Griffiths 1952) complex 

mazes (Holson 1986) and water mazes (Duke and Seaman 1964; Whishaw et al 1986; Saari et 

al 1990a; 1990b). Results from these paradigms are less consistent than those detailed in the 

previous two sections, although still producing highly significant results. Of these studies, four 

(Pacteau et al 1989; Whishaw et al 1986; Saari et al 1990a; 1990b) have employed enrichment 

as a therapeutic environment following noradrenaline depletion or hippocampal lesions and thus 

effects on intact animals may be confounded by the control procedures employed (sham operations 

or placebo injections). As a consequence, these studies will not be included in this review. 

Table 2:5 lists 17 studies that have found animals with enriched experience to be superior per

formers, whereas Table 2:6 lists 9 studies where no differences have been found between the 

groups. As with the Lashley III literature, and worth highlighting, there are no studies reporting 

Ie superiority. This inconsistency is perhaps unsurprising, considering the variety of paradigms 

employed. Inspection of Tables 2:5 and 2:6 reveals a large variation between studies in terms of 

strain of subjects, age at onset of treatment, nature of differential experience employed and 
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REFERENCE AGE STRAIN GENDER COMPARISON MAZE 
TYPE 

Bingham and 21-51 Albino MF FE-SP mchned 
Griffiths 1952 Warner-Warden 

Forgus 1954 24-84 Hooded M CVP-CV-M elevated 
Einstellung 

Forgus 1955a 25-85 Hooded M VM-V 11 umt T 

Forgus 1955b 25-85 Hooded M VM-V 11 unit T 

Luchins and 18-70 Hooded F EC-SC elevated 
Forgus 1955 
Zimbardo and 21-46 W,star MF FE-SC Y 
Montgomery 1957 21-71 

21-121 
Myers and 21-261 Colgate SC-IC multtple U 
Fox 1963 
Duke and 21-121 Albino MF FE-SC water/6 chotce 
Seaman 1964 
Bennett et al. 21-51 S1 EC-IC Daslnell 
1970 
Joseph 1979 21-100 Holtzman MF EC-IC symmetncal 

Joseph and 19-72 Zivic MF EC.IC symmetncal 
Gallagher 1980 Miller 
Einon 1980 21-45 Wistar MF EC-IC radIal 

23-45 Hooded F SC-IC radial 
23-60 Lister F SC-IC radial 

Watson and 23-33 Albino M EC-IC L 
Livesey 1982 23-53 

23-74 
Juraska et al. 23-53 Long MF EC-IC 17 arm radial 
1984 Evans 
Warren 1985 no detaIls Mice no details EC·IC Stone 
Holson 1986 21-111 Lon'g M EC-IC Complex 

Evans 
Goldman 6 months Sprague M EC-SC Stone 
et al 1987 12-14 months Dawley (14 unit T) 25 trials 

24-26 months 

Table 2:5 Chronological listing of all studies with an EC superiority in mazes 
other than the Hebb-Williams and Lashley III mazes. (FE=Free Environ
mentjSP=Stove PipejCVP=Complex Visual and Proprioceptivej CV=complex 
Visualj M=Minimal Visual; VM=Visual Motor; V=Visual;T to C= Trials to 
Criterion) 
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TRAINING 
AND TESTING 
PROCEDURES 
4 days 
8 days 
T to C 
no defalis 
2 pathways 
free choice 
mitial lea'rnhig 
no visual cues 
hght on 
dark 
40 tnals harnessed 
direct path 
no details 

no detaIls 
T to C 
no details 
7 days 
no d'etails 
no detaisl 
no details 
7 maze probl 
20 tnals 
1 probl. 
8 days 
9 days 

none 
4 trials a day 

4 days 
24 days 
no detaIls 
No',ie 
3 trials 
Runw'ay training 



REFERENCE AGE STRAIN GENDER COMPARISON MAZE 
TYPE 

Hymovitch 1952 27-79 Hooded M FE-SP T 

Montgomery and 25-50 Wlstar MF NC-DD-SBD Y 
Zimbardo 1957 25-75 

25-125 
Ehrlich 1959 21-73 Hooded M EC-SC Y 

Dashiell 
Forgays and 0-109 Albino M FE-SC Y 
Read 1962 various 
Gonzales and 30-67 Holtzman EC-IC symmetrical 
Davenport 1972 
Gonzales and 30-67 Holtzman EC-IC symmetrical 
Davenport 1973 
Davenport 1974-1975 36-70 Holtzman SEC-IC symmetrical 

Einon and 23-45 Hooded F SC-IC Y 
Morgan 1978 Lister 
Van Gool et al. 140-189 Drown M EC-SC radial 8 arm 
1985 784-833 Norway 

Table 2:6 Chronological listing of all studies with no EC superiority in 
mazes other than the Hebb-Williams and Lashley III mazes. (NC==Normal 
CagejBD=Behaviourally DeprivedjSBD=Sensorily and Behaviourally Deprivedj 
SEC=Super Enriched condition) 
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TRAINING 
AND TESTING 
PROCEDURES 
2 day. 
3 day. 
no detaIl. 
4 trials 

no details 
3 days 

2 days 
no details 
4 prohl. 
no details 
3 probl. 
4 pnictice 
4 probl. 
none u"se'd' 
11 trials 
5 days 
20 days 



procedures and techniques used in data collection. This suggests that there is little likelihood of 

explaining why EC superiority has been found in 17 studies but not in nine other studies, in terms 

of one factor. In fact, considering those studies where no differences have been found between 

the groups, several reasons emerge which could explain the nonsignificant results of individual 

papers. 

The first report of equivalent performance between differentially housed groups was that of Hy-

movitch (1952). In this experiment animals were tested for rote learning ability in an enclosed 

T maze paradigm, after having had extensive Hebb-Williams training. This procedural detail 

is in fact important, as Rosenzweig and Bennett (1977) have suggested that "the differences 

in problem solving ability brought about by differential experience can be overcome during the 

course of prolonged testing" (p172), an idea that has subsequently been invoked by Rose, Dell, 

Love and Davey (1988). Indeed, behavioural differences were found between the groups in the 

earlier Hebb-Williams problem solving task, in Hymovitch's study. 

The second study to report no differences between groups housed in normal mesh "behavioural 

deprivation" cages or "sensory and behavioural" deprivation cages, was that of Montgomery and 

Zimbardo (1957). In this experiment, a standard Y maze was employed, with ezploration being 

measured, by counting the number of maze sections traversed per minute. It was predicted tha.t, 

as exploration is dependant upon exteroceptive stimulation (Zimbardo and Montgomery 1957), 

differences should only appear if there were a differential increase in novelty of the testing situa-

tion. In this instance the Y maze offered all groups the opportunity to explore an environment 

which was richer than their cage environment, thus obviating any exploration differences. In 

fact in a second study (Zimbardo and Montgomery 1957), animals raised in normal cages were 

found to explore more in a Y maze, than animals from a free environment, corroborating this 

theory 7. Interestingly, Luchins and Forgus (1955) reported the opposite effects, in that their 

experimental animals, reared in a large and stimulating environment, were more active than their 

1However, it should be pointed out that it might be degree of difference from natural environment that is the 
important factor, an hypothesis not explored by these authors. 
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control animals. However, it appears that these latter results can be attributed to a "handling" 

factor, as Luchins and Forgus (1955) handled their experimental animals, which has been found 

to significantly increase exploration (Ehrlich 1959). 

A third study that reported no significant differences between differentially housed groups used 

a similar paradigm, namely exploration as measured by number of units entered, but this time 

in two test paradigms, the Y maze and the Dashiell maze (Ehrlich 1959). In this instance lack 

of significant differences were explained by small group sizes and large variability in the data, 

which rather lacks credence as an explanation. The tendency was, however, for the restricted 

rats to explore more than the free environment rats, a tendency that was consistent across both 

maze paradigms. In a fourth study, which also measured activity in a Y maze, Forgays and 

Read (1962) reported no differences between the groups. In this instance there are no obvious 

methodological reasons for the lack of significant findings. Finally, the Y maze has also been 

employed as an alternation test (Einon and Morgan 1978b) with total number of alternations 

(calculated seperately for each rat) revealing no significant differences between those animals 

housed in social groups of five and those reared in isolation prior to testing. In a locomotor 

activity task, however, IC animals were more active than their social controls. These authors 

have therefore argued that caution should be exercised "in relating hyperactivity and reduced 

alternation to a unitary deficit in an inhibitory system" (p151). That is, whatever is causing 

differences in EC/IC performance, advocating one underlying mechanism such as inappropriate 

levels of inhibition is not an adequate explanation for what is emerging as a complex behavioural 

and neurochemical difference (Pappas et al 1987) between these differentially housed animals. 

Other than the early papers investigating the Y maze, a group of studies in the 1970's (Gonzales 

and Davenport 1972; 1973; Davenport 1974-1975) using a symmetrical maze, has also reported a 

lack of differences between enriched and impoverished rats. These negative results are unusual, 

considering the similarity of the symmetrical maze to the Hebb-Williams maze, the latter maze 

typically producing superior EC performance (see section 2:2.1a). One explanation for their 
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findings lies in their procedure. As Davenport (1976) points out their food deprivation schedules 

were moderately severe and their rats well adapted prior to the task. Both high motivation such 

as is induced by food deprivation and extensive pre-training have been found to obviate EC-IC 

differences in Hebb-Williams performances (Woods et al 1961; Reid et al 1968). Consequently 

these factors might also have influenced Davenport et aI's results. Indeed, both Joseph (1979) 

and Joseph and Gallagher (1980) have since found significant differences in favour of enriched 

animals using the symmetrical maze, suggesting that differences in procedures may well greatly 

modify results. 

The final paper in Table 2:6, which has reported no significant differences between the groups, 

is that of Van Gool et al (1985). In this study differential experience was given to animals 

unusually late in life (either 140-189 days or 784-833 days approx.) Age of onset may well be 

an important factor, as Warren et al (1982) using geriatric mice, also failed to find significant 

differences between EC-IC animals in the Lashley III maze. Furthermore, in this experiment, 

small groups of animals (N =8 and N =5) were housed together in the enriched condition. This in 

itself may well have contributed to the lack of significant differences, as Aubrecht (1974) found no 

differences between small groups of animals housed with or without objects, in a Hebb-Williams 

paradigm, and Van Gool et aI's control groups comprised similarly small sample sizes (N=4). 

In summary then, most of the studies reporting equivalent performances between the groups have 

methodological, or procedural anomalies which might explain their findings. However, care must 

be taken in interpreting the data in all the studies in this area, because of the wide procedural 

differences employed, as well as the diversity of dependant variables studied. 

With respect to those studies in Table 2:5 where significant differences have been found between 

the groups, several hypotheses have been postulated to explain the results. These will be outlined 

briefly, below. 

Hebb (1949) suggested that it was the richer experience of rats raised as pets during their 

early development which made them better able to profit from new experiences at maturity, 
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compared with laboratory housed animals. Furthermore, Bingham and Griffiths (1952), the first 

researchers to find significant differences between their groups using an inclined maze, agreed that 

their findings supported Hebb's hypothesis. Extending this hypothesis, Forgus (1954) pointed 

out that early experience and learning were important determinants of cognitive ability in the 

adult rat, and that the quality of the infantile experience determined the "kinds and numbers of 

hypotheses" that the animals could test when problem solving. In later papers (Forgus 1955aj 

1955b) the relative importance of the early experience was found to depend on the nature of 

the problem requirements. In particular, it was postulated that the relationship between the 

kind of early experience and the demands of the problem task was the most important factor in 

mediating the typical EC results. Indeed, Luchins and Forgus (1955), when considering Hebb's 

hypothesis that animals reared under different environmental conditions develop nervous systems 

which are organised differently, suggest that their results support the contention that differential 

past experiences result in the development of different kinds of "experienced beings". 

An alternative hypothesis, however, is that of Zimbardo and Montgomery (1957). For these 

authors past experience affects the "complexity" of subjects and therefore the range of stimuli 

to which they will respond. Superior EC maze performance, in their opinion, is due to the low 

exploration of the enriched animal, caused by the relatively decreased novelty of the test situation, 

when compared with its IC counterpart. In other words, IC animals have a high exploratory 

drive, which is increasing their error scores in the maze, so that performance differences reflect 

an IC deficit, rather than an EC enhancement. Indeed, throughout the literature, the isolate 

maze-deficit has been explained in terms of the hyperactivity often seen in such animals (Einon 

and Morgan 1977j Morgan 1973j Smith 1972) a syndrome which according to Holson (1986) 

"could result in cue inattention and consequent poor performance" (pI91). A second and related 

hypothesis, which again suggests that superior EC performance is due to an IC deficit, rather 

than EC superiority, is that of Joseph and Gallagher (1980). IC animals are described as having 

"deficits in learning ability," coupled with a "tendency to overrespond". 
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More recently, however, studies using a radial maze have led Juraska et al (1984) to suggest 

that enrichment changes problem solving strategies and possibly even problem solving abilities. 

Indeed, in a separate study Einon (1980b) has suggested that differences in performance between 

socially housed animals and isolates "are not due to differences in spatial ability, or to differences 

in activity or neophobia", but that "there is some indication that the social rats may have superior 

memorial capacities." 

In conclusion then, studies demonstrating enhanced EC performance have suggested that this 

can be accounted for in terms of both EC superiority in problem solving skills, or in terms of 

inappropriate IC learning abilities and/or cue inattention. 

d)Summary of Maze Findings 

Of the 90 papers reviewed in this section, 78% have found evidence of superior maze perfor

mance in animals exposed to varying degrees of environmental complexity, when compared with 

animals raised in isolation, or socially housed conditions. The reasons for this enhanced maze 

performance in the enriched animal are not clear although a variety of possible explanations have 

been advanced. These include a greater use of extra-maze cues (Hymovitch 1952; Forgays and 

Forgays 1952), an enhanced capacity to process or store information (Greenough 1972b) and pos

sibly improved problem solving ability (Juraska et al 1984) in the enriched animal, as compared 

with increased exploration (Zimbardo and Montgomery 1957), and fear or reactivity (Myers and 

Fox 1963), coupled with a failure to habituate and a propensity towards repetitious patterns of 

limited and circumscribed responding (Joseph and Gallagher 1980; Dell and Rose 1986) in the 

deprived animal. Reid et al (1968) have also suggested that it is the relevance of the animals 

early experience and learning to the behavioural task which is important. Overall the evidence 

supports the conclusion that, as Greenough (1976) succinctly puts it "differential rearing yields 

behaviourally different animals and that maze performance may well reflect emotional and mo

tivational consequences of the environments as well as differences related to the processing and 
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storage of information." (p 260) 

2:2.2 DISCRIMINATION LEARNING 

"Studies of discrimination learning involve exposing subjects to different stimuli and arranging 

different schedules of reinforcement for responses to each stimulus." (MacKintosh 1974 p 543) 

Within the EC-IC literature, there have been four types of discrimination experiments employed, 

involving brightness, pattern, spatial and tactile cues. The findings of each of these areas of 

research are summarised in Tables 2:7 and 2:8 and will be reviewed individually in the following 

section. 

a) Brightness Discrimination 

Of the 16 studies examining the effects of differential environments in a brightness discrimination 

paradigm, five studies have reported an EC superiority (Edwards et al 1969; Greenough et al 

1972b; 1973; Bernstein 1972; 1973), one has found an SC superiority (Dawson and Hoffman 

1958) and the remaining ten studies have found no differences between the groups (Bingham and 

Griffiths 1952; Woods et al 1960; Krech et al 1962; Gill et al 1966; Greenough 1969; Bernstein 

1973; Warren et al 1972; Crnic 1983; Warren 1985; Lamden 1985). Significantly no studies have 

reported any evidence of IC superiority in this learning task. 

Considering those studies where an enhanced discrimination performance emerged following en

richment, several methodological similarities are apparent. Firstly, in all five cases, both a percep

tually and socially enriched type of environment was employed, based either on that of Hymovitch 

(1952), such as was used by Edwards et al (1969), or on the more common Berkeley environment 

of Rosenzweig and Bennett, as was used in the remaining four studies. Furthermore, although the 

duration of environmental experience varied between 30 and 135 days, in all instances exposure 

was initiated at weaning (21-25 days). In addition a two choice discrimination problem was 
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REFERENCE AGE STRAIN SEX COMPARISON DISCRIMINATION 
APPARATUS 

Forgus 1954 24-84 Hooded M CVP-MVP Elevated Runway 
CV-MVP 

Nyman 1967 30-40 Hooded M 8hrEC-SC Alternation Maze I 
50-60 
70-80 
30-40 Hooded M 8hrEC-SC Alternation Maze II 
50-60 
70-80 

Edwards et al 21-90 Sprague EC-IC 2 Choice 
1969 Dawley 
Collins 25-55 Mice M EC-Ie Curved Water 
1970 T Maze 
Brown and 25-105 Sprague M EC-SC Lashley Jumpmg 
King 1971 Dawley Stand 
Greenough et al 25-55 SWISS Webster M EC-SC 2 Choice 
1972b Mice EC-IC 
Bernstein 21-156 Wistar M EC-IC T Silaped Problem 
1972 
Greenough et al 25·55 Long Evans M EC-SC Operant Task 
1973 
Bernstein 21-85 Wistar M EC-AW T Shaped 
1973 Problem 

Table 2:7 Chronological listing of all studies with an EC superiority in dis
crimination learning. (CVP=Complex Visual and ProprioceptivejAW=Activity 
Wheel; CV=Complex Visual; MVP=Minimal Visual and Proprioceptive;) 

REFERENCE AGE STRAIN SEX COMPARISON DISCRIMINATION 
APPARATUS 

Bingham and 21-51 Albino MF EC-IC Lashley Jumpmg 
Griffiths 1952 Stand 
Dawson and 0-50 Wistar MF EC-SC Water T Maze 
Hoffman 1958 
Woods et al 21-225 Sprague MF EC-IC 2 Choice 
1960 Dawley Water Maze 
Krech et al 21-51 Sl M EC-Ie Krech HypothesIs 
1962 Apparatus 
Gill et al 21-81 Long Evans M EC-IC Lashley Jumplllg 
1966 Stand 
Nyman 1967 30-40 Hooded M 8hrEC-SC T Maze 

50-60 
70-80 

Greenough no detail no detail no detail EC-IC no detail 
1969 
Finger and 24-60 Rattus M EC-SC T Maze 
Fox 1971 Norvegicus 
Bernstein 1973 21-85 Wistar M EC-SC T Shaped Problem 
Finger 1978 28-60 SimoIlsen M EC-SC T Maze 
Warren et al 601-751 C57BL/6J M EC-IC 6 Discrimination 
1982 Mice Units 
Crnic 1983 0-88 Sprague MF EC-SC Lashley Jumpmg 

Dawley EC-SC Stand 
Lamden 1985 23-53 Hooded M EC-IC 2 ChOIce 
Warren 1985 no detail Mice no detail EC-IC no detail 

EC-Ie 
Rose et al 100-142 Hooded M EC-Ie Bracelets 
1987 EC-SC 

Table 2:8 Chronological listing of all studies with no EC superiority in discrim
ination learning. 
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DISCRIM. 
Pattern 

Spatial 

Spatial 

Brightness 

Spatial 

Pattern 

Brightness 

Brightness 

Brightness 

Briglttness 

TYPE OF 
DISCRIMIN 
Brightiless 

Brlghfness 

Brightness 

Brightness 

Brlglifness 
and/or Pattern 
Patt'ein 

Brightness 

Tactile 

Brightness 
Tactile 
Brightness 

Pattern 
Brightness 
Brightness 
Brlglit'ries's 
Spatial 
Tactile 



employed in all the experiments. 

As yet, it is not clear whether this paradigm demonstrates enhanced EC learning ability per se. 

Indeed, Edwards et al (1969) suggest that the behavioural differences reflect differences in CNS 8 

arousal, as measured by photic evoked potentials, resulting from differential rearing. Moreover, 

Lamden (1985) whilst reporting no significant differences between EC-IC animals' discrimination 

performance, noted that there were differences in aspects of the overall performance of the two 

groups as the brightness differential was decreased. In particular, IC animals took longer to make 

the discrimination with decreasing brightness differences. This may well reflect underlying per

ceptual differences between the groups. Indeed, Lamden suggests that, although not translated 

into incorrect discrimination responses, IC animals may require more time to process sensory 

information. 

With respect to those studies reporting no differences between the groups, certain important 

methodological problems must be considered. As Krech et al (1962) point out, the early studies 

(Bingham and Griffiths 1952; Dawson and Hoffman 1958; Woods et al 1960) neglected certain 

important precautions, thus rendering their results equivocal. These include the prejudicing 

of results by the experimenter being fully aware which animal came from which environment, 

coupled with the possibility of "confusing increased learning ability with the effects of specific 

positive transfer to handling" (p 801-802) and "the confounding of exploratory behaviour with 

error scores" (p 802). Furthermore, both Dawson and Hoffman (1958) and Woods et al (1960) 

employed water mazes in which the response requirements were very different from the usual 

motor requirements of a runway situation. Indeed as Lamden (1985) points out, it is possible that 

the response requirements were so unfamiliar to all the subjects, that discrimination differences 

may have been submerged in the motor learning component. 

With respect to the "later" studies, other methodological differences must also be taken into 

account. Firstly, certain features of the 1962 study by Krech et al may well render comparison 

8 Central Nervous System 
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with the other studies untenable. The Krechevsky Hypothesis Box is typically employed for re

versal discrimination learning, and is generally not used for brightness discrimination acquisition 

per se. The apparatus consists of four successive two-choice discrimination boxes, at each choice 

point the animal being confronted with a lightened and darkened alley, only one of which leads 

to the next unit or goal box. Animals are given ten trials daily (comprising 40 discriminations) 

and are trained to a criterion of 19/20 consecutive correct choices. In comparison with the other 

studies in this area of research, this paradigm requires the animals to make more than one dis

crimination to successfully traverse the apparatus. Consequently, this procedure can be regarded 

as fundamentally different and its results should be treated separately from the other findings in 

this literature that have used two-choice discrimination paradigms. 

Secondly, as well as employing a multiple-choice discrimination unit, Warren et al (1982) also 

introduced another variable into their design, namely age of onset of differential experience. In 

this study, mice were housed in standard colony conditions (four to five per cage) until 601 days 

old, and then placed into differential environments. In an earlier study, Bernstein (1972) reported 

that only when exposure to the enriched environment exceeded the time spent in an earlier and 

more restricted environment would the effects of enrichment be manifested in a discrimination 

apparatus. This was not the case in the Warren et al study. Age of onset was also unusual in the 

only study where EC animals were found to be inferior to another group (Dawson and Hoffman 

1958). In this instance, animals were exposed to either enriched or standard environments from 

birth and were trained on a brightness discrimination task at 40 days old. Interestingly, initial 

learning scores of the two groups, although statistically insignificant, suggested a definite trend 

in favour of the EC group. However, when tested on a re-Iearning paradigm, SC animals were 

significantly superior to EC animals. Dawson and Hoffman (1958) attribute this to retroactive 

inhibition, in that increased activity such as would be experienced by EC animals during the 

interpolated period between original learning and relearning, inhibited relearning. 

In summary, the majority of studies examining the effects on brightness discrimination in animals 

88 



exposed to differential environments have found no significant differences between the groups. 

However, of these studies, two (Krech et a11962; Warren et a11982) have used complex multiple

choice discrimination procedures, which render comparison with the remaining studies difficult. 

Furthermore, of the remaining nine studies, three (Bingham and Griffiths 1952; Dawson and 

Hoffman 1958; Woods et aI, 1960) have been criticised for poor experimental methodology, mak

ing interpretation of their data problematic. As to the five studies finding significant differences 

between differentially housed animals, it is still unclear whether enhanced EC performance re

flects improved learning ability in the EC animal or differences in perceptual abilities (Lamden 

1985) or arousal levels (Edwards et al 1969) between the groups. 

b) Pattern Discrimination 

The ameliorative effects of early visual experience on pattern discrimination is well documented 

(Forgus 1956; McCall and Lester 1969; Lavallee 1970; Corrigan and Carpenter 1979). The 

effects of a socially and perceptually enriched environment, however, are less clear cut. Of the 

five studies examining the pattern discrimination performance of animals exposed to differential 

environments, only two have found evidence of EC superiority in this task (Forgus 1954; Brown 

and King 1971). Of the remaining studies, two have reported no differences between the groups, 

(Gill et a11966; Nyman 1967) and one has described an SC superiority in pattern discrimination 

(Crnie 1983). 

Examination of the procedures involved in these studies, reveals a wide variation in methodologi

cal detail. Firstly, with respect to environmental manipulation, Forgus (1954) found that animals 

exposed to both complex visual and proprioceptive (CVP) experience to be superior perform

ers when compared with animals housed in a minimal visual and proprioceptive environment 

(MVP). However, animals exposed to complex visual experience (CV) alone were significantly 

better performers than the other two groups (CVP or MVP). The latter finding was attributed to 

the fact that for the CV group, visual stimuli in the discrimination apparatus were more promi-
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nent, whereas for the CVP group, kinesthetic cues were also perceptually prominent, and needed 

to be eliminated prior to completing the form discrimination test. This was later confirmed 

(Forgus 1955a) when, unlike the previous paradigm, where the stimulating field contained many 

irrelevant extra-visual stimuli as weB as the relevant visual cues, the apparatus was best solved 

by only utilising visual cues. In this instance, no significant differences were found between the 

CV and CVP groups. The effects of manipulation of both amount and variety of stimulation 

and the addition of formal training to enriched experience on pattern discrimination have also 

been investigated (Brown and King 1971). Although significantly different from the SC groups, 

only those enriched groups receiving variety of stimulation were significantly improved in their 

discrimination performance, when compared with all the enriched groups' performances. Indeed, 

as Brown and King (1971) point out, formal training and absolute levels of stimulation appear 

to be relatively unimportant for behavioural changes following environmental enrichment. In

terestingly, the studies finding no evidence of EC superiority in a pattern discrimination task, 

used enriched environments similar to those recommended by Rosenzweig and Bennett (1977), 

although in one case (Crnic 1983) handling was also included as a form of experiential enrich

ment. Furthermore, of the five studies, only one (Gill et al 1966) compared enrichment with 

impoverishment. The remaining studies employed a standard condition containing either two 

(Crnic 1983), four (Nyman 1967; Brown and King 1971) or 14 (Forgus 1954) animals. 

Secondly, age of onset of differential experience and length of experience have been varied. Both 

studies finding significant differences between the groups (Forgus 1954; Brown and King 1971) 

in favour of EC animals exposed animals to environments at weaning, for 60-80 days, as did 

one of the studies finding equivalent performance between the groups (Gill et al 1966). Nyman 

(1967) however, exposed animals for either one or eight hours a day, for ten days, starting at 30, 

50 or 70 days of age, whereas the subjects used in by Crnic (1983) were born into differential 

environments. 

Thirdly, variation also exists in the procedures employed. Three types of apparatus have been 
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used, including an elevated runway (Forgus 1954) a T maze (Nyman 1967) and the Lashley 

Jumping Stand (Gill et al 1966; Brown and King 1971; Crnic 1983). However, even those 

investigators using the same apparatus (Lashley Jumping Stand) have varied the procedure to 

such an extent that it is difficult to determine whether strictly comparable behaviours were being 

assessed in each situation. For example, Gill et al (1966) deprived their animals to 80% of their 

free feeding weight and then used shock as the motivator in the test situation, whereas Brown 

and King (1971) although using shock, fed their animals on an ad libitum schedule. Crnie (1983) 

however, used non-deprived animals and simply pushed them if they failed to respond to the 

discrimination within a specified time interval. As Lamden (1985) points out, the motivational 

states of the animals must surely differ considerably between these studies. 

Overall, therefore, it is difficult to assess the effects of differential environments on pattern 

discrimination learning, given the variation in the methodologies employed. 

c) Spatial discrimination 

To date, only three studies have examined the effects of differential environments on spatial 

discrimination (Nyman 1967; Collins 1970; Warren 1985), of which two (Nyman 1967; Collins 

1970) have found EC animals to be superior performers, the third reporting no differences between 

the groups. These results appear to interact with the age of onset of differential experience, and 

the number of hours spent in the environments (Nyman 1967). In particular, animals exposed 

to enrichment for eight hours a day were superior performers to animals exposed to enrichment 

for one hour a day. Futhermore, exposure between 50-60 days was more effective than exposure 

between either 30-40 or 70-80 days. 

As with previous studies examining the effects of EC on discrimination performance, there are 

also large methodological differences between the work of Nyman and Collins 9. Nyman tested 

his rats on an alternation maze using a food reward, whereas Collins measured discrimination 

9 Unfortunately few methodological details were available for the Warren paper, rendering comparison difficult. 
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performance in mice in a curved T maze filled with water, escape providing the reinforcement. 

Futhermore, Collins housed her "impoverished" group in isolation, whilst Nyman's animals were 

housed in groups of three or four. 

Indeed, given the paucity of studies in this area, caution must be used in interpreting these 

findings as demonstrating EC superiority in spatial discrimination. However, it must also be 

noted that the evidence from the maze studies (reviewed earlier in this chapter), the methodology 

of which incorporates a large element of spatial ability, would tend to support the present findings 

of improved spatial ability in the EC animal. 

d) Tactile Discrimination 

To date, three studies have looked at the effects of differential environments on tactile discrim-

ination performance (Finger and Fox 1971; Finger 1978; Rose et al 1987) and in none of the 

studies have any significant differences emerged between the groups. As with previous research, 

idiosyncratic methodologies render comparison difficult and generalisation of these results must 

be undertaken with caution. However, two similarities exist between the studies, namely all 

employed surgery and investigated the therapeutic effects of enrichment on performance. 

In Finger's studies, animals were bilaterally enucleated at weaning and then housed in groups 

of three or four for approximately 34 days, during which time half the animals were exposed to 

a range of fixed and movable objects of different texture. This enriched condition thus offered 

both spatial complexity and a range of tactile experience. In the first study (Finger and Fox 

1971) animals were tested on five different discriminations, of varying complexity, immediately 

after the differential experiences. In the second study (Finger 1978), however, approximately 

half the animals received large bilateral lesions of the two somatosensory areas of the cortex, the 

remaining animals undergoing sham operations. After a recovery period, testing was initiated in 

the T maze employed in the earlier experiment. No significant differences were found between 

the EC-SC groups in either experiment, although some of the tasks were found to be harder to 
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discriminate than others (Finger and Fox 1971). Similarities in performance between the groups 

were attributed to the spatial rather than the tactile features of the test, both blinded groups 

having developed competence in making spatial adjustments within their home cages. 

The study of Rose et al (1987) also merits some discussion, as it employs an unusual form of 

tactile discrimination task. Based on reports in the human neurological literature (Friedland and 

Weinstein 1977) that there is a degree of neglect of stimuli presented to the side of the body 

contralateral to large neocortical lesions, Rose et al (1987) investigated the possible therapeutic 

effects of environmental enrichment on this phenomenon, using an animal model of contralateral 

neglect developed by Schallert and Whishaw (1984). The discrimination task involved timing the 

contact and removal of simultaneously positioned paper bracelets from the forepaws ipsilateral 

and contralateral to a large unilateral lesion, discrimination in this instance involving a decision 

concerning the presence or absence of a tactile cue on the arm contralateral to said lesion. No 

differences in latency to remove the contalateral bracelets were found between animals housed 

post operatively in either EC, IC or SC conditions, in either the lesioned or sham groups. There 

was, however, significant contralateral neglect in the lesioned animals. Rose et al (1987) sug-

gest that their results are consistent with the view that environmental enrichment does not aid 

recovery of function per se, and that earlier findings of ameliorative and therapeutic effects of 

enrichment (Rose 1987) can best be explained in terms of compensation rather than recovery. 

In summary, it appears from the above results that there are no significant differences between 

differentially housed animals in tactile discrimination. However, as with the spatial discrimination 

literature, the paucity of the studies makes firm conclusions premature. 

e) Summary of Discrimination Findings 

Of the 27 experiments in this section, only 37% have found evidence of EC superiority in dis-

crimination learning. However, this percentage is not proportionally represented across the four 

categories of discrimination learning reviewed above. Enrichment is particularily effective in 
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improving performance in spatially based tasks, as demonstrated by the fact that two of the 

three studies in this paradigm show EC performance superiority. Enrichment also influences 

both visual discrimination paradigms, with 40% of all the pattern and 29% of all the brightness 

discrimination studies demonstrating enhanced performance in the EC animal. With respect to 

tactile discrimination learning, however, no significant differences were found between differen-

tially housed groups in any of the three studies in this category. In none of the studies was there 

an IC superiority effect, although two studies found evidence of improved SC performance when 

compared with EC animals (Dawson and Hoffman 1958; Crnic 1983). 

As yet it is not clear whether enrichment enhances learning per se in this type of learning 

paradigm, or whether the observed behavioural differences merely reflect differential arousal lev-

els (Edwards et a11969) or underlying perceptual abilities (Lamden 1985). Indeed, the variety of 

methodological procedures makes any firm conclusions difficult. However, the pattern of differ-

ences that has emerged suggests that the visual and spatial abilities of enriched animals are more 

appropriate for the tasks outlined above than are those of their IC counterparts. Furthermore, 

in a recent study Van Woerden (1986) 10 has offered evidence that the relative novelty of the 

cue stimulus affects EC and IC animals differently. Typically, in discrimination tasks where the 

animals were habituated to the cues by being exposed to them prior to testing, EC rats per-

formed better than their IC counterparts. If, however, the cues were novel, then no differences 

between the groups were found. This has implications for the importance of the EC experience 

in attenuating adaption in these animals and has consequences for the methodologies employed 

in this type of research. Furthermore, Van Woerden's work does appear to support Lamden's 

(1985) idea that the cues employed in this task have differential meaning for the groups, although 

she (Lamden) believes this is more to do with perceptual abilities than novelty. 

lOThis study was reported in Rosenzweig and Renner (1987) and forms part of an unpublished doctoral disser
tation. As few details were available it is not included in any of the tables. 

94 



2:2.3 DISCRIMINATION REVERSAL LEARNING 

"Reversal training involves reversing the reinforcement contingencies in effect during an initial 

discrimination problem" (MacKintosh 1974 p601) and as a paradigm has frequently been adopted 

in learning research, as it is assumed to represent a more complex form of instrumental learning. 

Within the EC-SC-IC literature, there have been 23 experiments of reversal learning (see tables 

2:9 and 2:10) employing a wide range of discriminations, of which seven have found significant 

evidence of EC superiority, when compared with IC animals (Krech et al 1962; Klein 1968; 

Bennett et al 1970 (two studies); Collins 1970; Morgan 1973 (two studies)) and one of EC 

superiority when compared with SC animals (Doty 1972). In addition, two studies have found 

evidence of SC superiority when compared with IC animals (Bennett et al1970j Einon et a11978) 

and one has found evidence of IC superiority, when compared with EC littermates (Bennett et 

al 1970). The remaining 12 studies have reported no significant differences between the groups 

employed, although, in three studies (Bennett et al 1970) the tendency was for the EC animals' 

performance to be better than that of the IC groups. 

The first report of EC superiority in reversal discrimination learning (Krech et a11962) employed 

the Krech Hypothesis Apparatus, which as detailed previously, consists of four successive units 

of two-choice discrimination boxes. The subjects in this experiment were exposed at weaning 

to 30 days of environmental enrichment or impoverishment and were subsequently trained on a 

light-correct brightness discrimination task, until a criterion of not more than one error in five 

successive trials (in this instance 19 correct choices out of 20) was reached, at which time the 

first reversal problem, dark-correct, was introduced. When this was mastered, the animals were 

required to relearn the light-correct discrimination. This sequence of discrimination learning and 

reversal was continued for 18 days. In a later experiment, Bennett et al (1970) using an identical 

apparatus, replicated Krech et aI's earlier findings, as did Klein (1968). In the latter study, 

however, a different strain of rat was employed. Collins (1970) and Morgan (1973) also found 

similar results in their studies, despite the variations in their methodologies in terms of strain 
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REFERENCE AGE STRAIN SEX COMPARISON APPARATUS TYPE OF 
DISCRIM 

Krech et al 25-55 S1 M EC-IC Krech HypothesIs Brightness 
1962 
Klein 1968 25-55 S3 M EC-IC Krech HypothesIs Brtghtness 
Bennett et al 25-55 S1 M EC-IC Krech HypothesIs Brtghtness 
1970 25-185 S1 M EC-IC Krech Hypothesis Brightness 

25-55 S1 M SC-IC Krech Hypothesis Brightness 
Collins 1970 25-55 Mice M EC-IC Curved T Spatial 

Water Maze 
Doty 1972 300-660 Sprague MF EC-SC Shuttle-box BrIghtness 

Dawley 
Morgan 1973 20-80 Hooded M EC-IC pus~~rull Task 

20-110 Hooded F EC-IC Push Pull Task 
Einon et al 23-105 Hooded F SC-IC Push/Pull Task 
1978 

Table 2:9 Chronological listing of all studies with an EC or SC superiority in 
reversal learning. (NB: Klein (1968) cited in Bennett et al 1970) 

REFERENCE AGE STRAIN SEX COMPARISON APPARATUS TYPE OF 
DISCRIM 

Dawson and 0-30 Wistar MF EC-SC Water BrIghtness 
Hoffman 1958 TMaze 
Gill et al 21-81 Long M EC-IC Lashley Pattern 
1966 Evans Jumping Stand 
Bennett et al 25-105 S1 M EC-IC ~a) Kr'ech Hypothesis Brightness 
1970 60-90 S1 M EC-IC (b) Krech Hypothsis Brightness 

90-120 S1 M EC-IC (c) Krech Hypothesis Brightness 
60-120 S1 M EC-IC (a) Krech Hypothesis Brightness 
25-85 S1 M EC-IC (a) Krech Hypothesis Brightness 
25-85 S1 M SC-IC (d) Krech Hypothesis Brightness 

Finger and 24-60 Rattus M EC-SC T Maze Ta'ctile 
Fox 1971 Norvegicus 
Morgan 1973 21-75 Hooded MF EC-SC Push~Pull Task 

21-61 Hooded MF EC-SC Push/Pull Task 
Warren 1985 no detail Mice no detaIl EC-IC no detaIl Brtghtness 

Mice EC-IC no detail Spatial 

Table 2:10 Chronological listing of all studies with no EC superiority in reversal 
learning. 
(a)=Tendency for EC>IC, but not significant. 
(b )=IC significantly superior to EC. 
(c)=Tendency for IC>EC, but not significant. 
(d)=Tendency for SC>IC, but not significant. 
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of rat, type of discrimination and type of apparatus. Indeed, Collins measured discrimination 

performance in a curved T maze filled with water (Waller, Waller and Brewster 1960), with 

escape from the water via a ladder following a correct discrimination. Morgan (1973), on the 

other hand, trained his animals to remove an obstacle from an alleyway, either by pushing it 

forwards, or pulling it backwards, in order to access a food compartment. After being trained 

to push or to pull, rats were confronted with a transfer problem in which the direction was 

reversed. Interestingly, the transfer from pushing to pulling tended to be easier than that from 

pulling to pushing. Although the EC group's performance was superior to that of the IC group, 

Morgan points out that to suggest that isolates are simply less "intelligent" than group reared 

animals is too vague to be useful. A speculative hypothesis, he suggests, is that "rats reared in 

isolation have a reduced capacity for behavioural inhibition. The most striking fact about their 

behaviour is their slowness in abandoning a previously successful strategy" (p440), which was 

later supported by Dell and Rose (1986) in a Hebb-Williams procedure, where Ie's demonstrated 

an inadequate response inhibition. 

In all the studies reported above, differential experience was initiated at weaning (20-25 days). 

Doty (1970), however, compared EC animals with animals housed in same-sex pairs (SC), with 

differential experience starting at 300 days and lasting for 360 days. Her animals were required 

to learn a discriminated light-dark reversal in a two-way shuttle box and, again, :EC animals were 

found to be superior performers. Futhermore, both Einon et al (1978) and Bennett et al (1970) 

have found SC groups' performance to exceed that of their IC counterparts. 

With respect to the studies described in Table 2:10 in which no EC superiority has been found, 

there is clearly no one identifiable factor (strain of rat, environmental manipulation, type of 

apparatus or type of discrimination) which clearly distinguishes these studies from those reporting 

EC superiority, as outlined above and in Table 2:9. Nor is the answer to be found in the scoring 

methods, since these were necessarily varied due to the different types of responses required 

by specific test situations (Lamden 1985). Dawson and Hoffman (1958), for example, measured 
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latency to escape from a single unit water T-maze, which was only possible after correct reversals 

of the light-dark discrimination. In this experiment, differential experience was initiated at 

birth and the control group consisted of socially housed animals. SC groups have also been 

used by both Finger and Fox (1971) and Morgan (1973) with tactile and motor discriminations 

being employed respectively; in both studies, no EC superiority in performance was observed. 

Gill, Reid and Porter (1966) and Bennett et al (1970) have employed EC-IC comparisons. Gill 

et al (1966) measured latency to leave the platform of a Lashley Jumping Stand in animals 

exposed to EC-IC conditions for 60 days following weaning. Interestingly, training on a reversal 

discrimination in this particular apparatus produced stereotypic responding, described by Maier 

(1949) as "frustration fixation" in all the subjects and despite retraining the animals' results 

were poor. Finally, Bennett et al (1970) recorded the number of reversals correctly learned by 

at least half the members of a particular group of animals, enriched animals typically learning 

more reversals successfully than their impoverished counterparts. 

Of all the possible sources of variation which may have contributed to the non-significance of 

the results of the studies in Table 2:10, one factor which has been sytematically varied by the 

latter experimenters in particular, namely age at which environmental experience was initiated, 

seems to merit further consideration. Indeed, both Krech et al (1962) and Bennett et al (1970) 

maintain that enriched experience results in superior reversal discrimination performance, only 

when it is given immediately after weaning. Considering Tables 2:9 and 2:10, in nearly all of 

the experiments in which animals were put into EC-IC at about 25 days of age, the expectation 

of superior performance on the part of the EC animal appears to be justified. As Bennett 

et al (1970) point out, "EC animals in general solved significantly more problems and made 

significantly fewer errors per reversal" (p72) than did their IC counterparts. Furthermore, they 

report that in their two experiments where no EC-IC differences were observed with differential 

experience initiated at weaning, there was still a tendency for the EC group to be superior to 

the IC group. 
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The contention that experience starting at weaning is a prerequisite for EC performance supe

riority is further substantiated by the evidence obtained from animals introduced into the EC 

or IC conditions at either 60 or 90 days of age (Bennett et al 1970). In particular, enrichment 

from 60-90 days produced animals which solved fewer problems and made more errors per rever

sal problem than did their Ie littermates. No significant differences emerged in the 60-120 day 

experiment, but for the 90-120 day experiment EC animals again tended to solve fewer problems 

than the IC animals. Indeed, these data, according to Bennett et al (1970) "give a striking indi

cation of a critical period for beneficial behavioural effects of environmental enrichment" (p72). 

Preweaning EC, even when it was extended to 40 days of age (Dawson and Hoffman 1958) did 

not enhance reversal learning ability either, although it must be noted that in this experiment 

EC animals were compared with SC controls rather than isolates. 

It appears that start age, therefore, has an effect on EC-IC performance, although caution must 

be exercised in interpreting these results in an absolute manner, as Gill, Reid and Porter (1966) 

reported that their animals did not differ in reversal discrimination performance, even when the 

environmental experience began at 21 days. However, it must also be pointed out that in their 

experiment the Lashley Jumping Stand was employed, a piece of apparatus which they observed 

to be "difficult and frustrating" (p240). 

Duration of experience, unlike start age, does not appear to be an important variable. Indeed, 

when animals were put into EC or Ie at 25 days of age (Bennett et al 1970), the difference in 

"problem solving ability" in favour of the EC animals could not be distinguished according to 

whether the animals remained in the experimental conditions for 30, 60, 80 or 160 days. In this 

connection, it might be recalled that one of the brain weight measures, namely the ratio of weight 

of cortex to that of the rest of the brain, also showed EC-IC differences that were significant and 

of about the same magnitude regardless of length of treatment, when this started at 25 days of 

age. 

The difference between those experiments in which environmental experience is initiated at wean-

99 



ing and those in which the starting age is moved from 25 days to 60 or 90 days, may be partially 

explained when the results of the SC animals are considered (Bennett et al 1970). Typically, 

in the Berkeley studies all animals were held in standard colony conditions (three animals to a 

cage) prior to EC or IC beginning at 60 days of age. In the visual discrimination reversal task SC 

animals have been found to be superior to IC animals (Bennett et al1970j Einon et a11978) and 

equivalent to EC animals (Dawson and Hoffman 1958j Finger and Fox 1971; Morgan 1973). Thus 

it would appear that performance can be impaired if an animal is placed in isolation but that 

this reversal task is not sensitive to enrichment over and above the colony experience. Indeed, 

the behavioural results of the Krech Hypothesis test indicate that the difference between the EC 

and IC animals should be attributed to early restriction of experience and not to enrichment of 

experience. Consequently, when IC is begun at 60 days, it is not effective, as once an animal has 

been in the colony condition it is protected against the deleterious effects of isolation. 

Finally, the one study reporting superior IC performance (Bennett et al 1970) differs from the 

studies yielding superior EC and SC performance only in that environmental experience was 

given from days 60-90. As Lamden (1985) points out, "no explanation has been offered for this 

result" (p85). 

In summary, it appears that differences in discrimination reversal training between EC, SC and IC 

groups' performances can be attributed to the deleterious effects of restricted experience. Indeed 

Morgan (1973) has suggested that IC animals have a reduced capacity for response inhibition, 

which produces inappropriate behaviours in this type of learning paradigm. 

2:2.4 AVOIDANCE LEARNING 

A voidance learning relies on an animal responding in such a way as to prevent the occurrence of 

an aversive event. Within the EC-SC-IC literature, two avoidance learning paradigms have been 

employed, namely active avoidance in which an active response prevents the onset of an aversive 

stimulus and passive avoidance, in which inhibiting movement prevents the onset of an aversive 
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stimulus. Interestingly, in rats, with shock as the negative reinforcer, it is the latter paradigm 

that is learned more readily (Brener and Goesling 1970). In the following section the effects of 

differential environments on performance in active and passive avoidance tasks will be reviewed. 

a) Active Avoidance Learning 

Of the 12 experiments examining the effects of differential environments on active avoidance 

learning (see Tables 2:11 and 2:12), only three have found evidence of EC superiority (Ray 

and Hochhauser 1969; Freeman and Ray 1972; Joseph and Gallagher 1980). Of the remaining 

nine experiments, four have found evidence of IC superiority (Lovely et al 1972; Parsons and 

Spear 1972-2 experiments each), one has found evidence of SC superiority when compared with 

EC (Freeman and Ray 1972) and four have found no significant differences between the groups 

(Doty 1972; Freeman and Ray 1972-two experiments; Ferchmin et al 1980). Considering Tables 

2:11 and 2:12, it is not immediately obvious that anyone factor is responsible for the diversity of 

the results. Indeed, in the active avoidance learning literature, unlike other learning paradigms 

reviewed earlier in this chapter, a fairly standardised form of testing has been employed, with all 

but one of the studies (Joseph and Gallagher 1980) using a shuttle box apparatus. 

Ray and Hochhauser (1969), Freeman and Ray (1972) and Joseph and Gallagher (1980), who 

reported enhanced active avoidance learning following EC experience, made use of similar ex

perimental conditions and all kept their animals in differential environments from weaning for 

53-64 days. However, whilst Joseph and Gallagher (1980) housed their IC group in individual 

cages, both Ray and Hochhauser (1969) and Freeman and Ray (1972) maintained their "isolated" 

groups in pairs. Interestingly, Joseph and Gallagher have suggested that it is the housing of an 

animal in a restricted environment that leads to a "rearing-dependant deficit in learning, and the 

selective directing of responses to adaptive ends" (p541). However, whether restriction per se is 

responsible for these results is called into question by the findings of Loveley et al (1972) and 

Parsons and Spear (1972). In the former paper, both 30 and 50 days of group housing versus 
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REFERENCE AGE STRAIN SEX COMPARISON APPARATUS PROCEDURAL 
DETAIL 

Ray and 21-85 Charles MF EC-SC (pairs) Shuttle 150 trials 
Hochhauser 1969 River Box 
Freeman and 28-88 Zivic MF EC-SC (pairs) Shuttle 125 trials 
Ray 1972 Miller Box 
Joseph and 19-72 Zlvic MF EC-IC Step-Up latency 
Gallagher 1980 Miller To Perch to step 

Table 2:11 Chronological listing of all studies with an EC superiority in Active 
Avoidance Learning. 

REFERENCE AGE STRAIN SEX COMPARISON APPARATUS PROCEDURAL 
DETAIL 

Lovely 105-135 Long M SC-Ie Shuttle 100 AcqUISition Trials 
et al 1972 Evans Box 100 Extinction Trials 

105-155 Long M SC-Ie Shuttle 100 Acquisition Trials 
Evans Box 100 Extinction Trials 

Parsons and 23-83 Sprague F EC-IC Shuttle 5 Trials 
Spear 1972 Dawley Box 

80-160 Sprague F EC-IC Shuttle Trials to 
or 110-190 Dawley Box Relearn 

Doty 1972 300-660 Sprague MF EC-SC (pairs) Shuttle Trials to 
Dawley Box Criterion 

Freeman and 2S-88 F344 MF EC-SC (pairs) Shuttle 125 trials 
Ray 1972 /FMai Box 

28-55 Zivic MF EC-SC (pairs) Shuttle 125 Trials 
Miller Box 

28~55 F344 MF EC-SC (pairs) Shuttle 125 Trials 
/FMai Box 

Ferchmin 30-60 Rattus M EC-IC Shuttle 25 Trials 
et al 1980 Norvegicus Box 

Table 2:12 Chronological listing of all studies with no EC superiority in Active 
A voidance Learning. 
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isolation, produced individually housed animals that were facilitated in both the acquisition and 

extinction of a shuttle box conditioned avoidance response. In the latter paper, Parsons and 

Spear (1972) showed that rats which spent their retention interval in an enriched environment 

showed greater forgetting of active avoidance, as measured by trials to relearn, when compared 

with animals housed in individual cages. In this study, however, no evidence of 10 superiority was 

found in the acquisition phase of the experiment. The only discernable difference between the 

methodologies employed by these investigators and those used by Ray and Hochhauser (1969), 

Freeman and Ray (1972) and Joseph and Gallagher (1980) is the choice of dependant variable. 

Other than choice of dependant variable, another explanation of the source of variation in ex

perimental findings has been offered by Freeman and Ray (1972). They reported an interaction 

between rat strain and rearing complexity. However, the 12 studies of active avoidance learning 

have used a variety of animal strains and the use of a particular strain does not appear to guar

antee the results (Lamden 1985). Overall, with respect to the effects of differential experience on 

active avoidance, to date no clear pattern has emerged and more rigorous examination of strain 

and task specificity is required before any firm conclusions can be drawn. 

b) Passive A voidance Learning 

As can be seen from Table 2:13, six studies have found evidence of superior EO performance 

on a passive avoidance task, of which five compared EO animals with 10 animals (Lore 1969; 

Greenough et al 1970; Gardner et al 1975; Domjan et al 1977; Joseph and Gallagher 1980) and 

one with SO animals (Doty 1972). Table 2:14 describes those studies where no EO performance 

superiority has emerged. Of the 11 studies detailed, five have found SO animals to be superior 

to EO animals (Freeman and Ray 1972, four studies; Ornie 1983) and one has found EO/SO 

equivalence (Gardner et aI1975), four have found no differences between EO/IO groups (Gibson 

et a11968; Kirkby 1970; Parsons and Spear 1972; Davenport 1976) and one has found SO animals 

to be superior to 10 animals. In none of the studies has an 10 performance been superior to 
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REFERENCE AGE STRAIN SEX COMPARISON APPARATUS PROCEDURAL 
DETAIL 

Lore 1969 21-67 Long MF EC-Ie Candle 2 Trials 
Evans 

Greenough 25-81 DBA2J M EC-Ie Step-Down 2 Trials 
et al 1970 Mice 
Doty 1972 300-660 Sprague MF EC-SC Step-Thro' Trials to Criterion 

Dawley 
Gardner 21-82 Long M EC-IC Step Down 2 Trials 
et al 1975 or 21-93 Evans 
Domjan 21-60 Sprague MF EC-IC Step Down Trials to 
ct al 1977 Dawley Criterion 
Joseph and 19-72 ZIVIC MF EC-IC Step Down Latency To 
Gallagher 1980 Miller Step Down 

Table 2:13 Chronological listing of all studies with an EC superiority in Pas8ive 
Avoidance Learning. 

REFERENCE AGE STRAIN SEX COMPARISON APPARATUS PROCEDURAL 
DETAIL 

Gibson 21-81 Long M EC-IC Step Down 10 Trials 
et al 1968 Evans 
Kirkby 1970 20-50 Sprague MF EC-IC Step Down 3 Trials 

Dawley 
Parsons and 23-83 Sprague F EC-IC Step Thro Late'ncy 
Spear 1972 Dawley 
Freeman and 28-88 ZIVIC MF EC-SC (pairs) V Shaped Box 2 Trials 
Ray 1972 Miller 

28-88 F344 MF EC-SC (pairs) V Shaped Box 2 Trials 
/FMai 

28-55 Zivic MF EC-SC (pairs) V Shaped Box 2 Trials 
Miller 

28-55 F344 MF EC-SC (pairs) V Shaped Box 2 Trial. 
/FMai 

Gardner 21-82 Long M SC-IC Step Down 2 Trials 
et al 1975 or 21-93 Evans EC-SC 
Davenport 1976 36-70 Holtzman MF SEC-IC Step Down 3 Trials 
Crnie 1983 25-55 Sprague MF EC-SC (pairs) Step Thro' 2 Trials 

Dawley 

Table 2:14 Chronological listing of all studies with no EC superiority in Passive 
Avoidance Learning. 
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either EC or SC groups. 

Once again no single factor clearly differentiates these studies. Indeed, environmental conditions 

seem comparable, as do testing environment and choice of dependant variable. However, one 

possible explanation for the wide variation in results has been suggested by the work of Gardner 

et al (1975), in which both the perceptual and social aspects of environmental stimulation were 

manipulated. Prolonged exposure to socially and perceptually impoverished environments was 

found to significantly impede passive avoidance learning. In a second experiment, the question 

of the possible mediatory involvement of memory processes in this impoverished deficit was 

addressed. An amnesic agent (electroconvulsive shock) was employed arid it was found that 

socially impoverished animals (be they perceptually enriched or not) were as affected by the 

amnesic agent at 60 seconds after training as at 10 seconds after training. This suggested a slowing 

of the consolidation processes and futhermore, of particular interest to the present discussion, 

these effects seemed primarily the result of social rather than perceptual impoverishment during 

rearing. Indeed, it may be that the better passive avoidance learning of socially enriched animals 

(be they perceptually enriched or not) can be explained in terms of experientially specific transfer. 

As Gardner et al (1975) point out "socially enriched rats growing up and living together provide 

each other with noxious as well as rewarding stimuli, and provide opportunities for passive 

avoidance situations" (p326). Indeed, they speculate that "the behavioural effects of social 

and perceptual environments may be qualitatively different, and may possibly be mediated by 

seperate physiological mechanisms" (p326). 

Indeed, considering the 16 studies in both Tables 2:13 and 2:14, only four (Gibson et al 1968; 

Kirkby 1970; Parsons and Spear 1970; Davenport 1976) have found no significant differences 

between socially (and in this instance perceptually) enriched and socially impoverished animals. 

A point to emphasise is that in all the other studies, either EC or SC groups have been superior 

performers when compared with IC groups. However, there is still one question which remains 

unresolved, namely is social enrichment alone more efficacious than social and perceptual enrich-
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ment combined? Examination of the data as yet does not yeild any conclusive results. Doty 

(1972) for example, found her EC animals to be significantly better performers than her SC 

animals, although a late start age (300 days) may well have contributed to this finding. On 

the other hand, Freeman and Ray (1972) and Crnic (1983) have both found SC animals to be 

better performers than their EC counterparts, whereas Gardner et al (1975) found no significant 

differences between the groups. What is clear however, is that a degree of social enrichment is 

beneficial to an animal's performance on a passive avoidance task. 

In conclusion, the pattern that is emerging in the passive avoidance literature, suggests that a 

degree of social experience is beneficial to an animal, in that it provides experience of avoiding 

noxious stimuli which can be transfered to the testing situation. Whether this is the whole 

explanation of the results reported above is still unclear. 

c) Summary of Avoidance Learning Findings 

Within the EC-SC-IC literature, there have been 28 studies examining avoidance learning, of 

which a third (32%) have found evidence of EC superiority. With respect to active avoidance, 

behaviour seems to be determined more by strain and task, than by cognitive capacity per se, 

although strain and cognitive capacity might well be linked (Cooper and Zubek 1958). With 

passive avoidance, however, a degree of social enrichment appears to contribute to improved 

performance. As yet however, no firm conclusions can be drawn as to the benefits of a com

plex environment in improving performance in an aversive reinforcement situation. Indeed, the 

interpretation of EC-IC differences on tasks mediated by presentation of exteroceptive stimuli 

has been opened to question, by the report of Rose, Love and Dell (1986), who found that the 

relationship between the brightness of a barpress-contingent light and its effect on barpressing 

differs for EC and IC rats. Brief presentations of light become aversive at lower intensity for 

EC than for IC rats. If, in fact, the same physical stimulus carries a different significance for 

IC than for EC subjects, as is implied by these results, there are important implications for 
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changes brought about by environmental differences. As Renner and Rosenzweig (1987) point 

out "behavioural differences discovered through the use of tasks involving punishment (passive 

and active avoidance) may have to be reinterpreted, as footshock of a particular intensity may be 

perceived as differently aversive by the two groups and their subsequent performance could not 

then be clearly ascribed to differences in information processing or behavioural abilities" (p47). 

This interpretation is supported by the reports of Woods et al (1961) that EC and IC respond 

differently to manipulation of level offood deprivation 11 and of Juraska et al (1983) that IC rats 

show lower convulsive thresholds than EC. Consequently, care must be taken in drawing any firm 

conclusions from the performances of differentially reared animals in avoidance learning tasks. 

2:2.5 SKINNER BOX CONDITIONING 

Within the EC-IC literature there have been 19 studies that have employed an operant condi

tioning paradigm, of which 14 have looked at the acquisition and extinction of bar press rates 

using simple fixed ratio or variable interval schedules of reinforcement. The remaining five studies 

have employed more complex paradigms, in particular the differential reinforcement of low rates 

of responding (DRL), and GO-NO-GO procedures. The findings of each of these areas will be 

reviewed separately in the following pages. 

a) Simple Operant Procedures 

Table 2:15 lists chronologically the studies that have employed simple operant conditioning 

paradigms. One aspect of the results of these studies which is particularily interesting concerns 

the data obtained from the acquisition phase of the experiments. Using simple reinforcement 

schedules (CRF, V.I. or FR2), in eight out of the 14 studies Ie animals have been found to bar 

press more than their EC counterparts (Coburn and Tarte 1976; Lamden and Rose 1979; Joseph 

and Gallagher 1980; Nau, Elias and Bell 1981; Rose and Lamden 1983; Rose, Dell and Love 

11 IC animals are more food oriented when hungry than their EC counterparts. 
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REFERENCE TREATMENT STRAIN GENDER COMPARISON 
AGE 

Gibson, Gill 21-81 Long M EC-IC 
and Porter 1968 Evans 
Ough, Beatty 21-70 Holtzman MF EC·IC 
and Khalili 1972 
Davenport 1976 36-70 Holtzman MF SEC-IC 
Coburn and 21-60 Wistar MF EC-IC 
Tarte 1976 
Gluck and 21-111 Long MF SC-Ie 
Pearce 1977 Evans 
Will, Ungerer, Pallaud 25-85 Fischer MF EC-SC 
and Ropartz 1977 or August 
Lamden and 21-81 Hooded M EC·IC 
Rose 1979 Lister 
Joseph and 19-72 Zivic MF EC-Ie 
Gallagher 1980 Miller 
Freedman and 25-85 Hooded M EC-IC 
Villenellve 1981 Rats 
Nau, Elias and 0-101 FIscher EC-SC·IC 
Bell 1981 Handling 
Rose and Lamden 21-51 Hooded M EC-IC 
1983 Lister 
Rose, Dell 21-51 Hooded M SEC-EC-SC-IC·IHC 
and Love 1985a Lister 
Rose, Love 21·51 Hooded M EC-IC 
and Dell 1986 Lister 
Rose, Dell 21-51 Hooded M EC-IC 
and Love 1987 Lister 

Table 2: 15 Chronological listing of all studies using a simple operant conditioning 
paradigm. 
(NB IHC=Individually Housed Condition) 

REFERENCE TREATMENT STRAIN GENDER COMPARISON 
AGE 

Ough, Beatty 21-70 Holtzman MF EC-IC 
and Khalili 1972 
Morgan and 25·120 Hooded F SC-IC 
Einon 1975 Lister 
Curry and Rose 21·51 Hooded M EC·IC 
1981 Lister 
Rose and Lamden 21-51 Hooded M EC-IC 
1983 Lister 
Rose, Dell, Love 100-142 Hooded M EC-IC-SC 
and Davey 1988 Lister 

Table 2:16 Chronological listing of all studies using a complex operant condi
tioning paradigm. 
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1985; Rose, Love and Dell 1986; Rose, Dell and Love 1987), whilst four studies have reported 

no significant differences between the groups (Gibson, Gill and Porter 1968; Ough, Beatty and 

Khalili 1972; Davenport 1976; Gluck and Pearce 1977). In only two of the studies was there 

an EC superiority. Will et al (1977) found EC animals bar pressed more, this difference only 

appearing, however, after several conditioning sessions and when the variable interval ratio was 

increased from VI15 to VI60. Freedman and Villeneuve (1981) employing brain stimulation as 

reward found response rates were increased in EC animals following injections of amphetamine 

or scopolamine. 

The finding of increased responding in IC animals was unexpected and was initially attributed 

to increases in activity levels resulting from their early experience (Coburn and Tarte 1976). IC 

animals, it was postulated, were more active and therefore more likely to produce high levels of 

responding. More recently, however, Lamden and Rose (1979) have suggested that as a conse

quence of early deprivation the behaviour of IC rats is directed towards increasing contingent 

sensory input. The Skinner box paradigm, they suggest, provides a situation where correct re

sponding maximises sensory stimulation and consequently produces higher levels of responding 

in the IC animal when compared with its EC counterpart. Indeed, in their experiment, where 

the reinforcer was gradually built up from a simple click from the lever microswitch, to include 

light and food, IC animals bar pressed significantly more than the EC animals, in all phases of 

the procedure. 

Factors other than the sensory stimulation afforded an IC animal by bar pressing or differences in 

activity levels, IC animals being more active and thus more likely to bar press, might also explain 

the IC rates of responding. Morgan (1973) has suggested that isolates are more highly motivated 

for food reinforcement than socially housed animals because of their higher body weights (Fiala, 

Snow and Greenough 1977). This would be particularly important when animals were on a 

deprivation schedule and would predict that IC animals would bar press more to obtain more 

food. However, several sources of evidence do not support this hypothesis. 
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Firstly, bar press responding has been used by Coburn and Tarte (1976) and Morgan, Einon 

and Nicholas (1975) to compare the amount of lever pressing that persisted in the presence 

of free food. Coburn and Tarte (1976) have found Ie animals acquire bar pressing behaviour 

more quickly and also demonstrate a greater preference for obtaining food via barpressing when 

compared with EC animals. However, IC animals consumed the same number of pellets as their 

EC counterparts suggesting that the increased lever pressing of the IC animals was not correlated 

with increased food intake. Consistent with these findings, Morgan, Einon and Nicholas (1975) 

investigated whether isolated and socially housed animals preferred lever-dependant or lever

independant food delivery. Free food was found to produce lesB lever pressing in socially housed 

animals, although when given the choice, isolates did not demonstrate a clear preference for either 

method. They did, however, leave more of the food pellets uneaten when they had to lever press 

for food. These findings argue against the interpretation that Ie animals are simply more highly 

motivated for food reward. Indeed, as all the animals in this study were on ad libitum diets there 

should not have been any differences between the two groups in terms of food motivation, in this 

case. In a further experiment in the same study, the effect of food deprivation was to increase 

the relative amount of lever pressing in both groups, suggesting that the effects of increased 

food deprivation on lever pressing in the presence of free food were qualitatively different from 

the effects of social isolation. Morgan et al conclude therefore that the social/isolate difference 

cannot be interpreted as motivational. 

Secondly, the findings of Lamden and Rose (1979) and Rose and Lamden (1983) also contradict 

the hypothesis that IC animals are more motivated for food reinforcement. Both these investi

gations employed a baseline testing period when lever pressing was unreinforced by either food 

or light. Under such conditions IC animals continued to bar press at a significantly higher rate 

than the EC group, suggesting that IC animals were less interested in the food reinforcement 

than in the intrinsic properties of the lever pressing per se. 

Indeed, the effect of composite reinforcement on EC and IC animals has been extensively re-
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searched by Rose, Love and Dell (1986) and Rose, Dell and Love (1987). The point of departure 

for their studies was the earlier finding of Lamden and Rose (1983) that one second of dim light 

plus food was more reinforcing for IC than EC rats, whereas one second of bright light plus food 

had equivalent reinforcement value for the two groups. Working with food deprived animals, 

Rose, Love and Dell (1986) found that using different light levels (low, medium or high) accom

panied by the sound of the pellet dispenser but no food, produced higher levels of bar pressing 

in the IC groups when compared with their EC counterparts. Interestingly, the largest EC/IC 

difference emerged in the high light condition and was due to light reducing EC bar pressing 

rather than positively reinforcing IC bar pressing. When the composite reinforcer (sound of the 

pellet dispenser and light) was supplemented by the addition of food, bar press rates in both 

groups increased, but the higher light levels were still found to be negatively reinforcing for the 

EC groups. These findings provide clear evidence for an EC/IC difference in response to the 

composite reinforcers, IC animals being less influenced by variations in the intensity of response 

contingent light than their EC counterparts. These findings also suggest that the IC superiority 

observed by Lamden and Rose (1983) at one particular level of reinforcing light was due to a 

negative reinforcement effect of contingent light for EC subjects rather than to a positive rein

forcement effect for IC subjects. One explanation for these differential reinforcement effects is 

that the EC and IC rats differ in their use of the response-contingent light period. For EC ani

mals the light may simply be a neutral or even aversive response contingent event, whereas for IC 

animals it may have particular importance in providing an opportunity for visual exploration of 

the environment. Such a suggestion is consistent with the stimulus-seeking hypothesis (Lamden 

and Rose 1979; Chadha and Rose 1981) regarding EC/IC behavioural differences, namely that as 

a result of early partial sensory deprivation, the post-environment behaviour of IC rats is to some 

extent aimed at maximising sensory stimulation. In their second study, this hypothesis was tested 

directly by requiring subjects to bar press for darkness instead of light, thus removing the need 

to bar press to gain opportunities for visual exploration. As predicted by the stimulus-seeking 

hypothesis, EC/IC performance differences were eliminated (Rose, Dell and Love 1987). 
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Some studies, as mentioned earlier, have reported no significant differences in EC-IC lever press 

acquisition. Ough et al (1972), who were measuring CRF lever press acquisition incidentally 

to the initiation of a DRL20 schedule, recorded trials to a criterion of 50 reinforcements in a 

single session, and not actual lever press rates. As the majority of the studies reported earlier 

showed high levels of responding, that is more than 50 lever presses in both EC and IC animals, 

it is not surprising that no significant differences were found between the groups with respect to 

number of sessions required to achieve pretraining criterion levels. Considering next the studies by 

Davenport (1976) and Gluck and Pearce (1977), although neither study reported any acquisition 

rate differences, analysis of the extinction scores indicated that IC animals continued to bar 

press for no reinforcement longer than the EC groups. This finding, according to Joseph and 

Gallagher (1980), of a significant deficit in the ability of restricted rats to suppress an overlearned 

and formerly rewarded pattern of behaviour, might be due to the tendency in the IC animal to 

develop perseverative response hierarchies. Indeed, this explanation may well explain the findings 

of Gibson et al (1968) who reported that the recovery of pre-CER 12 response rates was faster 

in EC than IC animals, slower IC recovery reflecting their perseverative nature. 

b) Complex Operant Procedures 

To date there have been five studies that have compared differentially reared animals in complex 

operant learning situations (see Table 2:16). These studies have been concerned with either 

DRL or GO-NO-GO learning. In the former category, the differential reinforcement of low rates 

of responding or DRL schedule, reinforcement is contingent upon the occurrence of a response 

separated from the preceding response by at least some specified interval; on a DRL10 schedule, 

for example, only responses preceded by a 10 second pause are reinforced (Mackintosh 1974). 

Three studies have examined the effects of differential environments on DRL learning (Ough, 

Beatty and Khalili 1968; Morgan and Einon 1975: Curry and Rose 1981) and all have found 

that rats reared in isolation are deficient in the elimination of maladaptive responses, as required 

12 Conditioned Emotional Response 
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by the DRL schedule, when compared to animals raised in an enriched and socially stimulating 

environment. 

Ough et al (1968) gave their animals 30 daily sessions on a DRL20 schedule and found that 

rats raised in an enriched environment exhibited a more efficient performance than the isolated 

animals. This difference in efficiency between the groups arose primarily because of the increased 

response rates of the isolates, who also earned fewer reinforcements. Interestingly, Ough et 

al suggest that the effects of social isolation cannot be accounted for in terms of changes in 

motivation produced by the differential rearing, as EC and IC animals were similar in body 

weight and responded at comparable rates for reinforcement on a CRF schedule. Instead they 

postulate that early social isolation produces a primary deficit in response inhibition (cf Morgan 

1973), producing the patterns of responding in the IC animal which lowers their effeciency. 

Morgan and Einon (1975) also found that isolates made more lever presses than social controls and 

obtained fewer rewards. Their experimental procedure, however, differed from that of Ough et 

al (1968), in that their animals were required to learn an alternating two lever DRL30 schedule, 

in which anticipatory 13 and perseverative 14 errors were recorded separately. This technique 

was employed to establish whether isolates were more perseverative than socially reared rats, the 

reasoning being as follows; ifisolates have a tendency to repeat previously rewarded behaviour, an 

increase in perseverative errors would be predicted. If however,isolates were more food deprived, 

increases in both anticipatory and perseverative errors would ensue. Results supported the 

latter hypothesis, as social animals made more perseverative errors, whereas isolates made the 

two kinds of errors in equal numbers. Indeed, Morgan and Einon (1975) suggest that isolates 

are demonstrating a selective enhancement of responding in association with the expectation of 

reward and as a consequence are deficient in inhibiting responses when a low rate of responding 

is required. 

In the final study to be described in this section, Curry and Rose (1981) investigated the nature of 

13 A press on the correct lever before the 30 second inter-reward interval 
14 A press on the lever that had last given a reward 
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reinforcement, and its effect on DRL learning. In their first experiment, reinforcement consisted 

of a pellet of food alone, and despite varying the motivational levels of the animals (deprivation 

versus satiation schedules) and the information given (a signalled time out period) no significant 

differences were found between the EC and IC groups. However, by making the reinforcement 

more complex, with the addition of a second of light, superior EC performance emerged as 

training proceeded. In this second experiment, no significant differences in mean total responses 

emerged between the groups, suggesting that the observed difference in performance was the 

result of a difference in efficiency with respect to the temporal distribution of responses. 

The second type of complex operant learning to be reviewed is GO-NO-GO learning 15. This 

paradigm typically involves training an animal on a fixed ratio schedule, whereby a subject must 

complete a fixed number of responses in order to obtain a reinforcement and then introducing 

a simple discrimination procedure, such that presence of a cue signals a "GO" period where 

responses are reinforced and absence of the cue signals a "NO-GO" period where responses are 

not reinforced. To date only two studies have examined the effects of differential environments 

on this paradigm, and both have found no significant differences in the performances of EC and 

Ie animals in this task (Rose and Lamden 1983; Rose, Dell, Love and Davey 1988). 

Rose and Lamden (1983) trained their animals on a two minute on/two minute off GO-NO-

GO discrimination schedule where responses during the GO period, signalled by a two minute 

constant white noise, were reinforced by a composite reward (food and one second ofilJumination) 

according to an FR6 schedule. The light component of the reinforcer was "dim" for half the 

animals and "bright" for the other half. Neither the type of reinforcer, nor the environmental 

background of the animal affected GO-NO-GO performance. However significant differences 

emerged between the groups with respect to the number of bar presses. As with the simple 

operant procedures outlined above, IC animals bar pressed more than their EC littermates. 

Probably the most complex paradigm to be employed in this literature is that of Rose, Dell, Love 

15 Although GO.NO.GO learning is a form of reversal learning, it is also a complex form of Skinner box learning 
and as such is reviewed in detail in this section 
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and Davey (1988), who used a GO-NO-GO Reversal discrimination problem with animals which 

had undergone differential post-operative environmental experience. The main thrust of their 

work was to separate out the processes of recovery and compensation following brain damage, by 

using a test in which compensation alone could not significantly reduce post-operative deficits. 

To achieve this, a unisensory task (light signalled GO-NO-GO reversal learning) coupled with 

unilateral lesions were employed. For the purpose of this present review, however, only the effects 

of the differential post-operative housing on the sham-operated animals are particularly relevant 

and as with the previous study (Rose and Lamden 1983) no significant differences were observed 

between the evironmental groups. 

c) Summary of Operant Conditioning Findings 

Considering first the acquisition phase of simple operant conditioning procedures, IC animals 

typically bar press more than their EC counterparts. This finding can be attributed to either 

higher activity levels in the IC animals (Coburn and Tarte 1976), or that their behaviour is 

directed towards maximising sensory stimulation (Lamden and Rose 1979; Rose, Dell and Love 

1987). The notion that isolates are more highly motivated for food (Morgan 1973), however, 

has not been supported (Morgan, Einon and Nicholas 1975; Coburn and Tarte 1976; Lamden 

and Rose 1979; Rose and Lamden 1983). With respect to the slower extinction rates of IC 

animals, Joseph and Gallagher (1980) have argued that IC animals are displaying "a limited 

behavioural repertoire, characterised by a generalized tendency to overrespond, a propensity 

towards perseverating in repetitious patterns of limited and circumscribed responding, and a 

failure to habituate to repeated contact with novel stimuli" (p527), all of which would produce 

an animal less likely to extinguish a response as fast as its EC counterpart. 

With respect to the more complex forms of operant behaviour, the picture is less clear and more 

task specific. Generally DRL experiments have found IC animals to be hampered by their earlier 

experiences, although whether this is due to a motivational deficit (Morgan and Einon 1975) 
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or to response inhibition (Ough et al 1968) is not obvious. GO-NO-GO learning, on the other 

hand, does not differentiate between the groups, suggesting that in some learning tasks, at least 

within the limits tested, early experience has neither a beneficial nor a detrimental effect on 

performance. 
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2:3 SECTION B: UNLEARNED BEHAVIOUR 

In this section, the effects of exposing animals to differential environments will be examined with 

respect to the following behaviours: 

1. GENERAL ACTIVITY LEVELS 

• Basal Activity 

• Reactivity 

2. PERCEPTUAL ABILITIES 

• Depth Perception 

• Perception of Noxious Stimuli 

3. MOTOR SKILLS 

4. PLAY AND SOCIAL BEHAVIOUR 

5. FEEDING AND SLEEPING BEHAVIOURS 

2:3:1 GENERAL ACTIVITY LEVELS 

The effects of exposing animals to either EC, IC or SC on ensuing general activity levels has 

been measured in a wide range of test situations including open fields, mazes, activity wheels, 

home cages and special enclosures (Munn 1950; Barnett 1975). This diversity in methodology 

reflects a considerable lack of consensus within the literature, regarding the precise definition of 

both the term "General Activity" and its underlying causes. In order to clarify this situation, 

Bindra (1961) has distinguished between "the spontaneous components of general activity" and 

"components which seem to be related to specific goals". Gross (1968) has also considered it 

necessary to distinguish between "basal locomotor activity", which consists of activity measured 

under constant and familiar environmental conditions and "locomotor activity" which he suggests 

comprises activity occuring after some environmental change. On the basis of such definitions, 

Lamden (1985) has postulated that general activity may be considered to have two distinct 

components, basal activity and reactivity and it is this distinction that will be employed in the 

present review. 
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a) Basal Activity 

In order to examine basal activity, motor reactivity and goal directed behaviour must be elimi

nated from the test situation. To date only three studies (Baenninger 1967; Cummins et a11978; 

Lamden 1985) have fulfilled this criterion, by examining home cage activity. These studies will 

be described in some detail below. 

Considering Baenninger's (1967) study first, this was an observational study of the various de

velopmental activities of group housed (SC) and isolated animals, from three to 92 days of age. 

Isolated animals were reported to engage in more exploratory locomotion, consummatory be

haviour, attentive immobility, pawing behaviour and tail manipulation, whilst engaging in less 

sleep and rest than socially housed subjects. These group differences were consistent over time, 

with percentages of time subjects engaged in each category of behaviour varying with devel

opment. From these results it appears that significant basal activity differences are related to 

developmental experiences. However, when Lamden's (1985) work is considered, the picture is 

less clear cut. 

Lamden's study differed in several respects from Baenninger's, in that she employed individually 

housed animals that had been exposed to either EC or IC for 30 days immediately prior to the 

experiment. Moreover, she used an automatic monitoring device, the "Actimat" (Marsden and 

King 1979) which has the facility to distinguish between high and low speed movements, as well 

as movements of part of the body as opposed to the whole body (Rose, Dell and Love 1985b). 

This apparatus removed any confounding observer effects, but in retrospect, was probably inap

propriate, in that it could not categorise specific behaviours, unlike the earlier study. 

Results from Lamden's work revealed no significant differences in activity levels between EC 

and IC animals, despite a tendency for IC animals to maintain higher levels of activity in the 

home cage when compared with their EC counterparts. This lack of statistical significance 

encompassed both total activity measures and time of day measures (that is activity during the 
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day as compared with night-time movements). No differences between the groups' night-time 

activity is particularily surprising considering that both Baenninger (1967), and later Tagney 

(1973) have reported that isolates sleep less than socially housed animals, and would therefore 

be active longer during night-time sessions. One solution to this apparent dilemma has been 

offered by Lamden herself, namely the sensitivity of the Actimat was such that it only recorded 

specific categories of gross movements and did not distinguish the more subtle differences that 

an observational study might identify. 

The final study exploring baseline activity in the home cage (Cummins et a11978) considered the 

effects of EC or SC on activity of groups of mice over a 23 day period. Quackenbush albino mice 

were housed in activity cages (N =6 per group) subdivided into three equal compartments. Food 

and water were available in the central compartment, passage between the compartments being 

recorded as the measure of activity 1. For the enriched condition the two outer compartments 

were filled with a variety of toys, the social condition comprising the unadorned cages. Animals 

were injected with either saline, strychnine or chlorpromazine during the 23 day testing period, 

and overall, the social group was found to be less active than the enriched. This procedure is 

unusual in that it records group activity under drugged conditions rather than individual animals' 

activity as with Lamden's study. As a consequence, it is probably fair to say that to date no 

experiment has adequately explored the baseline activity levels of EC and IC animals in their 

home-cage. However, when the research on reactivity is taken into account, of these three studes 

it is Baenninger's findings which appear to be the most accurate. 

b) Reactivity 

In this section the components of general activity that display motor reactivity and goal directed 

behaviour in addition to basal activity will be examined in relation to the EC-IC-SC literature. 

As Barnett (1975) points out, however, in studying the many factors that influence activity, it 

1 Any mouse which crossed from one compartment to another triggered a photocell beam linked to an accumu
lative recording device. 
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becomes apparent that "different devices measure different phenomena". Consequently "we shall 

find ourselves obliged, if we wish to achieve rigour, to discard the unqualified term "activity" and 

to analyse the movements of animals into components precisely defined in terms of the procedures 

used and the observations made" (p31). 

With this cautionary viewpoint in mind, the following review will outline the findings from the 

different procedures employed in the literature, whilst examining the different aspects of activity 

that each procedure has been attributed to be measuring. Consequently, this section is further 

subdivided into the following areas: 

1. Open Field Procedures 

2. Maze Procedures 

3. Activity Wheels and Other Special Enclosures 

4. Tests of Response to Novelty 

5. Emergence Procedures 

1: Open Field Procedures 

Initially designed as a means of measuring emotional behaviour in the rat (Hall 1934; 1936) the 

open field test has since become one of the most widely used instruments in studying animal 

behaviour. Simplicity, ease of quantification and wide applicability are probably the prime de

terminants of its popularity (Walsh and Cummins 1976). Despite its status, however, the open 

field has survived for over 50 years with only two major reviews (Archer 1973; Walsh and Cum

mins 1976), although both the reliability (Ivinskis 1968) and validity (Ivinskis 1970; Royce 1977; 

Walsh and Cummins 1978) of its measures have been examined in some detail. 

In essence, the open field test consists of the measurement of behaviours elicited by placing 

the subject in a novel open space, from which escape is prevented by a surrounding wall. The 

elicitation of these behaviours is dependant upon the interaction of the animal with a variety 

of test factors, outlined by Walsh and Cummins (1976), including "a) stimulation as a result of 
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removal from a familiar home environment, b) stimulation involved in transferring the animal to 

the open field, c) exposure to the test environment consisting of both the open field itself, and 

its surroundings and d) all prior experience of the test situation" (p482-483). In effect this last 

factor means that one is measuring, amongst other things, habituation and learning in response 

to the test environment. The magnitude of any particular behaviour elicited will therefore be a 

function of the multi way interaction of these factors. As yet their relative importance is almost 

completely unknown (Walsh and Cummins 1976) but there is evidence to suggest that each 

factor exerts a differential effect on animals of varying genetic and experiential backgrounds. It 

should be pointed out that any behavioural experiment measures responses to the above factors. 

However, in many studies, such as those reported earlier in this chapter, it is hoped that the 

subject will habituate to and hence be minimally influenced by, aspects of the test situation other 

than the specific stimulus component being used as the independant variable. In the open field 

on the other hand, the whole test situation, rather than any specific stimulus component is the 

independant variable and by its very nature must be multifactorial. 

Unfortunately, variations in open field testing, with apparatus, techniques, subjects, analyses 

and interpretations diversifying enormously, have led to a disturbing lack of conformity in results 

in the open field literature as a whole (Walsh and Cummins 1976). This is particularly evident 

in the EC-SC-IC literature, where the difficulty of standardisation is futher compounded by the 

paucity of reports citing more than a small proportion of relevant procedural detail. Indeed, as 

can be seen from Tables 2:17, 2:18 and 2:19 which summarise the main findings of EC-IC, EC-SC 

and SC-IC comparisons respectively, there are no real consistencies in the results. For example, 

of the 19 EC-IC comparisons, ten have reported IC animals to ambulate more than their EC 

counterparts (Woods et al 1960; Levitsky and Barnes 1972; Fessler and Beatty 1976, Domjan et 

a11977; Lamden 1985 (two studies); Dell and Rose 1987 (two studies); and Curry (1987), three 

have found no significant differences between the groups (Ray and Hochhauser 1969; Freeman 

and Ray 1972; and Joseph and Gallagher 1980) and six have reported an EC superiority in 

ambulation (Gill, Reid and Porter 1966; Gardner et al 1977; Studelska and Kemble 1979; Crnic 
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AUTHOR STRAIN TEST PRoc AMBULAT REARS BOLl 
AND SEX AGE DETAIL 

Woods, Ruckelshaus Sprague 175 4 Days IC(F»all IC(M»all 
and Bowling 1960 Dawley M F 2x5 mins 
Gill, Reid Long 101lllns EC>IC 
and Porter 1966 Evans M 
Ray and Zlvic 5 Days NfS EC>IC 
Hochhauser 1969 Miller M F 4 mins 
Freeman and Zivic 88 5 Days NfS IC>EC 
Ray 1972 Miller M F 3 mins 
Levitsky and Barnes M 49 IC>EC 
1972 
Gardner et al Long 3 mins EC>IC 
1975 Evans M 
Fessler and Holtzman 46-49 4 Days IC>EC NfS 
Beatty 1976 MF 3 mins 
Domjan et al Sprague 20 mms IC>EC 
1977 Dawley 
Studelska and Holtzman 4 Days EC>IC EC>IC EC>IC 
Kemble 1979 M 3 mins 
Joseph and Zivic 84 2x5 mlns NfS N/S N/S 
Gallagher 1980 Miller M F 
Crnie 1983 Sprague 88-93 4 Days EC>IC EC>IC IC>EC 
1983 Dawley M 3 mins 
Rose et al Hooded 58 5 Days IC>EC 
1985a Lister M 3 mins 
Lamden 1985 Hooded 58 5 Days IC>EC IC>EC EC>IC 

Lister M 58 3 mins IC>EC EC>IC 
Holson Long 101 4 Days SEC>IC 
1986 Evans M (approx) 3mins 
Dell and Hooded 58 5 Days IC> SEC NJS 
Rose 1987 Lister F 133 31nins IC>SEC IC>SEC 
Curry 1987 Hooded 58 5 Days IC>EC NfS EC>IC 

Lister M 3 mills 
Saari Wlstar 60 1 Day EC>IC EC>IC 
et al 1990b 3 mills 

Table 2:17 Chronological listing of all open field studies using an EC-IC com
parison (PROC= Procedural, AMBULAT= Ambulation) 

122 



AUTHOR STRAIN TEST PROC AMBULAT REARS BOLl 
AND SEX AGE DETAIL 

Dawson and Wistar 30 4 mins EC>SC ~~~ Hoffman 1958 MF 50 N/S N S 
Denenberg and Wistar 180 6 Days N/S SC>EC 
Morton 1962 MF 3 mins 
Duke and Albino 100 5 nllns EC>SC 
Seaman 1964 MF 200 
Denenberg and Purdue 70 3 mins EC>SC 
Morton 1964 Wistar M F 
Denenberg and Purdue 220 4 days SC>EC 
Whimbey 1968 Wistar M F 3 mins 
Denenberg and Purdue 200 4 Days N/S N/S 
Rosenberg 1968 Wistar F 3 mins 
Mano8evitz Mice 38 5x2 mills EC>SC SC>EC 
1970 random bred 
Finger and Rattus 60 2x15 mills SC>EC 
Fox 1971 Norvegic:us M 
Manosevitz and A/J, C3H!.HeJ 41 5 Days EC>SC 
Montemayor 1972 C57BL/10J 2 mins 
Manosevitz and Mice 41 5 days EC>SC SC>EC 
Joel 1973 MF 2 mills 
Mitam 1975 MF 104 3x5 luins EC>SC N/S 
Huck and Norway 5x'i5 mills EC>Sl.: 1!Jl.:>SC SC>EC 
Price 1975 MF 
Fessler and Holtzman 46-49 4 Days SC>EC N/S 
Beatty 1976 MF 3 mills 
Sjoden and Wistar 210 4 Days EC>SC EC>SC N/S 
Soderberg 1975 MF 4 mins 
Stlldelska and Holtzman 4 Uays EC>SC N/S N/S 
Kemble 1979 M 3 mills 
Rose et al Hooded 58 5 Days SC>EC 
1985a Lister M 31niu8 

Table 2:18 Chronological listing of all open field studies employing an EC-SC 
comparison. 

AUTHOR STRAIN TEST PROC AMBULAT REARS BoLl 
AND SEX AGE DETAIL 

Stern et al Sprague 58 2 Iuins SC>IC SC>IC SC>IC 
1960 Dawley M 65 
Ader and Sprague 85 2 min SC>IC SC>IC 
Friedman 1964 Dawley M 105 1 min 
Archer Wistar F 6 weeks 10 mills N!..S 
1969 Wistar M 28 weeks 10 Illins SC>IC 

Wistar F 28 weeks 10 mins N/S 
Syme 1973 Hooded F 10 10 millS IC>SC 
Einon et al Hooded 25 4x3 mms NjB 
1975 Lister M F 45 IC>SC 
Fessler and Holtzman 46-49 N/S N/S 
Beatty 1976 MF 
Morgall and Hooded 45 7x3 mllls IC>SC 
Einon 1976 Lister 
Einon and Hooded 60 7x3 mins IC>SC 
Morgan 1978a Lister M F 
Einon et al Hooded 45 2x3 mlIlS SC>IC 
1978 Lister F 
Stlldelska and Holtzman 4 Days SC>IC SC>IC SC>IC 
Kemble 1979 M 3 mins 
Benton and Mice 3 Days SC>IC SC>IC 
Brain 1981 5 llliu8 

Chivers and Mustela 2 Days IC> SC 
Einon 1982 Furo 2x2 mins 
Rose et al Hooded 58 5 Days N/S 
1985a Lister M 3 mins 

Table 2:19 Chronological listing of all open field studies using an SC-IC com
parison. 
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1983; Holson 1986; Saari et aI1990b). This lack of consistency is augmented when the EC-SC and 

SC-IC comparisons are taken into account, with ten out of 17 studies reporting EC animals to 

ambulate more than their SC counterparts, five studies showing IC to be superior to SC animals 

and six studies the opposite, namely SC superiority over IC animals. 

One approach to disintangling the diversity found in these studies has been to consider the 

individual effects of subject variables, physical parameters ofthe field and of the test environment, 

on open field performance. Unfortunately, however, the results of this type of analysis have not 

proved to be efficacious. In her review, Lamden (1985) meticulously examined EC-SC-IC open 

field results, taking into account age, sex and strain of animals, size, shape and colour of the field, 

levels of background noise and illumination and reported "that no firm conclusions can be drawn 

regarding the true influence of (these) factors... on EC-IC differences in open field behaviour" 

(p186). 

A complete understanding of the effects of differential environments on open field performance 

is further complicated by the fact that the behavioural measures recorded, such as ambulation, 

rearing and defecation to name but three, have been differentially interpreted as evidence of a 

variety of underlying constructs including emotionality, arousal, fear and exploration, or on the 

basis of the behaviour's presumed "purposive or adaptive nature" (Walsh and Cummins 1976 

p500). Underlying constructs may be suggested by the face validity or anthropomorphic inter

pretation of a particUlar behaviour, by resemblance to a natural behaviour pattern or to other 

constructs, or by factor analysis. The relationship between these underlying constructs and the 

dependant variables typically measured in the open field, has, however become increasingly more 

difficult to interpret. For example, activity was originally found to be negatively correlated 

with the construct "emotionality" (Hall 1936) and the dependant variable defecation. However, 

open field activity is now known to be factorially complex, with significant loadings on both 

an emotional reactivity factor and an exploratory factor (Whimbey and Denenberg 1967b). In 

particular, high activity scores on the first day of open field testing are now thought to indicate 
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high emotional reactivity, whereas high activity levels from day two onwards reflect low emotion

ality. Thus high activity on day one can mean high emotionality (Salama and Hunt 1964) high 

exploratory behaviour (Hayes 1960) or both (Whimbey and Denenberg 1967b) 

This factorial complexity makes for difficulty in interpreting activity findings, especially when 

subjects are tested for only one day in the open field. Indeed, several researchers (Stern et al 

1960; Duke and Seaman 1964; Syme 1973; Manosevitz and Joel 1973) have given their subjects 

one open field trial and interpreted high activity as indicative of emotional reactivity. Such 

an interpretation is questionable, when activity is the only data considered. Whimbey and 

Denenberg (1967b) recommend that subjects be tested for a number of days and that both 

activity and defecation be taken into account, when attempting to give some conceptual meaning 

to open field performances. 

Over the last couple of decades, more information pertaining to the analysis of open field data 

over trials has emerged in the literature and from these studies a clearer picture of the effects 

of differential environments on open field performance has become available. For example, when 

activity scores are observed over days, it becomes apparent that the IC animal's behavioural 

profile is different from either its EC (Freeman and Ray 1972; Joseph and Gallagher 1980; Rose, 

Dell and Love 1985a; Dell and Rose 1987) or SC (Morgan and Einon 1976; 1978; Einon, Morgan 

and Kibbler 1978) counterparts. Typically, over trials, the IC animal maintains a high level 

of activity, whereas EC and SC animals' activity levels drop (Einon, Morgan and Sahakian 

1975; Morgan and Einon 1976; Einon, Morgan and Kibbler 1978; Joseph and Gallagher 1980; 

Lamden 1985), which may well reflect their failure to inhibit established behaviour patterns. 

This effect has also been observed within a trial (Domjan et al 1977), where over 20 minutes, 

deprived subjects were found to cross more squares and remain more active during the latter 

part of the test session, than subjects which had been reared in the enriched environment. 

This behaviour pattern has been attributed to both environmental enrichment reducing the 

novelty of various stimuli, thus reducing exploratory behaviour in the open field (Domjan et al 
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1977) and to the fact the impoverishment might result in an abnormal developmental process 

(Einon, Morgan and Sahakian 1975), preventing appropriate responding. The latter idea has 

been developed further (Morgan and Einon 1976; Benton and Brain 1981), with high levels of 

activity in isolates being attributed to a general disturbance of their inhibitory mechanisms, 

and/or hyperarousability (Einon and Morgan 1978a). Interestingly, Morgan and Einon (1976) 

when reporting the extraordinarily high levels of activity in their isolates, mention that this 

activity was qualitatively different from their social controls and suggest that it could not be 

considered exploratory in nature 2. 

Another widely used measure of activity is "rearing", which has proved a reliable (Ivinskis 1968) 

and valuable measure. Combined with ambulation it has proved to reflect a stable individual 

trait, "non-specific excitability level" (Walsh and Cummins 1976), and has been found to correlate 

highly with ambulation (Ray and Hochhauser 1969). As with ambulation, it has also been 

employed as a measure of exploration (Dell and Rose 1986), and suffers from the same problems 

of interpretation. Within the EC-SC-IC literature, rearing is less commonly measured than 

ambulation, however, the same lack of consistent results emerge. As can be seen from Tables 

2:17,2:18 and 2:19, EC animals rear more than IC animals in four out of ten studies (Ray and 

Hochhauser 1969; Studelska and Kemble 1979; Crnic 1983; Saari et al 1990b) but less than Ie 

animals in two out of ten studies (Lamden 1985; Dell and Rose 1987), the remaining studies 

reporting no significant differences between the groups. With respect to the EC-SC comparisons, 

of the four studies reporting this measure, two have found EC animals to rear more (Huck and 

Price 1975; Sojden and Soderberg 1975) than their SC counterparts and two report no differences 

between the groups (Fessler and Beatty 1976, Studelska and Kemble 1979). SC-IC comparisons 

further complicate the picture with two out of three studies reporting an SC superiority (Stern et 

al 1960; Studelska and Kemble 1979) and one out of three, no significant differences between the 

groups (Fessler and Beatty 1976). As with ambulation, probable causes of these diverse results 

lie in the variations of test environment, physical characteristics of the apparatus and subject 

2 An alternative explanation has been advanced by Rose et al (1986) who suggest that the Ie animals may be 
stimulus seeking. 
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variables. These factors will also underly the lack of consistency in defecation scores, the last 

behavioural measure to be considered in this section. 

Number of fecal boli, as previously mentioned, is one of the dependant variables that has been 

factorially associated with emotionality (Whimbey and Denenberg 1967b), although it has been 

anthropomorphically associated with this construct from the inception of the open field as a 

behavioural test (Hall 1934). The validity of defecation as an index of emotionality has also 

been examined as has its reliability (Ivinskis 1968), although the adequacy of the criteria used 

in this study has been questioned (Walsh and Cummins 1976). As can be seen from Tables 

2:18 and 2:19, SC animals defecate more than IC animals in four out of four studies where this 

measure was taken and defecate more than EC animals in four out of ten studies, with with the 

remaining six studies reporting no significant differences between the groups. This suggests that 

SC animals are more emotional than either their EC or IC counterparts. With respect to the 

EC-IC comparisons, however, with EC animals defecating more than their IC counterparts in 

four out of eight studies (Studelska and Kemble 1979; Lamden 1985; Dell and Rose 1987; Curry 

1987) and IC more than EC in three out of eight studies (Woods et al 1960; Freeman and Ray 

1972 Crnie 1983) the picture is less clear. 

In this section, the effects of differential experience on open field performance have been outlined 

and information presented in terms of both the dependant variables measured and the postulated 

underlying constructs. These constructs and variables are not unique to the open field proce

dure, however, and will be dealt with again in the following section, which considers activity, 

emotionality and exploration measured in mazes and related procedures rather than in the open 

field. 
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2: Mazes and Related Procedures 

As can be seen from Table 2:20, the effects of differential environments on reactivity and explo-

ration, have been examined in a variety of maze procedures 3, including elevated mazes (Forgus 

1954; Luchins and Forgus 1955) Y mazes (Luchins and Forgus 1955; Montgomery and Zim-

bardo 1957; Zimbardo and Montgomery 1957; Ehrlich 1959; Forgays and Read 1962; Inglis 1975) 

Hebb- Williams mazes (Woods et al 1960; Wells 1970; Chadha and Rose 1981; Dell and Rose 

1986) Dashiells maze (Ehrlich 1959) and Davenport mazes (Joseph 1979; Joseph and Gallagher 

1980). In addition, four studies (Hoffman 1959; Moyer and Korn 1965; Greenough et al 1972a; 

Chadha and Rose 1981) have used a maze-related procedure, namely runway training, which for 

convenience sake will also be included in this section. As with the open field studies detailed 

in the previous section, subject and procedural differences in the present literature have led to 

a diversity of results and explanations, which will be examined in some detail in the following 

pages. 

Initial interest in the reactivity and exploration of animals in mazes stemmed from the work of 

Hebb (1947; 1949) which suggested that the organisation of adult behaviour was largely deter-

mined by the quality of infant experience and learning. Early experiments (Forgus 1954; Luchins 

and Forgus 1955) reported that subjects with richer experiences showed greater activity in terms 

of the number of units of a maze traversed and less fear or emotionality, in terms of number of 

defecations than a control group raised in a "meager" environment. However, a later experiment 

(Zimbardo and Montgomery 1957) found the opposite, namely that rats reared in normallabo-

ratory cages explored a Y maze significantly more than rats reared in an environment offering 

complex sensory and proprioceptive stimulation. This apparent contradiction can, however, be 

attributed to the fact that Forgus and his associates employed "handling" as an additional factor 

in their enriched experience. This variable alone would account for control animals, who were 

not handled, being more frightened and emotional, which would result, according to Zimbardo 

3In this section only those studies in which activity was measured will be included, for learning performance 
the reader is referred to section 2:2.1. 
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AUTHOR COMPARISON STRAIN TEST TEST TEST 
SEX AGE ENVIRON PROCED 

Forgus 1954 CVP/CV-SC Hooded 92 Elevated 1x7 mill'S 
Lister M Maze 

Luchins and EC-SC Hooded 60 Elevated 1x5 mlns 
Forgus 1955 Lister F Maze 

EC-SC 60 YMaze 2X5 trials 

Montgomery NC-BD-SBD Wistar 26 Y Maze 4x10 mins 
and Zimbardo MF 51 4x10 mins 
1957 101 4x10 mins 

Zimbardo NC-FE Wlstar 26 Y Maze 4x10 mins 
and Montgomery MF 51 4x10 mins 
1957 101 4xlO mins 
Hoffman FE-SC-IC Wistar 70 Runway 3x4 mlns 
1959 MF 

Ehrlich FE-SC Hooded 76 Y Maze 3xlO mills 
1959 M DashieUs 3xlO mins 
Woods et al FE-SC Sprague 175 Hebb 4x10 min. 
1960 Dawley M F Williams 

Forgays and FE-SC Albino 114 Y Maze 2x5 mins 
Read 1962 M 

Moyer and SC-IC AlbinO 111 Runway 4 mlns 
Korn 1965 M 

Ravizza and SC/C-SC/NC Albino Table 5x5 mlns 
Herschberger MF Top 
1966 

Wells EC-IC Hebb 
1971 Williams 
Greenough EC-HC-IC Long 54 Runway 8 trials 
et al 1972a Evans M 
Inglis EC-SC Hooded 126 YMaze 15 mlns 
1975 Lister 

MF 

Joseph EC-IC Holtzman Davenport 4x12 trials 
1979 MF Maze 
Joseph and EC-IC Zivic 84 Closed 10 mins 
Gallagher Miller Field 
1980 EC-IC MF 86 Davenport 

Maze 
Chadha and EC-IC Hooded 64 Runway 4 trials 
Rose 1981 Lister 

MF 68 Hcbb 1 trial 
Williams 

Warren EC-IC C57BL/6J 750 Bnghtness 
et al 1982 M Discrimination 

Dell and EC-IC Hooded 80 Hebb 6x8 trials 
Rose Lister Williams 
1986 M 

TABLE 2:20 describes those studies using maze based procedures, to mea
sure activity, exploration and emotionality. (CVP=complex visual and 
proprioceptive, CV=complex visual, MVP=minimal visual and propriocep
tive, NC=normal cage, BD=behaviourally deprived, SBD=sensorily and be
haviourally deprived, FE=free environment, SC/C=social with climbing facili
ties, SC/NC=social with no climbing facilities, HC=handled) 
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ACTIVITY 
EXPLORATION 
EMOTIONALITY 
UIiit's Elt'tered 
CVP=CV>SC 
Defecation 
SC>CVP/CV 
Units Trave'r'sed 
EC>SC 
Defecation 
SC>EC 
Variability 
EC>SC 
Umts Traversed 
all N/S 
Defecation 
all N/S 
Umts Entered 
NC(F»others 
FE(Ml>NC(M) 
Lines Crossed 
N/S 
Defecation 
N/S 
Units Elitered 
SC>FE 
Unit's Entered 
SC(F»rest 
Defecation 
SCJM»rcst 
Unit's Entered 
N/S 
Defecation 
N/S 
Activity 
N/S 
Defecation 
SC>IC 
ActiVIty 
SC/NC>SC/C 
Defecation 
SC/NC>SC/C 
Ulllts Entered 
IC>EC 
Speed 
EC/HC>IC 
Sitting 
EC(M»rest 
Grooming 
IC(M»rest 
Defecation 
N/S 
Maze' Ent'ries 
EC>IC 
Unit's Ent'ered 
IC>EC 
Units Entered 
EC>IC 
Speed 
IC>EC 
Zones Entered 
IC>EC 
UllltsCrossed 
N/S 
Latency 
N/S 
Umts Entered 
IC>EC 
Rears N/S 



and Montgomery (1957) in an inhibition of activity and exploration in an elevated maze. This 

was confirmed by Ehrlich (1959), who found handling significantly increased exploration in her 

subjects. 

The finding that normal cage animals explored more than their free environment counterparts, 

was explained in terms of the novelty of the test environment for the two groups of rats. In 

particular, for animals reared in large cages offering a wide range of perceptual, locomotor and 

social experiences, the simple Y maze may be less novel than it is for rats reared in laboratory 

cages and therefore evoke less exploratory behaviour (Zimbardo and Montgomery 1957). For free 

environment subjects, it may be necessary to have a more complex test environment, one at their 

acquired level of experienced stimulation, in order to evoke a high rate of exploration. Indeed, 

these results are predicted by the Dember-Earl (1957) theory of behaviour, which states that the 

past experience of a subject affects the "complexity" of that subject and therefore the range of 

stimuli to which he/she will respond. High levels of environmental stimulation will result in a 

more complex subject, who will respond with less frequency or amplitude to stimulus situations 

that are less complex than their normal environment. 

Of particular interest, however, was the speculation that emerged from this research, that the 

apparent superiority of free environment animals in Hebb-Williams maze performance, may well 

reflect a reduced level of exploration in these subjects, because of the decreased novelty of the test 

situation. This reduction in exploration would result in less errors as the animals traversed the 

maze and suggested that environmental rearing was producing differences in exploratory drive, 

rather than in intelligence. Woods (1959) presented evidence which supported this line of enquiry, 

when he reported that restricted animals were more likely to retrace through the maze from the 

goal box before returning to eat and thus terminate the trial. In a further experiment (Woods 

et al 1960) exploratory behaviour was measured in the Hebb-Williams apparatus, and was found 

to correlate significantly with Hebb-Williams error scores, leading the researchers to conclude 

that "exploratory differences and not intelligence differences seem to be a major factor in the 
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characteristic finding that Ss reared in a free environment are superior problem solvers when 

compared with Ss reared under restricted conditions" (p 199). Interestingly, they also found that 

after adaption and preliminary training in the Hebb-Williams maze, restricted groups explored 

more than they did initially, and the free group explored less. This maintenance of high levels of 

exploratory behaviour in restricted animals is reminiscent of the high levels of activity over trials 

of these animals in the open field literature (Joseph and Gallagher 1980; Lamden 1985). 

The notion that restricted rats do poorly on maze learning tasks because of excessive exploration 

has been questioned (Joseph 1979; Joseph and Gallagher 1980). In both these studies enriched 

animals were found to explore more than their restricted counterparts. Joseph and Gallagher 

(1980) suggest that these differences reflect a perseverative tendency in restricted animals such 

that repetitive sequences of movement (for example a particular pathway across the maze) once 

learned, persist and compete with other behaviours. This IC failure to inhibit inappropriate 

responses has also been suggested by Dell and Rose (1986) as an explanation for their findings of 

ECjIC differences in post asymptotic performance, but not in initial learning in a Hebb-Williams 

maze. Additionally, in their experiment, reasoning that exploration as measured by squares 

entered would be inextricably linked with error scores, they included an additional measure of 

exploration, namely rearing and reported no significant differences between the groups. 

As can be seen by the above, interest in activity and exploration in mazes has been a secondary 

issue to the more usual focus of interest, namely ECjIC differences in learning. However, some 

research has investigated the effects of differential environments on reactivity alone, whilst using 

a maze procedure (Inglis 1975). In this study, animals were exposed to differential environments 

when mature, and then tested for exploration in a Y maze. Interestingly, and in contradiction to 

earlier findings (Zimbardo and Montgomery 1957), higher levels of exploration as measured by 

activity scores and other behavioural parameters, were found in the enriched animals. However, 

it should be pointed out that previous experiments typically employed environmental stimulation 

in a developing organism and age of experience may well be the important factor in this type of 
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behaviour. Indeed, in the case of the rat it would seem to be biologically maladaptive for the 

naturally occuring levels of infantile stimulation to set the adult level of exploratory behaviour, 

as in the wild, the natural rearing habitat of the young may be considered to be impoverished 

(Daly 1973). 

Finally, as can be seen from Table 2:20, emotionality as measured by defecation in the apparatus 

has also been investigated. Generally, if there are significant differences between the groups, en

riched animals are reported as less emotional than their group-housed or restricted counterparts. 

3: Activity Wheels and Related Enclosures 

There have been some studies of activity and exploration that have used automatic recording 

devices and these constitute the basis of this present section. In particular, experimenters have 

employed activity wheels, photocell cages and in one instance (Lamden 1985), an activity monitor 

based on Doppler shift radar, developed by Marsden and King (1979). Each of these procedures 

will be described separately below. 

The activity wheel was first used by Stewart in 1898 (cited in Reed 1947), and according to 

Miezejeski et al (1976) is the most frequently used measure of general or spontaneous activity 

in the animal literature. With respect to the EC-SC-IC literature, the first reported use of this 

apparatus was in a series of studies by Whimbey and Denenberg (1966; 1967a) investigating the 

effects offour experiential variables, namely a) type of mother, b) presence or absence of handling 

in infancy, c) type of rearing environment preweaning and d) postweaning environment, on 23 

behavioural tests of which one was activity wheel behaviour. Mean scores of each of these 23 

tests were intercorrelated and factor analysed and the results were interpreted as establishing the 

importance of manipulations early in life in generating stable and relatively permenant complex 

intergroup differences. Unfortunately, no individual test score was presented in this literature, so 

the effects of differential environments on activity wheels are inaccessible from this data. As can 

be seen from table 2:21, however, there are six studies that do detail the results of EC-SC-IC 
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AUTHOR COMP STRAIN TEST TEST TEST 
SEX AGE ENVIRONMENT PROCEDURE 

Ravizza and SC/C Albino 145 Wah mann 24 hours 
Herschberger vs MF Activity 
1966 SC/NC Wheel 
Manosevitz EC-SC Mus Wah mann 4 days 
1970 Musculus Activity 

MF Wheel 
Manosevitz EC-SC A.U, C3H!.HeJ 60 ExploratIon 5 days 
and C57BL/1OJ Apparatus 10 mins 
Montemayor MF 66 Wahmann 30,60,90 mins 
1972 Running 24 hours 

Wheel 
Levitsky and EC-IC Rats 119 Photocell 20 mms 
Barnes 1972 M OpenField 
Manosevitz EC-SC Mus 95-100 Exploration 5x10 mins 
and Joel Musculus Apparatus 
1973 MF 85-90 Wahmann 30,60,90,120 

Running mins 
Wheel 4 days 

Manosevitz EC-SC C57BL/6J 41 Open 5x2 mins 
and Pryor MF Field 
1975 

50 Wahmann 30,60,90,120 
Activity mins 
Wheel 24 hours 

53 Exploration 5x1O mins 
Apparatus 

Sahakian EC-IC Hooded adult Photocell 2 hours 
et al 1975 Lister M F Cages 
Mitani EC-SC Rats 104 ActIvIty 20 mins 
1975 MF Wheel 2 days 
Sahakian SC-Ie Hooded 60-70 Berlyne 1 hour 
et al 1977 Lister F Box 
Will et al EC-IC August Photocell 2 hours 
1977 Fischer M F Actographic 
Einon and SC-Ie Hooded 125 Photocell 1 hour 
Morgan 1978 Lister F Cage 
Einon et al SC-Ie Hooded 45 Activity 1 hour 
1978 Lister F Cage 
Einon and SC-Ie Sprague 70 Photocell 1 hour 
Sahakian Dawley Cage 
1979 F 
Joseph and EC-IC Zivic 80 Running 4 days 
Gallagher Miller Wheel 15 mins 
1980 MF 
Gentsch SC-Ie Wistar 56,70, Acttvity 84 hours 
et al 1981 M 84,105 Cage 
Sahakian SC-Ie Hooded 20,22,24: Photocell 0.5 hour 
et al 1982 Lister 42,45: Cages 24 hours 

F 14,15,18,20 0.5 hour 
23,25,27 

Lamden EC-Ie Hooded 62 Square 5x3 IlllllS 

1985 Lister T Shape 5x3 mitis 
M Rectangular 5x3 mins 

TABLE 2:21 details those studies employing activity wheels and procedures 
employing activity monitors such as photocell beams. (COMP= Comparison) 
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EC>SC 

SC>EC 

EC>SC 
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SC>EC 

EC>SC 
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EC>SC 
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SC>EC 
F>M 

F>M 

IC>EC 

NIB 

IC>EC 

F>M 

IC>SC 

IC>SC 

IC>SC 
F>M 

F>M 

SC>IC 

IC>SC 
N/S 
IC>SC 

IC>EC 
IC>SC 
IC>EC 



on activity wheel performance and of these four have found EC animals to be significantly more 

active than their SC counterparts (Ravizza and Herschberger 1966; Manosevitz 1970; Manosevitz 

and Montemayor 1972; Manosevitz and Joel 1973). Two have reported no significant differences 

between the environmental groups, but have found female mice (Manosevitz and Pryor 1975) 

and female rats (Joseph and Gallagher 1980) to be significantly more active than their male 

counterparts. The finding that restricted animals are less active in the running wheel has been 

interpreted as evidence of Lore's (1968) habituation hypothesis, whereby sensory restriction "pro

duces an animal which is more emotionally reactive and which habituates more slowly to novel 

environments" (p571). According to Manosevitz and Joel (1973), " if one assumes that rearing 

in the control cages provided some degree of sensory restriction relative to the experiences of 

the mice reared in the enriched environment, then the control mice... would be expected to 

habituate more slowly to the novelty of the running wheel... The animal that habituates slowly 

would spend more time in the home cage and less time running in the wheel. Therefore, slower 

habituation in the running wheel among the control animals would lead to lower activity scores" 

(p380). 

Failure to habituate may also explain the results of the findings from the enclosures employ

ing photocell/photobeam mechanisms, or radar based activity monitors. In these procedures, 

animals cannot "hide" in a home cage and are constantly monitored in the test environment. 

Consequently, any slow habituation to the environment may well result in higher activity scores. 

Indeed, this does appear to be the case. Of the twenty experiments reported in the literature, 

thirteen have found the most restricted group to be significantly more active in the apparatus, 

than their comparison group. In particular, two experiments (Manosevitz and Montemayor 1972; 

Manosevitz and Joel 1973) working with mice, found SC animals to be more active in an ex

ploratory apparatus than their EC counterparts, six experiments (Levitsky and Barnes 1972; 

Sahakian et al 1975; 1977; Lamden 1985-three experiments) found IC rats to be more active 

than EC rats in photocell or radar monitored cages and five experiments (Einon and Morgan 

1978; Einon et a11978; Einon and Sahakian 1979; Sahakian et a11982-two experiments) found IC 
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animals to be more active than their SC counterparts, again in photocell monitored cages. Only 

two studies (Manosevitz and Pryor 1975; Gentsch et a11981) have found restricted animals to be 

less active than their more enriched counterparts, with the remaining experiments (Manosevitz 

and Pryor 1975; Mitani 1975; Will et a11977; Joseph and Gallagher 1980; Sahakian et al 1982) 

reporting no significant differences between the groups. 

A second explanation of these findings lies in the discrepancy hypothesis proposed by Kessen 

(1968). This hypothesis suggests "that animals raised in complex environments develop per

ceptual skills or strategies for processing information or (and the alternatives are not mutually 

exclusive) animals raised in restricted environments are unable to handle the discrepancy be

tween the limited range of their early experience with the typical variety and complexity of test 

environments" (p396). In the experiments where the animals' behaviour is monitored directly, 

according to Manosevitz and Joel (1973), this hypothesis would predict that as the apparatus 

does not provide a high degree of novelty for the enriched animal, exploration will decline after 

the initial trial, whereas the more restricted animal will continue to explore the apparatus, de

spite the reduction in novelty over time. In fact, this reaction of the isolated animal to novelty 

does appear to be substantiated (Sahakian et al 1975; 1977; 1982) and will be dealt with in 

more detail in the following section, which examines the effects of differential experience on novel 

object contact and exploration/activity in novel environments. 

In summary, therefore, monitoring of activity levels of EC-SC-IC animals has revealed higher 

levels of spontaneous activity in the EC animal, as measured in an activity wheel, but lower 

levels of EC reactive activity (Gentsch et al 1981), when placed in a novel enclosure. Whether 

this reflects genuine and differing activity baselines for the various rearing conditions, or an 

impoverished deficit in habituation, is still unresolved. 
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4: Tests of Response to Novelty 

Exposing an animal to a novel environment produces behaviour which, according to Whimbey 

and Denenberg (1967b) "may be motivated by its exploratory tendencies, its emotional reactivity, 

or both" (p503) 4. In this section the effects of differential environments on an animal's reaction 

to novelty will be reviewed. Obviously, removing an animal from its home cage and placing it in 

any test environment for the first time constitutes a novel experience 5. In this section, however, 

only those studies that specifically examine the effects of novel environments and novel objects 

on an animal's behaviour will be included, although in some instances, references may be made 

to procedures outlined in earlier sections. 

One of the earliest reports on the effects of past experience on the rats response to novelty, was 

that of Ehrlich (1961). Having found in a previous experiment (Ehrlich 1959) that there was a 

tendency for rats from a restricted environment to explore more in the Y and Dashiells mazes 

than rats raised in a free environment, she tested differentially housed animals' responses to 

novelty in a Skinner box. Restricted rats bar-pressed significantly more for stimulus change than 

did their enriched counterparts, which has also been found in later work (Rose, Dell and Love 

1987). These results were interpreted as demonstrating the inadequacy of Myers and Miller's 

(1954) theory of exploration, which states that animals explore because of an internal "boredom 

drive" aroused by monotonous surroundings. According to Ehrlich (1961) Myers and Miller's 

theory fails to take into account the animal's past experience. 

Since this early work, the effects of differential experience on an animals response to novelty have 

been examined in a variety of environments, including open fields (Syme 1973; Einon and Morgan 

1976; Sahakian et al1977; Einon and Morgan 1977; Eillon et al1978; Joseph and Gallagher 1980), 

specialised arenas (Woods and Davidson 1964; Lore and Lovowitz 1966; Konrad and Bagshaw 

1970; Morgan 1973; Turpin 1977; Morgan et al 1977; Will et al 1979; Chivers and Einon 1982; 

4 As noted earlier in the section on Open Field procedures, these authors (Denenberg and Whimbey 1968) 
consider the constructs of emotionality and exploration to be factorially distinct. 

5Indeed, exploration engendered by this novelty has been employed as an explanation for high error scores in 
impoverished animals' Hebb-Williams maze performance. 
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AUTHOR STRAIN COMP TEST TEST FINDINGS 
SEX AGE ENVIRON PROC 

Ehrlich Hooded EC-SC Sklllner 20 mllls No of bar presses: 
1961 M Box 6 day. SC>EC 
Woods and Sprague CE-SE Rearing 30 min. Smffing: 
Davidson Dawley adult Cage Determinant of exploration 
1964 M i. increased with complexity 
Lore and Wistar EC-IC Object 15 mllls Forced objectcontact: 
Levowitz 1966 M 121 in cage IC>EC 
McCall et al Holtzman EC-IC Modified 12 Days Time in field: EC>IC 
1969 F 77 Hebb 5mins Time with Object: EC>IC 

Williams (Only with caretaker present) 
Objects and EC=IC (No caretaker) 
No Objects Differentiation of novel 

Objects: EC>IC 
EC-IC 12 Days Differences in Explor. style 
144 

Konrad and Cat. EC-IC Room with 12 Days Room Exploration: 
Bagshaw F 15 months Novel 15 mins Initially EC>IC 
1970 Objects Object Contact: 

Initially EC>IC 
Morgan Hooded EC-IC Moving 14 days Pulling Ec=lC 
1973 Rats 80-110 Ball 7 days Pushing EC>IC 

MF EC-SC N/S: ECF>SCF 
80 

Syme Hooded SC-IC-C Open 10 mllls Squares entered: 
1973 F 190 Field IC/C>SC 

Activity 5 mins Activity: 
Platform C=lC>SC 

Einon and Hooded SC-lC Object 0-3 mins Vanety of Objects 
Morgan Lister 60 Contact 5-7 mins Contacted: SC>IC 
1976 MF in Open 0-3 mins SC>IC 

Field 13-16 mins IC>SC 
26-29 mins SC=IC 

Sahakian Hooded SC-IC Berlyne 2 days SC's contact With obJed's 
et al F 60-70 Box with 10 mins diminished over days 
1977 Objects No effect with IC's 

Bouts of exploration: 
IC>SC 
Activity: IC>SC 

SC-lC Open 10 mins Time spent in novel 
Field half of field: IC>SC 
half=novel Activity: N /S 

Morgan Hooded SC-lC Pulling 5 Days IC>SC 
et al 1977 Lister M F 55 Ball 6 Trials 
'I\lrpin Long SC-lC 2 Boxes 30 mins IC more hme III familiar enviro'n 
1977 Evans Horizontal SC more time in novel environ 

M Vertical 
Stripes 

Emon Hooded SC-lC Open 0-3 mins SC-lC between 15-25,25-45 days 
and Lister 46 Field 4-7 mins early environments N /S 
Morgan MF with 17-20 mins 25-45 increased IC object contact 
1977 objects 30-33 mins IC lower rate decline of contact 

SC-lC as above 8S above SC-lC between 25-45,46-90 days 
91 25-45 increased IC contacts 
SC-IC as above as above SC-IC between 25-90, 91-180 days 
181 25-90 increased IC contacts 

File Hooded EC-SC-IC Objects 3x5mins No of objects 
1978a Lister 73-78 in HOlne Contacted: 

M cage N/S 

Table 2:22 details those studies employing novel environments and novel objects. 
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AUTHOR STRAIN COMP TEST TEST FINDINGS 
SEX AGE ENVIRON PROC 

Klippel Mus EC-SC-IC Greek 2 mins Time spent in each box: 
1978 Musculus Cross EC>SC/IC 

No of box entries: EC>SC/IC 
Einon Hooded SC-PI-IC Open 0-3 mins PI behave hke IC 
et al Lister 50 Field 4-7 mins N/Sdiffs in no of object 
1978 F with 17-20 mins contacts, but differences in 

objects 30-33 mins nature of contacts 
Will August EC-SC 2 linked No of boh m boxes: 
et al M 87 boxes SC preferred empty box 
1979 one:=objects Video of animal.: 

EC /SC preferred empty box 
Ferchmin Rattus EC-IC Greek 2x5mms No of entries: 
et al Norvegicus 89 Cross EC>IC 
1980 M 59 EC>IC 
Joseph and Zivic EC-IC Open Section entries: 
Gallagher Miller 86 Field EC>IC 
1980 MF barrie red 
Chivers Mustela SC-PI-IC Room 2x1 hour Object contacts: 
and Einon Furo 147 with IC/PI>SC 
1982 MF Objects 
Renner No EC Arena No EC-IC annuals employ 
1984 Details Juvenile with Detail diff strategies 

Young Objects Bout diversity 
Adults EC>IC 

Renner and Berkeley EC-SC-IC Arena 2x10 mms Object zone entries: 
Rosenzweig Sl M 63 with objects EC>SC 
1986a Object manipulation diversity: 

EC>SC/IC 
Renner Sl EC-IC Arena 2x10 mills Bout length 
1987 M 120 with objs EC>IC 

Familiar Total Interaction 
VB Time: EC>IC 
Unfamiliar No of Diff Behavs 

EC>IC 
Use of Paws 
EC>IC 

Renner Sprague EC-IC Arena 2x10 mms Time with Box 
1988 Dawley 120 containing 2 days EC>IC 

M obstruction Investig/n of Box 
box and EC>IC 
objects (day one only) 
Arena with 2x3mins Time to Escape 
Box and IC>EC 
Predator 
Car 

Sprague EC-IC Arena 2x3 mins Time to Escape 
Dawley 120 Box and IC>EC 
M Predator 

Car 
Widman and Sprague Ec-IC Arena 10 mills TmlC III obj Contact 
Rosellini Dawley 2 hrs with EC>IC 
1990 M per day Objects No of Bouts with 

75 Objs EC>IC 
Latency to Initiate 
Bouts IC>EC 
Bout Diversity 
EC>IC 

Table 2:22 continued 
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Renner 1984; Renner and Rosenzweig 1986; Renner 1987; 1988; Widman and Rosellini 1990) 

the Greek Cross (Klippel 1978; Ferchmin et al 1980) mazes (McCall et al 1969) the Berlyne box 

(Sahakian et al 1977) and in the animal's home cage (File 1978). Of these 24 studies, outlined in 

more detail in Table 2:22, 18 have included objects, extending the concept of novelty to include 

both the environment and its contents. 

Considering first those studies that have examined the effects of novelty of environment alone, 

several interesting points have emerged. With respect to the nature of the environment itself, 

it has been argued that research directed towards the problems of reactions to novelty should 

attend to the stimulus characteristics differentiating the novel environment from the environment 

in which the subject has been adapted (Woods 1962). In particular it has been suggested that 

an increase in the complexity of the environment relative to the home cage, rather than the 

effects of novelty or change per se, results in an increase in exploration (Woods 1962; Woods and 

Davidson 1964). A second and related idea is that of Zimbardo and Montgomery (1957) who 

suggest that differences between enriched and deprived animals may be partially a function of 

the degree of novelty the exploratory apparatus represents for the subject. For example, they 

suggest that if the apparatus is complex it may represent an appropriate level of novelty for the 

enriched animal, but be too novel, maybe even fear provoking, for the deprived organism. A more 

detailed statement of such a relationship is the discrepancy hypothesis (Dember and Earl 1957) 

which suggests that exploration should be an increasing function of the degree of discrepancy 

between a familiar standard and a new stimulus up to a point, after which greater magnitudes 

of discrepancy recruit less and less exploration. 

However, other factors may also influence the effects novelty of environment on differentially 

housed subjects. For example, enriched animals appear to be influenced by stimuli external to 

the test environment (Brown 1968; Forgays and Forgays 1952; Hymovitch 1952). Indeed McCall 

et al (1969) have reported that their "results do not support the proposition that the novelty 

or complexity of the exploration chamber interacts directly with rearing condition" (p759), but 

139 



they did find extra-field cues and in particular the presence of the animals' caretaker, interacted 

with rearing condition. Secondly, there is some indication that the effects of differential rearing 

manifest themselves in the rate of habituation to a novel stimulus complex (Ehrlich 1959). For 

example in a paper by Ferchmin et al (1980) the level of complexity during rearing was found to 

determine the optimum degree of stimulation which was sought by the animal, however, this was 

mediated by day of testing (cf Rose et al 1985). Thirdly, differences between rearing conditions 

seem to be a function of whether the exploration is forced or free (Welker 1957, Lore and Levowitz 

1966). 

Whether it is concluded complexity of environment and the other factors outlined above produce 

specific responses in EC, IC and SC animals, also depends on the measurement of exploration 

employed, and the method and onset of isolation (Sahakian et al 1977; Klippel 1978). In partic-

ular, certain measures of exploration, such as latency to emerge, are confounded with emotional 

factors (see next section), whereas others are confounded with locomotor activity (Welker 1957; 

Leyland et al 1976). In an attempt to separate out exploration and locomotor activity, Sahakian 

et al1977 employed a design in which preference for a novel over a familiar environment was mea

sured in a setting that permitted an independant measure of activity. The main finding was that 

restricted rats showed an enhanced preference for novelty, supplementing the finding of Ehrlich 

(1961) that rats reared in restricted environments showed higher levels of operant responding for 

stimulus change, when compared with controls. If activity is employed as the dependant variable 

in a novel environment, isolates are also found to be more active than their controls (Syme 1973), 

although this appears to be age dependant. Interestingly, McCall et al (1969) have pointed out 

that differences in exploration may not be revealed in measures such as squares traversed or time 

spent exploring, but rather in terms of object contact and exploration of specified portions of the 

field. In the remainder of this section, studies that have concentrated on these variables will be 

reviewed in more detail. 

The first study of the effects of differential environments on object contact (Lore and Levowitz 
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1966) reported that socially isolated rats spent more time in contact with objects in an open field 

than their enriched counterparts. Typical of the confusion in this area of research, however, in 

1969 McCall, Lester and Dolan failed to find any differences between their groups. In particular, 

they reported no significant differences between EC and IC animals in terms of the length of ob-

ject contact or in the differences between time spent in contact with movable versus immovable 

objects. However, they did find differences in styles of exploration, reflecting a more systematic 

exploration on the part of the enriched subjects. Generally, EC animals "moved slowly about 

the field looking both inside and outside the apparatus (extra field exploration) and cautiously 

approached the objects contacting them with their paws" (p 758). In contrast the deprived sub-

jects "appeared to dash about the field without attending to extra field cues and often bumping 

into the objects" (p758). 

Stylistic differences have also been reported by Renner and his colleagues (Renner 1984; 1987; 

1988; Renner and Rosenzweig 1986; Widman and Rosellini 1990), EC's demonstrating consider-

able diversity in the manner in which they manipulated objects. As these studies share similar 

methodologies and comparison groups (namely EC-IC), they will be reviewed together before 

considering the qualitative differences that have emerged in studies comparing SC and IC ani-

mals. 

The earliest study in this series (Renner 1984) found that rats from enriched and impoverished 

environments displayed different strategies of exploration, although the groups did not differ 

in "overall willingness to explore or interact with new stimuli" (p3109-B). In particular, EC 

animals used more diverse forms of interaction than their IC littermates, but only with objects 

small enough to be manipulated by the subjects. This work was further detailed in Renner 

and Rosenzweig (1986) 6 where age of subjects was reported. In these two papers exploration 

was reported in juvenile rats (30-60 days of age) a time when these animals have a high rate 

of activity anyway. In a follow-up study (Renner 1987) animals' behaviour was investigated 

6 Renner (1984) is a brief resume of a Doctoral Dissertation published in more detail by Renner and Rosenzweig 
1986). 
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in adulthood (120 days). Animals were housed in differential environments from 90-120 days 

and then individually tested in an adapted hemioctogon arena containing four objects. These 

were chosen according to whether they were familiar or unfamiliar to the subject and whether 

they could be manipulated or not. Subjects were videotaped for two ten-minute sessions on 

two seperate days and both activities not related to the objects (locomotion, grooming) and 

behaviours associated with interacting with the objects were recorded. Isolates, as would be 

predicted, spent more time in the start box than their EC counterparts and reared more in the 

arena. The most interesting differences between the groups, however, emerged in their object 

interaction behaviour. All the subjects interacted more with non-manipulable objects, with little 

evidence that the novelty of the object was an important factor. Mean bout length, however, was 

higher for EC than IC animals, as was total interaction time. In addition EC animals displayed 

a greater diversity of behaviours towards objects than the IC animals, both groups preferring 

manipulable objects to static ones. More specifically, EC animals were more likely to use their 

paws and to climb on objects than their IC counterparts. Coupled with the previous experiments 

this study "makes it apparent that the quality and the quantity of exploratory behaviour and 

its character are separable properties" (Renner 1987 p97). This in turn "raises serious questions 

about the practice of measuring and discussing exploration as if it were a unitary phenomenon" 

(p97). 

One question which remains to be answered is the functional significance of these differential 

effects of enrichment and impoverishment on object interaction. Renner (1987) has speculated 

that "some aspects of exploration may have important consequences for animal information 

gathering and problem solving" (p97). It may well be that EC animals are simply more inquisitive 

(or as Renner says have "a broader range of inquisitive behaviours" p97). However, it might also 

be that this is an environmentally-induced adaption, a greater range of exploratory abilities 

allowing the EC animal more opportunity to investigate and learn about its environment. 

As well as age at which environmental experience and testing occurs Widman and Rosellini 
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(1990) have recently considered a second temporal pattern in these effects, namely the amount 

of experience itself. In their study, employing a procedure based on Renner's work, they exposed 

rats to enrichment for two hours a day for 30 days. When tested EC animals were found to 

demonstrate a higher number of bouts with objects than their IC counterparts, enrichment also 

decreasing the mean latency to initiate a bout although this latter finding was not statistically 

significant. In addition, a qualitative analysis of behaviour revealed that the EC animal employed 

a greater diversity of behaviours towards the objects, all of these findings being reminiscent of 

Renner's earlier work. Again these authors question the functional significance of this behaviour, 

highlighting the neuroanatomical and neurochemical changes that have been noted in animals 

exposed to enrichment for two hours a day or less (see chapter one). To date, however, no studies 

have explored the relationship between brain anatomy and exploration. 

The final study to examine EC-IC differences in reaction to novel objects is an unusual escape 

procedure, devised with some ingenuity by Renner (1988). After 30 days of differential housing 

starting at 90 days animals were habituated to a test arena for two ten-minute sessions (on 

consecutive nights). Based on an open field, this arena had a 10cm diameter hole cut in its 

center, suspended under which was a plastic cage. A wooden box was placed in the center of 

the arena over the escape hole, with a ramp inside the box linking the floor of the arena to 

a 10cm hole in the top of the box. All subjects could climb onto the box and down through 

the hole onto the arena floor and then down into the escape cage. On the third night, animals 

were re-introduced to the arena and after three minutes a "simulated predator", in fact a radio

controlled car was introduced into the arena, controlled in such a way by the experimenter as to 

chase the animal (trying not to make contact with it) until it had either escaped or 180 seconds 

had elapsed. Behaviours under challenge were video-taped and analysis revealed that on first 

noticing the predator IC animals were more likely to jump, whilst time to escape under challenge 

was significantly lower in the EC animals 7. In a second experiment in this study, animals 

were not given any time to habituate to the environment and this time none of the IC animals 

7There was a high degree of variance in these behaviours. 
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were able to escape from the car. The implications of this latter experiment are interesting, as it 

suggests that being enriched does have a marked advantage in situations where quick adaption to 

the environment is of paramount importance. The qualitatively different exploratory behaviours 

of EC and IC animals may well create in the EC animals an opportunity to learn more quickly 

from their environment and profit from this in a dangerous situation 8. 

Moving on now to SC-IC comparisons, qualitative differences have also been observed between 

these groups (Einon and Morgan 1976), however, unlike Lore and Levowitz (1966), these authors 

found that rats reared in social isolation contacted fewer novel objects in an open field than their 

socially housed littermates, over a seven minute period. Isolates also contacted a smaller variety 

of objects and contacted them in different ways. In particular, social animals were found to show 

more manipulatory behaviour than isolates reminiscent of the enriched animals behaviour. In 

a second experiment in this study, Einon and Morgan (1976) examined habituation of object 

contact over thirty minutes and found that initially the socially reared animals contacted more 

objects, but the number of contacts they made declined quite rapidly with time. Isolates on the 

other hand, contacted fewer objects initially, and although they showed some decrement with 

time, this occured more slowly. This difference in the rate of habituation may well explain why 

Lore and Levowitz (1966) found that isolated animals contacted more objects, as they employed 

a fifteen-minute behavioural sample, quite a long trial length. 

The finding that isolated animals differ in the rate at which they habituate is in agreement with 

the findings that these same animals show a slower decline in activity over time in an object 

free open field (Einon, Morgan and Sahakian 1975). Indeed, Einon and Morgan (1976) point 

out that "the fact that isolated animals are slower to habituate in both a simple and complex 

environment argues against Zimbardo and Montgomery's (1957) suggestion that the difference 

between deprived and enriched animals may be partially a function of the degree of novelty of the 

exploratory field" (p418). They suggest "that the differences between socially reared and isolated 

8 Survival ability in differentially housed Ilnimllis has been tested by Roeder, Chetcuti and Will (1980) under 
conditions of pole-cat predation, EC animals having EI survivElI EldvElntElge over their IC littermEltes Elner dEly 15 
Elner onset of predEltion. OverElll survivElI rEltes, however, were not stEltisticEllly significElnt. 
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animals in a novel environment are not profitably described in terms of a simple "exploration" 

hypothesis. Rather the differences seem to depend upon rate of response training and upon the 

precise details of the way in which the animals expose themselves to novel stimulation" (p419). 

The way in which restricted cats react to novel stimulation would appear to support this con

tention. For example, Konrad and Bagshaw (1970) have reported that cat behaviour emerges 

in a complex novel environment in a particular sequence, namely approach, explore and play. 

When presented with a strange room, both restricted and control cats displayed these sequences 

of behaviours, but differed in the rate of development of the sequence. 

As well as differences in styles of exploration (McCall et al 1969; Konrad and Bagshaw 1970; 

Einon and Morgan 1976) and rate of habituation (Einon and Morgan 1976; Sahakian, Robbins 

and Iversen 1977) isolates have also been found to have a significantly higher frequency of bouts of 

exploration (Sahakian, Robbins and Iversen 1977), initiating exploratory sequences of behaviour 

more often than controls, but also terminating them sooner. Furthermore, these effects appear to 

be age dependant (Einon and Morgan 1977) with a slow decline in object contact resulting from 

isolation before 45 days of age. Subsequent social housing does not reverse this effect, although 

exposure to social contacts for one hour a day during this "critical period" does alleviate some 

of the differences between IC-SC animals (Einon, Morgan and Kibbler 1978). These findings 

have led the researchers to conclude that "normal development in the rat may depend upon the 

flexibility of behaviour encouraged by the early social situation" (p214), in that the isolated rat 

lacks the experience of rapid attenuation of roles and behaviour patterns that are characteristic 

of social interaction in infancy. Moreover, these effects do not appear to be species specific, 

although the relationship between object investigation and social rearing is more complex in the 

ferret than it is in the rat (Chivers and Einon 1982). 

In summary then, it can be seen that differential housing produces animals with distinctive 

behavioural profiles with respect to their reaction to novelty. Procedural differences in the studies 

renders comparison difficult, however, from the above, it can be seen that isolates are slower to 
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habituate to novelty, making less object contacts initially, but are more likely to indulge in higher 

frequencies of albeit shorter bouts of object contact, as time goes by. Socially housed animals 

are more purposeful in their styles of contact and are more receptive to extra field cues, whilst 

EC animals appear to be armed with a behavioural repertoire of exploratory behaviours which 

confer upon these animals some functional advantages. Age of experience, trial length and type 

of test apparatus also produce significant effects which may explain the diverse results reported 

in Table 2:22. 

5: Emergence Procedures 

Within the EC-SC-IC literature, parameters of general activity have typically been varieties 

of motor behaviour. According to Walsh and Cummins (1976), however, activity can also be 

scored by its absence and parameters in this instance are identified by the terms "latency" and 

"freezing". Latency is measured by the time taken from the start of a trial to the occurrence of a 

certain type of behaviour, whereas freezing is defined as the absence of activity. One procedure 

that incorporates both of these parameters is the emergence or timidity test (Denenberg 1967), 

where the dependant variable is typically latency to emerge from either the home cage (Ader and 

Friedman 1964; Einon et al 1975; Einon and Tye 1975) or from a start box (Moyer and Korn 

1965; Gill et al 1966; Renner 1987) or from a specialised emergence tube or box (Einon et al 

1981; Curry 1987). Freezing, or failure to emerge is also taken into account in this apparatus by 

incorporating a cut off point ranging from three minutes (Einon and Morgan 1977) to 15 minutes 

(Ader and Friedman 1964), with any animal failing to emerge in this time being allocated a 

maximum score. 

In this section, the effects of differential environments on an animal's response to the emergence 

test will be reviewed. As can be seen from Table 2:23, there have been 19 studies incorporating at 

least 30 experiments in this area of research, examining a range of dependant variables including 

latency to emerge, latency to the first appearance of any portion of the animal, total time part 
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AUTHOR COMP STRAIN TEST TEST TEST FINDINGS 
SEX AGE ENVIRON PROCEDURE 

Ader and SC-lC Sprague 106 Home Cage Latency N/S 
Friedman 1964 Dawley M 86 On Table To Emerge IC>SC 
Moyer and SC-lC Albino 111 Start Box Latency IC>SC 
Korn 1965 M To Emerge 
Lore and EC-SC-IC Wistar 86-88 Home Cage Partial N/S 
Levowitz M Emergence 
1966 Time Part Of Group 

Rat Outside Differen"es 
Cage 
No Of Animals EC>SC/IC 
To Emerge 

Gill et al EC-IC Long 81 Start Box Latency IC>EC 
1966 Evans M Jump Stand To Emer_ge 
Konrad and EC-IC Cats 15 Months Start Cage Latency IC>EC 
Bagshaw 1970 F Novel Environ To Emerg! 
Levitsky and EC-IC Rats No Detail Entry Into Percent Of Ammals IC>EC 
Barnes 1972 M Novel Environ Entering 
Morgan EC-IC Hooded 104 Emergence Into Latency IC>EC 
1973 Lister F Into OfF To Emerge 
Einon et al SC-lC Hooded 15 Emergence Latency lyS 
1975 Lister 25 Into OfF To Emerge N/S 

MF 45 IC>SC 
45 Home Cage IC>SC 

Einon and SC-IC Hooded 100 Emergence Latency IC>SC 
Tye 1975 Lister Tube To Emerge F>M 

MF Saline>Drugs 
Home Cage N/S 

SC-lC M 110 Emergence N/S 
F 60 Tube N/S 

Einon and SC-lC Hooded 45 Emergence Latency G ~~I1 > o'th'ers 
Morgan (GG/IG vs Lister 90 Tube To Emerge GI/II> others 
1977 II/GI) MF 180 GI/II>others 
Klippel EC-SC-IC Mus 63 Beaker Latency N/S 
1978 Musculus 77 Into OfF To Emerge 

MF 
File SC-lC Hooded 85 To Hole No Of and SC>IC 
1978 Lister 95 Board Duration SC>IC 

M Head Dips 
Joseph and EC-lC Zivic 84 Emergence Latency NiS 
Gallagher Miller Into OfF To Emerge 
1980 MF 
Einon et al SC-PI-IC Hooded 46 Emergence Latency Rats ~/_S 
1981 Lister M Tube To Emerge Mice: IC/PI>SC 

Mus 70 Rats: N/S 
Musculus Mice: N/S 
MF 

Benton and SC-lC TO 112-301 Tube In Latency IC>SC 
Brain 1981 Mice F In Cage To Emerge 
Warren et al EC-IC Mus over 600 Emergence Latency N/S 
1982 Musculus Into OfF To Emerge 

M 
Holson SEC-lC Long 120 From Runway No of Entries 
1986 Evans M approx into OfF N/S 

or box 
Curry EC-IC Hooded 70 Emergence Latency N/S 
1987 Lister M Into OfF To Emerge 
Renner EC-IC Sl M 120 Into Arena Latency to IC>Ec 
1987 Emerge 

Table 2:23 details those studies employing emergence procedures. 
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or whole of the animal is outside the emergence apparatus and number or percentage of animals 

from the different groups to leave the apparatus. Unfortunately, as with the open field procedure, 

these dependant variables have been differentially interpreted as evidence of several underlying 

constructs including emotionality (Moyer and Korn 1965) and exploration (Lore and Levowitz 

1966). Unlike, the open field procedure, however, there is a consistency among the results in 

this area of research. Generally, isolates have been found to have a greater latency to emerge 

than their socially housed counterparts, although in some experiments this tendency did not 

attain statistical significance (Einon and Tye 1975; Curry 1987). Furthermore, this finding is 

not specific to rats, with mice (Einon et al 1981) and cats (Konrad and Bagshaw 1970) being 

similarly affected. 

Early interpretations of these findings suggested that individually housed animals were more 

emotional than their socially housed counterparts (Ader and Friedman 1964; Moyer and Korn 

1965), although as Hahn (1965) has pointed out, the term emotionality must be used with caution. 

Alternatively, these results were considered to demonstrate low exploration in restricted animals 

(Lore and Levowitz 1966), however, as Morgan (1973) points out, the weight of evidence does 

not support either of these explanations, although he does not offer any alternative, commenting 

simply that the reason for IC animals being slower to emerge 'is not known" (p439). More 

recently, in a study testing animals for emergence at 15, 25 and 45 days of age (Einon et al 

1975), isolates were found to differ from socially housed animals only in the last age group and 

these results were interpreted as being "consistent with the view that social isolation results in 

an abnormal developmental process, rather than a freezing of development at one of its normal 

stages" (p 558). The effects of isolation on emergence, can however, be reversed by subsequent 

social housing (Einon and Morgan 1977; Klippel 1978), and it has been suggested that play 

behaviour may well be implicated in mediating this reversal (Einon et al 1981). Interestingly, 

isolating socially housed animals at 600 days of age, has no effect on their latency to enter an 

open field (Warren et al1982), corroborating Einon and Morgan's (1977) suggestion of a critical 

period for social isolation in the rat. Overall, however, results in this area of research suggest 
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that isolation produces an animal with an increased latency to emerge, when compared with 

socially reared counterparts. 

c) Summary of General Activity Findings 

Within the EC/IC literature there have been numerous studies of general activity, producing often 

conflicting results. These reflect the wide range of test situations employed, the lack of consensus 

regarding the precise definition of the term "general activity" and its underlying causes. In 

this review Lamden's (1985) division of general activity into its two distinct components, basal 

activity and reactivity, was adopted and from the experiments investigating these components a 

clearer pattern of the impact of early experience has emerged. 

Considering those few studies that have investigated basal activity first, there is a tendency for 

IC animals to be more active in their home cage than their EC counterparts9 (Lamden 1985). 

Indeed, Baenninger (1967) has noted increased exploratory behaviour, locomotion, pawing and 

tail manipulation in these animals when compared with SC controls. However, these experiments 

are all fraught with methodological problems, as a consequence of which true baseline activity 

levels of EC, SC and IC animals remain to be elucidated. 

With respect to reactivity, however, from the various test situations employed, several key dis-

tinct ions have emerged between the differentially housed animals' reactivity profiles. Typically 

IC animals are more active than either their SC or EC counterparts, but this activity pattern only 

emerges if animals are tested over a period of time. Furthermore activity levels are dependant 

on the complexity of the test environment relative to that of the animal's home cage. 

IC animals have been found to maintain higher levels of activity in the open field over days 

(Woods et al 1960; Levitsky and Barnes 1972; Fessler and Beatty 1976; Domjan et al 1977; 

Lamden 1985; Dell and Rose 1987; Curry 1987) and to demonstrate a perseverative tendency 

9By home cage, Lamden means animals measured in the individual cages they are maintained in following 
differential rearing. 
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to explore in the Hebb-Williams maze (Joseph and Gallagher 1980) compared to their socially 

enriched counterparts. These latter animals, although initially reactive tend to reduce their activ

ity over days. These pattern of responding have been interpreted in various ways, but typically 

impoverishment is seen as being detrimental to its inhabitants. In particular, IC animals are 

seen as having an abnormal developmental pattern (Einon et al1975) characterised by a general 

disturbance of inhibitory mechanisms and/or hyperarousability (Einon and Morgan 1978). En

richment, on the other hand, is seen as reducing the novelty value of the test environment thus 

reducing the reactivity levels of its incumbants. 

The impact of the differential environments seems to produce animals whose early experiences 

interact with the test situation, such that the complexity of the test relative to the home cage 

environment is a crucial factor in determining the level of activity initially displayed. Impover

ishment, in addition, produces an animal with a slower rate of habituation to stimulation. This 

"habituation" hypothesis, characterised by a "more environmentally reactive animal which ha

bituates more slowly" (Lore 1968 p571) can also be seen in the activity monitor data. Generally 

IC animals are significantly more active in this apparatus than their comparison group. 

However, the novelty of the environment is also an important consideration. It has been sug

gested that animals raised in "complex environments develop perceptual skills or strategies for 

processing information" whilst animals reared in "restricted environments are unable to handle 

the discrepancy between the limited range of their early experience with the typical variety and 

complexity of test environments" (Kessen 1968 p396). This "discrepancy" hypothesis has been 

applied to the finding that EC animals are more active in an activity wheel than their less en

riched comparison groups. The activity wheel comprises both a "home cage" and an attatched 

running wheel. If the running wheel is seen as a novel environment then it is not unexpected that 

the animal with the larger discrepancy between test environment and rearing condition would 

spend more time in the home cage habituating to it, before venturing out into the activity wheel 

and clocking up a high score there. 
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Indeed, the data examining emergence into a novel environment would tend to support this view, 

IC animals typically taking longer to emerge than either their SC or EC counterparts. Initially 

it was suggested that IC animals were more emotional than their socially housed counterparts 

(Ader and Friedman 1964; Moyer and Korn 1965) or demonstrated lower exploration (Lore and 

Levowitz 1966). However, neither of these explanations are satisfactory when one considers other 

measures of emotionality and exploration. 

For example, one of the dependant variables in the open field, defecation, which has been fac

torially associated with emotionality, does not highlight the IC animal as emotional. Indeed, if 

anything, it is the SC animal which defecates the most in this test situation. Furthermore, if 

the IC animals were more exploratory, then why should higher levels of exploration be noted in 

enriched animals by Zimbardo and Montgomery (1957) in the Y maze? Perhaps the most reason

able suggestion to date is that impoverishment can be seen as altering the animal's developmental 

process (Einon et al 1975) resulting in hyperarousability. Furthermore, the effects of isolation 

on emergence can be ameliorated by subsequent social housing, with access to conspecifics with 

which to play being implicated in mediating this reversal of behaviour. 

Perhaps the most complete behavioural profile of differentially reared animals' reactivity, however, 

has emerged from the study of their reactions to novelty. First of all it appears that it is the 

increase in complexity of the environment relative to the home cage rather than novelty alone 

which is the most important factor to be taken into consideration (Woods 1962; Woods and 

Davidson 1964) reminscent of the discrepancy hypothesis outlined above. However, given this 

fact, of particular relevance to this summary are the behavioural profiles of animals exposed to 

differential environments when introduced to a novel environment. 

EC animals have been found to be more influenced by extra-field cues, whilst IC animals show 

a preference for novelty over activity (Sahakian et al 1977) suggesting that they are stimulus 

seeking. With objects introduced into the novel environment, IC animals tend to dash about 

almost accidentally bumping into the objects, contact less objects than their EC counterparts, but 
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having contacted the object, indulge in a higher frequency of bouts of interaction and maintain 

higher levels of activity over time. If startled by a "predator car" these animals react by jumping 

and failure to escape. 

A completely different profile emerges for the EC animal. When encountering a novel object this 

animal systematically explores it, cautiously manipulating it, employing a diversity in manner of 

interaction with the object. EC animals also have longer bout lengths and total interaction time 

than their IC counterparts, climb on the objects, use their paws and show a marked adaption 

to their environment considerably more quickly than their isolated peers. Interestingly these 

animals also habituate more quickly reducing their interactions over time. 

These behavioural patterns suggest that enrichment has an adaptive function aiding survival. In 

particular a cautious approach initially, a thorough investigation followed by habituation to a 

novel object seems to be a more "thoughtful" way of dealing with the unknown when compared 

with the behaviour of the isolated animal. Having charged around encountering objects, of 

which only a few are selected for further manipulation, this animal continues to maintain a high 

level of interaction, perhaps stimulus seeking. Several explanations for this behaviour could 

be proffered, including maladaptive development of exploration and play sequences (Konrad 

and Bagshaw 1970) in the IC animal, coupled with poor inhibition of inappropriate responses. 

Additionally, enrichment can be seen as ameliorative, producing animals with enhanced problem 

solving abilities and information processing (West and Greenough 1972) which they can adapt 

to any novel situation and employ the appropriate reactions. 

Whatever the causes, what does appear to be true is that exposing animals to EC, SC or IC 

produces very different patterns in their general activity levels irrespective of whether these 

are measured in the open field, emergence procedures, activity monitors, novel environments or 

mazes. 
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2:3:2 PERCEPTUAL ABILITIES 

Within the EC-SC-IC literature, interest in the effects of differential environments on an animal's 

perceptual abilities has often emerged as a by-product of examining their performance in various 

learning paradigms. Indeed, as Lamden (1985) points out "any attempt to describe those charac

teristics of enriched and impoverished animals which may potentially influence their performance 

in subsequent learning situations must necessarily include an attempt to assess those aspects of 

sensory function which are commonly implicated in such performance" (p233). In this section 

two such sensory capacities are reviewed, namely depth perception and perception of noxious 

stimuli, as these are the procedures which have been most employed in the EC-IC literature. 

a) Depth Perception 

Early interest in the enriched rats' use of depth or distance perception stemmed from reports that 

these animals were using extra-maze cues as a problem solving strategy in the Hebb-Williams 

paradigm (Hymovitch 1952; Forgays and Forgays 1952). Furthermore, caretaker effects such as 

those reported by McCall et al (1969) suggested that EC animals were using distance cues to 

identify the caretaker outside the test apparatus. These experiments support the notion that EC 

rats have either more highly developed depth/distance perception, or at least make greater use of 

depth and distance cues. Intuitively, such a conclusion is unsurprising, since the EC environment 

must afford its occupants greater experience of observing distance (Lamden 1985) and actively 

interacting with depths when climbing walls and ramps, than their IC counterparts. 

Eichengreen, Coren and Nachmias (1966) were the first researchers to test EC-IC animals' depth 

perception, using the visual cliff apparatus first employed by Walk, Gibson and Tighe (1957). 

Animals were differentially reared from 10-22 days of age and were either tested normally or were 

monocularily occluded. When tested binocularily, both groups preferred the shallow side, but 

only EC animals maintained this preference under monocular occlusion. These authors suggested 
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on the basis of their results, that depth perception in the rat is influenced by experiential factors. 

However, earlier studies had shown that binocular depth perception in the rat does not require 

prior visual experience (Walk, Gibson and Tighe 1957). On the other hand, investigators have 

asserted that even in binocular tests, performance on the visual cliff depends on essentially 

monocular cues (Trychin and Walk 1964). Eichengreen et al (1966) contend that their results 

appear to reopen the question of what cues are employed in the visual cliff, a question that has 

been the subject of much of the investigation of visual cliff behaviour. 

In their 1961 monograph, Walk and Gibson suggested that the stimuli involved in depth percep

tion are visual, tactual, vestibular and kinaesthetic, with changes in stimulation arousing reflex 

postural reactions and a feeling offear (pI). Furthermore, according to an earlier report (Russell 

1932) vision is the most important sensory avenue involved in identification of depth in the rat. 

Some of the possible factors involved in visual depth discrimination that have been considered 

include accomodation, convergence, binocular parallax, monocular parallax, aerial perspective 

(intensity, texture) and geometric perspective (Russell 1932). Ofthese, two factors have emerged 

as being particularily important for depth perception in the rat, namely pattern density and 

motion parallax (Walk and Gibson 1961). For visual detection of a drop-off or edge, light to the 

animal's eyes must provide information to differentiate the drop-off from the surface on which 

the animal stands, it must provide stimulation for an edge and ideally for gradations of depth 

below the edge. Such cues are engendered if two surfaces at different heights are textured or 

patterned (Gibson 1950; 1958). 

The same situation provides a second kind of differential stimulation for depth discrimination if 

the animal moves. Head movements or a change in position as the animal looks, will produce 

motion parallax. The velocity of angular motion of texture elements at the line of the optic array 

corresponding to the edge of the platform will be different from the velocity of elements of the 

surface below (Walk and Gibson 1961 p2). Motion parallax (differential velocity of elements in 

the array) will increase as the drop increases. There will then be a velocity difference between 
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the ground and the surface below, which will characterise the relative depth ofthe surface below. 

This velocity difference produced by the animal's own movement is potentially a highly effective 

kind of information about the relative depth downwards of a surface (Walk and Gibson 1961). 

The question of which of these cues is of greater importance has been the subject of considerable 

investigation. In their review, Walk and Gibson (1961) stated that on the whole, the evidence 

supported the conclusion that motion parallax was the more effective cue (p30). Since then the 

topic has become more complex, following DeHardt's (1969) observation that certain textures are 

aversive to rats. Following replications of these findings Walk and Walters (1974) concluded that 

for the rat at least, the visual choice of deep versus shallow side is made more by texture than 

by motion parallax. Gibson and Walk (1960), however, have suggested that of the two visual 

cues implicated, only motion parallax was an innate cue for depth perception, whilst responses 

to differential pattern density might be learned later. 

Whatever the specific depth cues employed by animals in the visual cliff tests, it is accepted 

that there are other factors to be taken into account when explaining overall behaviour (Lamden 

1985). For example, Routtenberg and Glickman (1964) have suggested that both visual activ-

ity, emotionality and exploratory tendencies may regulate measures of visual cliff behaviour. 

Futhermore, according to Tees and Midgely (1978) the "ontogeny of depth perception in the rat 

involves the collaboration of a number of factors, including innate, maturational and experiential 

components" (p774). 

Of particular interest to the present research is the influence of the latter component, experience, 

on an animal's depth perception. Most of the literature has concentrated on visual experience, 

with animals exposed to dark rearing (Walk and Gibson 1961; Walk 1978). However, there are 

three studies that have specifically considered the effects of environmental enrichment on an 

animal's depth perception, one of which (Eichengreen et al 1966) has already been described 

above. The other two studies (Lamden 1985; Curry 1987) will be outlined below. 

Using animals housed in enriched or impoverished environments for thirty days following weaning, 
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Lamden (1985) tested each animal once at each of four visual cliff depths (0, 15, 30 and 45 cm) 

on consecutive days. Two dependant variables were measured, latency to descend and preferred 

side (shallow or deep) and significiant EC/IC differences were found. In particular, at the 15cm 

depth all 15 EC animals and 9 out of 15 IC animals chose the shallow side, exhibiting depth 

perception and EC animals typically took longer to decide which side to choose, as measured by 

latency to descend. No significant differences in side preference emerged in the other three cliff 

depths. Obviously none would be expected at Ocm's depth, it being the equivalent of the shallow 

side, however, the finding that 30cm and 45cm cliff depths produced no significant differences 

between the groups was interesting. Lamden suggested that perhaps these depths were beyond 

the visual capacities of the rat. With respect to the latency to descend measure, at the 30cm 

cliff depth, however, the EC deep side latencies were significantly larger than the corresponding 

IC latencies, at least suggesting the possibility of EC/IC depth perception differences in favour 

of the EC animal at this depth also. Following a similar procedure, but only using one depth 

(approx 30 cm), Curry (1987) found no significant side preferences in his EC/IC groups. Unlike 

Lamden's findings, however, his IC animals took longer to decide which side to descend onto. 

This finding leads one to question what latency to descend is actually measuring. For example, 

Lamden has suggested it reflects decision making in the animal, however, it has been found that 

IC animals have longer latencies to emerge (see earlier section) and Curry's findings may well 

be replicating this emergence behaviour. With respect to depth perception as measured by side 

chosen, however, both Eichengreen et al (1966) and Lamden (1985)'s findings suggest that EC 

animals have a more highly developed depth perception, or at least are more inclined to use 

depth cues, than their IC counterparts. 

b) Perception of Noxious Stimuli 

In an earlier section of this chapter (Section 2:2:4) the effects of differential environments on 

avoidance learning were reviewed. Inherent in this paradigm is the notion that an animal will 
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respond in such a way as to prevent the occurence of an aversive reinforcer. Perception of 

this reinforcer, according to Hebb (1949) involves a complex process m which a major role 

is played by all kinds of earlier perceptual learning, including both specific and non-specific 

experience involving all the senses. If, as this theory suggests, early experience plays an important 

role in perceiving and responding to pain, differences observed in EC-SC-IC avoidance learning 

tasks may well reflect differences in their perception of noxious stimuli, rather than differences 

in learning per se. In this section studies that have specifically examined EC-SC-IC animals' 

perception of noxious stimuli will be examined and implications for avoidance learning paradigms 

discussed. 

One of the first studies designed to investigate the influence of early experience on the perception 

of pain was that of Melzack and Scott (1957), in which the pain avoidance behaviour of isolation 

reared terriers was compared with pet reared littermates. The restricted subjects exhibited gross 

deficits in avoiding severe electric shock in two avoidance conditioning tasks, lighted matches 

thrust at their noses and needles jabbed into their flanks. The outstanding feature of the be

haviour of the restricted dogs was "their inability to respond adaptively and intelligently to the 

variety of stimuli which were presented to them" (p159). With respect to the shocks, Melzack 

and Scott report that there is little doubt that the restricted animals felt the stimulus, as "their 

disturbance (by it) was marked and unmistakable" (p159). Futhermore, when burned or jabbed, 

restricted subjects made no attempt to get away from the experimenter. In all the experimental 

situations, these animals appeared to be incapable of performing "the proper avoidance responses 

which would have prevented further stimulation" (p159). The inability of the restricted dogs to 

cope intelligently with noxious stimuli, however, could not be attributed to inadequate response 

mechanisms alone. As Melzack and Scott point out "their reflexive jerks and movements during 

pin-prick and contact with fire suggest that they may have felt something during stimulation; but 

the lack of any observable emotional disturbance apart from these reflex movements ... indicates 

that their perception (sic) of the event was highly abnormal in comparison with the behaviour of 

the normally reared control dogs" (p159-160). Melzack and Scott concluded that early percep-
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tual experience can strongly influence the development of both an adequate repertoire of pain 

avoidance responses and the actual capacity to perceive pain normally. 

One criticism of this study was that Melzack and Scott administered their pain avoidance tests 

in totally unfamiliar settings (Lore 1969). Indeed, there is some research that suggests that 

normal perceptual development requires only minimal sensory stimulation and that many of the 

behavioural deficits observed in experientially deprived animals are the result of an exaggerated 

fear reaction elicited by the testing situation/procedure (Fuller and Clark 1966aj 1966b). Pos

tulating that isolation reared animals which appear to be insensitive to pain when tested under 

generally stressful conditions may behave very differently when the same tests are conducted 

in a non-stressful environment, Lore (1969) exposed EC-IC rats to a lighted candle in both the 

home cage and a novel test cage for five minute periods. All subjects readily investigated the 

candle, but the IC animals made significantly more nose-flame contacts in the novel test cage. 

However, in the home cage test, the pain avoidance behaviour of the restricted rats was entirely 

comparable to that of subjects exposed to an enriched environment. These results indicate that 

increased emotional reactivity can account for IC animals' apparent perceptual insensitivity to 

pain and suggest that Melzack and Scott's "perceptual deficit" interpretation of their findings 

may be unwarranted, because they failed to control for differences in the emotional reactivity of 

their subjects. 

More recently, Fessler and Beatty (1976) extended the concept of differential environments to 

include a standard housing condition, as well as enriched and impoverished conditions and mea

sured shock thresholds over ten trials at each of thirteen shock levels ranging from 0.005-0.80mA. 

Thresholds for flinch, shufHe and jump responses, which were defined as the lowest shock levels 

at which the animal exhibited the response on 50% of the trials, were computed for each sub

ject. Interestingly, animals raised in an enriched environment were found to have significantly 

higher thresholds on each of the measures, than animals in the other groups, a result that was 

unpredicted given that the earlier work (Melzack and Scott 1957j Lore 1969) had found social 
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and sensory restriction profoundly attenuated the response to painful stimuli. 

One criticism of this study (Lamden 1985) was that Fessler and Beatty did not take into account 

Pare's (1969) finding that shock sensitivity was directly related to body weight. Indeed, in her 

study which was designed to observe EC/IC responsivity to shock in an actual behavioural test 

situation, Lamden (1985) attributed her finding of EC/IC differences at low shock levels to both 

differences in the groups' body weights and to differences in their motor abilities. In particular, 

she found that the lighter EC animals were faster to leave the start box and spent less time in 

the alley of a runway apparatus than their heavier IC counterparts. Furthermore, she found that 

the EC/IC difference in responsivity to shock was greatest when the shock level was O.lmA and 

O.2mA. Indeed, at the lower of these shock levels there was little discernable evidence that the 

majority of the IC group were feeling the shock at all, as they did not display any of the overt 

signs of shock sensitivity (flinch, jump or vocalisation) and they took much longer to exit from 

the start box and run to the goal box. However, at higher and more painful shock levels, the 

the differential between the two groups fell to such an extent that there was little discernable 

difference between the performances of the EC and IC animals. 

The implication of this work is that IC animals are not as sensitive to low intensities of shock, 

as their EC counterparts, but that both groups are equally sensitive at higher intensities. These 

findings contradict those of Fessler and Beatty (1976) and of particular importance to this present 

review, have obvious ramifications for situations where the learning performance of EC/IC rats 

involves shock motivation. As Lamden points out "unless the shock level in such situations is set 

at a level higher than O.2mA, differences in performance that have previously been attributed to a 

deficiency in the learning capacity of the IC animal may actually be due to differential sensitivity 

to shock for which the EC/IC differences in body weight are largely responsible. In other words, 

the heavier IC animals may simply not feel the lower intensities of shock and would therefore not 

be motivated to escape from it" (p 318-319). 
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2:3:3 MOTOR ABILITIES 

According to Lamden (1985), motor skills have been the focus of a limited interest within the 

published EO/IC literature, with this interest being divided between two issues. The first con

cerns the extent to which the more varied requirements of enriched environments can account 

for subsequent EO/IO differences in both brain and behaviour (Rosenzweig and Bennett 1976), 

whereas the second concerns the differences between the motor capacities per se of EO and IO 

animals, following environmental manipulation. It is the data relevant to the latter issue which 

are of interest in this present review. 

One of the earliest investigations of the motor capacities of differentially housed animals was 

that of Morgan (1973), who designed two tests that required complex motor skills of his EO, 

IO and SO animals. In the first, rats were trained to run through an alley for food reward and 

subsequently found the alley blocked by an obstacle, which they were required to remove to access 

the food. The obstacle would only move in one direction, forwards for some rats and backwards 

for others. After being trained either to push or to pull in this manner, the rats were confronted 

with a transfer problem in which the direction was reversed. In the second test of skill, rats 

were trained to open a door at ground level in order to enter a food compartment. After they 

had acquired this task, the floor of the apparatus was lowered so that the animals had to climb 

a ladder to reach the goal box door. Once at the top of the ladder, the rats had to perform a 

complicated manoeuvre involving holding the ladder rungs with their feet, whilst using teeth and 

front paws to open the door. 

The task of learning to remove the obstacle from the alley was accomplished in the same time for 

both the EO-IO and EO-SO groups. It was only when reversal was required that EO animals were 

superior to their 10 littermates. Interestingly, no EO-SO reversal differences emerged. Morgan 

concluded that isolates were not deficient in motor skills per se, but that they have a "reduced 

capacity for behavioural inhibition" as evidenced by their poor performance in the reversal task. 

It seems that having learned one way of removing the obstacle, the isolates were slow to change 
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it. The results of Morgan's second test of motor skill, however, revealed differences between the 

EC-IC groups, in that the isolates were slower to climb the ladder than their EC counterparts. 

Time to open the goal box door, however, did not separate the groups significantly. 

In a more recent experiment, Henderson (1977) investigated the relative effects of cage size, 

enrichment and climbing experience on a task requiring extensive motor skills to reach a food 

hopper, in mice. Results indicated that neither the increased size of the enriched environment, 

nor the extended climbing practice received in those environments were sufficient to improve 

performance. Even without climbing experience, mice reared in environments containing a variety 

of objects showed significantly better later performance than animals reared in comparable but 

empty cages. Only when the enriched rearing environment was designed in such a way as to 

severely deprive animals of opportunities for certain motor practice did an appreciable decrement 

in performance occur, and in this case a relatively short practice period substantially eliminated 

what appeared to be a simple motor deficit. Henderson concluded that "explanations of enhanced 

performance resulting from enrichment which are based ... on postulated improvements of simple 

motor skills did not appear sufficient to explain a number of enrichment studies with rodents" 

(p487). It is clear, however, from his data, that irrespective of possible causes, enrichment 

produces an animal with superior motor performance. 

Probably the most complete examination of EC/IC differences in motor capacity undertaken to 

date, was that of Lamden (1985). Chosing tasks that did not in themselves involve an extensive 

learning component and yet which might detect differences in basic motor capacities which are 

likely to be of importance in a variety of learning situations, Lamden investigated EC/IC differ

ences in muscular strength and maintenance of equilibrium. Reasoning that the reduced motor 

experience implicit in the impoverished condition would produce rats which are inferior in their 

motor capacities when compared with their EC counterparts, Lamden employed three tests: the 

grip test, used to assess the strength of forepaw grip when the animal was required to support 

its own weight; an elevated runway, used to measure balancing ability on a narrow track and a 
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balancing test, designed to give a measure of EC/IC ability to remain in contact with a small 

surface under stationary and rotating conditions. 

Results of these tests showed that EC animals generally proved to be superior to their IC litter

mates. In particular, EC animals gripped on for longer, when the angle of subtention of the grip 

test ledge from the vertical was at 45 degrees and at 60 degrees, although in several instances they 

were observed to lever themselves onto the ledge using their forepaws, thus altering the nature 

of the task. With respect to the elevated runway, the EC group appeared to manifest superior 

balancing ability and were less reluctant to attempt to cross the interconnecting track. Once 

on the track, they took less time to reach the opposite pedestal. Lamden points out, however, 

that on the narrower tracks employed, the larger size of the IC animal might have represented 

somewhat of a disadvantage. Furthermore, variations in emotional responsiveness to the test 

situation may also have contributed to the performance of the groups. However, the contention 

of EC superiority in balancing was certainly supported by data from the stationary stage of the 

balancing test. When the pedestal was rotated, contrary to predictions, the IC animals main

tained their balance longer. This latter result could have resulted from the heavier IC animal 

being more stable, or from the greater motor experience of the EC animal, which would make 

stepping down from the apparatus easier for them to execute, under those conditions. On the 

whole, however, Lamden's results support her conclusion that "EC rats are superior to IC rats in 

terms of muscular strength, balance and the precision of their ambulatory movements" (p352). 

In summary, of the studies that have investigated the motor skills of differentially housed animals, 

all demonstrate a degree of EC superiority over SC and IC littermates. However, it is apparent 

that neither the extra cage size, nor the climbing experience afforded by the enriched environment 

alone can account for this ability (Henderson 1977). Furthermore, length of exposure to the 

environment is important. Recently, Cheal, Foley and Kastenbaum (1986) have reported that 

enriched experience for one hour a month has no effect on motor behaviour as measured by 

jump down or clinging latencies. Finally, activity, emotionality and weight differences between 
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the groups may also be implicated in motor abilities. All of these factors need to be examined 

further, before any firm conclusions can be drawn. 

2:3:4 PLAY AND SOCIAL BEHAVIOUR 

"An important part of the world of most species of rodents is the realm of social interaction. 

Rattus norvegicus (sic) especially, is highly sociable and it might be expected that some aspects of 

social interaction could be affected by manipulations of the environment that produce measurable 

alterations in the nervous system" (Renner and Rosenzweig 1987 p 41). 

In spite of the plausability of this hypothesis however, two recent reviews of this area of literature 

(Dalrymple-Alford, Benton and Brain 1983; Renner and Rosenzweig 1987) have both reported 

the absence of investigations wherein the social behaviours of EC and IC animals are compared 

directly to each other. Instead, the examination of the social behaviours of differentially housed 

animals has typically been confined to EC-SC and SC-IC comparisons, with some reference to 

the voluminous isolation literature (Baenninger 1967). 

To further complicate the issue, social behaviour and play have been investigated as both the 

independant and dependant variable. Emphasis on the former experimental paradigm has re

sulted from the suggestion that play may mediate the effects of environmental enrichment. In 

particular, Einon (1980a) believes that "play is not simply practice for later social interactions, 

but that it affects the versatility of adult behaviour and the ability to learn" (p936). Moreover, 

Fagen (1981) has written, concerning the cerebral effects of differential environments, that "the 

specific experience responsible for these changes is participation in playful social interaction, 

playful object manipulation or performance of playful movements" (p284). 

The only study to date which has directly compared the social behaviour of EC and IC animals is 

a recent publication (Saari et a11990a) investigating the colony-intruder test in animals exposed 

to differential environments following neonatal norepinephrine depletion. In this procedure ex-
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perimental animals were introduced individually into a well established colony of male Wistar 

rats for five minutes and social encounters with colony residents recorded. Contrary to their ex-

perimental predictions IC animals showed little fighting behaviour, which the authors attributed 

to "age and weight differences between the colony animals and the expeimental animals or to 

the strain of rat used in the experiment" (p433). Indeed, the main experimental effect emerged 

in what the authors called "affiliative" behaviours, EC animals being more likely to engage in 

social contact than their IC counterparts 10. In a second experiment in this study two measures 

of behavioural dominance were examined, water-tube competition 11 and platform-dominance 

12. EC animals were found to drink earlier (in the queue) more frequently and longer than 

their IC counterparts, as well as dominating the platform, both in terms of mounting order and 

mounting frequency 13. Neither of these results is surprising given the fact that EC animals are 

well used to competing for access to water bottles compared with their IC counterparts as well 

as climbing and defending platforms from intruders. Indeed, the latter result may also reflect 

superior EC motor skills rather than social skills per se. However, some clearer evidence about 

social behaviour in these animals has emerged from EC-SC and SC-IC comparisons, which will 

be described below. 

One of the earliest reports of the effects of differential experience on social behaviour was that of 

Clarke, Heron, Fetherstonhaugh, Forgays and Hebb (1951) in which terriers were raised either as 

pets or group housed in a cage 3ft x 6ft, which was specially designed to admit light but to prevent 

the animals from seeing outside. Peculiarities in the behaviour of the cage reared animals were 

marked. In particular, although they appeared to be eager for human attention, they strongly 

avoided handling and displayed either freezing or avoidance behaviour in the presence of the 

experimenter. Peer interactions were also affected by early experience. In a competitive situation 

(fighting for a bone) restricted animals were subordinate to all the free environment animals and 

when placed in a novel environment with another dog, tended to ignore it. These results were 

IONB: Neonatal depletion of norepinephrine eliminated EC-IC differences in this test of social behaviour. 
11 Where animals compete for access to a drinking tube having been water deprived. 
12Here order, frequency and time spent on a platform suspended over a swimming pool is recorded. 
13 As before, NE depletion altered the EC-IC effects. 
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interpreted as evidence of marked disturbance in both the social and motivational behaviour of 

the restricted animals. 

Since this early work, isolation at any age has been found to increase aggression and timidity in 

most species including man (Heron 1965; deFeudis 1975) and with respect to rodents in particular, 

isolates have been found to be less skilled in providing aggression-inhibiting cues to other rats 

(Luciano and Lore 1975). Indeed, the work on isolation and its effects on subsequent behaviour 

is legendary. For example, Harlow and his colleagues at Wisconsin have shown that monkeys 

isolated for the first year of life never develop normal social and sexual relationships (Harlow and 

Harlow 1965) and Einon (1980a) has drawn a parallel when describing the fate of children locked 

away in cupboards and rooms, deprived of play, stimulation and affection, emerging as "severely 

intellectually impaired" . 

With respect to the EC-SC-IC literature per se, far less research has been carried out on the 

effects of differential environments on play and social behaviour. However, studies have been 

made of social interactions whilst in the environments. For example, Baenninger (1967) reported 

that deprived of social contact, isolates engage in more attentive immobility, pawing behaviour 

and tail manipulation than their group housed counterparts, but that the absence of any social 

stimuli did not prevent the development of non-social behaviours. For group housed animals, 

social behaviour varied over time, reaching a peak at 30 to 36 days, decreasing for the next 

two weeks and remaining at about the same level thereafter. Juraska and Meyer (1986) in an 

investigation of the patterns of interactions with the social and physical aspects of the enriched 

environment, found that rats spent considerably more time interacting with objects than in social 

interactions and that the types of interactions varied little over the length of the study. A few 

sex differences were noted, such as in play fighting, but these differences were small and not 

consistent across replications. Indeed, male and female rats were generally found to interact with 

the environment in a similar manner. 

The only comparative study to date of the home cage activity of differentially housed animals 
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is that of Renner and Rosenzweig (1986b) 14. Defining play so as to only include social play, 

they videotaped home cage interactions of group housed and enriched animals over a range of 

behaviours at 45 and 60 days of age. Comparisons of the profiles of social activities in EC and 

SC cages showed the differences between the groups to be nonsignificant. In a second experiment 

in the same study, animals' social interactions were measured at 105 and 120 days of age. At 

105 days, intergroup differences in social interaction were revealed, the difference primarily being 

due to an increase in wrestling and chasing in the EC group relative to their SC littermates. In a 

second set of observations, however, the SC group exceeded the EC in wrestling and the groups 

were similar in chasing. The later sample, at 120 days did not reveal significant group differences 

in profiles of social interaction. The nature of these results notwithstanding, the fact that the 

presence of cagemates makes some contribution to the effects of environmental enrichment cannot 

be denied. Socially housed rats have shown brain differences from isolates, typically intermediate 

between EC and IC values (Rosenzweig et aI1978). In such cases the only differences between IC 

and SC environments are in gross space available (higher in the SC to control for crowding) and 

the presence of cagemates. The nature of the contribution made by cagemate presence is not clear 

from the results presented so far, but a possible explanation may be found in the phenomenon 

of local enhancement and the related concept of social facilitation, described by Thorpe (1963). 

In local enhancement, the activity of one animal attracts the attention of another, who moves 

towards the action. This has the effect of directing the newcomer's attention towards whatever 

the original actor is doing. In cases where the original actor was investigating or interacting 

with an object, the net effect is further enrichment of the newcomer's stimulus world, as this 

new attention may lead to independant investigation. This can occur without social interaction 

as the two animals may never come into physical contact and is reminiscent of Juraska and 

Meyer's (1986) findings. According to Renner and Rosenzweig (1986b), further studies should 

involve measurement of local enhancement and investigation of the possibility that there could 

be more local enhancement of activity in EC than in SC, due to the increased range of activities 

14This is based on Renner's (1984) doctoral dissertation. 
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possible in a cage with interesting stimuli to investigate and manipulate. This would redirect 

the study of the importance of group housing away from social interactions towards gregarious 

behaviour, or the effects of the mere presence of conspecifics on behaviour. In addition, they 

suggest (Renner and Rosenzweig 1987) that "although little evidence has emerged to date of 

any ... environmentally induced effects, it remains possible that some specific aspects of social 

interaction (eg: relative skill in providing clear signals in social communication with conspecifics) 

are altered by differential environments. In view of the importance of social interaction in the 

everyday existence of (the rat), further research into possible environmental influences on social 

interaction is clearly warranted" (p42). 

As well as the study of social behaviours of differentially housed animals per se, as mentioned 

earlier, social behaviour has been investigated as an independant variable. Probably the best 

known research of this kind was that of Ferchmin, Bennett and Rosenzweig (1975) who were 

interested in the effects of active interaction or "direct contact" with the environment on brain 

changes. Indeed, in a later report, Ferchmin, Eterovic and Levin (1980) the notion that active 

interaction with a complex environment is required to elicit brain changes, has been extended to 

suggest "that environment-dependent brain changes are triggered by play" (p49). 

The effects of exposing an animal to social experience on its subsequent behaviour has also 

been the subject of investigation. Arguably, all the papers described in this chapter could be 

included under this heading, but for the purpose of this present review, only the research that 

has specifically set out to address this issue will be included. This work can be loosely termed the 

"play hypothesis" and traces its inception to Einon, Morgan and Kibbler (1978). Earlier work 

by these authors (Einon and Morgan 1977) had suggested that some of the behavioural effects of 

keeping rats in impoverished conditions might be caused by social isolation prior to 50 days of 

age. In order to examine this hypothesis more fully, in their 1978 study, Einon et al examined the 

effects of complete and partial deprivation of social contact between 25 and 45 days of age, on 

adult behaviour measured in terms of habituation of locomotor activity and object contact in the 
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open field. They further implicated the importance of social contacts by manipulating the nature 

of these contacts. In particular, the quality of social interactions was varied, by allowing rats 

contact with drugged and undrugged companions. Animals totally deprived of social experience 

(IC) were slower to habituate than animals living in small social groups (SC). Rats allowed one 

hour of social contact (partial isolates PI), but otherwise living in isolation were intermediate 

between the IC and SC animals. When the quality of social interactions of the PI was altered 

by drugging their social partners either with amphetamine or clorpormazine, thus altering the 

nature of their social contacts, these animals differed from the PI animals in the direction of 

the IC animals, when measured in the open field. Observation revealed that injection of one 

of the partners considerably altered social interactions in the pair. The authors concluded that 

"normal development in the rat may depend upon the flexibility of behaviour encouraged by the 

early social situation" (p213) and that "the crucial problem for the isolated rat is that it lacks 

experience in the rapid alternation of roles and behaviour patterns that is characteristic of social 

interaction in infancy" (p224). 

The finding that rats can be protected from the deleterious effects of isolation by short daily 

periods of social contact, particularily if this contact consists of rough and tumble play, prompted 

Einon, Humphreys, Chivers, Field and Naylor (1981) to examine species that do not normally 

play, predicting that these animals, unlike the rat would not show permanant behavioural deficits 

if isolated prior to 50 days. In their first experiment, short term and long term effects of social 

isolation on rats and mice were compared. As mice do not play, it was predicted that long term 

effects of isolation wold be absent in the mouse and that short daily periods of social contact (PI) 

would have no influence on the behaviour of this species. The results confirmed and extended 

previous findings. Rats raised in isolation demonstrated permanant deficits in habituation, but 

partial isolates were indistinguishable from SC animals in open field tests at both 45 and 70 days 

of age, the latter test following 20 days of SC for all animals. Mice, on the other hand showed a 

very different behavioural profile. Partially isolated mice resembled isolated mice, suggesting that 

differences may have been caused by housing mice alone rather than depriving them of all social 
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contact. This suggestion was reinforced by the finding that social housing of the mice for a period 

of 20 days eliminated the differences in behaviour of SC-PI-IC mice In a second experiment, rats, 

guinea pigs and gerbils were given differential experience (SC-PI-IC) from weaning, rats and 

gerbils being rehoused at 50 days of age into social groups and tested at 70 days in an open 

field, whilst guinea pigs were rehoused at 60 days and tested at 80 days. For both the gerbils 

and guinea pigs, as in the mice, behaviour of the partial isolate was like that of the isolate. 

In the rats however, partial isolates were like the social animals. As Einon et al (1981) state 

"isolation produces behaviour differences in mice, gerbils, guinea pigs and rats, but only in rats 

do these behaviour changes survive a period of social housing. Our results are consistent with 

the suggestion that some of the long-tern effects of early isolation in the laboratory rat are due 

to deprivation of the opportunity to engage in social play" (p353). 

In a third study in the series (Chivers and Einon 1982) the effects of SC, PI and IC on polecat 

ferrets, a species that is extremely playful, were tested on an object test and an activity test. 

PI activity was found to be similar to SC activity, but in the object investigation tests, the PI 

ferrets generally behaved in a manner more similar to ICs than to SCs. This latter finding was 

unexpected. Chivers and Einon suggest that "the ferrets were actually playing with the objects, 

not merely investigating them. If object and social play are not entirely independant of one 

another an animal deprived of social play might be expected to spend more time in object play, 

given the chance, than a socially reared animal" (p80). Whatever the explanation, it is clear that 

"the relationship between object investigation and social rearing is more complex in the ferret 

than it is in the rat" (p75). 

To summarise, therefore, there have been a few descriptive studies of the play and social be

haviours of animals reared in differential environments, but to date only one comparative study 

(Renner and Rosenzweig 1986b) in which no differences in social play were observed between EC 

and SC animals. Social play has also been employed as an independant variable and as such 

appears to have profound effects on activity and object interaction in species that indulge in 
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"rough and tumble" play. Why this might be however, is as yet unresolved (Einon et al 1981). 

2:3:5 FEEDING AND SLEEPING BEHAVIOURS 

a) Feeding Behaviour 

The effects of differential environments are not just confined to the brain, but also affect a range 

of somatic systems (Walsh 1980). Inded, one of the most commonly noted findings has been 

the differential development of body weights (Bennett, Krech and Rosenzweig 1964; Zolman and 

Morimoto 1962; 1965; Shelley 1965; Ferchmin, Eterovic and Caputto 1970; Morgan 1973; Morgan, 

Einon and Morris 1977; Einon, Morgan and Kibbler 1978; Lamden 1985), in favour of the isolated 

animal. EC and IC weight differences are usually between 8% and 12% (Rosenzweig, Bennett and 

Diamond 1972a; 1972b; Greenough 1975) with SC animals assuming an intermediate position 

between IC and EC (Rosenzweig, Bennett and Diamond 1972c). An exception to this general 

principle is the finding that in long term studies exceeding 100 days, differences tend to disappear 

(Ferchmin, Eterovic and Caputto 1970). Furthermore, only ad-lib body weight is reported to 

increase after impoverished rearing (Shelley 1965; Rosenzweig 1971; Hatch et al 1962). Under 

restricted feeding conditions, the EC-SC-IC differences cease to exist (Morgan 1973). 

An obvious question concerns the factors which contribute to this differential development and 

several contenders including skeletal and adipose systems as well as specific organs have been 

examined. Informal observations by Fiala, Snow and Greenough (1977) failed to detect differences 

in skeletal size, but a more precise quantitativie analysis (Diamond, Rosenzweig and Krech 1965) 

noted significant differences in the dimensions of the skull. As Walsh (1980) points out "it 

therefore seems quite possible that differences in the remainder of the skeleton might also be 

detectable by precise measurement" (p85). 

With respect to the internal organs, in a senes of experiments involving over 400 subjects, 

consistent differences in liver, spleen, adrenal, testicular, heart and pituitary weights were found 
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in favour of the isolates, at a variety of different ages (Cummins 1973; Cummins and Walsh 1978). 

These findings have been corroborated by Geller, Yuwiler and Zolman (1965), and by Ferchmin, 

Eterovic and Caputto (1970). With respect to adipose tissue, Fiala et al (1977) have noted, as 

an informal observation, that isolates have more extensive deposits of this type of tissue. 

A number of questions concerning these ad-lib weight differences have been addressed in the 

literature, although according to Lamden (1985) in recent years two main lines of enquiry have 

emerged. 

1. Are the EC-IC body weight differences due to differential food intake, or to some other 

factor such as differential opportunity for exercise or differential metabolic rates? 

2. Whether or not there are differences in gross food intake, are there differences in patterns 

of food intake? 

With regard to the first of these questions, there is evidence of increased food intake in IC 

animals. The first report of this compared isolates with socially housed groups (Shelley 1965) 

and found that SC animals ate less food per day, averaging 80% as much food as the singly 

reared subjects. Furthermore, Shelley found that dropping of pieces of food occurred to a greater 

degree in the group housed cages. Comparison of EC-IC animals' intake was first noted by 

Tagney (1973), whilst studying these animals' sleep patterns. She reported, quite incidentally, 

that IC rats consumed more pieces offood than their EC littermates. However, these data made 

no correction for food dropping or spillage, an oversight that was rectified by Fiala, Snow and 

Greenough (1977). Their data indicated that the "widely reported weight differences between 

EC and IC rats is at least in part a function of higher food intake by the IC's" (p539). Put quite 

simplyas the title of their paper suggests "IC animals weigh more because they eat more". This 

conclusion has also been supported by Baenninger (1967) and Lamden (1985). In particular, 

Baenninger (1967) compared normal laboratory rearing with social isolation during the pre and 

post weaning period (days 3-92) and reported both eating and drinking to be increased in the 
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isolated group. Baenninger suggested moreover, that the difference in liquid intake would have 

been greater were it not for the fact that the group reared subjects had to share the same water 

nozzle with 5 other rats and therefore stayed at the nozzle longer (the competitive aspect of 

normal laboratory housing had the effect of increasing water intake, reminiscent of Zajonc's (1965) 

concept of social facilitation). Lamden (1985) compared EC and IC reared animals in a detailed 

food monitoring procedure developed by Blundell and Latham (1978). This "microanalysis of 

feeding" yields a number of different feeding measures, including gross food intake and overall, 

impoverished animals were found to eat significantly more than their enriched littermates. 

On the second question of possible differential patterns of feeding in EC and IC animals, findings 

are less consistent. Baenninger (1967) noted that isolated animals ate more frequently than 

group housed controls, but no more details are given in her report. Morgan and Einon (1975) 

have demonstrated by the measurement of home cage food intake on an ad-lib schedule, that 

isolated animals ate significantly more than the social group animals during the day, but that the 

night time difference was negligible. Furthermore, Morinan and Leonard (1980) have also found 

isolates to eat more during the day than socially housed animals, but not at night. However, 

Lamden (1985) found the opposite, namely no daytime EC/IC differences but greater IC than EC 

consumption at night. The reasons for this difference in findings are not immediately apparent, 

although the use of an SC environment by both Morgan and Einon (1975) and Morinan and 

Leonard (1980) versus the EC used by Lamden (1985) might have had contributary effects. 

An interesting feature of Lamden's work, however, was the detail with which she examined EC-IC 

feeding patterns, measuring frequency of meals, size of meals and rate of eating. Over a ten-day 

period, no significant differences were found between the groups with respect to number of meals 

taken. However, IC animals were found to eat larger meals and to eat these meals more quickly 

than their EC littermates. 

To date, it is still not clear why EC, SC and IC animals should display differential food intake and 

feeding patterns, although a number of hypotheses have been forwarded. These will be outlined 
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in the following paragraphs. 

It has been suggested that socially housed animals eat less because they are distracted by other 

animals. Indeed, Shelley (1965) attributes his socially housed animals' food-dropping behaviour 

to the role of distraction. Conversely, it has been suggested that food intake is increased in IC 

animals because there is little else to do (Premack and Premack 1963). Indeed, Fiala et al (1977) 

have noted that isolates may simply eat to relieve the boredom of their situation. Futhermore, 

they suggest that toys in the EC cage may provide an alternative outlet for some "gnawing" 

need which exists in rats, observing that the toys in their EC cage were heavily chewed and 

that survival time for wood and plastic toys was extremely short. Thus IC's might simply be 

using food to provide for this need. An alternative explanation is based upon Mayer's (1968) 

contention that an organism must reach some minimal level of exercise before it begins to regulate 

intake in accordance with need. Mayer noted that food intake is greater in rats at extremely low 

levels of activity than at moderate levels. Clearly, differential opportunity for and participation 

in exercise appears to exist between EC and IC environments and must therefore affect animals 

cage activity levels. However, these are not the only explanations that have been proffered. 

Morgan and Einon (1975) have suggested that isolates eat more, as the absence of body heat 

from other rats requires them to eat more food. Furthermore, Sahakian, Burdess, Luckhurst 

and Trayhurn (1982) have found that IC rats have a preference for high protein foods Buch as 

cheese. Given that intake of energy as protein has been found to have a greater postprandial 

thermogenic effect than energy as carbohydrate (Zed and James 1980), Sahakian et al (1982) 

believe IC animals are seeking to increase heat production. Finally, increased IC food intake has 

been attributed to impaired behavioural inhibition mechanisms (Morgan 1973) in these animals, 

characterised by their general tendency to persist for longer than controls in whatever they 

happen to be doing (Morgan, Einon and Nicholas 1975). Feeding behaviour, presumably, would 

be no exception. 

Whatever the explanation, clearly the EC, SC and IC differences in body weight and more 
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particularily in their patterns of feeding, have implications for their performance in behavioural 

test situations which make use of a food reward. Indeed, Morgan (1973) has reported that 

isolates gained more weight than either SC or EC groups on an ad-lib feeding schedule, but that 

this difference not only disappeared when restricted feeding was introduced, but was actually 

reversed. This reversal of the body weight difference under deprivation, would suggest that 

under food motivated learning exercises, IC rats are tested at a lower percentage of their free 

feeding weight than are either EC or SC groups. This in turn suggests that IC animals may 

be more motivated than EC or SC animals for food reward. This however, does not necessarily 

imply enhanced performance in the IC group. As Lamden (1985) points out, "if for example 

the relationship of motivational level to performance is an inverted 'U', above a certain critical 

level, increased motivation will lead to a performance decrement" (p1l2). Whatever the details 

of differences in response requirements and reward in a given test situation, the possibility of 

differences in motivation levels between EC and IC groups must be taken into account. 

To summarise, therefore, clear differences exist in the feeding behaviours of EC, SC and IC 

animals. Isolates eat more, have larger meals and eat faster (Lamden 1985). Factors that 

have been postulated as accounting for this differential intake are many and according to Walsh 

(1980) it is likely that some combination of these factors will provide the most comprehensive 

explanation. 

b) Sleeping Behaviour 

"The relationship between learning and memory processes and the organisation of sleep and wak

ing, including the balance between slow wave sleep (SWS) and rapid eye movement (REM) sleep 

15 has long attracted considerable attention among psychobiologists" (Renner and Rosenzweig 

1987 p 35). Indeed, the learning opportunities afforded an animal in the enriched condition has 

prompted investigators to examine the sleep patterns of differentially housed animals. In this 

l°REM is also known as paradoxical sleep (PS) or active sleep (AS) 
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section, studies that have investigated EC, SC and IC patterns of SWS and REM sleep will be 

reviewed. 

Since increases in REM sleep have been noted in rats after exposure to learning situations 

(Lucerno 1970; Le Conte and Hennevin 1971; Holdstock and Franks 1971), Tagney (1973) hy

pothesised that EC rats, presumably having more to learn, might display greater REM sleep than 

their IC counterparts. Results supported this hypothesis, with EC rats displaying significantly 

more total sleep than their IC littermates, with this difference emerging in both SWS and REM 

sleep times. (The percentage of REM sleep in total sleep was thus no greater in the EC animal). 

After 80 days in the environments, 5 IC rats were transferred to the enriched environment and 

after 16 days of EC experience, were measured over a 23 hour period. These transferred rats 

had significantly increased SWS times and REM sleep also increased slightly. Tagney interpreted 

these results in the light of several kinds of evidence that suggest that sleep is the time in which 

the brain is in an optimal condition for the synthesis of macromolecules required for its mainte

nance and restoration (Feinberg, Braun and Shulman 1969; Oswald 1969; Parker, Sassin, Mace, 

Gotlin and Rossman 1969). In particular, she suggested that her findings of increased EC sleep 

were due to their increased cerebral activity and consequent requirements for a longer period 

of the aforementioned optimal conditions for restorative macroprotein synthesis. High levels of 

physical activity in the EC did not, however, appear to contribute to the increase in sleep, ac

cording to Tagney, as Webb and Friedman (1971) have reported no overall alteration in amounts 

of sleep in rats having long term (70 days) access to activity wheels. 

Following Tagney's early work, there have been several studies that have replicated and extended 

her original findings. In particular, Lambert and Truong-N goc (1976b) found that enriched rats 

slept longer than impoverished animals and that there were significant differences in total REM 

time and in total SWS time, similar to Tagney's findings. Lambert and Truong-Ngoc also reported 

increased numbers of REM sleep phases in the EC animals. Furthermore, EC rats were also 

found to have a higher threshold of activation of cortical responses following reticular formation 
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stimulation (Lambert and Truong-Ngoc 1976aj 1976b). However, reticular excitability and sleep 

behaviour were uncorrelated and it was concluded that the environment had independant effects 

on these two phenomena. 

Similar trends have also been reported in kittens. Isolation reared animals slept less than group 

reared and handled kittens (McGinty 1971) and when isolates were exposed to complexity, the 

percentages of time spent in both REM and SWS increased. Kiyono, Seo and Shibagaki (1980) 

also investigated number of REM phases, duration of REM and percentages of REM amd SWS. 

Unlike Lambert and Truong-Ngoc, these authors found no significant differences in number of 

REM phases, a finding corroborated both by Kiyono et al (1981) and by Mirmiran, Van Den 

Dungen and Uylings (1982). However, duration of REM and percentage of REM were elevated 

in the EC animal during the day time recordings (Kiyono, Seo and Shibagaki 1980) and duration 

of REM was significantly greater in the EC rat, at night. Interestingly, they report no significant 

differences between the groups in percentage of SWS, a finding that has been noted by other 

investigators, using mice (Gutwein and Fishbein 1980aj 1980b). 

Differences in sleep patterns and in particular REM parameters between EC and IC animals could 

reflect an increase due to enrichment or a decrease because of the "frustrating isolation in small 

cages" (Kiyono et al 1980, p189). In order to investigate this in a subsequent experiment these 

authors (Kiyono, Seo and Shibagaki 1981) included a control SC group to further investigate 

the relative contributions of EC and IC to the observed sleep pattern differences between the 

groups. As with their previous study, percentage SWS and percentage REM were increased in 

the EC animal when compared to the IC group. However, in this experiment, no differences 

emerged between the SC and IC groups in the majority of measures taken, suggesting that the 

now familiar EC/IC sleep patterns are mainly due to enrichment rather than impoverishment. 

These differential sleep patterns in EC and IC animals have been studied longitudinally by 

Mirmiran, Van Den Dungen and Uylings (1982). Using enriched, standard and impoverished 

rearing conditions, EC animals were found to have a) more quiet sleep time (SWS) b) more active 
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sleep time (REM) and c) shorter active sleep latency, that is latency to onset of REM sleep. These 

differences were evident by the third week of environmental conditioning, became statistically 

significant by four weeks and continued to increase throughout the rest of the enrichment period. 

N one of the sleep parametres showed any significant differences between the SC and IC groups, 

confirming Kiyono et aI's (1980) findings. Indeed, Mirmiran et aI's results are in line with the 

observations of both Tagney (1973) in rats and McGinty (1971) in kittens and extend their 

findings to include an examination of the enrichment period itself. 

Probably the most extensive investigations of sleep patterns, in terms of the number of variables 

examined, are those of Gutwein and Fishbein (1980aj 1980b). In their first paper, environmental 

enrichment was found to result in a significant and selective increase in paradoxical sleep (REM). 

Conversely, impoverished mice exhibited a decrease in REM relative to socially housed controls. 

In particular, EC mice exhibited a greater number of REM episodes (reminiscent of Lambert 

and Truong-Ngoc's 1976b findings in rats) a longer average length of REM episode and an 

increased percentage of REM sleep (percent REM/Total Sleep Time) compared to SC animals. 

IC mice showed shorter average length REM episodes compared to SC controls and exhibited 

a considerable reduction in the number of REM episodes, average length of REM episodes and 

percentage REM time when compared with EC mice. Results were interpreted as providing 

considerable support for the contention that REM or conditions compatible with REM occurrence 

are a prerequisite neurobiological process for the maintenance and stability of long term memory. 

Furthermore, they believe that enriched rearing can attenuate the rate of forgetting. 

In their second paper, Gutwein and Fishbein (1980b) examined sleep circadian rhythmicity fol

lowing enriched and impoverished environmental rearing. Mice were reared in a superenriched 

environment, as well as the more traditional EC, SC and IC groups. Both enriched groups showed 

a general increase in total SWS, but the number of SWS episodes, mean duration of SWS episodes 

and percentage SWS/total sleep time was not significantly different from the SC group for the 

day cycle. Enriched rearing, however, did produce a selective and significant increase in the 
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number of REM sleep episodes, mean duration of REM episodes, total amount of REM time and 

percentage REM/total sleep time throughout the 24 hour cycle. Impoverished mice also showed 

a general increase in SWS primarily during the day cycle, but exhibited significant reductions on 

all measures of REM occuring exclusively during the day cycle. The results of this study clearly 

demonstrate that prolonged rearing in qualitatively different environments alters the amount and 

quality of sleep and its circadian rhythmicity. 

Several explanations of these sleep pattern differences have been postulated. Walsh (1980), for 

example, believes that the findings of greater EC sleep time and cortical activation threshold 

(Lambert and Truong-Ngoc 1976aj 1976b) are consistent with the hypothesis that one of the 

mechanisms mediating the effects of differential environments on brain chemistry and physiology 

is the arousal response (Walsh and Cummins 1975). That is, that the differential arousal levels 

engendered by EC, SC and IC rearing would affect their sleep patterns. However, it should 

be pointed out that experiments involving long-term amphetamine induced hyperarousal in rats 

have failed to show any developmental effects on regional brain weights (Bennett, Rosenzweig and 

Wu 1973), a finding that might have been predicted by Walsh and Cummins' (1975) hypothesis. 

Moreover, Ferchmin and Eterovic (1977) have concluded that arousal per se is not sufficient to 

induce cerebral changes in EC rats, but that "active interactions" with the environment are a 

necessary but not sufficient cause for this effect. 

Probably the most viable explanation of the differential EC, IC and SC sleep patterns lies in 

the findings mentioned earlier in this section, that amount of sleep and in particular REM sleep 

is increased after learning experiences. Indeed, Rosenzweig, Bennett and Diamond (1972) have 

proposed that learning events underly the morphological differences amongst differentially housed 

animals. Given this, it seems likely that the reports of increased amounts of sleep throughout 

the period of EC rearing are reflections of the greater opportunities for learning, afforded by this 

type of experience. Consistent with this argument, Mirmiran, Uylings and Corner (1983) have 

found that chronic REM deprivation in early post natal life causes a reduction in the ability of 
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the cortex to grow in response to sensory (EC) experience later in life. 

Whatever the explanation and it must be admitted that the two proferred above are not mutually 

exclusive, several behavioural facts have emerged from this review. Overall, EC animals have 

greater total sleep time than their SC and IC littermates (Tagney 1973; Mirmiran et al 1982), 

longer durations of REM sleep, shorter REM latencies and in some studies a greater percentage 

of REM sleep (Kiyono et al 1980; Gutwein and Fishbein 1980a; 1980b). Typically, percentage 

of SWS, number of SWS episodes and duration of these episodes are unaffected by differential 

experience. Moreover, exposure of previously isolated animals to environmental complexity in

creases the time spent in both SWS and REM (McGinty 1971; Tagney 1973), whereas chronic 

REM deprivation has negative effects on the physiology of the cortex. 
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2:4 OVERVIEW AND CONCLUSIONS 

The purpose of this present reVIew was to provide a behavioural profile of animals reared in 

EC, SC and IC against which to compare the offspring of animals exposed to these differential 

environments prior to pregnancy, the subjects of this present thesis. Since the early finding 

that behavioural differences existed between rats kept as pets and those raised in the laboratory 

(Hebb 1947) there have been numerous studies investigating the behavioural characteristics of 

differentially housed animals which have provided the focus of this review. Both learned and 

unlearned behaviours have been studied and from this voluminous and complex literature the 

beginnings of a clearer profile of EC, SC and IC animals has emerged. In this final section, 

the key elements of this profile will be highlighted and some conclusions about the nature of 

enrichment as opposed to impoverishment drawn. 

In any attempt to clarify the main findings of a particular literature, a critical evaluation of the 

quality of the contributing studies needs to be undertaken. When subjected to such a scrutiny, 

certain criteria need to be established against which to judge the relative merit of any specific 

experiment. Within the EC, SC and IC literature, as has become apparent in this review, some 

such criteria have already been suggested (Bennett et al 1970j Rosenzweig 1971a) including a 

detailed description of what constitutes an enriched or impoverished environment and the number 

of animals that should realistically be maintained in said environments. In particular, amongst 

many of the researchers in this field there is now a consensus of opinion which suggests that the 

nature of the EC, SC or IC should follow the specifications detailed by Rosenzweig, Bennett and 

their colleagues at Berkeley (Bennett et al1964j 1970). Furthermore, that the number of animals 

contained in each type of environment should be more consistent across experiments, with the 

EC housing 10-12 animals (Bennett et al 1970) the SC 3-5 animals and the IC housing animals 

indi vid ually. 

When the four hundred odd experiments reviewed in this chapter are considered, it rapidly 

becomes apparent that quite a large number of studies do not conform to these simple specifi-
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cations. Taking just one of the test situations reviewed, the Hebb-Williams maze, very different 

types of environmental experience have been employed within this category of studies. For ex-

ample, Hymovitch (1952) employed a free environment comprising alleys, elevated runways and 

small enclosed areas and incumbents were compared with animals maintained in enclosed ac-

tivity wheels and stovepipes. Ravizza and Herschberger (1966) used varying forms of motor 

restriction as their experimental condition, whereas Aubrecht (1974) compared isolated animals 

with animals raised in pairs. Admittedly, the latter group can be seen as a form of standard 

housing, however, this needs to be compared with Brown (1968), who maintained his twenty five 

SC animals in a bare enclosure and compared their performance with his "restricted animals" 

housed in groups of three. 

More damning, however, is a second set of methodological criteria which suggest, amongst other 

things, that to adequately evaluate the relative contributions of enrichment as opposed to im-

poverishment to any particular behaviour, a standard housing (SC) condition should always be 

included as a control environment (Bennett et al 1964). Of the large number of studies reported 

in this chapter, only 18 studies, that is less than five per cent, have included all three types of 

environmental housing 16. The implications here are simple: any firm conclusions drawn should 

only be based on these few and more methodologically distinguished studies. However, in the 

author's opinion, under certain conditions these rather stringent criteria can be waived, to allow 

at least some tentative conclusions to be made about the nature of enrichment and impoverish-

ment. In particular, in the literature, there are some test situations where a large number of 

studies, many admittedly with varying (and different) flaws, have consistently found similar re-

sults. Despite the lack of standardisation of environmental experience or the appropriate control 

groups in anyone study, under these circumstances the weight of evidence does allow some gen-

eralisations to be drawn about the nature of the differential environmental experiences. It should 

be emphasised, however, that these generalisations are necessarily crude and in most instances 

16These include Lore and Levowitz 1966; Bennett et al 1970; Greenough et al 1972bj Morgan 1973j Gardner 
et al 1975; Fessler and Beatty 1976; File 1978aj Klippel 1978; Gutwein and Fishbein 1980a; 1980bj Kiyono et al 
1981; Shibagaki et al1981j Nan et al1981j Seo et al 1982; Rose et a11985a; 1987; 1988; Renner and Rosenzweig 
1986a. 
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exceptions to the rule can be documented. In the following paragraphs, the main findings to have 

emerged from this review will be described and the impact of enrichment versus impoverishment 

on behaviour distinguished. Discussion will centre around Table 2:24 which contains a succinct 

guide to this extensive literature. 

Considering learning tasks first, in general exposure to an enriched environment produces ani

mals with superior performance in mazes, when compared to either their SC or IC counterparts. 

Furthermore, enrichment has also been found to improve performance in spatial discrimination 

as well as pattern and brightness discrimination paradigms. However, none of the studies in

vestigating tactile discrimination found any evidence of superior EC performance. Moreover, in 

discrimination learning no evidence of IC superiority emerged at all, although, SC animals have 

been found to be superior to EC animals in two studies (Dawson and Hoffman 1958; Crnic 1983). 

The reasons for these generally enhanced EC performances, however, are not so clear. They 

appear to reflect both a greater use of extra-maze cues and an enhanced capacity to process 

or store information in the enriched animals, although increased exploration, fear or reactivity, 

coupled with a failure to habituate and a propensity towards repetitious patterns of limited and 

circumscribed responding in the impoverished animal may also be contributing to the typical 

EC/IC differences. Alternatively, it may be that these behavioural differences merely reflect 

differential arousal levels (Edwards et al 1969) or underlying perceptual abilities (Lamden 1985) 

in the animals. Unfortunately, the variety of methodological procedures in these test situations 

make any firm conclusions about underlying causes difficult to draw. 

Van Woerden (1986) has noted that the relative novelty of cue stimulus affects EC and IC animals 

differently in the discrimination paradigm, with EC animals appearing to adapt better to novel 

cues than their IC counterparts. It may well be, therefore, that the enriched environment is 

producing an animal which is far better able to adapt to novel test situations than either its SC 

or IC counterparts. However, the age at which the animal is exposed to its environment is an 

important factor in the development of the experientially-induced behaviour in certain learning 
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TEST NUMBER OF MAIN FINDINGS 
SITUATION STUDIES 
LEARNING 
A: MAZES 90 78'70 of papers reviewed have found evidence 

of superior maze performance In animals exposed 
to varying degrees of environmental complexity. 

1. Hebb Williams 48 Vast majority of studies demonstrate 
superior performance of animals raised 
in complex environments when compared with animals 
raised in isolation or socially housed conditions. 
The greater the social and perceptual experience, 
the better the performance. 
Behavioural effects of isolation can be reversed. 
Preferable to expose animals to enrichment during 
adolescence, but enrichment produces positive 
effects at any age. 
Only minimal amount of enrichment required. 

2. Lashley III 16 Majority of studies have found 
EC animals to be superior performers. 
No evidence of IC superiority in this apparatus. 
Age of exposure to differential environments 
does not influence performance. 

3. Other Mazes 26 Variety of mazes employed (lO). 
Results less consistent than previous maze 
literatures, reflecting range of methodologies used. 
17/26 studies demonstrate EC superiority. 
No evidence of IC superiority. 

B: DISCRIMINATION 27 37'70 of studies report evidence 
of EC superiority, but depends on type of 
discrimination. Greatest improvement in spatial, 
then pattern, then brightness. 
No effect in tactile discrimination. 

1. Brightness 16 Studies have either found no differences 
between groups, or evidence of EC 
superiority (27%). 
No evidence of IC superiority in this task. 

2. Pattern 5 Some evidence of EC superiority (~0'7o). 
However, too few studies to draw firm conclusions. 

3. Spatial 3 Some evidence of BC superiority, too few studies to 
make firm conlusions, however. 
Results interact with age of onset of experience 
and number of hours spent in environment. 

4. Tactile 3 No Significant differences found 
between EC, SC and IC animals. 
All studies involved surgery, so no firm 
conclusions can be drawn. 

C:REVERSAL 23 Differences in reversal learning 
due to the deleterious effects of impoverishment. 
Experience should begin imediately after weaning. 

D: AVOIDANCE 28 A third of the studies have found eVidence of 
EC superiority, However, EC/IC animals respond 
differently to exteroceptive stimuli, 
so care must be taken when drawing 
any conclusions in this task. 

1. Active 12 From these studIes no clear 
pattern of effects has emerged. Some evidence 
that behaviour is determined by strain of 
auimal and task employed. 
Only task where evidence of IC superiority emerged. 

2. Passive 16 SOCial and/.or perceptual enrichment 
appears to be efficacious. No evidence 
of IC superiority. 

E: SKINNER BOX 19 Clearer results 111 simple proced ures 
than are found in the more complex tasks. 

1. Simple Procedures 14 Generally, isolates bar press more. 
2. Complex Procedures 5 IC animals deficient in the 

elimination of maladaptive responses. 
Overall, picture less clear cut and task 
specific. In DRL experiments, IC animals 
hampered, in GO-NO-GO, no obvious effect. of 
nature of early experience. 

Table 2:24 Summary table of main findings of the studies and/or experiments 
reviewed in this chapter. 
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TEST NUMBER OF MAIN FINDINGS 
SITUATION STUDIES 
NON-LEARNING 
A: ACTIVITY 167 Although isolates appear to be the 

1110st active over a period of time, activity 
is a complicated phenomenon and interacts 
with the complexity of the test situation 
relative to home cage environment. 

1. Basal 3 No experiment to date has adequately 
explored EC/SC/IC basal activity. 

2. Reactivity 164 Complex phenomenon (see above). 
a. Open Field 52 VariatIOns 111 open field apparatus, 

subjects, analysis and interpretation 
makes firm conclusions difficult. 
However, activity over trials does 
distinguish EC/Ie profiles. Typically, 
IC animals maintian higher levels of 
responding when compared with SC/EC. 
With respect to rearing/defecation, few 
consistencies in results. 

b. Mazes 25 If siglllficant differences emerge 
EC animals are less emotional than their 
group housed or restricted counterparts. 
With respect to activity / exploration, 
results diverse, reflecting wide 
range of procedures. 

c. Activity Wheel 25 Higher levels of spontaneous 
EC activity in activity wheel, but lower 
levels of EC reactive activity. 

d. Novelty 32 Environment: Restricted rats 
show an enhanced preference for novelty 
but complexity of test situation must be 
taken into account. 
Objects: Object contact time and 
manipulation demonstrate differences 
between EC, SC and IC animals. 
EC animals show greater diversity and seem 
nlore inquisitive, with a large 
repetoire of exploratory behaviours. 
SC animals are more purposeful in style and 
more receptive to extra field cues. 
IC animals make less contacts initially, 
but over time have higher frequencies of 
(shorter) bouts of object contact. 

e. Emergence 30 Generally, isolates are slower 
to emerge. This effect can be reversed by 
social housing. 

B: PERCEPTION 7 Conciusions difficult to draw, 
because of small number of studies. 

1. Depth 3 Some eVidence of more lughly 
developed depth perception in EC animal •. 
Too few studies to draw firm conclusions. 

2. Noxious 4 Social and sensory restriction 
detrimentally affects responses to low 
intensity painful stimuli. 

C:MOTOR 4 Studies all demonstrate superior 
EC motor skills. No evidence that this 
is due to enrichment as opposed to 
impoverishment. (NB small number of studiesL 

D: PLAY/SOCIAL 10 Paucity of investigations 
comparing EC/IC directly, so few conclusions 
can be drawn. Some evidence that short 
period of social contaet can protect 
animal from deleterious effects of isolation. 

E: FEEDING 10 Isolates eat more than socially 
housed animals. Differences in patterns of 
feeding are less obvious, but IC animals tend 
to have larger and faster meals. 

F: SLEEPING 9 EC anirnals sleep rnore and 
display 1II0re REM than isolates. Both 
EC and IC contributes to this effect. 

Table 2:24 continued 
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situations. For example, both Krech et al (1962) and Bennett et al (1970) maintain that enriched 

experience only results in superior reversal discrimination performance when environmental expe

rience is given immediately after weaning. Interestingly, in reversal learning tasks it appears that 

performance is impaired by isolation rather than enhanced by enrichment, which Morgan (1973) 

has attributed to the IC animal's reduced capacity to inhibit a previously successful strategy. 

Active avoidance is one of the few learning situations in which the IC animal's performance 

has been found to be superior to that of its EC peer. To explain this finding Joseph and 

Gallagher (1980) have accredited the restricted animal with "the selective directing of responses to 

adaptive ends" (p541). With passive avoidance, however, the opposite is true, none ofthe studies 

demonstrating an IC superiority in performance when compared with EC animals. Furthermore, 

in this paradigm socially housed animals are as successful as their enriched counterparts, a 

finding which is not surprising given that both of these groups of animals have had opportunities 

to practice passive avoidance whilst growing up and living with other animals (Gardner et al 

1975). 

Why passive and active avoidance should produce such different results with respect to relative 

EC/IC performances is not entirely clear. It may be that the opportunities afforded the socially 

enriched animals are more transferable to the passive avoidance task than the active avoidance 

situation. Alternatively, as Renner and Rosenzweig (1987) have suggested footshock of " a par

ticular intensity may be perceived as differently aversive by the two groups". Their "subsequent 

performance could not then be clearly ascribed to differences in information processing or be

havioural abilities" (p4 7). 

More generally, the relative value of reinforcers has been the subject of study in operant con

ditioning paradigms (Rose, Love and Dell 1986) and it has been noted that brief presentation 

of light in a bar-press contingent light reinforcement becomes aversive at lower intensities for 

EC than for IC rats. Einon and Morgan (1978) have argued that IC animals appear to have 

a general disturbance of inhibitory mechanisms. It may be, therefore, that enriched animals 
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are responding more appropriately to the more intense stimulation, perhaps even having a more 

"sensitive" nervous system. 

Indeed when the operant conditioning experiments are included, this explanation starts to have 

some credence. IC animals typically bar press more than their EC counterparts in the acquisition 

phase. This, it has been suggested might reflect higher activity levels in the IC animals (Coburn 

and Tarte 1976) or that their behaviour is directed towards maximising sensory stimulation 

(Lamden and Rose 1979; Rose, Dell and Love 1987). This work suggests that the behaviour of 

EC, SC and IC animals reflects different levels of sensitivity to stimuli, such that IC animals 

will tolerate or even seek levels of stimulation that their socially enriched counterparts would 

find aversive. When considering IC animals' bar press extinction rates, which are slower than 

their enriched conspecifics, this pattern of stimulus seeking, coupled with a failure to habituate 

to stimuli (Joseph and Gallagher 1980) begins to make some sense of the data. 

So, with respect to learning behaviours, certain elements seem important. Firstly, the early ex-

perience of the animals may well interact with the complexity of the test situation to produce the 

qualitatively different patterns of behaviour observed in the EC, SC and IC groups. Furthermore, 

both social enrichment and social and perceptual enrichment appear to afford an animal certain 

opportunities for learning resulting in "skills" which, dependant on the nature of the learning 

task, can be transferable. Impoverishment on the other hand, produces an animal which accord-

ing to Einon et al (1975) has an altered developmental process, which may affect its sensitivity 

to stimulation. 

With respect to the non-learning behaviours and in particular general activity, typically, IC 

animals are more active than either their SC or EC counterparts, but this heightened activity is 

only really apparent if the animals are tested over a period of time. Furthermore, as with the 

learning tasks, groups' performances are affected by the nature of the test environment. 

For example, although IC animals maintain higher levels of activity in the open field and demon-

strate a perseverative tendency to explore the Hebb-Williams maze (Joseph and Gallagher 1980), 
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their EC and SC counterparts, although initially reactive, tend to reduce their activity over days. 

This is not surprising when one considers that the open field (and to an extent the He bb-Wiliams 

maze) is typically less enriching for EC and SC animals than their home environments (having no 

toys or conspecifics to interact with). When the novel environment does contain toys, however, 

EC animals react in an entirely "sensible" manner. Obviously the introduction of a new object 

is, in itself, not a novel procedure to these animals (after all most forms of enrichment involve 

rotating a variety of toys into the EC over the enriching period) but their reactions to these 

objects do contain a degree of caution. Approach is systematic (almost planned) compared to 

their IC counterparts and interactions are more varied and imaginative. Anecdotally, it seem 

that the IC animal, already aroused by the novelty of the environment goes into "over-drive" 

dashing around, jumping with fright and bumping into the objects. Once the initial novelty has 

worn off, however, the IC animals engage in frequent bouts of repetitive behaviour, as if they 

were either stimulus seeking, failing to inhibit behaviour or just plain hyperactive. 

Transferable skills also characterise the EC, SC and IC groups' perceptual abilities. EC animals 

have been found to make greater use of extra-field cues (McCall et aI1969), which is not unusual 

given their rearing experience. In addition, both Eichengreen et al (1966) and Lamden (1985)'s 

findings in the visual cliff suggest that EC animals are more inclined to use depth cues than 

their IC counterparts. With the perception of noxious stimuli, the evidence suggests that for 

the low intensities of shock stimulation IC animals are less sensitive than their EC counterparts. 

Whether this reflects their need for stimulus, or that for lower rates they are less sensitised than 

their EC peers is not known. More pragmatically, Lamden (1985) has speculated that the IC 

level of response reflects the fact that these animals are heavier than their EC controls and may 

not feel the lower intensities of shock as much. 

With respect to motor abilites, as would be predicted, EC animals demonstrate a degree of 

superiority over the SC and IC counterparts. However, neither the extra-cage size, nor climbing 

experience afforded by the enriched environment alone can account for this ability (Henderson 
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1977). It may be that activity, emotionality and weight differences between the groups contribute 

more to these findings (Lamden 1985), a matter still open to further investigation. What is 

interesting about these differences, however, is they may aid the EC animal's performance in 

certain of the learning and activity tasks detailed above, a fact not often taken into account by 

researchers. 

Moving on now to social behaviour, when compared with IC animals EC rats have been found 

to be more likely to engage in social contact with a "new" colony of rats. This isn't surprising, 

given that their early experience involves engaging in social contact. With IC dogs (Clarke et 

al 1951) peer interactions have been found to be negatively affected by their early experience 

and in general isolation can be seen as inducing timidity and inappropriate social responding 

(Heron 1965; DeFeudis 1975). Indeed, social behaviour, or more specifically play behaviour has 

been suggested as one of the important components in the mediation of the enrichment effect 

(Einon 1980). Whether the EC/IC differences in behaviour reflect the fact that the EC animal is 

ameliorated by its being allowed to play or that the IC animal is reduced in capacity and follows 

an abnormal developmental pattern because of its being deprived of play (or both) is still to be 

resolved. Exposure of IC animals to opportunities for play, however, can ameliorate their early 

deficits (Einon and Morgan 1977; Klippel 1978). 

The final behaviours to be discussed, are those "maintenance" behaviours, feeding and sleeping. 

Differences have been reported in the feeding behaviours of EC, SC and IC animals, with the 

latter animals eating more, having larger meals and eating faster (Lamden 1985). It may be 

that the socially housed animals eat less because they are distracted by other animals, or that 

the IC animals eat to relieve the boredom of their situation. Alternatively, Morgan and Einon 

(1975) have suggested that isolates eat more to maintain body heat in the absence of other 

animals. Furthermore, following the notion that IC animals fail to inhibit behaviours once they 

have engaged in them, it may be that once having started to eat, these animals can't stop. 

The importance of differences in feeding patterns between the groups, other than to extend 
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the behavioural profile of these animals, lies in the implications these patterns may have for 

the groups' performances in behavioural tasks which make use of food rewards. As part of the 

increasingly complex pattern of differences between the groups, it now appears that their different 

performances might also reflect their basic drives for food. 

Finally, sleeping behaviour has also been reviewed in this chapter. The rationale for examining 

the sleeping patterns of differentially housed animals lies in the relationship between the organi-

sat ion of learning and memory processes and the organisation of sleep/wake cycles. Overall EC 

animals have a greater total sleep time than either their SC or IC littermates, longer durations of 

REM sleep, shorter REM latencies and a greater percentage of REM sleep. Slow wave sleep, is 

apparently unaffected. These results are typically interpreted as resulting from the greater need 

of the EC animal to consolidate learning acquired in its environment. If, as has been argued 

in this review, the differential environments afford their inhabitants qualitatively different skills 

and if, as has also been argued, the EC provides more opportunities for learning than either of 

the other two environmental conditions, then these sleep patterns are not unexpected at all. 

So as can be seen from the above, exposing animals to differential environments can have profound 

effects on their behaviour in a variety of experimental tasks. The rather complex profiles that have 

emerged suggest that, as would be expected, qualitatively different animals are being produced by 

the EC, SC and IC environments. It is extremely difficult, however, to arrive at a shorthand which 

adequately describes the complexity ofthe enriched, impoverished and standard housed rats, since 

there are numerous interactions between the strain and sex of the animal, its environment and 

the test situation. However, if this is acknowledged, the distinguishing influences of enrichment 

when compared with impoverishment and standard housing can be summarised as follows: 

PRINCIPLE EFFECTS OF ENRICHMENT 

• Enrichment produces enhanced problem solving abilities in a variety of test situations . 

• These improved skills and strategies coupled with a wide repetoire of exploratory behaviours 
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and ease of adaption confer on the EC animal various functional advantages including those 

aiding survival. 

• EC animals demonstrate superior motor skills, but these may reflect differences in weight, 

emotionality and activity between EC and IC animals rather than EC enhanced motor 

control per se. 

• EC animals are more likely to engage in social contact and are more socially dominant than 

IC animals. 

• Enrichment increases the need for sleep and REM activity. 

PRINCIPLE EFFECTS OF STANDARD HOUSING 

• When compared with enriched animals (and in some circumstances impoverished animals) 

socially housed animals often appear to be more emotional. 

PRINCIPLE EFFECTS OF IMPOVERISHMENT 

• Physical stimulation holds different significance for EC and IC animals. For example, 

isolation seem to induce inappropriate perception of noxious stimuli, which may in part be 

determined by their inappropriate emotional reactivity in novel environments. However, 

more generally these animals seem to be motivated towards increasing contingent sensory 

input and maximising sensory stimulation. 

• IC animals have reduced capacity for response inhibition in general and in particular seem 

deficient in their ability to suppress an overlearned and previously rewarded pattern of 

behaviour. In addition, impoverishment results in maladaprive development of exploration 

and play sequences which interact with their poor inhibition of inappropriate responses and 

may well have a lowered survival ability. 
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• IC animals are generally more reactive, especially over trials. EC animals, in comparison 

show higher levels of spontaneous activity but lower levels of reactive activity. 

• Isolates appear unable to handle the discrepancy between the limited range of their early 

experiences and the typical variety and complexity of test situations. 

• There is some evidence that isolates have slower decision making times. 

• Isolates eat more, have larger meals and eat faster than their socially or perceptually en

riched counterparts. They may also be more motivated by food than their SC and EC 

conspecifics, but this does not necessarily lead to enhanced performance. In addition, iso

lation reduces the need for sleep and REM activity. 

To round all this up and describe the profiles more generally, then, the enriched environment 

seems to develop in its inhabitants a greater adaptability across a wide range of test situations. 

Enriched animals have enhanced physiological activity, superior problem solving ability and more 

directed interactions with their environment including their social environment, where they show 

greater dominance. Socially housed animals, as would be expected, can translate some of their 

socially acquired experiences to new situations. However, these animals are less well adapted 

to novelty than their EC counterparts and can be more emotional. In contrast impoverished 

animals are generally more reactive, although their activity lacks direction. In addition, their 

experiences afford them little advantage in their interactions with either their social or physical 

environments, in some circumstances even producing maladpative behaviours. On a more positive 

note, however, these apparent deficits can be ameliorated by therapeutic environments, with very 

short periods of social contact, for example, quickly reducing the deleterious effects of isolation. 
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CHAPTER THREE: OVERVIEW OF THE 

LITERATURE INVESTIGATING THE EFFECTS OF 

MANIPULATION OF THE MATERNAL 

GENERATION ON OFFSPRING PHYSIOLOGY AND 

BEHAVIOUR 
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" And surely we are all out of the computation of our age and every man is some months elder 
than he bethinks him; for we live, move, have a being, and are subject to the actions of the 
elements and the malice of diseases, in that other World, the truest Microcosm, the Womb of 
our Mother." 

(Sir Thomas Browne's Religico Medici, 1642) 

3:1 INTRODUCTION 

As outlined in chapter one, the purpose of this thesis is to examine the effects of differential 

maternal environments prior to pregnancy on the behaviour offuture offspring. Whilst employing 

EC, IC and SC as a maternal manipulation is rare in the literature, manipulation of the mother as 

a paradigm for exploring the development and later behaviour of an organism is well documented 

and provides the focus of this review. Furthermore, as with most research on the effects of early 

experience, both the timimg and the nature of the maternal manipulation have been varied and 

are taken into consideration in this present chapter. 

Considering first the timing of the experience, typically in the literature manipulation of the 

mother has occured during pregnancy. However, as Joffe (1982) has noted "not only is the 

mammalian organism susceptible to the effects of an astonishing range of physical, chemical and 

biological agents during the period from conception to birth, but for a complete understanding 

of the outcome, events occuring prior to pregnancy and during the birth process itself have to be 

taken into account" (p123). This is reflected in the literature where attention has also been paid 

to the effects of events prior to conception. This last line of research is particularily interesting as 

it removes the possibility of direct effects on the foetus since no treatment is applied to the mother 

following conception. Any offspring effects must therefore be mediated by the maternal response 

to the treatment. Additionally, maternal influence can occur during the perinatal period, that 

is during the time from birth to weaning when the young animal is being suckled by its mother. 

This is a time when the neonate is particularily sensitive to "psychological effects" (Broadhurst 

1961). In the present review, findings from all of these procedures will be examined and for 
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the sake of simplicity will be presented in chronological order, such that manipulations occuring 

prior to pregnancy will be presented before those manipulations imposed on a pregnant animal 

(prenatal procedures) are reviewed, which in turn will precede those maternal influences that 

occur postpartum. 

With respect to the second element described above, the nature of the maternal manipulation, 

perusal of the literature reveals that a wide range of agents applied to the mother can influence the 

ontogeny of her offspring. However, it is impossible to provide an exhaustive list of environmental 

agents that affect development. In the first place, if the effects are mild the outcome may not 

even be recognised as anomalous (Joffe 1982). Secondly, failure to recognise until recently that an 

agent may affect development, even when encountered prior to conception either by the mother 

or the father, has resulted in a paucity of evidence on the effects of agents prior to conception 

and on paternal drug effects (Goldman 1980). Thirdly, even in the case of clear structural or 

behavioural malformations it is often difficult to establish a causal relationship between an agent 

and an outcome. Identical outcomes may sometimes result from either genetic or environmental 

factors and particular agents can produce a variety of outcomes (Barnes 1968), probably as a 

result of variations in time and duration of exposure and of dosage, or as a result of individual 

differences in susceptibility (Joffe 1982). Fourthly, the absence of a distinctive effect or patterns 

of effects means that a possible teratogenic agent is unlikely to be recognised (Wilson 1977a). 

Furthermore, difficulties in establishing that an agent affects development are exacerbated in the 

case of functional alterations and delayed effects, that is those not manifested or ascertained at 

birth. As Joffe (1982) points out, "Not only does delay in the manifestations of the condition 

mean that a prenatal event is less likely to be suspected, but, in the case offunctional alterations, 

postnatal events can produce effects identical to both genetic factors and prenatal events' (p124). 

Despite these problems, Joffe (1982) has outlined what he sees as the main environmental agents 

which may influence development 1, which are summarised in Table 3:1. 

1 More details, including surrunaries of probable effects and references to supporting data can be found in Brent 
(1976; 1977), Catz and Yaffe (1976), Goldman (1980), Grabowski (1977), Wilson (1977a; 1977b) and Winick 
(1976). 
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Radiation 
Drugs and Hormones 
Maternal Metabolic Disorders 
Pregnancy /Delivery Complications 
Chemicals 
Infections 
Nutrition 
Maternal Stress 
Intrauterine Physical Factors 

Table 3:1 Environmental Causes of Developmental Effects (Taken from Joffe 1982) 

As can be seen from this table, there is a wide range of maternal manipulations that have 

been found to have an impact on offspring. Whilst some have some relevance to the type of 

environmental manipulation this thesis proposes to examine, other manipulations, of a more 

pathological or toxic nature which impose a degree of harm, clearly have not. To be more specific, 

environmental agents such as radiation, drugs and hormones, chemicals, infections and levels of 

nutrition although of primary interest to the medical and pharmacological professions, are not 

directly relevant to the present research. Indeed, of the nine agents listed in Table 3:1, only 

one maternal stress includes procedures which are in any way comparable with the paradigm 

employed in this present research. Consequently only those procedures which fall within this 

category will be reviewed in this chapter, the details of which are presented in the following 

sections, defined by the timing of the maternal manipulation. 

3:2 PRIOR TO CONCEPTION INFLUENCES 

In the past few years there has been an increased awareness of the effects of influences prior to 

conception on the healthy development of children. Already, agents such as radiation and possibly 

some hormones and drugs have been found to cause chromosome damage in the sperm or ova 

and thus act as determinants of embryonic death or development defects well before conception 

(Joffe 1982) 2. Consequently, some proportion of chromosomal disorders can be attributed to 

2In the case of the damaged ova, such events could exert their influence decades in advance of fertilisation, 
since the development of the human ova begins whilst the mother herself is a foetus. In the case of the sperm, the 
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environmental events long before the conception of the affected embryo (Joffe 1982). 

Of more interest to the present work, however, are the agents acting prior to conception that 

can affect development without apparently causing chromosomal damage (Joffe 1982), including 

those studies which have emerged from two areas of literature in particular, namely the prenatal 

stress literature (Joffe 1969b; Archer and Blackman 1971; Joffe 1978) and Denenberg's work on 

programming life histories (Denenberg 1969a). These will provide the focus of this particular 

section. 

One of the earliest investigations of the effects of maternal stress prior to conception on offspring 

behaviour emerged from a series of studies introduced by Thompson in 1957. His work employed 

a methodology that consisted of training animals before mating to avoid shock on the presen-

tation of a conditioned stimulus (CS). Conditioned females were then mated and returned to 

the apparatus during pregnancy, at which time the CS was presented without the shock. This 

procedure, he argued, subjected pregnant animals to stress, but reduced the possibility of direct 

effects on the foetus. In the open field, offspring of prenatally stressed females were found to be 

significantly less active than offspring of control animals, and in an alley test, were significantly 

slower to run through the alley. Thompson (1957a) interpreted the effects on the behaviour of 

the offspring as probably indicative of increased emotionality and tentatively attributed this to 

endocrinal changes in the mothers resulting from the experimental procedure being transmitted 

to the foetuses. Kaplan (1957) immediately pointed out the possibility that the effects on the 

offspring may have been caused by maternal hormonal changes resulting from the stress of the 

training period itself and suggested that the control for such effects was to subject a group to the 

same training and premating stress as the experimental animals, but not to stress them further 

during pregnancy. Thompson (1957b) accepted this possibility and added that "radically alter-

ing the mother before pregnancy may be equivalent to radically altering the environment during 

pregnancy" (p74), since this stress during the premating period might produce in the mothers a 

susceptible period is up to about 64 days prior to fertilisation, the time required for the maturation of a sperm 
cell (Goldman 1980). 
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much lower "threshold of reactivity" to the various normal environmental stresses. This question 

was submitted to experimental examination by Thompson, Watson and Charlesworth in 1962. 

In their experiment, a group of ten female Sprague-Dawley rats were subjected to three shock 

sessions per day for ten days prior to mating. Each shock session consisted of twelve shocks, 

administered over a two-minute period. Ten females in the control group were left untreated. 

After mating both experimental and control females were left undisturbed. Half the offspring 

in each group were cross fostered and half remained with their natural mothers. When they 

were between 60 and 80 days of age 32 experimental and 32 control offspring were tested in 

an open field in which defecation, ambulation and the latency of the animals' activity were 

recorded on three daily ten-minute trials. Additionally, the animals' speed of running to a food 

reward in an alley test, after 24 hours of food deprivation was also recorded. No significant 

overall differences were found between the behaviour of the offspring of females shocked prior to 

mating and that of offspring of untreated control animals on either test. However the analysis 

of open field activity showed a significant sex by fostering by prenatal treatment interaction, 

which although complex, has been described by Joffe (1969b) as follows: "it appears that among 

females, offspring of experimental mothers were more active than controls, whereas in the case of 

males, while cross fostered experimental offspring were more active than cross fostered controls, 

non fostered experimental offspring were less active than non cross fostered controls" (p138). It 

seems a little surprising then, that Thompson et al (1962) concluded that "stress given prior to 

conception either by itself or in combination with other variables has little effect on offspring 

behaviour" (p10-11). As Joffe (1969b) points out, "although the effect ofthe stress was detected 

only in a complex interaction, the stress did significantly affect offspring behaviour" (p138). 

Following Thompson et aI's (1962) work, a second experiment (Ader and Belfer 1962b) in which 

offspring of female Long Evans rats exposed to avoidance conditioning prior to mating were com

pared with offspring of animals exposed to both premating avoidance conditioning and prenatal 

stress, did, however, report differences between the groups. Offspring of gestation ally stressed 
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mothers were significantly less active in an open field at 30 to 40 days, than those of mothers 

stressed prior to mating. The lack of untreated controls, however, makes it difficult to tell if 

these results are due to premating stress on its own. In addition, the open field test comprised a 

single, one-minute trial, a procedure quite likely to give invalid and unreliable results (see chapter 

two). Furthermore, maternal behaviour was rated daily during the first postpartum week in this 

experiment, during which a retrieval test was employed, which in disturbing the litter, may well 

have had confounding effects. 

In an experiment in which most of these criticisms were taken into account, Joffe (1965b) found 

that premating stress did contribute to offspring behaviour. He used three groups of rats; two 

groups received daily avoidance training for a period of 14 days prior to mating, after which 

one group continued to receive the CS prenatally. The second experimental group was left 

undisturbed after mating and the third group, the control group, left undisturbed throughout 

the whole pre and postmating periods. Offspring from the three groups were tested in an open 

field and on an avoidance conditioning task at approximately 100 days. Results of ambulation 

in the open field revealed a significant difference between offspring of the premating conditioning 

group who were not treated after mating and the other two groups. With the second test, 

however, a reversal occured, offspring of the premating/gestationally stressed group differing 

significantly from the other two groups. In his discussion of these findings Joffe (1969b) speculates 

on some possible routes of these effects and suggests that "changes in offspring behaviour result 

from neuroendocrinal changes in the mother, transmitted transplacentally to the offspring. The 

occurrence of effects as a result of procedures terminating before the females were mated supports 

the possibility first suggested by Kaplan (1957) that effects which are apparently the result of 

events occuring during gestation may result instead from hormonal changes during the premating 

training persisting after cessation of treatment" (p222-223). He further points out that "the 

occurence of effects on offspring as a result of procedures terminating before mating also excludes 

the possibility that the stress procedure directly affected the foetuses and conclusively establishes 

the intermediary role of the mother" (p223), a fact which has direct relevance to the present thesis. 
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This "intermediary role" has been further substantiated by reports in the literature of postnatal 

maternal effects. Of particular interest to the present section, is a report of postnatal effects of 

a manipulation imposed prior to conception reported by Ressler (1966) in a personal commu-

nication to Joffe (1969b, p20). He found that mice reared by foster mothers given avoidance 

training for 15 days, 50 trials per day, prior to mating performed better at 50 days of age on 

an avoidance conditioning task than mice reared by undisturbed foster mothers. There is also 

evidence from several prenatal stress experiments demonstrating an interaction of prenatal and 

postnatal variables (Hockman 1961; Thompson, Watson and Charlesworth 1962; Ader and Plaut 

1968; Masterpasqua, Chapman and Lore 1976); these will be mentioned in more detail in the 

following section (3:3). 

As well as using avoidance conditioning as a premating paradigm and examining the effects 

on offspring, one study (Wehmer, Porter and Scales 1970) has extended this work across two 

generations. In particular, these authors found that grandpups of female albino rats which had 

been subjected to avoidance conditioning before mating were more active in an open field than 

descendants of non-disturbed controls grandmothers 3. 

Other than avoidance conditioning, two other premating procedures have been reported in 

the prenatal stress literature, one employing shock traumatisation (Denenberg, Ottinger and 

Stephens 1962; Gauron 1966; Pereira, Ardila and Figueroa 1980), the other immobilisation (Lane 

and Hyde 1973). In the former procedure, shock has been applied both in the mother's infancy 

and just prior to conception. Denenberg, Ottinger and Stephens (1962) found that "the vari-

able of shocking the mother (in infancy) resulted in significant emotionality on the part of the 

offspring in adulthood and reduced body weight after avoidance training" (p71). In Gauron's 

(1966) study, in which Sprague-Dawley rats were exposed to three minutes of inescapable shock 

daily from Day 10 to 25 of life, and their offspring tested in the open field, none of the main 

effects was significant. However, a significant maternal treatment by cross fostering interaction 

3This work extends the pioneering study of Denenberg and Rosenberg (1967), the first researchers to demon
strate non-genetic transfer of information across generations, which will be described in more detail below. 
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emerged, reminiscent of Thompson et aI's (1962) findings. Gauron suggested that his findings 

"led to the conclusion that different combinations of mothers resulted in differential behaviour in 

offspring. In other words, implications regarding offspring behaviour must take into consideration 

both constitutional (including physiological and biochemical elements) and environmental factors 

and the interaction of the two" (p223). More recently, Pereira, Ardila and Figueroa (1980) have 

reported significant differences between offspring of Swiss albino mice shocked eight days prior 

to pregnancy and offspring of control animals. Interestingly, in this experiment, no significant 

differences were found between offspring of mothers shocked prior to pregnancy and offspring of 

animals shocked during pregnancy, suggesting that this manipulation prior to pregnancy is as 

efficient a stressor as one imposed prenatally. This finding casts some doubt on Joffe's (1978) 

cautionary comments concerning the efficacy of preconception stressors. 

Lane and Hyde's (1973) study was designed to investigate the effect of maternal stress on both 

fertility and sex ratio, following reports in the human literature that schizophrenic women produce 

significantly more daughters than sons. Because their study employed a premating stressor, its 

findings are relevant to the present review. In particular, stress consisted of placing rats in 

individual wire screen cocoons which severely restricted motion. Whilst three control females 

remained in their cages, three experimental animals were stressed for four hours a day for seven 

days. After the treatment, females were mated and consistent differences were found between 

stressed and unstressed mothers in both number and sex ratio of their offspring 4, very much 

suggesting a hormonal mediation. 

All of the above procedures have employed "punitive" (McKim and Thompson 1975) stressors. 

There is, however, one other form of external manipulation of the mother which according to 

McKim and Thompson (1975) is minimal in nature and which has also been employed as a 

premating procedure. This manipulation is handling and has been used in conjunction with en-

vironmental enrichment by Denenberg and his colleagues in their "programming of life histories" 

4In view of this finding, in the present thesis, number and sex ratios of all litters were recorded, to see whether 
differential environments produce differential stress levels. 
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research (Denenberg 1969aj 1970). Like Denenberg et al (1962) and Gauron's (1966) work where 

shock traumatisation occured during the mothers' infancy, handling is a perinatal procedure 

and consists of removing complete litters from the home cage, placing the pups on shavings in 

a can for three minutes and then returning the pups to their mothers. Handling rats in their 

infancy has marked effects on their subsequent behavioural and physiological processes (Salama 

and Hunt 1964j Schaeffer 1968j Denenberg 1968j 1969aj 1977j Levine 1969aj 1969bj Russell 1971j 

Daly 1973j Lee and Williams 1974; Wong and Wong 1978), in particular causing them to be 

sexually precocious, to weigh more in adulthood, to be less emotional, to explore novel and social 

objects more, generally to learn better when noxious stimuli are used as reinforcers and to have a 

lesser adrenal corticosterone response when exposed to novel stimuli, but a greater response when 

exposed to distinctly noxious stimuli, than their unhandled counterparts (Denenberg 1969a). 

In 1963 Denenberg and Whimbey investigated whether or not these changes affected handled rats' 

offspring. Reasoning that "modifications of the offspring's characteristics could occur during their 

fetal period, as a result of physiological changes induced in the mother by the handling she had 

received in infancy, or they could occur after birth as a result of either physiological changes 

(which could for example modify milk supply) or behavioural changes induced in the mother by 

the handling she had received in infancy" (p1192) Purdue-Wistar rats were either handled or 

left undisturbed in infancy. Some of their offspring were left with their natural mothers, others 

fostered to mothers of the same experiential background, whilst a third group were fostered 

to the treatment opposite to that experienced by their biological dam. Starting at 50 days 

of age, offspring were given four days of open field testing, ambulation and defecation scores 

over a three minute period being recorded. Additionally, body weights were measured. Results 

indicated that body weight reflected maternal postnatal experiences; young raised by handled 

mothers weighed more than pups raised by non-handled mothers, irrespective of natural mother. 

However, with respect to activity, both the natural mother and the fostermother influenced 

offspring performance. Young born of non-handled mothers and fostered to handled mothers 

were more active than the other groups, the next most active group being the complement of 

201 



this, rats born of handled mothers and reared by non-handled mothers. These results, according 

to Denenberg and Whimbey "clearly establish that the experiences which the mother received 

while an infant were profound enough to modify her offsprings' body weight at weaning and open 

field behaviour in adulthood" (p1193). Furthermore, they suggested that "these modifications 

were mediated through both the prenatal mother-fetus relationship and the postnatal mother

young interaction" (p1193). Interestingly, although offspring of non-handled mothers were more 

active in the open field than offspring of handled mothers, a finding replicated by Denenberg and 

Whimbey (1968) and Denenberg and Rosenberg (1968), when these animals were given additional 

experience in adulthood, namely that of getting pregnant and bearing and rearing a litter, effects 

were exactly opposite to earlier findings. In this instance, offspring born and raised by handled 

mothers were more active than those born and raised by non-handled mothers. Denenberg (1970) 

has questioned this discrepancy and concluded "I do not believe there is sufficient data available 

as yet to make any very definitive statements" (p86) 5. 

Since this early work, it has become clear that the effects of the interaction between mother 

and offspring are not unidirectional, that is do not just pass from mother to progeny. It has 

been demonstrated that each member of this pair influences the other's emotional behaviour 

(Denenberg 1966). In general, females who raised pups showing low emotionality tend to be less 

emotional than those which reared high emotional pups. Handling of the female in her infancy 

tends to influence offsprings' reactivity to further manipulations (Denenberg, Karas, Rosenberg 

and Schell 1968; Porter and Wehmer 1969) as well as having profound effects on the both the 

exploratory (Porter and Wehmer 1969; Denenberg 1970) and emotional (Denenberg 1969a) be

haviour of her offspring. Offspring of rats that have been handled in infancy show physiological 

differences too. Levine (1967) has shown that rats reared by handled mothers exhibit a reduced 

steroid response to novel stimuli, when compared with controls reared by non-handled mothers. 

However, handling the pups before they themselves were weaned tended to obliterate the effects 

of the experience of the mothers in infancy. This suggests that the development of behaviours 

5 At the time of submission of this thesis there was still no progress with respect to this issue. 
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induced by handling are interactional, rather than additive, an hypothesis that has been explored 

more fully by Denenberg (1982). 

More recently, Morse (1979) has investigated the postnatal component of the behavioural trans-

mission of emotional traits to offspring, by rat mothers handled in infancy. In his doctoral dis-

sertation, an original population of emotional and nonemotional female rats was created through 

infantile handling. These females were then bred and their offspring cross fostered to control for 

nonbehavioural trait transmission. When mature this second generation was tested and offspring 

behavioural profiles were compared with those of their mothers. This comparison demonstrated 

parent and offspring profiles to be virtually the same, a finding Morse attributed to behavioural 

transmission mediated by "behaviours in the maternal-young lactation period relationship". In 

particular, differences involving stimulation of the pups were found in the two types of mothers, 

such that the maternal behaviour of nonemotional mothers produced an environment involving 

higher stimulation for the pups than that provided the pups of emotional mothers. These findings 

clearly support Denenberg and Whimbey's (1963) speculations concerning the possible mediating 

factors involved in the transmission of maternal experiences across to their offspring, namely that 

"modifications were mediated through". the postnatal mother-young interaction" (p1193). 

As with the prenatal stress manipulations (Wehmer, Porter and Scales 1970) handling has also 

been investigated across two generations, and has been found to affect both activity and weaning 

weights of grandpups. Specifically, Denenberg and Rosenberg (1967) 6 have shown that descen-

dants of non-handled grandmothers were more active than descendants of handled 7 grandmoth-

ers, if their mothers had been reared in maternity cages between birth and weaning. Interestingly, 

exactly the opposite pattern was obtained if their mothers had been reared in a free environ-

ment during infancy. Furthermore, weanlings whose grandmothers were not handled weighed 

significantly more than those whose grandmothers had been manipulated. In their discussion, 

Denenberg and Rosenberg point out that this effect only manifests itself when maternal experi-

6This experiment is described in more detail in chapter six. 
7 Handling occured between day 1 and day 20 whilst the grandmothers were pups. 
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ences included a degree of enrichment, pointing out that "the interactive nature of the variables 

should be emphasized: if we had merely taken the female offspring of handled and non-handled 

grandmothers and maintained them in standard laboratory caging conditions from birth until 

adulthood most of the significant findings would have disappeared" (p550). The nature of the 

mechanisms underlying these effects is not known, although the authors speculate that non

genetic transfer of information is taking place. As they point out "both handling and free en

vironmental experience have behavioural and biological effects. These effects could act through 

changes in grandmaternal or maternal behaviour or through physiological changes which would 

affect the developing foetus or modify the milk supply of the grandmother or mother" (p550). 

What is interesting from the point of view of the present thesis, however, is that minimal envi

ronmental manipulations can have such long lasting effects. 

Thus, from the studies presented so far, it can be seen that manipulations prior to conception, 

have clear effects on both offspring and grandoffspring of animals subjected to both punitive 

and minimal environmental experience. This is particularily relevant to the present thesis, which 

employs differential maternal environments prior to pregnancy, a procedure which could only 

indirectly affect future generations. However, manipulation of the mother by exposing her to 

differential environments has not just been confined to the period prior to conception in the 

literature, but hae also occured during pregnancy and in the perinatal period. Evidence from 

alternative maternal manipulations relevant to both of these time periods will be outlined in the 

following sections. 

3:3 PRENATAL INFLUENCES 

Recently, increased knowledge of normal embryogenesis and of teratogenesis has made it clear 

that the developing organism is susceptible to changes in its prenatal environment. Indeed, 

over the past three decades reviews of the literature gathered from diverse sources (Archer and 

Blackman 1971; Copans 1974; Ferreira 1965; Herrenkohl 1983; Joffe 1965a; 1969a; 1969b; 1978; 
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1982; Montagu 1962; Smotherman and Robinson 1986; Ward 1984; Ward, Orth and Weisz 1983) 

have delineated prenatal influences s as an area of research in its own right (Joffe 1969b). 

As outlined in the introduction to this chapter in general only those studies which have employed 

a non-toxic or non-pathological manipulation and which fall under the general title of "maternal 

stress" will be reviewed. Research which fits this criterion and which falls within the framework of 

"prenatal influences" has come to be called "prenatal stress" (Joffe 1969b) and provides the focus 

of this particular section 9. It should be noted, however, that occasionally literature in which 

the manipulation imposed upon the mother which could be considered "harmful" (such as shock 

or heat) will also be considered in this review. This is for two reasons. Firstly, seminal papers 

which have initiated a particular line of investigation but may have themselves employed toxic 

or pathological manipulations provide an historical framework for the more obviously relevant 

reasearch, so are included in this review section. Secondly, as the boundaries between that 

which constitutes "prenatal stress" as opposed to "pathological stress" are sometimes difficult to 

delineate, the author has occasionally incorporated research from the latter category in order to 

present as complete a picture as possible. 

Historically, investigation of prenatal stress effects in animals stemmed from early reports in the 

human literature, which suggested that prenatal psychological stress influenced the behaviour of 

offspring. Within this literature (Reviews: Montagu 1962; Joffe 1969b; Copans 1974) various 

aspects of behaviour have been measured including neonatal activity and crying (Ottinger and 

Simmons 1963; 1964), the occurrence of tics (Pasamanick and Kawi 1956), reading ability (Kawi 

and Pasamanick 1959), temperamental impairment (Stott 1959), mental deficiency (Pasaman-

ick and Lilienfeld 1955) and childhood behavioural disorders (Pasamanick and Lilienfeld 1955; 

Pasamanick, Rogers and Lilienfeld 1956). The causal agents were generally ill defined, for exa.m-

8 A definition of prenatal influence would be the area of research which relates events prior to birth to effects 
on the postnatal behaviour and anatomy of organisms. 

9It should also be mentioned, however, that a wealth ofliterature investigating the effects of manipulating the 
internal environment of the mother also exists and studies examining the effects of exposing pregnant females to 
radiation, anoxia, audiogenic seizures, nutrition, disease and drugs on the survival rate, morphology and behaviour 
of their offspring are constantly appearing in the relevant journals. Comprehensive accounts of these findings can 
be found in Montagu (1962) and Joffe (1969b; 1982). 
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pie "maternal complications" or "maternal anxiety" (Archer and Blackman 1971). Because these 

studies provided limited but inconclusive evidence that prenatal psychological stress 10 influenced 

offspring behaviour and because of the methodological problems involved in investigating this 

phenomenon under controlled conditions in human subjects (Joffe 1969b pp232-236), a number of 

experimenters have studied the behavioural and physiological effects of prenatal stress in animal 

subjects, most typically using rodents. It is these studies which form the basis of the present re-

view, the structure of which owes much to the clear analysis presented by Archer and Blackman 

(1971). Prior to embarking on this review, however, there are some methodological problems 

associated with this type of research which require elucidation. 

3:3:1 Methodological Problems 

There are three types of methodological problems which should be considered. The first concerns 

the nature of controls used, be they different sorts of nonstressed conditions (Archer and Black-

man 1971), or control of prenatal and postnatal variables (Joffe 1969b), the second, the question 

of the littersize (Chapman and Stern 1979) and the third, whether the results of these studies 

are in all cases solely attributable to maternal changes induced by the psychological stressors 

(Archer and Blackman 1971). 

A number of different control treatments have been employed in the experiments to be described 

in this review. For example, taking the first form of psychological stressor to be used in this litera-

ture, conditioned avoidance learning, Thompson and his colleagues (Thompson 1957a; Thompson 

et al 1962; Thompson and Quinby 1964) employed untreated controls, whereas Hockman (1961) 

used controls which were handled daily. This latter procedure itself has effects on the offspring 

(Ader and Conklin 1963; Ader and Plaut 1968), thus Hockman's investigation is not stricly com-

parable with those of Thompson and his co-workers. As will become clear in the following pages 

lON.B. Archer and Blackman (1971) have defined a psychological stressor as "a situation which although not 
physically harmful in terms of causing tissue damage, evokes hormonal changes characteristic of the stress response 
originally described by Selye for physicalstressors" (p195). (Selye (1950) defined stress as a nonspecific hormonal 
change which occured in response to physically harmful stimuli.) 
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this lack of consistency in the use of control procedures is prevalent in most prenatal paradigms. 

This led Archer and Blackman (1971) to conclude "that many of the prenatal stress studies are 

not directly comparable with one another, because different "control" groups have been used 

by different investigators: in fact, in some cases the comparison is between a treated and an 

untreated group, whereas in others it is between 2 (sic) differently treated groups" (p197). 

Control of both the prenatal and postnatal variables are also important methodological consid-

erations (Joffe 1969b). The first difficulty, relating to prenatal maternal effects, is that in any 

experiment using different subjects or strains of subjects there may be differences in a number 

of prenatal variables (such as genetic variables) in addition to environmental ones. For exam-

pIe, different females provide different intra-uterine environments and as Joffe (1969b) points 

out "mothers of a given strain will conceive foetuses only of that strain. Hence the role of the 

maternal genotype cannot be assessed separately, since both the maternal and foetal genotypes 

vary at the same time" (p26). Although a technique exists which avoids this problem, namely 

reciprocal crossing 11, few studies have employed this procedure. A second and perhaps more 

confounding problem in prenatal stress research concerns the postnatal environment of the off-

spring. In its simplest form an experiment on prenatal stress requires the application of some 

form of treatment to females during pregnancy while an equivalent group is left untreated. If the 

behaviour of the offspring of the treated mothers differs from that of the controls, this difference 

can be attributed to the treatment applied. However, it cannot be determined whether the effects 

were transmitted to the offspring before or after birth, since the effects of the treatment of the 

mother may well persist after the birth of her offspring, even if the treatment itself terminated at 

birth. The very possibility of any postnatal effects should be sufficient reason to require control 

of postnatal variables in prenatal stress experiments, however, as will be seen in the section on 

perinatal influences later in this chapter, experimental demonstrations of the effects of postnatal 

11 Reciprocal crossing is where males of one strain are mated with females of another strain and males of the 
second strain with females of the first strain. If inbred strains are used in the reciprocal cross, females of both 
strains will then carry offspring of like genotype since the crossbred progeny of two inbred strains should be 
uniformly heterozygous. Any differences between the the two sets of progeny (in the direction resembling the 
female parent) must then be due to prenatal maternal effects, assuming that is, adequate controls for postnatal 
effects. 
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maternal variables on offspring behaviour (such as style of mothering) make it imperative to 

exclude the role of postnatal factors, before effects of experimental treatments on offspring can 

be regarded as prenatally mediated. Control of postnatal variables can take several forms and 

has been discussed in detail by Joffe (1969b pp 21-26). Suffice it to say at this point that in most 

cases, a form of fostering or cross fostering is probably the most efficacious method of control 

and for further information on postnatal variables, the reader is directed to the following section 

on perinatal influences (section 3:4). 

The second class of methodological problems, which is related to the issues just discussed, con

cerns littersize effects, a factor which may influence both the profusion of stress effects and 

interactions and the lack of consistency across studies. Chapman and Stern (1979) have pointed 

out that "uncontrolled litter effects may have contributed to the many complex treatment effects 

obtained in prenatal stress studies" (p258) and further remark "that the unwary investigator who 

uses several animals from each litter as subjects and then analyses data from prenatally treated 

offspring without regard to their litter membership risks obtaining significant treatment effects 

when none actually exist" (p263). The increased likelihood of finding a statistically significant 

effect when the litter variable is ignored is due a) to a constriction of error variance and b) 

to a substantial increase in the degrees of freedom of the error term when several subjects per 

litter are used (Abbey and Howard 1973). According to Chapman and Stern this neglect of the 

litter variable is common in the prenatal stress literature and that examination of said literature 

"reveals the possibility that litter effects may have accounted for significant treatment effects" 

(p264). This implies that reports not employing the correct methodology are not necessarily 

generalisable and futhermore, that prenatal effects, when present, are likely to be subtle rather 

than robust. 

The third class of methodological problems concerns whether the prenatal stress experiments have 

been adequately controlled for influences on offspring behaviour which might be transmitted by 

means other than through maternal changes. These other possible ways in which prenatal stress 
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might influence offspring behaviour are first by direct effects on the foetus and secondly, as 

outlined above, through postnatal maternal behaviour induced by the prenatal stress. 

With regards to the first possibility, it has been pointed out that certain of the techniques 

employed in the prenatal stress studies could act directly on the foetus (Archer and Blackman 

1971), for example, electric shock used in the conditioned avoidance procedure (Thompson and 

Quinby 1964) or as a procedure on its own (Sobrian 1977), tilting stress (DeFries 1964; DeFries 

and Weir 1964) and any procedure involving a sound or heat stimulus (Thompson 1957b; Ward 

1984). This has led some researchers to question the efficacy of these techniques as prenatal 

stressors. However, although these methods do not fully exclude possible direct effects, at present 

the importance of these effects is unknown. Another possible way in which a prenatal treatment 

might influence offspring behaviour is through changes in maternal behavour caused by stressor 

effects on the mother. As mentioned earlier, control for these effects has typically involved 

fostering. Indeed, Joffe in his doctoral dissertation (1965d) maintained that studies lacking such 

control were of little value. Although the inclusion of postnatal controls is preferable in prenatal 

stress experiments, Archer and Blackman (1971) have reviewed this literature and point out that 

"the studies which used controls for postnatal effects generally revealed no differences between 

fostered and non fostered offspring in the general direction of their response to prenatal stress" 

(p201) and conclude that "Joffe's position may be regarded as excessively cautious" (p201). 

3:3:2 Prenatal Stress Manipulations 

Having considered the principal methodological difficulties involved in the experimental studies 

of prenatal psychological stress, this section will detail the effects of the main manipulations 

that have been employed in the literature. A cursory glance at any review of this area suggests 

that a number of qualitatively different procedures have been used to induce prenatal stress, 

one of the earliest being that of Thompson and Sontag (1956) who examined the effects of 

maternal audiogenic seizures from day 5 to 18 of gestation on offspring water maze performance, 
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activity, weight and littersize. Offspring of prenatally stressed animals were significantly slower 

in watermaze learning than controls, but did not differ on any of the other dependant variables. 

However, whether this procedure can be considered as a prenatal stressor as defined by Archer 

and Blackman (1971) is questionable, as it is not entirely clear ifthe effects are mediated through 

changes in maternal hormones. In their discussion Thompson and Sontag include "maternal blood 

chemical changes due to shock" (p456) as one way in which audiogenic seizures in pregnant 

animals might affect their offspring, but they also suggest that foetal anoxia resulting from 

contraction of the uterine arteries might have produced the effects. Consequently, the most 

commonly cited original prenatal stress experiment in the literature is that of Thompson (1957a), 

who employed a conditioned avoidance manipulation. 

Other than avoidance conditioning, a technique that Joffe (1978) has described as a psychological 

stressor as it does not subject animals to painful or physically stressful events during pregnancy, 

two other categories of maternal manipulation have been employed that fall within the fairly wide 

boundaries of maternal stress delineated earlier. These include physical stressors, procedures 

which appear to be physically stressful or to markedly increase levels of physical stimulation 

relative to controls, and painful stressors, procedures which include components that are either 

definitely or probably painful. Table 3:2 details the manipulations which fall within these main 

categories, findings of which will outlined below. 
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Psychological Stressor A voidance Conditioning 
Physical Stressor Handling 

Crowding With/Without Injection 
Aversive Procedures Swimming/Tilting/N oise 

Swimming/N oise/Light 
Noise/Light 
Bright Light 
Heat/Light 

Immobilisation Restraint/Heat/Light 
Restraint/Heat 
Restraint /Light 

Pain Stressor Audiogenic Seizure 
Conflict 
Shock Shock/Light 

Table 3:2 Categories of prenatal stressors. 

a) PSYCHOLOGICAL STRESSORS 

The only psychological stressor in the literature which is relevant to the present work is avoidance 

conditioning. This procedure typically involves training females prior to pregnancy to avoid 

shock on presentation of a signal by crossing to the other side of a two compartment shuttle box. 

Females are then mated and are re-introduced to the shuttle box during gestation, during which 

time the noxious shock stimulus is withheld. Variations of this general paradigm constitute the 

most commonly employed technique for imposing prenatal stress and since Thompson's early 

work (1957a) there have been at least twenty-two studies using this method (Doyle and Yule 

1959a; 1959b; 1959c; Hockman 1961; Ader and Belfer 1962b; Thompson and Quinby 1962; 

1964; Thompson, Watson and Charlesworth 1962; Joffe 1965a; 1965b; Morra 1965a; 1965b; Bell, 

Hendry and Miller 1967; Lamp 1967; Porter and Wehmer 1969; Archer and Blackman 1970; 

Hutchings and Gibbon 1970; Smith, Heseltine and Corson 1971; Smith, Joffe and Heseltine 1975; 

Masterpasqua, Chapman and Lore 1976; Joffe 1977; Rohner and Werboff 1979). 

The most commonly used test within this literature has been the open field with all but one 

(Bell et al 1967) of the studies employing this apparatus. As with the enrichment literature, 

interpretation of the open field measures has varied between experimenters, with ambulation 
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scores being construed as a measure of emotionality (Thompson 1957a; Ader and Belfer 1962b; 

Thompson and Quinby 1964; Morra 1965b) or exploration (Masterpasqua et al 1976). Over

all, however, open field ambulation scores have been remarkably consistent despite a variety of 

procedural differences between experimenters, most results demonstrating that offspring of pre

natally stressed females have decreased ambulation scores when compared with controls. Only 

three studies have reported the opposite (Thompson, Watson and Charlesworth 1962; Porter and 

Wehmer 1969; Masterpasqua, Chapman and Lore 1976) namely that offspring of stressed animals 

are more active, with five studies (Joffe 1965a; 1965b; Lamp 1967; Archer and Blackman 1970; 

Joffe 1979) reporting no significant differences between the groups. This has lead Ader and Belfer 

(1962b) to conclude that "these results provide some indication that prenatal maternal anxiety 

can influence emotional behaviour of the offspring"(p715) further corroborated by Thompson 

and Quinby (1964) who report that "changes are in the direction of increased emotionality as 

indicated by depression of open field activity" (p370). 

Latency of ambulation has also been measured in a few studies. Ader and Belfer (1962b), 

Hockman (1961) and Thompson et al (1962) reporting no significant differences as a function 

of prenatal treatment, but Thompson (1957a) and Morra (1965a) reporting increased latencies 

in prenatally stressed rats. In contrast Porter and Wehmer (1969) found significantly shorter 

latencies in their prenatally stressed animals. 

Generally no significant differences have been found between the groups with respect to defe

cation (Hockman 1961; Porter and Wehmer 1969; Joffe 1965a; 1965b; 1977; Smith, Joffe and 

Heseltine 1975; Masterpasqua, Chapman and Lore 1976). However, Thompson (1957a) and his 

co-workers (Thompson et al 1962) have reported increased defaecation in the open field as a 

function of prenatal stress. Some authors have measured other aspects of behaviour in the open 

field situation, for example Archer and Blackman (1970) observed the number of entries into the 

inner circle of their open field and found that after both one and ten minutes' exposure to the 

apparatus, number of entries were significantly less in their prenatally stressed offspring than in 
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untreated controls. In addition, Doyle and Yule (1959a) found a significant increase in freezing 

behaviour in the open field in prenatally stressed animals. In contrast, Hutchings and Gibbon 

(1970) reported that their stressed animals spent less time crouching than controls. 

Summarising the results of the open field tests, the direction of the behaviour change produced by 

prenatal stress is in most cases that of decreased ambulation and a tendency towards emotionality 

in a novel situation. Additionally, as Archer and Blackman (1971) point out "most of the other 

behavioural tests used in the prenatal stress studies have produced similar results to the open 

field data" (p231). 

Moving on to other test procedures employed in this literature, Thompson (1957a) reported that 

prenatally stressed animals demonstrated longer latencies than controls in an emergence from 

home cage test at 30-40 days of age, but by 135 days this significance seemed to have disappeared 

(Ader and Belfer 1962b). Interestingly Masterpasqua et al (1976) found that their prenatally 

stressed animals spent a greater amount of time outside their home cages (when tested at 45 days 

of age) and interpreted this as an increase in exploratory behaviour in these animals. Latency to 

reach a food reward along a runway has also been measured. In his early work Thompson (1957a) 

found increased latencies in a runway test as a result of prenatal stress at both 30-40 days and 

130-140 days, interpreting this as evidence of increased emotionality in these animals. However, 

in a later experiment (Thompson et a11962) he found that the direction of change was a function 

of the activity of the parental strain, rats from a high-active strain showing increased latencies, 

whereas those from a low-active strain showed decreased latencies, when compared with controls. 

Thompson and Quinby (1964) extended this work, when they reported that direction of change 

also depended on the sex of the offspring, males showing increased latencies as a function of 

prenatal stress, females showing the opposite, namely decreased latencies. 

Not all the tests used in this literature have been concerned solely with the general reactivity of 

the organism. Several experiments have employed learning paradigms, in particular avoidance 

conditioning and watermazes, as well as investigating social behaviour and physiological changes. 
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With respect to performance in a learning task, Thompson et al (1962), Thompson and Quinby 

(1964) and Morra (1965b) have investigated the effects of prenatal stress on the performance of 

the offspring in a watermaze. None ofthese studies revealed any effects of the prenatal treatment 

with respect to the number of trials required to reach criterion. However, if the animals were 

retested after two weeks, stressed offspring required significantly more trials to reach criterion 

than their untreated counterparts (Thompson et al 1962). Time taken for each trial varied 

according to experimental background, with longer swim times for prenatally stressed animals 

than controls (Thompson et al 1962; Thompson and Quinby 1964). In contrast, Morra (1965b) 

found that offspring from more severely stressed mothers learned a watermaze faster than those 

from less severely stressed mothers. It should be pointed out, however, that Morra's learning 

situation was procedurally different from that employed by Thompson and his co-workers and 

the animals differed in age and previous test experience, which may account for the discrepancy 

in the results. Performance in a complex maze has also been investigated (Lamp 1967), with 

errors and time per trial being measured. No significant differences were found between the 

offspring of prenatally stressed and control mothers. However, Lamp (1967) points out that his 

work employed differences in experimental variables, but does not specify them. 

The other sort of learning situation which has been used in this literature is conditioned avoid

ance itself. Joffe (1965b) reported that prenatally stressed offspring scored significantly more 

avoidance responses with significantly shorter latencies than control offspring. However, in a 

later experiment, avoidance conditioning procedures only manifested effects in female offspring 

(Smith, Joffe and Heseltine 1975) and in this instance, stress significantly decreased avoidances 

made by the offspring. In a further experiment (J offe 1977), effects were not found. In this 

latter paper, however, animals had received saline injections as part of a drug study, a procedure 

which in itself is stressful and may have caused changes in the "control" animals' behavioural 

repertoire. 

More recently, a variety of social behaviours have also been examined m the prenatal stress 
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literature, where stress has been induced by prenatal avoidance conditioning. In particular Smith, 

Joffe and Heseltine (1975) included a social dominance task in their range of test procedures, in 

which pairs of offspring of control and stressed females, matched for body weight, were housed in 

hanging cages and fed one 109 pellet of rat food twice a day. Animals were weighed at the end of 

7 and 14 days and the percent of body weight loss used as a measure of dominance. Males lost 

more weight than females, but no significant weight differences were found between the stressed 

and nonstressed offspring. This finding has been interpreted by the authors in the light of weight 

losses sustained by stressed and nonstressed animals in a food deprivation task. Specifically 

they suggest that "the finding that stressed animals lost less weight in a food deprivation task 

than controls, but not in the social dominance test implies that there must have been differences 

in the competitive abilities of stressed and unstressed animals. If each each member of a pair 

(one stressed and one unstressed rat) were obtaining an equal quantity of food in the dominance 

situation, stressed animals should have lost less weight as they did when caged individually and 

fed an equal amount offood to that received by nons tressed animals" (p467). Thus it appears that 

nonstressed animals were obtaining a larger share of the food and were more socially dominant. 

The relationship between prenatal stress and the sexual and emotional behaviour of adult male 

rats has also been examined in the literature (Masterpasqua et al 1976). Beginning at 90 days 

of age, all males were given three weekly 30 minute sexual tests conducted with ovariectomised 

estrous females. Number of genital sniffs, mount latencies, number of mounts, intromission la

tencies, number of intromissions, ejaculation latencies and number of ejaculations were recorded. 

Additionally, a long term sexual test was also included in the study. At 120 days of age, each 

male was housed with an adult female rat for 18 days and breeding effectiveness was measured. 

Results indicated that male offspring of prenatally stressed rats showed low levels of copulatory 

behaviour, but successfully impregnated their female cagemates. 

Physiological changes have also been found in offspring of prenatally stressed animals. Bell et 

al (1967), for example, found that prenatal avoidance conditioning (CS presentation) adminis-
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tered at the time the foetal gut was developing produced increased gastric ulcer susceptibility to 

immobilisation, when compared with controls which were either offspring of untreated females, 

or females stressed later in their gestation. Biochemical assays of prenatally stressed offspring 

have also been undertaken (Rohner and Werboff 1979), with catecholamine concentrations being 

measured at three different points in the offspring lifespan (birth, weaning and adolescence). 

Although no significant differences in dopamine concentrations were found in experimental and 

control pups at birth, adolescent offspring from avoidance conditioned females had significantly 

reduced dopamine levels in tissue from the corpus striatum when compared to offspring of con

trol mothers. Rohner and Werboff in their discussion suggest that "the dopaminergic system 

was affected by the prenatal environment and that this in turn affected the activity level of the 

offspring" (p4 7). 

Finally, weight changes associated with prenatal stress have also been reported in the literature. 

In particular, Smith, Joffe and Heseltine (1975) have found that stressed offspring were on average 

5.1 percent lighter than unstressed pups at birth and that this effect on weight was still present 

after 21 days of rearing by unstressed foster mothers. These weight differences had disappeared by 

42 days, however, there have been other reports in the literature of adult weight differences. For 

example, Porter and Wehmer (1969) found that adult weight was lower for subjects whose mothers 

had undergone stress during pregnancy, when compared with control animals. Interestingly, 

littersizes of experimental animals have also been found to be smaller than those of control 

animals (Lamp 1967) and in this study maternal behviour was also observed, several of the 

stressed mothers being found eating their young. 

Thus it can be seen that avoidance conditioning during gestation has profound effects on offspring 

behaviour and physiology. There are however several other findings which are of interest and 

require elucidation, before moving on to consider the effects of physical stressors such as handling 

and immobilisation on offspring development. 

Firstly, several researchers have investigated the effects of differences in the intensity of prenatal 
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stress on the offspring response. Morra (1965b) for example, induced different levels of prenatal 

stress by exposing his female rats to different numbers of premating avoidance training trials (0, 

50, 100 and 200) whilst using a constant number of exposures during pregnancy and found that 

"greater levels of conditioned stress during pregnancy seemed to result in greater emotionality 

in the offspring" (p8). Similarly, Thompson and Quinby (1964) induced high and low levels 

of stress in pregnant rats, by employing different numbers of avoidance training and test trials 

and different numbers and strengths of shock during training. When the offspring were tested in 

an open field, it was found that their activity was inversely related to the amount of maternal 

stress. Conversely, however, offspring latency scores in a watermaze, which were greatly increased 

by prenatal stress, were more affected by a low level of stress than by a higher level. In their 

conclusion, these authors state "the extent and direction of effects are dependant in complex 

ways on the sex of the animal, parental activity levels and intensity of maternal stress" (p371). 

As well as intensity of stress, a second variable, the timing of the stress has been of interest to 

some researchers. Morra (1965b) studied the effects of prenatal stress administered in either the 

first or second half of pregnancy and found that the latter half of pregnancy seemed to be more 

sensitive to the treatment. In a subsequent study, Bell et al (1967) manipulated the prenatal 

stress such that it occured either when the foetal gut was developing (Days 6-10 of pregnancy) 

or at a later stage (Days 11-14). Controls received no treatment during pregnancy. Offspring 

were tested at 46 days for gastric ulcer susceptibility after 48 hours of immobilisation and those 

stressed in the earlier period were found to demonstrate significantly more ulcers than offspring 

from the other two conditions. 

As well as timing and intensity of stress, a third variable that has been investigated is the 

postnatal environment. In particular, Hockman (1961) noted that the stress applied during 

gestation in his experiments was not by itself sufficient to noticeably affect the offspring but that 

it "must be supplemented by the cross fostering experience" (p682). However, this finding may 

well have resulted from a procedural variable particular to Hockman's work, as there are numerous 
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studies which have reported significant findings without employing any fostering techniques at 

all (Doyle and Yule 1959a; 1959b; 1959c; Thompson et al 1962; Morra 1965a; 1965b; Bell et al 

1967; Hutchings and Gibbon 1970). 

Finally, the nature of prenatal stress induced by avoidance conditioning has been compared 

with other manipulations. Porter and Wehmer (1969) have reported that the "main effects of 

maternal pregnancy stress upon subsequent offspring open field performance appear much more 

pronounced than the effects of infantile handling in the offspring" (p24). 

To summarise, therefore, psychological stressors have pronounced effects on offspring emotion-

ality, exploration and learning, as well as their physiological development. These effects are 

complex and altered by the timing and intensity of the maternal manipulation. Psychological 

stressors are not the only procedures to be employed in this literature, however and in the fol-

lowing pages, the effects of physical stressors applied to the mother during her pregnancy on her 

offspring will be reviewed. 

b) PHYSICAL STRESSORS 

As can be seen from Table 3:2 (described earlier), physical stressors include handling, crowding, 

immobilisation and other aversive procedures; there have been numerous studies which have used 

these manipulations. These are listed in Table 3:3 12. Early work in this field concentrated on 

the effects of prenatal experience on reactivity (Keeley 1962; Lieberman 1963; Ader and Conklin 

1963; De Fries 1964; Weir and De Fries 1964; De Fries and Weir 1964; De Fries, Weir and 

Hegmann 1967), but following Ward's (1972) assertion that prenatal stress both demasculinised 

and feminised male rats' sexual behaviour, interest shifted to examining this in more detail. 

Both the behaviour and underlying physiology of sexual behaviour have since been explored, as 

have maternal behaviours. More recently, some work has also investigated the effects of various 

12Two additional studies should also be included in this table; the first research by Rojo, Marin and Menendez
Patterson (1985) who used what they term a "low stress", the second the work of Grimm and Frieder (1987) who 
employed a "mild stress". As no further details were available to the author, these studies cannot be categorised 
and consequently are included only as a footnote. 
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stressors on learning ability (Smith, Wills and Naylor 1981; Ryakaszewski 1985; Fride, Dan, 

Feldon, Halevy and Weinstock 1986;), maturation (Sobrian 1976; Fride and Weinstock 1984; 

Fride et al 1986) and play (Ohkawa 1987). The most recent publications in this field, however, 

have concentrated on the interaction of prenatal stress and various drugs such as ethanol (DeTurck 

and Vogel 1982; DeTurck and Pohorecky 1985; Weinberg 1987; DeTurck and Pohorecky 1987) 

and caffeine (Pohorecky et al 1989). Furthermore, increasingly sophisticated investigations of 

the impact of prenatal stress on brain biogenic amines (Peters 1982; 1984; 1988a; 1988b; 1990; 

Fride and Weinstock 1988; 1989), hormonal sytems (Kinsley and Bridges 1987; Weinberg 1987; 

Kinsley, Mann and Bridges 1989; Pohorecky et al 1989) and opioid systems (Kinsley, Mann and 

Bridges 1988a; Insel et al 1990) have also appeared in the literature. The findings from these 

areas will be described in more detail in the following pages. 
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Handling Ader and Conklin 1963 
Werboff, Anderson and Haggett 1968 
Ader and Plaut 1968 
Plaut, Grota, Ader and Graham 1970 
Ader and Deitchman 1970 
Plaut, Graham and Leiner 1972 
Sobrian 1976 
Miley, Frank and Hoxter 1981 
Smith, Wills and Naylor 1981 
Miley, Blustein and Kennedy 1982 
Peters 1982 
DeTurck and Pohorecky 1985 
DeTurck and Pohorecky 1987 
Pohorecky, Roberts, Cotler and Carbone 1989 

Crowding Keeley 1962 
Lieberman 1963 
Chapman, Masterpasqua and Lore 1976 
Allen and Haggett 1977 
Dahlof, Hard and Larsson 1977 
Dahlof, Hard and Larsson 1978 
Peters 1982 
Peters 1984 
Harvey and Chevins 1984 
Harvey and Chevins 1985 
Moore and Power 1985 
Peters 1986a 
Peters 1986b 
Moore and Power 1986 
Power and Moore 1986 
Peters 1988a 
Peters 1988b 
Peters 1990 

Aversive DeFries 1964 
Procedures Weir and DeFries 1964 

DeFries and Weir 1964 
DeFries, Weir and Hegmann 1967 
Beckhardt and Ward 1983 
Fride and Weinstock 1984 
Fride, Dan, Gavish and Weinstock 1985 
Fride, Dan, Feldon, Halevy and Weinstock 1986 
Fride, Soreq and Weinstock 1986 
Fride and Weinstock 1987 
Fride and Weinstock 1988 
Fride and Weinstock 1989 

Table 3:3 Summary of those studies which have used experimental manipulations which fall 

within the category of "physical" stressor. 
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Immobilisation Ward 1972 
Dahlof, Hard and Larsson 1972 
Lane and Hyde 1973 
Ward 1974 
Herrenkohl and Whitney 1976 
Ward 1976 
Ward 1977 
Moyer, Herrenkohl and Jacobowitz 1977 
Whitney and Herrenkohl 1977 
Dahlof, Hard and Larsson 1977 
Herrenkohl and Politch 1978 
Barlow, Knight and Sullivan 1978 
Dunlap, Zadina and Gougis 1978 
Dahlof, Hard and Larsson 1978 
Moyer, Herrenkohl and Jacobowitz 1978 
Politch, Herrenkohl and Gala 1978 
Chapman and Stern 1978 
Herrenkohl 1979a 
Herrenkohl 1979b 
Herrenkohl and Gala 1979 
Meisel, Dohanich and Ward 1979 
Politch and Herrenkohl 1979 
Chapman and Stern 1979 
Meisel 1980 
Gotz and Dorner 1980 
Ward and Weisz 1980 
Rhees and Fleming 1981 
Miley, Frank and Hoxter 1981 
DeTurck and Vogel 1982 
Burack 1982 
Weisz, Brown and Ward 1982 
Miley, Blustein and Kennedy 1982 
Wilke, Tseu, Rhees and Fleming 1982 
Ward, Orth and Weisz 1983 
Vom Saal 1983 
Orth, Weisz, Ward and Ward 1983 
Dorner, Gotz and Docke 1983 
Rhees, Badger and Fleming 1983 
Miley 1983 
Herrenkohl 1983 (Review) 
Herrenkohl and Scott 1984 
Ward 1984 
Ward and Weisz 1984 
Politch and Herrenkohl 1984 
Pollard 1984 
Pollard and Dyer 1985 
Ward and Ward 1985 

Table 3:3 continued 
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Immobilisation 
( continued) 

Anderson, Rhees and Fleming 1985 
Ward and Reed 1985 
Rykaszewski 1985 
Anderson, Fleming, Rhees and Kinghorn 1986 
Kinsley and Svare 1986a 
Kinsley and Svare 1986b 
Fleming, Anderson, Rhees, Kinghorn and Bakaitis 1986 
Ward, Monaghan and Ward 1986 
Kinsley and Bridges 1986 
Herrenkohl 1986 
Kinsley and Svare 1987 
DeTurck and Pohorecky 1987 
Weinberg 1987 
Kinsley and Bridges 1987 
Ohkawa 1987 
Kinsley and Svare 1988 
McLeod and Brown 1988 
Kinsley and Bridges 1988 
Kinsley, Mann and Bridges 1988a 
Kinsley, Mann and Bridges 1988b 
Lephart, Fleming and Rhees 1989 
Kinsley, Mann and Bridges 1989 
Insel, Kinsley, Mann and Bridges 1990 

Table 3:3 (continued) 

Considering first reactivity, as with the psychological stressor avoidance conditioning detailed in 

the previous section, one of the most commonly employed test procedures has been the open 

field, with a variety of prenatal stressors being employed, including crowding (Lieberman 1963; 

Chapman, Masterpasqua and Lore 1976; Moore and Power 1986; Peters 1988a; Peters 1988b), 

handling (Ader and Conklin 1963; Plaut, Graham and Leiner 1972; Sobrian 1976; Pohorecky 

et al 1989), swimming, tilting and noise (DeFries 1964; DeFries, Weir and Hegmann 1967), 

swimming, tilting and exposure to an open field (Weir and DeFries 1964; DeFries and Weir 

1964), noise and light (Fride, Dan et al 1986) and restraint (Meisel, Dohanich and Ward 1979; 

Chapman and Stern 1979; Rykaszewski 1985). Results reflect the procedural diversities, with 

no significant differences in activity emerging between offspring groups when the prenatal stress 

was handling or noise and light, but stressed offspring being more active than controls when 

their mothers had been crowded during their pregnancies. Sex effects also manifest themselves, 

with significant differences emerging between female offspring of prenatally restrained and control 
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females. DeFries and his colleagues, who employed swimming, tilting, noise or open field exposure 

did find differences in activity in their groups, however, these interacted with strain of animal. In 

particular, offspring of stressed animals from a highly active strain of mice (C57BL/6J) were less 

active in the open field test (DeFries and Weir 1964), whereas the converse was found in a low 

activity strain (BALB/CJ Weir and DeFries 1964). Finally, in one experiment (Sobrian 1976) 

both handling and footshock were employed as prenatal stressors and were found to influence 

open field ambulation. However, the author does not specify the direction of influence, only that 

"the direction of the change was dependant on the level of stress to which the pregnant female 

had been exposed" (p6423-B). 

Measures of defecation in the open field have typically revealed no significant differences between 

stressed and control groups, the one exception being Ader and Conklin (1963), who reported 

that offspring of prenatally handled animals defecated significantly less than control offspring. 

This finding is particularily interesting, as it contrasts with the greater emotionality effected by 

prenatal maternal anxiety induced by avoidance conditioning. Indeed, as Ader and Conklin point 

out "to the extent that high emotionality may be considered maladaptive, such results serve to 

contradict any orientation or expectation that only deleterious effects can result from prenatal 

manipulation" (p412). 

Lower emotionality as defined by defecation levels, was supported in Ader and Conklin's research 

by the finding that prenatally stressed animals were more likely to approach the centre of the 

open field 13. This lack offem has also been reported by Moore and Power (1986) who employed 

a crowding procedure as their prenatal manipulation 14. 

Other than the open field test, reactivity has also been measured in tests of emergence (Keeley 

1962; Ader and Conklin 1963; Chapman and Stern 1979; Chapman, Masterpasqua and Lore 

1976) and in the animals' reactions to handling (Ader and Plaut 1968; Plaut, Graham and 

13The amount of time spent in the centre of the open field is often considered to reflect levels of emotionality, 
less time indicating higher emotionality Walsh and Cununins (1976). 

14 Although more recently, Fride and Weinstock (1989) have reported that when noise and light are employed 
as the prenatal stress procedure, offspring of stressed dams demonstrate increased anxiety related behaviour. 
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Leiner 1972). As with the open field, the nature of the prenatal stressor has an effect on the 

offspring response. For example, Chapman and Stern (1969) who employed restraint, heat and 

lights as stressors found no significant differences between their groups, although, as they point 

out, very few rats emerged from their home cages during their ten minute test trials. Moreover, 

other measures taken in this study, including freezing behaviour, defecation for non-emergers 

and rearing frequencies, all failed to reveal any differences between the groups. Crowding, on 

the other hand, has an effect as a prenatal stressor. Both Keeley (1962) and Chapman et al 

(1976) reported differences between their experimental and control groups, with the offspring of 

crowded animals being the least likely to emerge. The latter experimenters explored this further 

by manipulating the degree of crowding and found that significantly fewer offspring of mothers 

exposed to high density crowding emerged above the top of their cage when compared with low 

and medium density offspring. Handling has also been employed as a prenatal stressor in this 

literature. Ader and Conklin (1963) found a significant group effect, mediated by an interaction 

with the type of postnatal experience and sex of the animal. Among males, no differences were 

found between non-crossfostered handled and control groups, whereas crossfostered groups of 

prenatally handled animals emerged significantly sooner than controls. Amongst females it was 

the crossfostered groups that did not differ significantly, but the non-crossfostered offspring of 

handled mothers emerged significantly sooner than controls. 

In the two studies exploring the reaction of prenatally stressed and non-stressed offspring to 

being handled, interactions between the postnatal experiences of the offspring have also been 

found. In particular, Ader and Plaut (1968) reported that in group housed animals there was 

a lower incidence of startle responses and significantly less resistance to being picked up in the 

offspring of handled as compared to control females, but that these differences only occurred in 

those animals that had previously been subjected to some kind of stimulation. Plaut, Graham 

and Leiner (1972) included perinatal housing of some litters with a virgin female "aunt" and 

found that both prenatal handling and rearing with aunts affected scores of female offspring in a 

reaction to handling test. More specifically, handling increased the number of startle responses 
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among females reared with aunts and among the female offspring of nonhandled mothers, a 

greater proportion of animals reared with aunts exhibited resistance to being picked up when 

compared to rats reared without aunts, however, this resistance was prevented in animals whose 

mothers has been prenatally stressed. 

As mentioned earlier in this section, investigations of the effects of prenatal experience have 

extended to a variety of behaviours other than reactivity. In particular, researchers have consid

ered offspring performance in learning tasks, as well as examining sexual, maternal and aggressive 

behaviours. Furthermore, maternal stressors have been shown to influence offspring anatomy, 

neuroanatomy and neurochemistry as well as circulating hormones. These findings will be dis

cussed in turn in the remainder of this section. For the sake of simplicity, as there are quite a few 

studies to be detailed in this section, information will be further categorised into two subsections 

according to whether the prenatal stress affects offspring behaviour or physiology. 

Offspring Behaviour 

With respect to learning, both a variety of stressors and test apparatus have been employed, 

with few significant main effects. Werboff, Anderson and Haggett (1968), for example, handled 

pregnant C57BL/6J mice twice daily for five minutes throughout gestation and tested offspring 

in a water runway at 45 and 100 days of age. No significant treatment effects were observed, 

but it was evident that prenatal handling consistently resulted in differential effects on male 

and female offspring. Male offspring of handled mothers took longer to escape from the runway 

than controls, the converse being true of the female offspring. Sex differences were also noted 

by Meisel, Dohanich and Ward (1979), in offspring of Sprague-Dawley mothers restrained and 

exposed to bright lights three times a day from Day 14-21 of gestation. At approximately 80 days, 

offspring received six daily sessions of avoidance training, with females demonstrating significantly 

more avoidance responses than males. In this instance, however, no significant treatment by sex 

interactions emerged. 
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More recently, however, Fride et al (1986) have found significant prenatal stress effects in an 

avoidance conditioning task, qualified by a significant sex by treatment interaction. Acquisition 

of active avoidance was facilitated in female but reduced in male prenatally stressed offspring. 

These authors suggest "that random prenatal noise and light stress may cause impairment of 

development of hippocampal function which lasts into adulthood. This impairment is mani

fested as an increase in vulnerability and a decrease in habituation to stressful stimuli" (p681). 

Whether this prenatal stress effect on offspring learning depends on the nature of the stressor, 

however, is one question which warrants further consideration. For example, Rykaszewski (1985) 

in her doctoral dissertation, investigated the effects of heat, light and restraint from Day 1-21 of 

gestation on offspring avoidance conditioning and found no differences between her groups. In 

a second experiment, she compared prenatally stressed and control males on the acquisition of 

a conditioned emotional response (CER) and found again, no significant effects of the prenatal 

stressor. This work is in contrast with that of Fride et al (1986). 

One study which has considered the nature of the stressor in some detail, and over six learning 

tasks, is that of Smith, Wills and Naylor (1981). These authors employed two prenatal stressors, 

handling and avoidance escape training and found that the nature of the stressor did influence 

offspring performance. At 60 days, offspring began training. On the first day the operant level of 

bar pressing was measured by placing each rat in a Skinner box for 30 minutes. Offspring were 

then placed on a 24-hour food deprivation schedule and on the second day magazine training 

began. After the rats were magazine trained, bar press training began on a continuous reinforce

ment (CRF) schedule, training criterion being 50 bar presses in a 30 minute trial. Following 

this, discrimnation training was undertaken. Number of sessions required to magazine train the 

animals revealed significant differences between the groups, handled animals taking longer than 

a control group. There was also a significant difference between the groups on the number of 

sessions required to acquire the bar press response, avoidance conditioned (AC) animals taking 

considerably longer to train than either the handled or control groups. Significant differences 

also emerged with respect to the mean responses per minute during acquisition training, control 
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and AC animals performing at a significantly faster rate than handled offspring. No differences 

emerged between the groups with respect to number of sessions required to achieve criterion on 

the discrimination task. Following Skinner box training, animals were then trained on a simple 

maze and in a runway. There was a significant difference found between the groups on the num

ber of errors made in running the maze, the control group performing significantly better than 

the stressed groups. No differences in running time in the runway were found. These results 

indicate that stresses experienced during pregnancy have an effect on offspring in complex learn

ing situations and that the nature of the stressor is an important variable in the way effects are 

mediated. 

As well as affecting offspring reactivity and learning performance, prenatal (physical) stress has 

also been found to alter offspring sexual behaviours (Ward 1974; 1984; Herrenkohl 1983; Ward 

and Ward 1985). The first study to detail this phenomenon was published in Science in 1972 by 

Ingeborg Ward, who reported that prenatal stress induced by physical restraint of the pregnant 

mother under bright lights both feminised and demasculinised sexual behaviour in male offspring. 

In particular, Ward found that for the most part, prenatally stressed Sprague Dawley male rats 

did not attempt to copulate and following castration, averaged three times as many lordotic 

responses as the control group. Interestingly, however, this feminised behaviour was qualitatively 

different from that exhibited by female rats. For example, the prenatally stressed and castrated 

males did not solicit, nor did they display darting or ear wiggling, behaviours typical of estrous 

females. On the other hand, they did not resist being mounted and displayed high quality lordotic 

responses. These data Ward suggested, supported "the hypothesis that exposure of pregnant 

rats to environmental stressors modifies the normal process of sexual behaviour differentiation 

in male fetuses by decreasing functional testosterone and elevating androstenedione 15 levels 

during perinatal development" (p83). In Ward's experiment, offspring were stressed pre and 

postnatally. The postnatal stress consisted of placing each pup into a plastic ice cube tray 

mounted on a vibrating rack and stress was effective only during prenatal sexual differentiation. 

15 A less potent androgen than testosterone. 
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Since this early work, handling has also been employed as a postnatal stressor (Ward 1974; 1976) 

with no effects. More recently, however, the nature of the postnatal environment per se has 

been investigated (Dunlap, Zadina and Gougis 1978; Ward and Reed 1985) and has been found 

to interact with the prenatal stress effects. Results demonstrate that rearing the animals in 

isolation, as compared to a social condition, more severely disturbs stressed males' copulatory 

behaviour. 

Since Ward's seminal work (1972), numerous studies have reported that prenatal stress both 

demasculinises (Ward 1974; 1976; Allen and Haggert 1977; Dahlof, Hard and Larsson 1977; 

Dunlap, Zadina and Gougis 1978; Gotz and Dorner 1980; Rhees and Fleming 1981; Burack 1982; 

Dorner, Gotz and Docke 1983; Rhees, Badger and Fleming 1983; Harvey and Chevins 1984; 

Ward and Reed 1985) and feminises (Dahlof, Hard and Larsson 1972; Ward 1974; Herrenkohl 

and Whitney 1976; Ward 1976; Ward 1977; Whitney and Herrenkohl 1977; Dahlof, Hard and 

Larsson 1977; Rhees and Fleming 1981; Dorner, Gotz and Docke 1983; Politch and Herrenkohl 

1984; Ward and Reed 1985) male sexual behaviour. Furthermore, although most of the work 

has used Sprague Dawley rats, effects have also been found in Wistar rats (Dahlof, Hard and 

Larsson 1977; Dorner, Gotz and Docke 1983), C56BL/6J mice (Allen and Haggett 1977), TO 

mice (Harvey and Chevins 1984) and CD1 albino mice (Politch and Herrenkohl 1984). Only one 

study (Chapman, Masterpasqua and Lore 1976) has reported no significant differences between 

stressed and control offspring in either a test for male sexual behaviour, or in a fertility test. In 

this experiment the prenatal stressor employed was crowding and the authors speculated in their 

discussion that crowding might not be as severe a stressor as physical restraint (Ward 1972) or the 

blocking of a previously learned avoidance response (Masterpasqua, Chapman and Lore 1976). 

However, more recently, crowding has been found to demaculinise prenatally stressed animals' 

sexual behaviour (Allen and Haggett 1977; Dahlof, Hard and Larsson 1977; Harvey and Chevins 

1984) thus refuting Chapman et aI's explanation, whilst to further confuse the issue, Rojo et al 

(1985) have reported that low levels of prenatal stress may facilitate rather than inhibit male 

sexual behaviour. What does appear to be consistent in this literature, is that the nature of 
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the stressor is an important factor in determining the behavioural response. However, quality of 

stressor (whether it be mild or severe) does not appear to be correlated with type of behavioural 

response. 

Other than crowding, physical restraint coupled with light or heat and avoidance conditioning, 

malnutrition and adrenocorticotrophic hormone (ACTH) injections have also been employed as 

stressors (Rhees and Fleming 1981; Harvey and Chevins 1984; McLeod and Brown 1988) and have 

been found to affect masculine behaviour. In particular, Rhees and Fleming (1981) compared the 

effects of nutritional stress, restraint illumination and heat and ACTH administered during the 

third trimester of gestation and found that compared to control males, male copulatory behaviour 

was severely impaired in all three experimental groups. The prenatally stressed animals showed 

a significant reduction in the cumulative percent ejaculating and an increase in the number of 

intromissions prior to the first ejaculation. When tested for female behaviour, all three treatment 

groups displayed a significantly greater lordosis quotient than the control males. Harvey and 

Chevins (1984) also treated dams with ACTH during pregnancy and found that stressed offspring 

demonstrated fewer mounts and intromissions than controls and had longer intromission latencies, 

whilst heat and restraint alone (McLeod and Brown 1988) although not influencing number or 

frequency of ejaculations, did produce offspring with longer intromission latencies as well. So it 

appears that the demasculinisation and feminisation of males, first reported by Ward (1972) can 

be induced by a variety of prenatal stressors. 

One obvious question to arise from this work, is how are these effects mediated? One hypothesis 

forwarded by Ward et al (Ward and Weisz 1984; Ward 1984) is that the etiology ofthis syndrome 

stems from the same hormonal mechanism(s) that underlies sexual differentiation in both normal 

males and females. Normal masculinisation and defeminisation of sexually dimorphic behaviours 

requires exposure to adequate amounts of androgenic steroids during specific stages of perinatal 

development. Ward and Weisz (1984) have suggested that the sexually aberrant behaviours in 

prenatally stressed animals may result from a stress-induced alteration of the testosterone surge 
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during days 18 and 19 of gestation. Furthermore, it is becoming increasingly more likely that 

the aromatization of androgen to estrogen may be required for proper masculinisation of the 

nervous system, at least in the rat. Prenatally stressed rats have significantly lower levels of 

brain aromatase activity on days 18, 19 and 20 of gestation than do control animals (Weisz, 

Brown and Ward 1982). The possible contribution this abnormality makes to the behavioural 

syndrome shown by the males remains to be elucidated (Ward 1984) although as will become 

apparent in the following pages, increasingly the interaction of endocrines and neurotransmitters 

are being implicated as the biological correlates of the functional differences in prenatally stressed 

and control offspring. 

Other than copulatory behaviour, Simon and Gandelman (1977) using a regime of ACTH treat

ment in pregnant mice have reported the depression of another androgen dependent and sexually 

dimorphic pattern of behaviour, that of intermale aggression. Of more relevance to the present 

thesis, however, is the work of Harvey and Chevins (1985) and Kinsley and Svare (1986a; 1987) 

who employed environmental stressors. Harvey and Chevins found that chronic crowding during 

pregnancy significantly impaired the expression of both attack and threat responses of adult male 

offspring in mice. This lack of masculinisation, these authors suggested "could reflect a failure of 

development in the brain region concerned with aggressive behaviour, or a failure in development 

of the pituitary-gonadal system" (p91). As the latter is ultimately under hypothalamic control, a 

developmental defect in the central nervous system is implicated in any case and according to the 

authors "the question resolves itself to whether the defect is neurobehavoiural, neuroendocrine 

or both" (p91). 

Kinsley and Svare employed the more traditional stressor, restraint and heat, and found that 

prenatal stress significantly reduced intermale aggression as measured by percentage of animals 

fighting and number of attacks in Rockland-Swiss albino mice (Kinsley and Svare 1986a). These 

behavioural changes are thought to be related to alterations in fetal testosterone exposure (Ward 

and Weisz 1980; 1984), disruptions in aromatizing enzyme activity (Weisz, Brown and Ward 
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1982) and/or changes in the morphology of the sexually dimorphic nucleus in the pre-optic 

area (Anderson, Rhees and Fleming 1985). In a second experiment Kinsley and Svare (1987) 

investigated the degree to which this aggressive behaviour was mediated by genotype and found 

that prenatal stress increased aggression in C57BL/6J mice, but not in DBA/2J animals. The 

mechanism(s) responsible for this strain dependent variation is unknown at the present time. 

Finally, pup killing and maternal behaviours in prenatally stressed males have also been inves

tigated (Miley, Frank and Hoxter 1981; Vom Saal 1983; Kinsley and Bridges 1986; McLeod and 

Brown 1988). Considering Miley et aI's (1981) paper first, restraint and intense illumination 

applied prenatally completely suppressed rat-pup killing when compared to levels of pup-killing 

typically reported in normally reared males (Rosenberg et al 1971). However, the nature of the 

stressor has profound effects on this behaviour, as offspring of animals handled during gestation, 

for as little as three minutes a day, killed pups rapidly. Moreover, the impact of prenatal stress 

on male infanticide behaviour is not species specific, Vom Saal (1983) reporting that offspring 

of stressed mice were less likely to kill pups and more likely to show parental behaviour than 

controls. The only other investigation of infanticide (McLeod and Brown 1988) in which rat dams 

were prenatally stressed by light, heat and restraint did not find any differences between offspring 

of stressed and control mothers, but did note that if reared from weaning with a non-stressed 

female no evidence of infanticide emerged at all. These authors concluded that postnatal rearing 

condition was more important than prenatal stress in suppressing infanticide. It may well be 

that prenatally stressed males reared together, with their more "feminised" behaviour inhibit 

each others' infanticidal tendencies, given that inhibition of infanticide in normal adult male rats 

also occurs after cohabitation with a normal pregnant female (Brown 1986). 

With respect to maternal behaviour, a variety of indices have been measured. For example, Miley 

et al (1981) included (rat) pup retrieval, grooming and licking, crouching over the pups and nest 

building in their study, whilst McLeod and Brown (1988) measured latency to show parental 

behaviour, frequency of parental behaviour, frequency to touch and sniff pups and nest building 
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behaviours. In their study, Kinsley and Bridges (1986) measured what they term full maternal 

behaviour (retrieval and grouping of and crouching over pups). Generally prenatal stress has 

been found to increase male maternal behaviour (McLeod and Brown 1988; Kinsley and Bridges 

1986) although it should be noted that in Miley et ai's (1981) study only pup retrieval revealed 

significant differences between the groups, offspring of control mothers retrieving significantly 

faster than the experimental groups. As with infanticide, the effect is not just confined to rats, 

prenatally stressed male mice also displaying more parental behaviours than control animals 

(Vom Saal 1983). 

To summarise, sexually dimorphic aspects of behaviour are particularily vulnerable to environ

mental insult during pregnancy, at least in male offspring of altricial rodent species. Whether 

female offspring are similarily at risk is less clear, as there are conflicting results in the literature, 

as will become apparent in the following pages. 

The first investigation of the effects of prenatal stress on female offsprings' sexual behaviours 

was that of Ingeborg Ward in 1974. In her study the prenatal stressor consisted of restraint 

in a Plexiglas tube and exposure to 200 foot-candles of light from day 14-21 of gestation. Fe

male offspring were primed with testosterone propionate (TP) and after five weeks of daily TP 

injections and biweekly testing with an estrous female, no differences could be detected in the 

number of incomplete and complete copulations emitted by responding animals in the stressed 

and nonstressed groups. However, prenatal stress did reduce the percentage of females capable 

of showing male copulatory behaviour. Similarly, no differences were obtained in the quality or 

quantity of lordotic behaviour displayed on four weekly tests with a vigorous male. Ward 1974 

concluded that "the prenatal stress treatment had little effect on the female fetuses" (pl0). 

Since this early work, a variety of female behaviours has been investigated, ranging from pre

conception estrous and sexual receptivity, to parturition length and efficacy and postpartum 

maternal/progeny maintenance behaviours. As with several areas of research reviewed in this 

thesis, there are variations in results emerging from different laboratories, the lack of consistency 
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being best explained in terms of the methodologies employed by the various research groups 

(Beckhardt and Ward 1983). Typically, Herrenkohl and her co-workers (Herrenkohl and Politch 

1978; Herrenkohl 1979a; 1979b; Herrenkohl and Gala 1979; Politch and Herrenkohl 1979; 1984) 

using a severe stressor have reported significant effects of prenatal stress, whereas Ward and her 

colleagues have not (Ward 1974; Meisel 1980; Beckhardt and Ward 1983). 

Considering first preconception 16 effects, compared with controls, prenatally stressed females 

have been found to exhibit later vaginal opening (Politch and Herrenkohl 1984), to have longer 

estrous cycles (Herrenkohl and Politch 1978; Herrenkohl 1979a; Herrenkohl and Gala 1979; Bu-

rack 1982; Politch and Herrenkohl 1984; Herrenkohl and Scott 1984) and metestrus cycles (Her-

renkohl and Politch 1978) and higher median quality receptivity scores (Burack 1982; Politch 

and Herrenkohl 1984). 

However, there have also been some non significant results, for example Chapman, Masterpasqua 

and Lore (1976) found that prenatal crowding did not influence fertility scores, whilst Allen and 

Haggett (1977) reported no differences between crowded ovariectomised testosterone-injected 

female offspring and controls, with respect to amounts of male copulatory behaviour. They 

did, however, report that crowding resulted in less sexually receptive females, a finding which 

contrasts with Politch and Herrenkohl's (1984) work. Furthermore, both Dahlof, Hard and 

Larsson (1977) and Rykaszewski (1985) have found no differences in estrous cycles in either 

prenatally crowded or restrained groups, a finding supported by Beckhardt and Ward (1983), 

who reported estrous cycles to be normal in their prenatally stressed animals. These results 

are divergent to Herrenkohl's and may well reflect the fact that her stressing procedures are 

particularily severe. As Beckhardt and Ward (1983) point out "it is possible that there is a sex 

difference in the amount of prenatal stress required to disrupt adult reproductive functioning. A 

more intense stressor may be required to modify the behaviour and physiology of females than 

is sufficient to alter the behaviour of males" (p117). 

16 Preconception effects in this instance refer to effects in prenatally stressed offspring that occur before they are 
mated and become pregnant and not to effects caused by manipulation of their mothers prior to their pregnancies. 
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Recently, there has been some evidence to suggest that fertility and fecundity are in some way 

dependant on prolactin surges occuring postcoitally (Kinsley, Mann and Bridges 1988b), whilst 

on a more general level, evidence is being amassed that the effects of prenatal stress on female 

offspring may be due to alterations in a number of endocrine, neuroendocrine and neurochemical 

systems (Fride, Dan, Gavish and Weinstock 1985; Kinsley and Bridges 1987; Moyer, Herrenkohl 

and Jacobowitz 1978; Kinsley, Mann and Bridges 1988a; 1988b). These underlying physiological 

correlates will be discussed in the next section, but are included briefly here to highlight the direc

tion of current research; namely having found evidence of poor maternal behaviour in prenatally 

stressed females, research is now turning to biochemical levels of analysis for explanation. 

With respect to the partum period, Beckhardt and Ward (1983) have reported no difference in 

gestation length between their prenatally stressed and control groups, whereas Herrenkohl (1979a) 

has not only reported stressed animals to have prolonged gestation periods when compared with 

controls, but also that approximately three times the percentage of prenatally stressed females 

failed to maintain pregnancy, when compared with controls. Additionally, twice the percentage 

of her prenatally stressed animals failed to become pregnant and irregularities including pseu

dopregnancies were observed in this group. Furthermore prenatally stressed females exhibited a 

higher instance of vaginal haemmorhaging during the first trimester and spontaneous abortions 

in the third trimester. Overall, twice as many control animals as stressed animals gave birth. In 

a second study, Herrenkohl and Gala (1979) reported that prenatally stressed females fell into 

two groups, those that did and those that did not maintain young. Interestingly, in the latter 

group, autopsy revealed that they had twice as many uterine implantation sites than number of 

fetuses born and that their serum prolactin levels had fallen significantly below both those who 

had maintained young and the control group. This, the authors felt, indicated that the prenatal 

stress consequences are "all-or-none: females either can or cannot breed and maintain young 

successfully" (p703). This may well explain the discrepancy between their findings and those of 

Beckhardt and Ward (1983). The latter authors may well employ a stressor which encourages 

all their females to breed successfully. 
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Finally, postpartum effects have also been reported. In particular, prenatally stressed animals 

are more prone to losing litters through stillbirths or neonatal mortalities and successful survival 

of young to 10 days postpartum is halved (Herrenkohl 1979). Furthermore, both Herrenkohl 

and Gala (1979) and Politch and Herrenkohl (1979) have reported that prenatal stress reduces 

offspring 17 littersizes and litterweights, although other researchers have not replicated these 

effects (Beckhardt and Ward 1983; Fride, Dan, Gavish and Weinstock 1985; Kinsley and Svare 

1987). No significant differences in nursing behaviours have been reported, although Herrenkohl 

(1979a) has found low incidences of lactation amongst prenatally stressed animals, with only 26 

to 40 percent of their offspring receiving milk compared to almost 100 percent of the offspring 

of the non stressed group. However, as before, this finding may well reflect the nature of the 

prenatal stressor, as Beckhardt and Ward (1983) have reported no differences in amounts of milk 

received between offspring of stressed and control animals. 

Maternal behaviours, in particular crouching and retrieval as well as latency to retrieve have also 

been examined. Generally, if there is an effect of prenatal stress it is deleterious, female offspring 

of prenatally stressed mothers taking significantly longer to exhibit maternal behaviours than 

their non-stressed counterparts (Kinsley and Bridges 1986; 1988). However, it should be pointed 

out that not all studies have found differences between their groups (Beckhardt and Ward 1983; 

Fride, Dan, Gavish and Weinstock 1985). 

Other than caretaking behaviours, protection of offspring has also been explored. Again, prenatal 

stress seems to have a negative effect. For example, when placed in a conflict situation, control 

animals were found to retrieve their pups twice as often as stressed animals (Fride et al 1985). 

Aggressive behaviours and infanticide are also affected by prenatal stress. For example, Miley, 

Blustein and Kennedy (1982) found that exogenous early postnatal testosterone combined with 

prenatal handling produced both more frequent and a more rapid rat-pup killing in female Long 

Evans rats. However, this behaviour appears to be genotypically regulated (Miley 1983). Number 

of attacks, lunges and bites are also modulated by genotype (Kinsley and Svare 1987), prenatal 

17These are the grandpups of the females stressed during their gestation. 
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stress significantly increasing postpartum aggression in C57BL/6J female mice, but reducing it 

in DBA/2J animals. Maternal aggression is also lowered in CD1 mice (Politch and Herrenkohl 

1979). 

To date, there is no definitive explanation of why prenatal stress appears to reduce maternal 

behaviours in female animals. What does appear to be true, is that prenatally stressed females 

resemble normal males in their responses to young. Perhaps, as Herrenkohl and Scott (1984) have 

suggested the prenatally stressed female rat is exposed to higher than normal levels of androgen 

because of stress effects on ovarian cyclicity, masculinising her behaviour. Indeed, prenatal stress 

has been found to affect female endocrine responsiveness (Kinsley and Bridges 1987) and in 

particular those hormones that are mediated by the Medial Preoptic Area (MPOA) which also 

regulates expression of maternal behaviour (Numan 1983). It may be that prenatal stress is 

having an effect on this region whilst it is developing, although the exact mechanisms are still to 

be elucidated. 

To summarise, the more severe types of prenatal stress, such as those employed by Herrenkohl 

and her colleagues produce clear effects in most types of female sexual and maternal behaviours. 

Milder stressors, however, either have no effects, or are mediated by the animals' strain. As yet 

no explanation for these results is apparent in the literature, although increasingly it appears 

that the effects are being mediated at neurological level. 

Prenatal stress has been shown to influence the maturation of behaviour. As with prevIOUS 

findings the nature of the stressor is important. Sobrian (1976) who employed prenatal handling, 

found no differences between her stressed and control groups, in either a free-fall righting reflex, 

or in the auditory startle response. With the more severe stressor, restraint, however, Barlow, 

Knight and Sullivan (1978) reported that prenatal stress significantly retarded the appearance 

of these dynamic postural adjustments as well as detrimentally influencing the cliff avoidance 

response. The results of the latter authors' work suggest that "maternal restraint does have 

significant adverse effects on the postnatal growth and development of the offspring" (p216), but 
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"the mechanism by which maternal restraint stress affects the developing fetus in the prenatal 

period to cause postnatal retardation is not known" (p217). Barlow et al (1978) also investigated 

the development of more complex skills and orienting responses, including choice of jumping down 

to an empty cage or the home cage from a platform, ability to cross a narrow path to reach the 

home cage and length of time animals could maintain position on a rotating circular wooden 

block. With respect to the jumping response, animals stressed on days 18-20 of gestation would 

not leave the platform, whereas animals either stressed during days 9-11, 12-14, 15-17 or from 

control mothers did jump down. No differences emerged between the groups on the other two 

behavioural tests. The authors have interpreted these results as reflecting an impairment to 

orient to the home cage in the stressed group and furthermore, have found that these effects were 

most marked in stressed pups reared by stressed mothers and least marked in controls reared 

by controls, with the other two crossfostered groups being intermediate. This indicates that the 

effects were induced partly prenatally, at the time of treatment and partly postnatally by rearing 

by mothers that had been stressed. 

Fride and Weinstock (1984) have also investigated behavioural maturation, in particular concen

trating on motor development (righting reflex, cliff avoidance, turning on an inclined plane and 

swimming behaviour) and the development of a motivation-involved behaviour (home seeking 

test). In their experiments, pregnant rats were exposed to different schedules of noise and light 

stress and the timing of these schedules provided an important variable in altering the nature of 

the offsprings' responses. Thrice-weekly random stress resulted in a delay in the development of 

all behaviours studied, whereas daily stress exposure throughout pregnancy resulted in normal 

behavioural and physical development. Rats exposed to daily stress in the last week of pregnancy, 

however, produced litters that displayed accelerated development of all parameters leading these 

authors to conclude that it is "the unpredictable nature of prenatal stress (that) is responsible 

for delays in behaviour of offspring" (p651). In addition and related to maturation, Ohkawa 

(1987) has investigated play behaviour and has found that forced immobilisation of the mother 

during her gestation has differential effects on male and female offspring. In particular, prenatal 
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stress causes a significant depletion in social play in males, but a significant increase in play 

amongst females. Okhawa has suggested that this result reflects the effects of prenatal stress 

on the sexually dimorphic differentiation of male and female brains, but as yet positive proof is 

lacking. 

So, both the nature and predictability of the stressor are important factors in the development 

of behaviour. In some instances, prenatal stress can have an ameliorating effect, in others, a 

detrimental one. This is of particular interest, as in most cases reviewed in this section, stress 

has been considered as having a negative effect on offspring. The finding that predictable stress, 

late on in pregnancy can be efficacious, is rather unusual in this literature. 

Offspring Physiology 

As well as behavioural maturation, physiological development has also been investigated, the 

most common measure taken being that of body weight. As with the behavioural data outlined 

above, the nature of the stressor has a profound effect on this measure. Furthermore, the age 

at which the animals' weights are taken also affects the results. Prior to weaning, physical 

stressors such as handling and restraining the mother have a detrimental effect on offspring body 

weights when compared with control animals (Werboff, Anderson and Haggett 1968; Herrenkohl 

and Whitney 1976; Barlow, Knight and Sullivan 1978; Chapman and Stern 1978; Herrenkohl 

1979a; Politch and Herrenkohl 1979; Burack 1982; Anderson, Rhees and Fleming 1985; Ward 

and Reed 1985; Kinsley and Svare 1986b; Lephart, Fleming and Rhees 1989 1S), whereas crowding 

the mother (Allen and Haggett 1977; Dahlof, Hard and Larsson 1977; Moore and Power 1986; 

Power and Moore 1986; Peters 1988a; Peters 1988b; Peters 1990) or exposing her to light and 

noise (Fride and Weinstock 1984; Fride, Soreq and Weinstock 1986; Fride and Weinstock 1989) 

during gestation have little or no effect on offspring weights 19. In adulthood, however, weight 

18 The only study to employ restraint and find no significant differences between stressed and non-stressed groups' 
birth weights is that of Weinberg (1987), the exception to prove the rule. 

19 Unfortunately, the picture is complicated by Plaut, Grota, Ader and Graham's (1970) finding that pups of 
handled mothers were heavier than their control counterparts, however, in this instance there were fewer stressed 
pups per litter than control pups, which may have accounted for this deviation from the norm. 
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differences tend to disappear, most studies reporting no significant differences between their 

prenatally stressed and control offspring (Ader and Conklin 1963; Plaut, Graham and Leiner 

1972; Ward 1976; Allen and Haggett 1977; Moyer, Herrenkohl and Jacobowitz 1978; Meisel, 

Dohanich and Ward 1979; Chapman and Stern 1979; Fride and Weinstock 1984; Kinsley and 

Bridges 1987; Weinberg 1987; Peters 1988a; Peters 1988b; Kinsley, Mann and Bridges 1988a; 

Fride and Weinstock 1989). Indeed, in the literature, only one study (Dahlof, Hard and Larsson 

1977) has reported any weight differences between adult offspring, in this case males of mothers 

crowded during gestation being heavier than controls at 115 days of age. 

As well as offspring weights, litter sizes and sex ratios have also been measured. Predominantly, 

no significant differences have emerged between groups in either measure (Allen and Haggett 

1977; Dahlof and Larsson 1977; 1978; Chapman and Stern 1978; 1979; Wilke, Tseu, Rhees and 

Fleming 1982; Anderson, Rhees and Fleming 1985; Kinsley and Svare 1986b; Fride, Soreq and 

Weinstock 1986; Moore and Power 1986; Power and Moore 1986; McLeod and Brown 1988) 

although there have been a few exceptions. Specifically, Werboff, Anderson and Haggett (1968) 

found that handled mice had larger litters than controls, whereas Chapman, Masterpasqua and 

Lore (1976) found that prenatal crowding reduced littersizes and both Chapman and Stern (1978) 

and Herrenkohl (1979a) have reported than prenatal restraint has a similar effect. Furthermore, 

Burack (1982) has reported that prenatally stressed mothers produce fewer live pups, whilst 

Plaut, Grota, Ader and Graham (1968) have reported differences in sex ratios, there being 

more male offspring in their control group than in their prenatally handled group. This latter 

finding is particularily interesting, as it has been suggested that the male zygote and fetus are 

less likely than their more viable female counterparts, to either implant or develop, when the 

mother is under stress. It is known that there are more male than female losses in all stages 

of prenatal development (National Centre for Health Statistics 1967) and maternal stress, in 

inhibiting male development would affect sex ratios. In a study specifically designed to investigate 

this phenomenon (Lane and Hyde 1973), severely stressing mothers by placing them in individual 

wire cocoons which totally restricted movement had significant effects on both sex ratios and 
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number of offspring. Stressed rats produced significantly more females than males and overall, 

significantly fewer offspring than unstressed controls. 

Other measures of physiological maturation have included ear opening, eruption of incisors and 

eye opening (Barlow, Knight and Sullivan 1978), with prenatally stressed offspring typically 

demonstrating retarded maturation. Additionally, anogenital distance has also been calculated, 

prenatally stressed animals typically having a shorter A-G distance than controls, (Dahlof, Hard 

and Larsson 1978; Wilke, Tseu, Rhees and Fleming 1982; Burack 1982; Moore and Power 1986; 

Power and Moore 1986; Lephart, Fleming and Rhees 1989 2°) although there have been reports of 

no significant differences in A-G distance by some researchers (Ward 1976; Chapman and Stern 

1978), Ward (1976) also failing to find any differences in penile length or spermatogenesis in her 

prenatally stressed and control groups. 

As well as general body measurements, gland and brain weights have also been calculated. As 

part of the research in this area has concentrated on male sexual behaviour following castration, 

a by-product has often been the inclusion of testes weights in the results section. When this 

has occured, quite a few studies have reported no significant differences between prenatally 

stressed and control groups (Ward 1976; Chapman and Stern 1978; Politch and Herrenkohl 1984; 

Lephart, Fleming and Rhees 1989). However, studies have found differences, Dahlof, Hard and 

Larsson (1978), Chapman and Stern (1979), Pollard and Dyer (1985) and Kinsley and Bridges 

(1987) in favour of their restrained offspring and Meisel, Dohanich and Ward (1979), Burack 

(1982) and McLeod and Brown (1988) in favour of their control animals. Burack (1982) has 

also noted delayed testes descent in prenatally stressed animals. One study has investigated 

testes' weights within 12 hours of birth (Chapman and Stern 1978) reporting no significant 

differences between groups, however, during gestation, fetal testicular weight differences have 

been observed, stressed offspring having smaller testes (Wilke, Tseu, Rhees and Fleming 1982). 

As well as testes, prenatal stress has also been found to alter ovarian weight (Herrenkohl and Scott 

20This last study did not quite achieve statistical significance although stressed animals were below control 
values. 
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1984), offspring of prenatally stressed dams having heavier ovaries that offspring of non-stressed 

dams. Interestingly, uterine weights of the stressed group were lower than their non-stressed 

counterparts, a factor which might explain the higher incidence of stillbirths amongst stressed 

animals reported by Herrenkohl in 1979. 

With respect to adrenal weights, Dahlof, Hard and Larsson (1977; 1978) have reported their 

prenatally stressed offspring to have heavier adrenals, a finding confirmed by Herrenkohl and 

Scott (1984) whilst Chapman and Stern (1978; 1979) have reported the opposite. Fetal adrenal 

glands have also been investigated, weight differences emerging in favour of control animals by 

day 20 of gestation (Wilke et a11982) but no differences being reported between the groups when 

adrenal weights were measured at 18 days of gestation (Lephart et al 1989). 

One final piece of anatomical investigation which certainly deserves some attention concerns the 

effects of prenatal stress on the brain. The earliest report concentrated on brain weight (Plaut, 

Graham and Leiner 1972) and found no differences between the groups, although some perinatal 

experiential effects emerged reminiscent of the enrichment literature. This lack of brain weight 

difference between the groups has since been confirmed (Peters 1990). Brain regions which are 

thought to be sexually dimorphic have also been investigated, with some interesting results. The 

first evidence that prenatal stress may alter morphological development in the central nervous 

system was provided by Whitney and Herrenkohl (1977). According to Herrenkohl (1983) "the 

then current belief on the neural basis of sexual behaviour was that masculine sexual behaviour 

appeared to be mediated by a system involving the pre-optic nucleus and medial forebrain bundle 

and that feminine sexual behaviour involved the anterior hypothalamus, habenula and medial 

central hypothalamus" (pI77). Reasoning that lesions of the anterior hypothalamus would inter

rupt feminine but not masculine sexual behaviour, Whitney and Herrenkohl (1977) operated on 

prenatally stressed male animals (who demonstrate feminine sexual behaviour) and found a de

crease in lordotic responses in these animals. Sham-operated prenatally stressed males, however, 

continued to produce lordotic responses. 
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Since this early work, Anderson, Rhees and Fleming (1985) have also examined the effects of 

prenatal stress on the development of the sexually dimorphic nucleus of the preoptic area (SDN

POA) and have found that prenatal stress reduces the SDN-POA of male offspring by 50% when 

compared with the nuclear areas of control males. The size of the SDN-POA of female offspring, 

however, was not significantly altered by prenatal treatments. In a further paper, (Fleming, 

Anderson, Rhees, Kinghorn and Bakaitis 1986), sexually dimorphic asymmetries in the cerebral 

cortex were examined, with similar results, namely that prenatal stress affected male offspring 

but not female offspring. In this instance, normal male anatomy was biased in the direction of a 

feminine structure, a finding which is consistent with the demasculinised and feminised behaviour 

patterns in prenatally stressed males, first reported by Ward (1972). 

Hormonal and neurochemical assays have also been carried out on prenatally stressed animals, 

emphasis being placed on those biochemicals that are thought to relate to stress and sexual 

dimorphication. Considering first the hormones, several authors have investigated plasma corti

costerone levels (Ader and Plaut 1968; Ader and Deitchman 1970; Politch, Herrenkohl and Gala 

1978; Peters 1982; Ward and Weisz 1984; Rykaszewski 1985; Fride, Dan, Feldon, Halevy and 

Weinstock 1986; DeTurck and Pohorecky 1987; Weinberg 1987; Pohorecky et al 1989), as well as 

serum prolactin levels (Politch, Herrenkohl and Gala 1978; Herrenkohl and Gala 1979; Kinsley, 

Mann and Bridges 1989), estradiol-induced (Kinsley and Bridges 1987) or stress-induced pro

lactin release (Kinsley, Mann and Bridges 1989) testosterone levels (Ward and Weisz 1980; 1985; 

Anderson et al 1985; 1986) androstendione levels (Wilke, Tseu, Rhees and Fleming 1982) and 

progesterone levels (Ward and Weisz 1984). Results are difficult to interpret, but what is clear 

is that prenatally stressed and non stressed male and female animals have differential patterns 

of responding. 

Looking at the sex hormones first, as adults, prenatally stressed male rats have been found to have 

lower circulating levels of testosterone relative to their non-stressed peers (Anderson et al 1985; 

1986). Prenatal stress has also been found to alter testosterone titers in male fetuses, changing 
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both the absolute levels and temporal patterns. Compared to controls, plasma testosterone 

concentrations in prenatally stressed male rats have been found to be higher on day 17 (in utero) 

and lower on day 18, decreasing in stressed males at a time when they were increasing in the 

controls (Ward and Weisz 1980; 1984). This testosterone surge occuring prematurely in prenatally 

stressed rats, has led Ward and Weisz (1980) to speculate that the "prenatal stress syndrome", 

characterised by impaired male copulatory behaviour and an enhanced female lordotic potential, 

could result from a desynchronisation between central nervous system maturation and patterns 

of testosterone secretion by the testes during the latter stages of fetal growth. This hypothesis is 

based on the generally accepted view that in the male rat, testosterone produced by the Leydig 

cells during perinatal development is necessary for the normal differentiation of those neuronal 

mechanisms that regulate sexual behaviour in the adult (Orth et aI1983). In normal male fetuses, 

there is also a close correlation between the pattern of circulating testosterone and the activity 

of a key steroidogenic enzyme 6 5-3,6-hydroxysteroid dehydrogenase (3,6-HSD) in Leydig cells 

(Orth and Weisz 1980) and as Orth et al (1983) have reported, in prenatally stressed fetuses, 

patterns of this enzyme are altered in a manner which parallels prenatal effects on testosterone. 

In particular, peak activity of this enzyme, which occurs in normal animals around days 18 and 

19 of gestation, is lacking in prenatally stressed fetuses. However, Orth et al (1983) did report 

higher rates of activity of 3,6-HSD on gestation days 16, 17, 20 and 21, that is peak surges 

occuring earlier and later in prenatally stressed animals than in controls. This has led these 

authors to suggest that "the abnormal ontogenic pattern of circulating testoseterone in stressed 

fetuses results from a disruption of normal steroidogenic function of Leydig cells rather than 

from alterations in the clearance rate of testosterone from the circulation" (p 628). Furthermore, 

although the mechanisms by which prenatal stress alters the developmental pattern of 3,6-HSD 

is unknown, Orth et al (1983) have suggested that as testicular steroidogenic activity can be 

regulated by luteinising hormones (LH) or prolactin, then the early peak of 3,6-HSD before day 

18 and 19 of gestation may be due to the premature release of LH from the fetal pituitary. That 

is, prenatal stress effects are being mediated via the fetal pituitary, itself under CNS control. 
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Androstenedione, a product of both adrenal and testicular steroid synthesis in the rat, is also 

capable of altering offspring sexual development. Wilke, Tseu, Rhees and Fleming (1982) have 

investigated whether prenatal stress has any effect on this hormone and have found that exposing 

female rats to restraint, heat and light elevated fetal androstenedione levels, a finding which they 

believe may be, in conjunction with the fetal testosterone patterns, a basis for altered sexual 

behaviour in prenatally stressed animals. 

Androstenedione and testosterone are not the only sexual hormones to have been investigated, 

however. The effects of prenatal stress on prolactin levels and progesterone have also been 

reported. With serum prolactin, levels have been found to be markedly reduced in prenatally

stressed females postpartum (Herrenkohl and Gala 1979) and in both males and females following 

Ether stress (Politch, Herrenkohl and Gala 1978) or Estradiol (Kinsley and Bridges 1987) or 

restraint in adulthood (Kinsley, Mann and Bridges 1989). Baseline levels, however, are unaffected 

by prenatal experience. Typically, prenatally stressed females have higher levels of prolactin than 

their male counterparts (Kinsley et aI1989), which these authors attribute to differential patterns 

in the CNS of male and female prenatally stressed rats. With progesterone, however, in both 

stressed and control groups and in male and female animals, concentrations have been found to 

be identical, following a pattern of decline between days 19 and 21 of gestation (Ward and Weisz 

1984). 

Corticosterone, one of the main hormones implicated in stress, has also received attention. For 

example, it has been reported that offspring of animals handled throughout pregnancy show 

adrenocortical activity rhythms as early as 18 days postpartum, unmanipulated controls not dis

playing rhythmicity until they are 25 days old (Ader and Deitchman 1970). However, this finding 

is complicated by the fact that basal and stress induced corticosterone levels show sex, age and 

strain differences. For example, Peters (1982) found greater elevations in plasma corticosterone 

levels in 23 day old prenatally stressed Sprague-Dawley offspring in a reaction to stress test, 

whilst Politch, Herrenkohl and Gala (1978) reported no differences between their stressed and 
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non stressed Sprague-Dawley rats when samples were taken at 160 days. Rykaszewski (1985), on 

the other hand, observed that prenatal stress decreased both basal and stress-induced concentra

tions in female offspring of a genetic line bred for poor shuttlebox avoidance conditioning (LA). 

With Sabra rats, baseline levels have been found to be unaffected by maternal experience, but 

after exposure to an open field corticosterone levels were significantly higher in the prenatally 

stressed animals (Fride et al 1986). 

Prenatal stress has also been found to modify the organism's corticosterone reaction to some 

"recreational" drugs. In particular, offspring of Sprague-Dawley dams handled whilst pregnant 

had lower plasma corticosterone levels following ethanol injections (DeTurck and Pohorecky 1987) 

but did not differ from nons tressed controls following caffeine injections (Pohorecky et al 1989). 

Prenatal restraint stress has also been reported to alter sensitivity to ethanol (Weinberg 1987), 

prenatally stressed offspring in this group showing an increased adrenocortical response, when 

compared to nonstressed controls, although this latter finding did not attain statistical signif

icance. Why one study should report an increase in corticosterone responsiveness, the other 

reporting the opposite, is at present unclear. It may well be that, as with many other studies 

in this area, the nature of the stressor plays an important role in mediating the physiological 

and/or behavioural response. 

The effects of prenatal stress on neurochemicals have also been examined in the literature (Plaut 

et al 1972; Moyer et al 1977; 1978; DeTurck and Vogel 1972; Peters 1982; 1984; 1986a; 1986b; 

1988a; 1988b; 1990; Fride et a11985; Fride and Weinstock 1986; 1988; 1989). In one ofthe earliest 

studies in this area Plaut, Graham and Leiner (1972) found that prenatal handling decreased 

serotonin (5-HT) levels in 21 day-old offspring tested at the trough of the 24-hour serotonin 

rhythm. This is of particular interest, as Ferreira (1965), reviewing evidence for teratogenic ef

fects of serotonin and its involvement in various abnormalities of pregnancy had suggested that 

serotonin might be one of the mechanisms of the influence of prenatal emotional factors on off

spring development. In a later study (Peters 1982) reported that low level prenatal stress altered 
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the brain levels of serotonin and its major metabolite 5-hydroxyindoleacetic acid (5-HIAA). The 

5-HT and/or 5-HIAA levels in cerebral cortex and pons medulla were significantly increased at 

16 days, but unchanged at 23 and 60 days of age. These short-lasting increases in 5-HT and 

5-HIAA may be consistent with the idea that "stress accelerates the onset of differentiation of 

nerve cells known to contain 5-HT terminals" (p724). In contrast, the hypothalamus showed a 

reduced 5-HT level at 16 days and an increased 5-HT level at 60 days of age which suggested 

that there may have been a long-lasting change in functioning of central 5-HT neurons. Mater

nal low-level stress has also been found to produce persistent changes in 5-HT receptor binding 

in several brain regions of the offspring and increased behavioural responses to 5-HT agonists 

(Peters 1986aj 1986b). This has been interpreted as providing "additional evidence that prena

tal stress affects the development of serotonergic neurons and it is possible that such changes 

may underlie the reported behavioural deficits in offspring of stressed female rats" (Peters 1986b 

p1377). 

Over the last few years, Peters has concentrated on examining the origins of these effects and in 

particular has found that the impact of crowding the pregnant dams and giving them once-daily 

saline injections throughout the gestation period is mediated both prenatally and postnatally 

via the mother-infant interaction (Peters 1988a). In this experiment, offspring were crossfos

tered such that offspring of stressed mothers were reared by control mothers and vice versa. 

Tested at 60 days of age on a behavioural response to to the 5-HT receptor agonist 5-methoxy

N,N-dimethyltryptamine (5-MeODMT) which produces a characteristic syndrome consisting of 

hyperactivity, hyperpyrexia, head weaving, forepaw treading and hindlimb abduction, develop

ment of the offspring was found to have been affected by the presence of a previously stressed 

parent, that is mediated both pre and postnatally. Specifically, prenatally stressed progeny 

reared by control dams showed a reduced behavioural response to 5-MeODMT and increased 

5HT2 receptor binding in the cerebral cortex, whilst control progeny reared by stressed mothers 

demonstrated an increased behavioural response to the agonist as well as increased 5HT2 receptor 

binding. Peters (1988a) suggests the 5-HT syndrome must be mediated by different mechanisms 

246 



pre and postnatally. "One mechanism, which operates in utero, produces a significantly reduced 

behavioural response to 5-HT receptor activation. A second mechanism, which appears to involve 

an early postnatal interaction between previously stressed mothers and the offspring results in 

a marked increase in the 5-HT syndrome" (p672). He then continues by questioning the pos

sible nature of the the mechanism which mediates the effects of prenatal stress on serotonergic 

neurons, suggesting that "one possibility is that glucocorticoids may be involved" (p672). The 

rationale for this proposal is that high levels of glucocorticoids both delay cellular maturation 

(for example synaptic development in the eNS) and are found in the maternal circulation. 

In an attempt to further define the critical prenatal period for stress-induced changes in the 

development ofthe serotonergic neurons, in a second experiment (Peters 1988b) stress treatments 

were administered at different gestational periods. Stress-induced changes in the intensity of 5-

HT mediated behaviours were found to occur during the final seven days of pregnancy a time 

when 5-HT containing cells first make their appearance. Given that serotonin is believed to play 

a role in early brain development (Lauder and Krebs 1978), Peters (1990) has suggested that 

"an increase in fetal brain 5-HT synthesis may be involved as a mediator in at least some of the 

effects of prenatal stress" (p943). 

Serotonin is not the only neurotransmitter to come under observation. Moyer, Herrenkohl and 

Jacobowitz (1978), for example, have investigated the effects of stress during pregnancy on the 

catecholamines norepinephrine (NE) and dopamine (DA), in discrete brain regions of the offspring 

as adults. Their rationalisation for investigating these neurotransmitters was simple, namely that 

there is evidence that brain catecholamines are involved in the expression of some sexually dif

ferentiated responses (Ahlenius, Engel, Eriksson, Modigh and Sodersten 1975; Soulairac and 

Soulairac 1975). As expected, differences were found and in regions associated with reproductive 

processes including the medial preoptic nucleus and median eminence. Interestingly, prenatal 

stress also affected discrete brain regions of female offspring, in such a way as to alter prolactin 

secretion, thus influencing reproductive functions that are prolactin-related such as pregnancy, 
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lactation or maternal behaviour. This work corresponds with the findings of reduced serum 

prolactin levels in prenatally stressed females postpartum, mentioned earlier. Since this early 

work on catecholamines, Peters (1982) and Fride, Dan, Gavish and Weinstock (1985) and Fride 

and Weinstock (1986) have also reported changes in NE and DA levels in offspring of prenatally 

stressed animals. Furthermore, Fride et al (1985) have also reported that the number of benzo

diazepine receptors in the hippocampi of prenatally stressed females was significantly lower than 

in the controls, a finding that they interpret as increasing their vulnerability to stressful situa

tions, whilst Peters (1984) has noted that prenatal stress delays the development of nor adrenergic 

neurons. 

More recently, prenatal stress has been found to alter cerebrallateralisation of dopamine activity 

(Fride and Weinstock 1988) producing effects which last into adulthood (Fride and Weinstock 

1989). In addition, the effect on cerebrallateralisation is more evident in females than in males, 

perhaps explaining the sex differences that are increasingly common in the prenatal stress liter

ature. Interestingly, testosterone, which has already been implicated as a possible mediator of 

the prenatal stress effects (Ward and Weisz 1980; 1984) has also been found to be involved in the 

development of cerebral lateralisation (Geschwind and Galaburda 1985). Speculation concerning 

the role of this hormone in the development of the prenatal effects is still continuing. 

Finally, as the "effects of prenatal stress have many features in common with the behavioural 

and physiological actions of opiates and endogenous opoids 2111 (Kinsley at al 1988a p123), a 

new line of research has started to investigate the role of prenatal stress in the development 

of opioid systems (Kinsley et al 1988a; Insel et al 1990). As with cerebral lateralisation, a 

common feature of the ontogeny of the J.1- type opioid receptor system is that it can be altered 

by testosterone. Kinsley at al (1988a) therefore investigated the effects of prenatal stress (heat 

and restraint) on morphine and stress-induced analgesia. Results demonstrated that prenatally 

stressed females displayed lower pain thresholds than controls following cold water swimming, 

whislt no differences were found between the stressed and unstressed males. With morphine-

21This system modulates a variety of sexual, maternal and aggressive behaviours. 
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induced analgesia, stressed females displayed greater analgesia than controls, the pattern of 

responding being the opposite in the male groups. Possible mechanisms for these effects of 

prenatal stress on opiate sensitivity, according to the authors could involve "insensitivity to 

gonadal steroids" (p127) as it has been reported (Chatterjee et al 1982) that "the presence of 

testosterone potentiates the effects of morphine on analgesia" (p127). 

In a follow-up study, given that there is this sensitivity to morphine in prenatally stressed animals, 

Insel et al (1990) examined the effects of heat and restraint stress on p, opiate receptor numbers. 

Offspring or stressed dams exhibited reduced receptor numbers in caudate-putamen and nucleus 

accumbens, lateral amygdala and the endopiriform nucleus. Interestingly, no sex differences 

emerged, especially given the sexually dimorphic opiate sensitivity noted in the previous study 

(Kinsley et al 1989a). This may be because opiate receptors in the spinal cord and brainstem 

(which might be involved in pain reception) were not included in this assay. Several hypotheses 

were advanced by Insel et al (1990) to explain their results including "stress-induced increases in 

endogenous opiates could lead to a homologous down-regulation of these abundant receptors in 

the fetal brain" (p96) or that "opiate receptors are not decreased per se, but that either more cells 

or more processes with opiate receptors are eliminated in the prenatally stressed pups" (p96). 

As yet, causality is not established, but what is of relevance to the present discussion is that 

prenatal stressors have a lasting impact on brain opiate receptors, furthering our understanding 

of the consequences of manipulation of the maternal generation. 

In summary, therefore, prenatal physical stressors have a variety of effects on offspring behaviour, 

physical maturation, anatomy, endocrinology and chemistry. As with the psychological stressors 

outlined in the previous section, the effects are complex and depend on both the timing and 

nature of the stressor, as well as the sex, strain and age of the offspring. To date, there are no 

definitive explanations of the mediation of these effects, although increasingly the causes appear 

to lie in the hormonal mediation of neuroanatomical and neurochemical development. 
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c) Pain Stressors 

The literature on the effects of prenatal stress is fraught with methodological and conceptual 

problems most of which have been dealt with earlier in this section. One factor which warrants 

more discussion, however, concerns the quality and quantity ofthe prenatal stressor. This section 

could include those few studies that have employed punitive stressors such as audiogenic seizure 

(Thompson and Sontag 1956), uncontrollable tail shock (Takahashi et a11988; 1990) or footshock 

either in a conflict situation (Joffe 1965c) or in a random presentation sequence (Sobrian 1976; 

1977; Joffe 1977; Becker and Kowall 1977; Pereira, Ardila and Figueroa 1980). However, these 

procedures do not conform to the criteria set out in the introduction to this chapter, namely, they 

do not have much in common with the manipulation employed in the present thesis. Furthermore, 

they do not affect the offspring indirectly through the maternal response, but are likely to have 

an effect by altering the offspring physiology directly. Indeed, with respect to audiogenic seizure, 

Thompson and Sontag (1956) have suggested that their finding that offspring of stressed animals 

were significantly slower in water-maze learning, may have reflected the effects of "fetal anoxia due 

to spasmodic contraction of the uterine arteries, maternal blood changes due to shock, maternal 

endocrinological changes and the effects of direct sound stimulation on the fetus" (p456). Thus 

it appears that these effects are not mediated indirectly and consequently results from this type 

of procedure will not be included in the present review. 

With respect to both tail and footshock 22, however, inescapable shock appears to have a psy-

chological component (Weiss 1968), and as such deserves inclusion as a maternal psychological 

stressor. At any rate, as Becker and Kowall (1977) have remarked, "what is being studied is the 

effect of the manipulation on behaviour and a breakdown of the intervening sources of the effect 

can be attempted after the effect has first been established" (p1433). 

As with the previous sections, a variety of physiological and behavioural effects of prenatal 

22Joffe (1965c) has also pointed out that "it is unlikely that any direct stimulation of foetuses could have 
occurred" (pS) as the shock level employed are typically low (less than 3mA). The relative lack of severity of the 
stressor "also makes unlikely the possibility of foetal anoxia due to contraction of the uterine arteries "(pS). 
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pain stressors have been investigated. Considering the physiological effects first, few significant 

differences between offspring of stressed and unstressed groups have emerged. For example, 

Sobrian (1976; 1977) has examined the development of reflex actions and physical maturation 

(appearance of incisors, eyelid dysjunction, startle response, free-fall righting response) and has 

concluded that prenatal stress produces no generalised alteration in behavioural and physical 

ontogeny. Furthermore, in neither of her studies, both of which employed electric footshock in 

either the first or last trimester of pregnancy, did she find any changes in endogenous levels of 

5-HT, 5-HIAA or NE. Both stimulated and control offspring exhibited the expected increase in 

steady-state levels of the amines as a function of age at 1, 12 and 25 days of age. However, some 

suggestion exists that the effects of prenatal stress on brain chemistry are triggered by weaning 

(Petropoulos, Lau and Liao 1972) and may therefore only be apparent in animals after this time. 

Alternatively, as Sobrian (1977) points out "NE, 5-HT and 5-HIAA levels ... may essentially be 

uncorrelated with behavioural effects" (p49). 

Takahashi et al (1988; 1990) have also considered the impact of a painful prenatal stressor on 

offspring physiology and have reported that offspring of rats exposed to uncontrollable electric 

shock during pregnancy exhibited significantly higher plasma ACTH and corticosterone concen

trations than offspring of either mothers that experienced controllable shock or no manipulation 

at all (Takahashi et al 1988). So, the notion of controllability of the stressor is an important 

factor in the mediation of prenatal effects, and highlights the importance of hormones in the 

prenatal stress syndrome. In a second study, Takahashi et al (1990) considered the hormonal 

responses of these offspring further, looking at stress-induced secretion of ACTH at 14 days old 

and 21 days old. Plasma ACTH was significantly elevated in prenatally stressed animals (stress 

in this experiment consisted of uncontrollable tail shock) when only 14 days old, but lower than 

control males at 21 days. 

These changes in the level of plasma ACTH with maturation are particularly interesting, as both 

the hypothalamic-pituitary-adrenal system and opioid system have been implicated in ACTH 
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secretion (Guillemin and Rosenberg 1955; Buckingham 1982; Siegel et a11982) and may therefore 

be the mechanisms that mediate the effects of prenatal stress. However, as pointed out in the 

preceding section, the role of opioids in the regulation of prenatal stress effects have only recently 

attracted attention and as yet, no firm conclusions can be drawn from the data. 

Takahashi et al (1990) also examined the effects of their tail shock stressor on parturition data 

and body weights. With respect to gestation length, no differences were found between the 

stressed and nonstressed groups, however, where stillbirths and fetal reabsorption did occur, it 

was always in the stressed group. Body weights of prenatally stressed and control offspring "that 

were tested" (p359) did not differ from each other. 

Sobrian (1977) did, however, find weight differences in her groups. In particular her non stressed 

pups (C) were lighter than either early (EPS) or late (LPS) stressed animals at 6 days of age, 

but C animals were significantly heavier than EPS but not LPS at 30 days of age, demonstrating 

differential growth patterns. Similar results were reported by Pereira, Ardila and Figueroa (1980). 

Joffe (1965c) on the other hand failed to find any littersize or litterweight differences in his control 

and stressed groups. 

Reactivity has also featured in this literature, the earliest work utilising the ubiquitous open field 

(J offe 1965c). In this instance, no significant differences emerged between offspring on any of the 

traditional measures of emotionality, including defecation, urination or ambulation, when tested 

at 78-80 days of age. Sobrian (1976), however, tested her animals at 30 and 60 days and found 

that ambulation was altered by prenatal maternal stress, the direction of the change depending 

on the level of stress to which the female had been exposed. In addition, prenatal stress altered 

the adaption rates of ambulation, rearing and grooming behaviour. Moreover, Sobrian (1976) 

reported that overall activity levels during the neonatal period were lower in the offspring of 

stressed mothers, in comparison with controls, a finding that is comparable to that of a saline 

control group employed by Joffe (1977) in which prenatal stress reduced activity in 86-96 day 

old animals. 
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Probably one of the most comprehensive investigations of the effects of inescapable prenatal 

shock on offspring behaviour, however, was a study carried out by Becker and Kowall (1977) 

in which prenatally stressed and control male rats were tested over 20 trials in an open field. 

A T factor analysis was then performed on the set of observations and factor scores subjected 

to elevational analyses 23. Results were complex, but pointed to the role of both prenatal and 

postnatal maternal environments in the expression of prenatal stress effects. In particular, male 

rats subjected to prenatal stress were found to acquire emotional reactivity levels in adulthood, 

that were either elevated or reduced depending on the postnatal maternal environment. More-

over, ambulation during both early and middle trials reflected two process dimensions which the 

authors labeled emotional reactivity and characterisitic rate of habituation. Interestingly, Becker 

and Kowall (1977) also discovered a second-order factor, which they suggested determined both 

habituability and exploratory behaviour, which was completely independant of emotional reac-

tivity. Thus they hypothesised "the existence of two processes set in motion simultaneously the 

moment the rat is placed in the arena. One is to explore the terrain and one is to inhibit that 

exploration" (p1437). This work is not dissimilar to the two factor theory of Denenberg and 

his co-workers, outlined in chapter two. The only study to examine exploration per se (Pereira, 

Ardila and Figueroa 1980) reported significant differences between offspring of females subjected 

to electric shock on the eighth day of pregnancy and offspring of controls. Unfortunately, this 

was reported in an abstract, and no further detals were given. 

Most recently, Takahashi et al (1990) have considered the frequency of ultrasonic vocalisations of 

prenatally stressed and control pups at both 14 days of age and 21 days of age. Reasoning that 

the occurence of vocalisations becomes less in a less stressful situation they examined ultrasonic 

emmissions as a reaction to isolation stress and footshock and tail flick latencies in response 

to the tail being placed in water. In the 14 day-old animals, prenatally stressed progeny made 

23In the usual or R analysis a number of different responses or tests are correlated across a number of organisms 
observed on the same occasion, but in the T analysis by contrast, a number of different occasions are correlated 
across a number of organisms by using the same response measure. The factor analysis may result in the extraction 
of two or more T factors which can be viewed as summary sets of unconfounded cross-sectional cuts representing 
stages in a process unfolding or running its longitudinal course over the occasions provided (Becker and Kowall 
1977). 
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significantly fewer ultrasonic vocalisations than their control counterparts although no differences 

emerged between the groups in latency to tail flick. By 21 days old, however, the vocalisation 

difference between the groups had disappeared, there still being no differences between the groups 

latency to tail flick. In considering the vocalisation measure, the authors state that "these results 

suggest that behavioural responses induced by stress are no longer potentiated in prenatally 

stressed pups" (p362). However, they also point out that vocalisation serves a different function 

at these two ages. In the younger animal vocalisations are thought to be emitted to attract the 

mother, whereas in the weanling animal, altogether more independent of its mother, vocalisations 

would be less common, if appearing at all. 

Finally, the ontogeny of spontaneous motor activity has also been investigated (Sobrian 1976; 

1977), with significant results. Prenatally stimulated offspring were found to be more active than 

controls on days 1-10, but less active in the third week postpartum. The age of peak activity, 

a developmental landmark, occured in prenatally stressed pups around ten days of age, with 

maximum activity not appearing in controls until the third week. This effect was independant 

of both the gender of the offspring and the timing of the gestational stress. 

The only other behavioural measure to be investigated in this area of research, has been learning 

behaviour. Joffe (1965c) has reported that offspring of stressed females scored significantly more 

errors than control animals in a Hebb-Williams maze and hypothesised that too rapid a myeli

nation in the foetuses of "emotionally aroused mothers offered the best tentative explanation 

for the occurence of differences in intelligence without accompanying differences in emotionality" 

(p10). In a later paper, however, no significant differences emerged between prenatally stressed 

and nonstressed offspring in an avoidance conditioning task (Joffe 1977). 

In summary, therefore, the use of shock as a prenatal stressor, has comparatively few major 

effects on offspring behaviour. Unlike the previous section, where physical stressors had some 

effect on physical maturation and on neurochemistry, pain stressors do not appear to have any 

effects on physiological ontogeny or NE, 5-HT or 5-HIAA levels, although plasma ACTH and 
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corticosterone differences have been noted by one group of researchers (Takahashi 1988). The only 

physical differences to emerge, concern offspring growth patterns, weight differences varying in 

direction according to age. With respect to behaviour, control animals appear to be more reactive 

than stressed offspring, but this is qualified by the nature of the postnatal maternal environment. 

One study has found stressed animals to be less efficient in solving a Hebb-Williams maze, but 

this learning difference does not necessarily appear in other learning tasks. 

3:3:3 Summary of Prenatal Influences 

In this section the effects of exposing pregnant animals to a wide variety of different stressors 

have been reviewed. Probably the most succinct analysis of the findings, albeit not the most 

recent, has been provided by Ader and Plaut (1968) who remarked "that the effects of prenatal 

maternal stimulation on offspring result from a complex interaction of factors such as the strain 

and previous experience of the mothers, the type of stimulation and the period of gestation 

during which it is administered, fostering, sex and age of offspring and the type of dependant 

measurements that are made" (p278). This position has not been changed substantially by any 

of the more recent publications. 

What is particularily relevant to the present thesis, however, is that environmental stressors 

acting on the mother have strong effects on the offspring, further supporting the methodology 

employed in this present work. In the following section, evidence from those studies that have 

manipulated the maternal environment postpartum and found changes in offspring behaviour 

will be reviewed, to complete the discription of the effects of "maternal influence" on offspring 

behaviour. 
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3:4 PERINATAL INLUENCES 

As outlined in the introduction to this chapter, the present thesis is concerned with exposing 

females to differential environments prior to pregnancy, which may indirectly affect the foetus 

through changes induced in the mother herself. In the preceding sections, manipulations which 

fall within the category of maternal stressor and which occured either prior to conception, or 

during pregnancy were reviewed. From this, it has become increasingly obvious that the mother 

has a tremendous influence on her offspring. In this present section, the aim was two fold: firstly 

to review those studies in which the mother was exposed to an external influence postpartum 

and to detail any effects on her offspring, and secondly, to consider to what extent maternal 

influences are themselves mediated postnatally. To date, no studies have imposed a stressor on the 

mother following parturition and examined the impact on her offspring, although Smotherman 

and Bell (1980) have recommended this methodology as one way of evaluating the mediating 

effects of the mother on offspring behaviour 24. Consequently, the second and related question 

will be addressed in this review section, namely, to what extent are maternal influences mediated 

postnatally, rather than in utero, or put more simply, does the perinatal behaviour of the mother 

affect her offspring. 

Historically, within the human literature, interest in the role of the mother in shaping the future 

of her child(ren) can be traced to Classical times. However, as Denenberg (1972) points out, 

although "it is intuitively obvious that the mother plays a critically important role ... it has been 

difficult to verify this empirically, to determine the extent of her influence, and to isolate the 

mechanism involved." (p399). One reason for this has been the psychoanalytic bias of a number 

of the early investigators, which "led them to assume the critical importance of the mother and 

to interpret their findings as proof of this assumption rather than attempting to test the validity 

of the assumption" (p399). Other reasons have included the failure to pay adequate attention 

to the need for appropriate controls, or to consider alternative hypotheses to account for the 

24In particular, they state that "it would seem important, if not necessary to assess the role of changes in 
maternal caretaking activities in programs of investigation which entail direct or indirect manipulation of the 
maternal environment" (p202). 
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data. Despite these limitations, however, early workers in this field such as John Bowlby (1951) 

and Rene Spitz (1945; 1946a; 1946b; 1951) have had enormous influence, both in stimulating 

research and bringing about changes in child care, with their findings that adequate mothering 

was a prerequisite for normal development. 

Within the animal literature, awareness of postnatal maternal influences has emerged from several 

sources. Firstly, from the research on infantile experience per se, when it became obvious that the 

mother was "a highly complex multidimensional stimulus who interacts with her offspring in a 

reciprocal fashion" (Denenberg 1972 p400). Secondly, from the "maternal deprivation" literature 

where animals have been removed from their mothers at an early age. Thirdly, from the "rat-

aunt" studies of Denenberg and his co-workers, in which animals are reared with lactating or 

virgin females. With respect to the present thesis, however, a clearer understanding of the effects 

of postnatal mediation of environmentally induced maternal influences, has come from those 

studies where the maternal manipulation has occured prior to pregnancy, or prenatally and 

where the offspring have been either fostered or crossfostered. All of these areas will be detailed 

in the following pages, with particular emphasis being placed on the latter area of research. 

Considering first research on infantile experience 25 and in particular the infantile experiences 

of handling and shock (Levine 1969a; 1975), it has become obvious that these treatments typi-

cally have prolonged and lasting effects on the animal's behavioural and physiological responses 

as an adult (Levine 1962; Denenberg and Zarrow 1971). One question which has generated a 

large literature concerns the way(s) in which these early experiences exert their effects. Several 

hypotheses have been proposed 26 (Russell 1971; Smotherman and Bell 1980), including firstly, 

the direct action hypothesis of Levine (1962), in which early experience outcomes are thought to 

result in part from the direct action of the stimulation impinging on the organism. A second the-

ory, the cooling or hypothermia hypothesis (Schaeffer et al 1962), suggests that early stimulation 

25For major reviews of this area, consult Beach and Jaynes 1954; Salama and Hunt 1964; Schaeffer 1968; 
Denenberg 1968; 1969a; 1969b; Levine 1969a; 1969b; Thompson and Grusec 1970; Russell 1971; Archer and 
Blackman 1971; Daly 1973; Lee and Williams 1974; Denenberg 1977; Wong and Wong 1978; Denenberg 1982. 

26 None of these hypotheses is mutually exclusive. 
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effects result from the incidental cooling that pups receive whilst out of the nest during treat

ment. Thirdly, Levine (1956) has suggested a stress hypothesis, in that all treatments employed 

to provide infantile stimulation are in some way noxious or stressful to the young animal and in 

this way serve to modify the physiological systems that mediate stress reactivity in adulthood. 

Finally, a fourth hypothesis has focussed on the importance of changes in the maternal environ

ment (Richards 1966; Barnett and Burn 1967; Meier and Schutzman 1968; Bell, Nitschke, Gorry 

and Zachman 1971; Hudgens, Chilgren and Palardy 1972). This "maternal mediation" theory 

(Smotherman and Bell 1980) suggests that the reported effects of early stimulation result not 

only from the effects of the stimulation on the pups per se, but are also mediated by changes in 

the nature of the mother-infant interaction. These changes occur subsequent to the stimulation 

and return of the stimulated pup to the nest. This hypothesis has been both redefined and 

more precisely stated by Bell, Nitschke, Bell and Zachman (1974), Smotherman, Mendoza and 

Levine (1977) and Smotherman and Bell (1980) and is based on the premise that changes in 

mother-infant interactions have the capacity to influence the ontogeny of behaviour in the pup. 

Indeed, Villescas, Bell, Wright and Kufner (1977) have shown that prohibiting interaction be

tween mother and pups after handling the pups, significantly alters the developmental outcomes 

typically produced by this treatment. 

The most convincing demonstration of the maternal mediation hypothesis was that of Bell et al 

(1974), in which maternal behaviour and pup ultrasonic vocalisation were found to vary system

atically as a function of the intensity of the stimulation the pups had received. In this study 

groups of litters were exposed to three minutes of handling (H), two minutes of 5-6°c cooling 

(2C) or five minutes of 5-6°c cooling (5C) for the first five days postpartum. The authors mea

sured ultrasounds and maternal behaviours simultaneously and reported parallels between the 

rate and persistence of vocalisations and the effectiveness of mothering the pups received. Specif

ically, pups in the H group vocalised infrequently and elicited little maternal attention, whereas 

in the 2C group, pups initially vocalised at high rates triggering effective mothering. In the 5C 

condition, pups vocalised somewhat less initially, but vocalisations persisted across the recording 
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period. Pups in this condition, as with the H condition, received ineffective mothering. Bell et al 

(1974) have suggested that a maternal factor enters into the curvilinear relationship between the 

intensity of early stimulation and adult behaviour first proposed by Denenberg (1964). Since this 

early work, Bell et aI's findings have been replicated and extended (Barnett and Walker 1974; 

Bell and Little 1978; Cross and LaBarba 1978), with evidence that maternal physiology is also 

affected by manipulation of the pups (Smotherman, Weiner, Mendoza and Levine 1977a; 1977b; 

Smotherman, Mendoza and Levine 1977; Brown, Smotherman and Levine 1977). Furthermore, 

whilst most studies have examined maternal behavioural and physiological changes that take 

place immediately after the pups are returned to the nest (Smotherman and Bell 1980), there 

also exists evidence demonstrating that changes in mother-infant interaction are long lasting (Lee 

and Williams 1974). 

A second area of research which has contributed to an understanding of the importance of the 

mother in the normal development of her offspring is the maternal deprivation literature. Rea

soning that one way to study the functions of a mother's influence on her offspring's behaviour 

is to rear the animal without its mother, several laboratories have embarked on extended pro

grammes to investigate just this question. Probably the most famous work has emerged from 

Harry Harlow's laboratory based at the University of Wisconsin (Harlow 1958; 1960; 1968; Har

low and Harlow 1965; Harlow, Harlow and Hansen 1963; Griffin and Harlow 1966; Suomi and 

Harlow 1977), working with rhesus monkeys. In their experiments, rearing animals with surro

gate cloth or wire mothers (Harlow and Zimmerman 1959) had profound effects on later sexual 

and maternal behaviours. Interestingly, up until puberty the surrogate animals appeared to be 

"normal" but after this time gross behavioural incompetences emerged. This finding that the 

detrimental effects of maternal deprivation may not express themselves until late in development, 

is of particular interest and according to Denenberg (1972), suggests that "it is dangerous to con

clude that certain forms of infantile stimulation or early experience are without effect until the 

animals have been studied well into maturity" (p401). 
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More recently, work has extended to include the squirrel monkey (Mendoza, Smotherman, Miner, 

Kaplan and Levine 1978; Hennesey and Kaplan 1982) and macaques (Rosenblum and Alpert 

1977). Probably the research most relevant to the present thesis however, are those few studies 

that have investigated the effects of maternal deprivation in rats. One problem with this type 

of research is that rats are immature at birth and must be handled frequently in order to be 

fed. Consequently the effects of maternal deprivation are difficult to separate from the effects 

of the extra handling stimulation. Despite this, several interesting points have emerged. With 

respect to learning, in a study of neonatal rats being reared in an incubator, Thoman, Wetzel and 

Levine (1968) found differential learning patterns between incubator and mother reared animals 

by three days of age. By three weeks, incubator animals showed some superiority over mother 

reared littermates in performance on the Hebb-Williams maze (Thoman and Arnold 1968a) and 

greater changes over trials in measures taken in the open field. These results have led the authors 

to conclude that "in contrast to previous research on mother deprivation, the effects cannot be 

interpreted as indicating poorer performance on the part ofthe mother deprived animals" (p221). 

Development of maternal behaviour in these "deprived" rats has also been investigated (Thoman 

and Arnold 1968b) with few long term effects emerging. However, in this latter study, offspring 

of incubator reared animals showed a higher mortality rate and significant delay in eyeopening, 

suggesting that deleterious effects may only express themselves in the next generation. 

The third area of literature to be considered in this review is the work of Denenberg and his 

colleagues (review Denenberg 1970), which for the purpose of this thesis has been called the 

"rat-aunt" literature. What makes this work particularily interesting is the manner in which 

the maternal environment was manipulated. In brief, the procedure involved fostering new born 

mice to lactating rat mothers. The importance of this paradigm lies in the way it enabled the 

researchers to separate experimentally the usual confounding of genetic, prenatal and postnatal 

environments present in all naturalistic situations and in the great majority oflaboratory settings. 

If the experimentally reared mice exhibited different behaviours from those of control animals 

reared by mouse mothers, it could be considered that such behaviours were significantly affected 
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by the nature of the postparturient maternal environment. 

The first experiment in this series (Denenberg, Hudgens and Zarrow 1964) fostered C57BL/10J 

mice to lactating Purdue-Wistar rat mothers, control mice remaining with their natural mothers. 

Starting at 50 days, mice offspring were tested for four days in an open field and at least five 

weeks later in a fighting box. Offspring reared by rats showed both reduced fighting behaviour 

and activity. These findings have since been replicated (Denenberg, Hudgens and Zarrow 1966; 

Hudgens, Denenberg and Zarrow 1967; 1968) and have led to the conclusion that the role of 

the mother is an extremely powerful one which can markedly influence species-specific aggressive 

behaviours, as well as activity patterns. This effect was also reported in Rockland Swiss-Albino 

mice, whose plasma corticosteroid levels following exposure to a novel environment were also 

calculated (Denenberg, Rosenberg, Paschke, Hess, Zarrow and Levine 1968). Mice reared by rat 

mothers were found to have a lower adrenocortical response than either control raised mice, or 

control raised rats. 

In their next series of experiments, the mediating mechanisms were considered. One factor 

which had to be eliminated was the possible effects of rat milk on the mouse progeny. To do 

this, an ingenious procedure involving using a rat aunt instead of a rat mother was devised. 

Mice were left with their natural mothers, but virgin rats, their maternal behaviours primed by 

being exposed to infant rats 27, were introduced into either a litter offour-day old mice or placed 

with a pregnant mouse (Denenberg, Rosenberg, Paschke and Zarrow 1969). Mice reared in the 

presence of a rat aunt had significantly lower adrenocortical resonses to novel stimuli and were 

less active in the open field. However, the rat aunt preparation was quantitatively weaker than 

the rat mother preparation. Having eliminated the possibility that corticosterone and activity 

changes were brought about by the nature of the mothers' milk, as Denenberg (1970) points 

out, there is "a very strong implication that the changes are mediated through the mother's 

or aunt's behaviour towards the young" (p86). One observation of the rat aunt behaviour had 

suggested they were less maternal than rat mothers, so in order to maximise the effect of the 

27 See also work by Stern and MacKinnon 1978 detailing the priming of virgin females. 
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aunt preparation, a final series of experiments were undertaken. One way to maximise maternal 

behaviour is to thelectomise the animal (surgically remove the nipples), mate her and remove her 

pups post partum. This should provide a non-lactating maternal animal. Using this technique, 

rat aunts were placed in a cage with a mouse mother and pups, (Rosenberg, Denenberg and 

Zarrow 1970) and results similar to those obtained with the rat mother were observed. This has 

led Denenberg (1970) to conclude that it is the behavioural interactions between the mother and 

offspring which radically alter both the physiology and behavour of the offspring. 

So far in this section, three discrete areas of research have been outlined, all of which demonstrate 

conclusively that the mother has a tremendous effect on her offspring in the postpartum period. 

Of more interest to the present thesis, however, are the postnatally mediated effects of mothers 

who have themselves been manipulated. Evidence pertinent to this particular issue emerges 

from those studies in which females have been exposed to environmental stressors prior to giving 

birth and where the postnatal effects have been partitioned out using fostering or crossfostering 

techniques 28. 

POSTNATALLY MEDIATED EFFECTS 

Of the studies detailed in this chapter, in which the mother was subjected to some form of Ma-

ternal stressor 29, only 50 have employed any fostering or crossfostering techniques and of these, 

24 studies have deliberately avoided any postnatal influences, by crossfostering experimental and 

control groups to naive females, thus standardising the postnatal environment (Joffe 1965b; Ader 

and Plaut 1968; Porter and Wehmer 1969; Ader and Deitchman 1970; Plaut, Graham and Leiner 

1972; Chapman, Masterpasqua and Lore 1976; Masterpasqua, Chapman and Lore 1976; Sobrian 

1976; Joffe 1977; Chapman and Stern 1978; Miley, Frank and Roxter 1981; Miley, Blustein and 

Kennedy 1982; Miley 1983; Harvey and Chevins 1984; 1985; Kinsley and Bridges 1986; 1987; 

28 Fostering is when a litter is raised by a mother other than its biological mother from either the same strain or 
treatment as its biological mother. Crossfostering is when a litter is reared by a mother other than its biological 
mother and of a different strain, or from a different treatment group to that of its biological mother (Joffe 1969b). 

29That is, a type of stressor that conforms to the criterion outlined in section 3:1 of this chapter 
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1988; Kinsley and Svare 1987; Peters 1988b; Kinsley et al 1989; Pohorecky et al 1989; Insel et al 

1990). Consequently these will not be included in any further discussion of perinatal maternal 

influences. 

The remaining studies, in which either fostering or crossfostering techniques were employed, di

vide roughly between two camps. Half reporting no postnatal maternal influences separate from 

prenatal influences (Thompson and Sontag 1956; Thompson 1957; Keeley 1962; Ader and Belfer 

1962a; 1962b; Thompson and Quinby 1964; Joffe 1965a; 1965c; Werboff, Anderson and Haggett 

1968; Archer and Blackman 1970; Herrenkohl and Whitney 1976; Politch, Herrenkohl and Gala 

1978; Herrenkohl and Politch 1978; Rohner and Werboff 1979) and half reporting significant 

differences between prenatal and postnatal maternal influences (Hockman 1961; Denenberg, Ot

tinger and Stephens 1962; Thompson, Watson and Charlesworth 1962; Denenberg and Whimbey 

1963; Ader and Conklin 1963; Gauron 1966; Becker and Kowall 1977; Allen and Haggett 1977; 

Barlow, Knight and Sullivan 1978; Fride, Soreq and Weinstock 1986; Peters 1988a). 

Why some studies report postnatally mediated maternal influences and others do not, is at 

present unclear, but these results may well reflect the wide range of experimental procedures 

and types of stressors employed. Hockman (1961) for example, studied the effects of prenatal 

conditioned avoidance in rats and found a decrease in offspring open field activity as a function 

of prenatal stress; this decreased activity occured only in rats which had been raised by other 

experimentals or by untreated foster mothers. There was no significant decrease in the activity 

of experimentals reared by their own mothers. Hockman concluded that "it appears that the 

"stress" applied during gestation is not, by itself, sufficient to noticeably affect the offspring, 

but must be supplemented by the crossfostering experience" (p682). Denenberg and Whimbey 

(1963) in their work are even more convinced of the efficacy of the postnatal mother, considering 

her to be a significant contributer to their offspring effects. Thompson (1957) on the other hand 

stated that no behavioural differences occured as a result of postnatal rearing in his original 

prenatal stress experiment, however, in a later and more detailed account of the same experiment 
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(Thompson et al1962) he reported that crossfostering and fostering did interact significantly with 

the prenatal treatments to produce the following effects on open field behaviour. At the age of 

30-40 days, crossfostering increased the activity of experimentals and lowered that of controls, 

whereas fostering increased the activity of both experimentals and controls. In the later series of 

tests, carried out at 130-140 days, crossfostering decreased the activity of the experimentals and 

decreased that of controls, fostering doing the opposite. 

According to Archer and Blackman (1971), "the reason that Thompson did not attach much 

importance to controlling for postnatal influences was that, in contrast to the results of Hockman 

and Ader and Conklin, he found that differences in postnatal rearing did not effect the general 

direction ofthe response" (p201). This Ader and Conklin (1963) paper that Archer and Blackman 

refer to is one in which they investigated the effects of handling during pregnancy on offspring 

behaviour, using both fostering and crossfostering to separate out postnatal effects. Unlike 

Hockman, these authors found no significant differences as a result of postnatal treatments in 

the open field, in an emergence test, effects of the prenatal treatment varied both as a function of 

age and postnatal treatment. Female offspring from the experimental group showed significantly 

shorter latencies than control offspring only if they were raised with their own mothers, the 

opposite occuring with males. In a third stress procedure, shock traumatisation, Gauron (1966) 

also found a significant interaction between sex of offspring and postnatal mother, this time in 

an open field. In his discussion, he points out that his work is consistent with Denenberg and 

Whimbey's (1963) and that "implications regarding offspring behavior must take into account 

constitutional (including physiological and biochemical elements) and environmental factors and 

the interaction of the two" (p223). 

As can be seen from the above examples, this literature is complex and to date no consistent 

trend is apparent from the results. It seems that fostering and crossfostering can influence later 

behaviour, but the precise determinants of the particular responses remain unclear. What is 

interesting from the point of view of the present thesis, however, is that perinatal maternal 
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influences have been reported in the literature, and that maternal influences manifest themselves 

both in untreated mothers as evidenced by the earlier reviews and in experimentally manipulated 

dams. 

To conclude, this present section addressed two questions; does the perinatal behaviour of the 

mother affect her offspring and does this continue in mothers that have themselves been stimu

lated? The answer to both of these questions is yes, although mediating mechanisms are as yet 

unclear. 

3:5 SUMMARY OF CHAPTER 

The purpose of the present chapter was to review all those studies in which the effects of manipu

lation of the mother were manifested in her offspring. The nature of the maternal treatment was 

narrowed down to include only those stressors which indirectly affected the offspring, through 

their effects on the mother herself, thus paralleling the procedure employed in the present the

sis. Time of occurence of the stressor was taken into account, with influences occuring prior to 

pregnancy, prenatally and perinatally being described in some detail. The literature covered in 

this review leads to an overall conclusion that manipulating the mother has profound effects on 

the physiology, behaviour and development of her offspring, but that the nature of the stressor, 

the developmental period in which it occurs, the nature of the dependant variables measured, as 

well as age, sex and strain of animal all contribute differentially to the observed effects. 
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CHAPTER FOUR: GENERAL METHODOLOGY 
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4:1 SUBJECTS: ORIGIN, BREEDING AND MAINTENANCE 

The subjects used in this thesis, bred at Goldsmiths' College, University of London, from stock 

obtained from Harlan Olac Ltd. (formerly Olac 1976 Ltd.) were outbred Hsd/Ola:Lister Hooded 

rats SPF 1 Category 3. The choice of laboratory rats as subjects reflects their use in all of the 

studies exploring the effects of differential maternal environments on offspring that have appeared 

in the literature to date (see chapter one). The decision to use "home-bred" animals was based 

on two factors. 

Firstly, as Denenberg (1977) has pointed out, the production and management of subjects for 

experimental purposes is a "serious matter" and generating animals for early experience research 

must be carefully controlled. Specifically, the need for homogenous females has been experimen-

tally documented by Denenberg and Whimbey (1963) and Denenberg and Rosenberg (1967), 

who have shown that mothers and grandmothers who have had differential handling experiences 

in early life will produce heterogenous offspring and grandoffspring. Furthermore, Denenberg 

(1977) has cautioned against purchasing pregnant females. As he says "it is immediately obvious 

that there must be enormous stresses placed upon an animal when it is removed from its typ

ical environment, placed into a carton with other animals, sent by truck, rail, bus, or plane to 

another destination and, eventually, introduced into a strange laboratory where lighting cycles, 

food, ambient temperature, cleaning schedules and cages are probably very different from what 

these animals were used to in the commercial colony from which they were purchased" (p132). 

As reviewed in chapter three, prenatal stress affects the offspring (Joffe 1969aj 1969b) and raises 

serious questions about the value and validity of any experiment using animals obtained in this 

manner. Indeed, Denenberg recommends that researchers should "purchase adult females who 

are homogenous with respect to parity and age, and who have not been used in any experiment. 

After they arrive they should be allowed 2 to 4 weeks to settle into the new laboratory, after 

which they can be bred and their offspring used for early experience studies" (p132). This was 

1 SPF=Specified Pathogen Free, that is free of most pathogens. 
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taken into account in the present thesis, where all experimental animals were bred from an ear

lier generation bought in according to this recommendation. Indeed Denenberg's caution has 

recently been justified by Sachs and Lumia (1981) who have examined the effects of stress due to 

the shipment of pregnant animals and declared it to be a confounding variable in developmental 

research, leading them to "join those who have foresworn the technique" (p169). 

The second and arguably more important reason for breeding the animals used in this thesis in 

Goldsmiths' laboratory was more pragmatic, reflecting the nature of the present research in which 

a complicated breeding programme extending over four generations was undertaken. Coupled 

with this programme, were periods of manipulation of the animals which could not have been 

undertaken at a breeding farm. This procedure will be described in some detail below, once the 

origin and breeding of the animals at Harlan Olac Ltd is outlined. 

4:1:1 Origin: 

The origin of the outbred Hsd/Ola:Hooded Lister rat dates back to 1932, when the Medical 

Research Council (MRC:Mill Hill) obtained stock from ICI, maintaining a closed colony from 

which Olac purchased their first animals in 1969. These animals were caesarian derived from a 

randomised stock, with further purchases occuring in 1972, 1979 and 1981. Described as a Black 

Hooded rat with fairly good breeding performance and slow growth, these animals are both easy 

to handle and commonly used in the literature. 

4:1:2 Breeding: Harlan Olae Ltd: 

Harlan Olac employ a stringent random mating system to perpetuate the outbred stock, which 

consists of the following procedure. Five females housed in a harem are covered by one male over 

a three-day period. Once pregnancy is confirmed, females are housed separately in parturition 

cages, until the birth of their litters. The average littersize is nine, but within the first week post 
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partum, litters are fostered by sex into groups of eight. Animals are cleaned out and resexed 

once a week until weaning which occurs at approximately 21 days. During this time, animals are 

maintained on an ad libitum diet (Labsure eRN nuts), in a colony room kept at 21 0 e, with a 

constant humidity of 50-60%. A 12 hour light-dark cycle is also maintained. 

Harlan Olac Ltd. also maintain strict control over weights of animals. Their weight charts were 

employed in the present thesis to ensure that the deprivation schedules used in the experimental 

studies did not interfere unduly with the normal growth patterns of Hooded Lister rats. The 

relevant growth/weight information is detailed in Table 4:1. 

AGE AGE MALE MALE FEMALE FEMALE 
IN IN AVERAGE RANGE AVERAGE RANGE 
DAYS WEEKS WEIGHT WEIGHT 
21 3 35.5 24-43 33.4 30-40 
28 4 65.1 51-80 59.3 49-69 
35 5 109.0 91-133 92.6 60-105 
42 6 159.8 138-188 122.9 101-140 
49 7 204.1 179-236 143.6 115-161 
56 8 241.6 214-279 157.0 128-179 
63 9 271.2 243-307 170.1 139-193 
70 10 295.1 269-339 182.2 155-207 
77 11 318.1 283-363 191.2 163-220 
84 12 334.1 294-382 199.5 170-225 

Table 4:1 Weight chart (in grammes) for Hooded Lister rat obtained from Harlan Olac Ltd. 

4:1:3 Breeding: Goldsmiths' College: 

As the present thesis required that a breeding programme extending over four generations be 

undertaken, the following terminologies were employed to describe the generations of animals 

involved and to delineate their backgrounds. (These designations will be continued throughout 

the experimental chapters.) 

• FO: Male and female rats obtained from Harlan Olac Ltd: Breeding stock 

• F1: Offspring of FO animals, laboratory bred and raised: Maternal Generation 

• F2: Offspring of F1 animals, laboratory bred and raised: Offspring Generation 

• F3: Offspring of F2 animals, laboratory bred and raised: Grandoffspring Generation 
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Of particular importance to the present research is the F1 generation, as this was the group that 

would provide the future mothers and grandmothers of the experimental animals, F2 and F3 

generations respectively. This F1 group was also the one to receive the maternal manipulation. 

The breeding procedure employed in this thesis was as follows: the FO females arrived from Harlan 

Olac Ltd, aged 10-12 weeks (175-200g) and were housed in groups of five in standard paturition 

cages, available from North Kent Plastic Cages Ltd, for two weeks prior to being mated. This was 

to allow them to settle into the laboratory routine, as recommended by Denenberg (1977). Two 

females were then placed into a group holding cage and a male rat introduced 2. These animals 

were left undisturbed for five days, the females then being individually housed in parturition cages 

and placed in a quiet part of the colony room behind partitions, where they remained throughout 

the remainder of their pregnancies. During this period, food and water were replenished twice 

weekly and the animals cleaned out twice (Days 12 and 19 of gestation). Care was taken to 

reduce all noise in the colony room at this time and the animals were disturbed as little as 

possible. During the parturition period, cages were checked daily for litters, and dates of birth 

recorded. Once the litters had arrived, the animals were left undisturbed (apart from topping up 

food hoppers and refilling water bottles) until the pups were 19-21 days old. At this point the FO 

dams were removed and the litters weighed and sexed. Female pups (F1) were allocated to one of 

the three experimental environments employed in this thesis, namely the Superenriched (SEC), 

Standard (SC) and Impoverished (IC) conditions (see section 4:2) using a split litter design, so 

that each litter was equally represented in each environment. Split-litter techniques as a method 

of control have been discussed in some detail by Henderson (1968) and are recommended as a 

way of eliminating systematic bias from individual experiments. 

The F1 generation remained in their experimental conditions for nme weeks until they were 

sexually mature (82-84 days old). At this point, the animals were removed from the environments, 

2The decision to mate two females with one male, rather than use the harem method of five females to one 
male was taken for two reasons. Firstly, this method ensured that if any infertile males or animal. with poor 
copulatory performance were used as studs, few females would be affected. Additionally, the use of more males 
would increase the gene pool, maintaining an out bred colony. 
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placed in parturition cages in pairs and a male rat introduced. These males were bought in 

especially for breeding purposes and were only ever used once so as to maintain an outbred 

colony. Furthermore, these animals were always group housed, as keeping males in isolation has 

been found to reduce copulatory behaviour (Dunlap, Zadina and Gougis 1975). These animals 

were then left undisturbed for five days and the general procedure observed for the FO generation 

carried out. 

Offspring (F2) of this breeding were weaned at approximately 19-21 days, the litters weighed, 

sexed and, depending on the experimental requirements, individual F2 animals were weighed and 

individually housed in standard solid-bottom experimental cages (also available from North Kent 

Pastic Cages Ltd). For study two (chapter six), a further generation of animals was required, 

consequently F2 females were weaned and placed in the Standard Condition (SC) cages (see below 

for details) where they were maintained for nine weeks until sexually mature, at which point the 

established mating, gestation and parturition procedures described above were implemented. 

Their offspring (F3) were weaned at 19-21 days old and as before, litters were weighed and 

sexed, then the individual animals were weighed and housed in the single experimental cages 

employed throughout this research. 

4:1:4 General Animal Housing and Maintenance: 

All the animals used in this research, both for breeding and experimental purposes were kept 

in the colony room at Goldsmiths' College, where a constant temperature of 1S-22° C and 

humidity of 50% are maintained, as is a 12 hour light-dark cycle (Sam-Spm). All treatments 

and maintenance were carried out, as far as possible, by the same experimenter. All the animals 

in this research were maintained on Oxoid Breeding Diet 3, and unless otherwise stated, both 

food and water were available ad libitum. Animals were cleaned out twice a week, care being 

taken to minimise handling animals during this procedure. 

3This contains oil 4%, protein 21 %, fibre 4%, ash 5%, calcium 0.8%, phosphorus 0.63%, sodium 0.31 %, salt 
0.83%, potassium 0.85%, starches 33.5%, sugars 5% per kilo. 
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4:2 DIFFERENTIAL ENVIRONMENTS 

Before describing the differential environments employed in this thesis, the nature of the enriched 

environment employed in the present work must be considered. Typically, in the literature, the 

"enriched" "complex" or "free" environment consists of ten or more animals living in a large cage, 

in which there is a variety of stimulus objects (Rosenzweig and Bennett 1977). However, there 

have been many variations on this theme. For instance, in their initial experiments, the Berkeley 

group employed an "environmental complexity and training" cage (Krech et al 1960), which 

contained a small wooden maze and two wooden objects selected each day from a selection of seven 

items. In subsequent work, more objects were encorporated into the environment (Rosenzweig 

and Bennett 1969). In addition, the rats were also placed in the field of a Hebb-Williams 

apparatus 75cm x 75cm, where the pattern of barriers was changed daily. In 1965, the Berkeley 

animals also received one or two trials a day in various standardised mazes, for sugar pellet 

rewards, but it was found that this procedure could be omitted without affecting the enrichment 

effects and the designation "environmental complexity and training" was changed to "enriched 

condition" . 

"Superenriched" environments have also been employed. For example the enriched condition 

employed by Ferchmin and his colleagues (Ferchmin and Eterovic 1986) involved rotating animals 

twice a day amongst four cages, some of which were larger than the standard Berkeley EC and 

offered more opportunity for climbing. Probably the best known superenriched environment, 

however, is the one designed by Clive Kuenzle and Alois Knusel (1974). This environment was 

developed to mitigate the recurrent criticism that the traditional EC mostly improves an animal's 

motor performance, but does not provide genuine learning situations. Kuenzle and Knusel housed 

a group of 70 animals in two large cages, provided with various stimulus objects and connected by 

tunnels. Each day, for 29 days, food was placed in one of the cages and water in the other, so that 

the rats had to travel between the two cages. Gradually the rats were made to solve problems 
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and to climb ropes, or jump from one platform to another to traverse the tunnels 4. Davenport 

(1976) has also used a superenriched environment, using a modified version of Kuenzle and 

Knusel's SEC, which consisted of three standard wire mesh cages, with interconnecting tunnels 

and containing a variety of objects and a maze aligned with a food (or water) trough which was 

mounted on the outside of the centre compartment's front door. Animals were housed in groups 

of 45 and were required to learn various ways to obtain food and water, as the apparatus features 

were changed every third day. 

Finally, another and quite different method by which the effects of differential environments have 

been enhanced, is through the use of a "semi-natural" environment (SNE) described by Bennett 

(1976) and Rosenzweig et al (1978). In the SNE, rats lived out of doors, in a 9 sq.m enclosure with 

a dirt floor 60 cm deep. Rats put into the SNE at 40 days of age were found to have moderate, 

but significant increases in cerebral weight measures as compared with animals maintained in 

the standard EC. 

Given that in the present design animals were to be maintained in their differential environ-

ments from weaning until they were sexually mature, that is for approximately 65 days and may 

well habituate to the enriched environment (Rosenzweig, Bennett and Diamond 1972) and that 

superenrichment appears to enhance enrichment effects, a modified version of a superenriched 

environment was employed in the present thesis. In addition, differences in brain weight (total 

cortex and subcortex) between EC/IC animals have tended to be less significant after 80 days 

of environmental experience, than after 30 days (Rosenzweig and Bennett 1968; 1972), a time 

period similar to that employed in this work. Since it has been suggested that this may also be 

due to the fact that the animals were beginning to habituate to the enriched environment (Rosen-

zweig, Bennett and Diamond 1972), in the present experiments a more complex environment was 

employed, to alleviate this problem. 

The impoverished condition used in the present work, was based on the IC used by the Berkeley 

4N.B. In three succesive experiments, the SEC rats were found to have significantly greater cerebral length, 
weight of occipital cortex and ChEf AChE ratio, than animals raised in the original EC. 
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group (Diamond Johnson and Ingham 1971). In addition, a standard housing condition (SC) 

was also employed, to provide a control referent, as advocated amongst others by Kiyono et al 

(1985). Rather than maintaining animals in groups of three, however, as the Japanese researchers 

did, the present SC comprised animals housed in groups of five. This was because Krech et al 

(1966) have pointed out that "the socially housed animals are somewhat impoverished, since they 

spend all their time in small cages with only two cagemates". Consequently, in the present work, 

larger groups of animals were housed together and in larger cages than those of the impoverished 

condition. 

The particular environments employed in this thesis, namely the Superenriched Condition (SEC), 

the Standard Condition (SC) and the Impoverished Condition (10) are described in some detail 

below. 

4:2:1 The Superenriched Environment: 

As can be seen from Diagram 4:1, the Superenriched environment consisted of a large custom 

built cage (190x128x72cm) horizontally subdivided into four sections, the bottom section being 

vertically subdivided into two compartments. One of these compartments was equivalent in size 

to the traditional enriched environment used by Rosenzweig et al (Bennett, Diamond, Krech and 

Rosenzweig 1964). Access to the sections was by means of a series of interconnecting shelves and 

runways. Construction materials included a basic skeleton built of black "speed-frame", covered 

with 1cm wire mesh. To allow access to all the horizontal compartments, the front of the cage 

was made of clear perspex doors, opening centrally. Inside, the upper levels were connected by 

aluminium shelves, covered with wire mesh to prevent the animals from slipping. One side of the 

top level was made of mirrored perspex, to add variety. 

The environment contained a variety of toys, some of which were permanent fixtures, including 

a "teeter-totter" in grey and clear perspex, attatched to the top level; a three dimensional slide 

in clear and textured perspex incorporating a mesh wall and typically found on the third level; 
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and a water trough, again in perspex, built into the bottom level. This "swimming pool" was 

either filled with water or sawdust. In addition a variety of other toys were rotated around the 

cage, new and interesting combinations of tubes, cubes, wood, ping pong balls and paper being 

introduced when the inside of the cage was cleaned out twice a week. Externally mounted food 

hoppers, water bottles and litter trays were also incorporated into the design of this environment. 

At any given time, following Davenport's (1976) example, at least 45 females were housed in this 

environment, being confined to the bottom compartment for the first week following weaning, 

until they were big enough to climb about the whole cage. To maximise external stimulation, 

the SEC was placed in the busiest part of the colony room. 

4:2:2 The Standard Environment: 

Available from North Kent Plastic Cages Ltd., these consisted of standard "group housing" 

laboratory cages. Made of white polypropylene (56x38x18cm) with stainless steel lids, grids and 

food hoppers, these cages also had externally mounted water bottles. Animals were housed in 

groups of five and were cleaned out twice a week. Unlike the previous environments, the SC 

animals were kept in a quiet part of the colony room, near the breeding colony. Food and water 

were available ad libitum. 

4:2:3 The Impoverished Environment: 

Based on the impoverished environments employed by Rosenzweig and Bennett, each environment 

(see Diagram 4:2) consisted of a grey perspex cage (31x31x32cm) with a wire mesh floor 6cm 

above the base of the cage, underneath which was a fitted litter tray. The coloured perspex 

prevented the animals from receiving any visual stimulation, although the cage lid was of clear 

perspex to allow in the light and 1cm diameter ventilation holes. As with the other environments, 

food hoppers and water bottles were externally mounted, and the cages were cleaned out twice a 
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week. Animals were individually housed in these environments and to ensure minimal stimulation, 

IC cages were maintained on a high shelf 210cm off the ground, in a quiet part of the colony 

room. 

4:2:4 Experimental Housing: 

During the behavioural experiments to be described in the following chapters (6-10), all animals 

were housed in the same manner to standardise their environmental experience, namely in indi-

vidual cages made of white polypropylene (38x25x18cm), with solid bottoms and external food 

hoppers and water bottles. These cages were bought from North Kent Plastic cages Ltd. and 

were mounted on racks so they could be wheeled to the experimental rooms when required. 

In all experiments the assistance of a technician was enlisted to label the animal cages with coded 

numbers, so that the experimenter did not know from which group the animals originated. This 

was to minimise experimenter bias, especially important in those behavioural tests where the 

experimenter was recording behaviours manually. Only after all the procedures were completed 

were the animals' backgrounds revealed and the data analysed. 

4:3 BEHAVIOURAL TEST APPARATUS 

The effects of environmental manipulations were investigated using a fairly standardised battery 

of tests. Justification for choice of apparatus is presented in the experimental chapters. The 

various types of apparatus employed are described below. 

4:3:1 The Open Field: 

The open field consisted of a 120cm diameter white perspex circular arena, surrounded by a 

34cm high grey PVC wall, which prevented the animals from escaping. The floor was subdivided 

into three concentric circles of 12, 36 and 90cm radius, the circles being further subdivided into 
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1, 8 and 16 sections respectively. The open field was situated in the centre of an experimental 

room, adjacent to which was an observation room in which the experimenter worked. The 

connecting wall included a one-way glass panel, so the animals could be observed undetected. 

Suspended 200cm above the field was a 60 watt light bulb, positioned in such a way as to 

mimi mise the formation of shadows. Built into the roof of the experimental room was a video 

camera, connected to recording equiment and monitoring screens in the observation room, which 

allowed the experimenter to record all activity in the field. Measurements were taken using 

stopwatches and tally counters. Tego disinfectant was used to clean the apparatus between 

animals. This apparatus, and its position in the experimental room is detailed in Diagram 4:3. 

4:3:2 The Hebb-Williams Maze: 

Housed in the same experimental rooms as the open field described above, the Hebb-Williams 

maze employed in this thesis was a modification of the apparatus designed by Rabinovitch 

and Rosvold (1951). In particular, as can be seen from Diagram 4:4, the maze consisted of 

a 76.2x76.2cm field, marked off in 12.7cm squares with moveable barriers and start and goal 

boxes at diagonal corners. Rather than being the traditional "closed" field, however, this version 

was open, with walls 34cm high, allowing the animals to rear but not to escape. The floor of the 

field was painted white, the walls, barriers and floor markings black and the whole apparatus 

was illuminated by a 60 watt light source suspended 200cm centrally above it. As with the 

open field, this apparatus was directly underneath a video system incorporated into the roof of 

the experimental chamber to allow all testing phases to be recorded. The maze was kept clean 

between animals, by wiping it down with Tego disinfectant. 

4:3:3 Skinner Box Apparatus: 

In this thesis two separate Skinner box systems were employed. These will be designated Type 

I and Type II, for the remainder of this report. 
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Skinner Boxes: Type I 

Based on the research by Rose, Love and Dell (1986) and Rose, Dell and Love (1987) in which 

the nature of the reinforcement was manipulated, this apparatus comprised modified Skinner 

boxes, originally supplied by Camden Instruments Ltd. Made from aluminium, with a white 

plexiglass roof, these boxes measures 24x18x17cm and were each enclosed within sound atten

uating chambers which contained both ventilation fans and lamps for providing reinforcement 

illumination. Food reinforcement in the form of 45mg Noyes pellets (Camden Instruments Ltd.) 

was also available, dispersed from a pellet dispenser built into the equipment. Because of the 

size of the animals, the Skinner box levers were modified so that pups could manipulate them 

easily. Specifically, the levers were cantilevered such that the lightest pressure depressed them 

and were made of light-weight aluminium. 

Housed within an experimental room, the operation of the boxes was controlled by predetermined 

counters, with relay counters recording the number of responses and reinforcements. Session 

length was determined by a process timer. In addition, the lamps were connected to variable 

voltage metres, so as to provide, as required, different levels of illumination of the white perspex 

sheet covering the roof of the Skinner box. This apparatus is shown diagramatically in Diagram 

4:5. Overall lighting of the experimental room was kept to a minimum, with a 60 watt red light 

bulb placed near the recording equipment. 

Skinner Boxes: Type II 

Set up in a separate experimental room (see Diagram 4:6) from the previous equipment, this 

system comprised a bank of 16 standard Skinner boxes, supplied by Camden Instruments Ltd. 

As with the previous boxes, the levers were modified so that young animals could manipulate 

them easily. These boxes were also made from aluminium, but were slightly larger than those 

used in the Type I system, measuring 25x21x23cm. Furthermore, they had clear perspex front 
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panels, rather than opening from the top. Incorporated into the Skinner box was a pellet dispenser 

and four house lights, all of which were empoyed as the reinforcer. Each box was enclosed in 

a sound insulated fan ventilated cabinet and was interfaced with an eight bit interrupt driven 

microcomputer (Control Universal Ltd.), whose programme (Written in interger ONLIBASIC by 

M.B.Curry 1982) controlled both the output to and input from the boxes, as well as recording 

animals' responses. 

All Skinner box equipment (Type I and Type II) was checked daily and cleaned between trials, 

undergoing a thorough cleaning once a week. 

4:3:4 The Visual Cliff Apparatus: 

Based upon the apparatus described by Gibson and Walk (1960) and modified by Lamden (1985), 

this apparatus consisted of a black "speed-frame" structure 96cm long, 40cm wide and 27cm deep, 

mounted on legs such that the top of the visual cliff was 112cm off the ground. As can be seen 

from Diagram 4:7, from the top, the apparatus comprised a 6mm thick sheet of glass, below which 

was a chequerboard pattern of 2.5cm black and white squares, the pattern being immediately 

below the glass on the "shallow" side and on a moveable shelf on the deep side of the apparatus. 

The depth of this shelf could be varied beneath the clear glass, producing the "cliff" effect. 

Between the cliff and shallow sides, resting on the glass was a central raised platform 7.5cm wide 

and 5cm high, also covered in the check pattern. This barrier constituted the modification of the 

original cliff design, its purpose being to prevent the animals' whiskers touching the glass and 

infl uencing their visual cliff behaviour. 

The apparatus was housed in an experimental room illuminated by two anglepoise lamps fitted 

with 40 watt bulbs, carefully positioned so as to avoid any reflection on the glass surface. As 

with the Hebb-Williams and open field apparatus, the visual cliff was cleaned between trials with 

Tego disinfectant. 

285 



KEY 
A Checker-board shallow side 
B Platform 
C Glass covering deep side 
D Moveable checker-board shelf 

Diagram 4:7 Schematic representation of 
the Visual Cliff Apparatus 

286 



4:4 DRUG STUDY 

Chapter eight of this thesis involved manipulation of arousal levels through the use of am-

phetamine. As this procedure was only employed in this one study, details of drug preparation, 

injection and handling of animals will be discussed in detail in the methodology section of that 

study, rather than here. 

4:5 DATA ANALYSIS 

Before describing the statistical analyses employed in this thesis, two design features which were 

incorporated into the breeding procedure, and which by their very nature may influence the 

choice of statistical test, require further elucidation. 

As mentioned in section 4:1:3, none of the litters bred for this present research were disturbed 

between parturition and weaning. That is, no fostering or cross-fostering 5, or culling of litters 

was employed, despite the fact that these procedures have been recommended by Joffe (1969aj 

1969b) as postnatal controls in early experiential research. 

The decision not to foster was based on several considerations. Firstly, the procedure requires that 

litters be handled, which in itself has been found to have profound effects on both the animals' 

physiology and behaviour, and on the behaviour of their offspring and grandoffspring (see chapter 

three). Secondly, it was felt that leaving litters with their natural mothers would maximise any 

maternal influences, a methodology that has been employed elsewhere in the literature (Moyer, 

Herrenkohl and Jacobowitz 1978). Finally, as Moore and Power (1986) have pointed out, because 

prenatally stressed pups elicit differential maternal care, cross-fostering does not eliminate the 

possibility that maternal stimulation may mediate some prenatal stress effects. This questions 

the validity of crossfostering as a useful technique in this type of research, anyway. 

6This technique involves removing either a proportion of the litter or whole litters from their natural mothers 
and fostering them to another post-partum darn from the Same experimental condition or crossfostering them to 
a darn from a control group. 
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With respect to the decision not to cull litters to obviate littersize effects, again several fac

tors were taken into account. As with fostering, culling requires that the litters be handled, 

a procedure which may well interact with the maternal manipulation employed in the present 

thesis (Denenberg and Rosenberg 1967). Secondly, although the littersize effect on an animal's 

behaviour has been well documented in the literature (Seitz 1954; 1958; Milkovic, Paunovic and 

Joffe 1976; Cross and LaBarba 1978; Chapman and Stern 1979), not all manipulations of litter

size have had significant effects (Broadhurst and Levine 1963; Fuemm and Driscoll 1981), leading 

Denenberg (1963) to suggest that it might be a strain specific phenomenon. To date, no data 

on the effects of manipulation of the littersize of Hooded Lister rats on the behaviour of these 

animals exists in the literature. However, a third and more influential factor does support the 

decision not to cull, namely that within the literature there are a variety of statistical procedures 

available to control for littersize effects, which remove the necessity of culling. 

The most commonly cited method is one developed by Abbey and Howard (1973) in which the 

means of the litters rather than the measurements of individuals are entered into the analysis. 

This has the effect of removing any correlation of observations within litters. Furthermore, as 

Abbey and Howard point out "when differences between litters contribute a large part of the 

total variance, and when the experimental manipulation has to include the litter as a whole, a 

larger number of litters should be studied with a small number of individuals from each litter" 

(p332). However, there are exceptions to this principle. For example, in postnatal studies "when 

pairs of treated and control animals from the same litter can be used, the effects of variations 

between litters can be balanced in most cases" (p332). This use of the split-litter technique was 

employed whenever possible in the present thesis. 

One obvious practical problem with Abbey and Howard's recommendation is that it requires 

large groups of litters and a high level of wastage of animals. An alternative method is to employ 

a specific number of animals from each litter, in each test. As Fride, Dan, Feldon, Halevy and 

Weinstock (1986) have commented, in their experiment "in order to prevent litter effects no more 
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than two male and/or female littermates were used for a particular test" (p682). This procedure 

was taken up in the present thesis and wherever possible, in experiments involving F2 and F3 

generations where a split litter design was not possible, equal numbers of animals from each litter 

were assigned to each behavioural test. 

Finally, as Denenberg (1977) has noted, if there are no significant litter effects, then it is legitimate 

to use the individual subject as the unit for statistical analysis. As he says "the statement that 

"there are no significant litter effects" is equivalent to stating that there is no correlation among 

littermates with respect to end points being evaluated" (p140). To put this into somewhat more 

formal statistical language, "we have what is called a nested or hierarchical (sic) design in which 

there are two random variables: (1) Litters within Treatments and (2) Subjects within Litters 

within Treatments. The former term has to be used as the measure of error variance unless a 

statistical test establishes that this is not a significant source of variance" (p140). 

In order to establish that litters within treatments is not a significant source of variance, a 

technique employed in the "recovery of function" literature (Rose, Davey, Love and Dell 1987) 

was adopted for this present research. In this literature, size of lesion may well influence any 

results. In order to check that lesion size effects are not significant, that is that there are no 

significant differences between lesioned groups exposed to differential environments, it is common 

to perform an analysis of variance on the percentage of lesion per animal across all experimental 

groups. If no differences emerge, which is typically the case, analyses of behavioural measures are 

undertaken, without incorporating lesion size as a variable. With respect to the present research, 

the littersize of each animal from the three maternal groups provided the unit of analysis. If 

no significant differences emerged between the groups 6, then, as recommended by Denenberg 

(1977) individual subjects can be used in future analyses. If however, littersize effects are found 

to be significant, then further statistical checks need to be imposed. 

One method which can be employed under these circumstances, is to include littersize as a 

6That is any contribution of littersize effects to the behaviour of offspring was equivalent for the three experi. 
mental groups. 
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covarying factor in the analysis (Harrington 1968). The only problem with this method lies in 

the fact that techniques based on covariance matrices are not as robust as those based on analysis 

of variance (Harrington 1968). Hence homogeneity of variance is a matter of concern and so in 

the few situations where ANCOVA was employed in this thesis, Bartlett's test of homogeneity 

of variance was employed (Winer 1971) and where appropriate, data were transformed. 

Statistical Analyses Employed 

Specific details of methods of data analysis will be discussed in the context of individual experi

ments. However, the most frequently used methods were Analysis of Variance and the Chi-Square 

Distribution (Winer 1971; Kirk 1968). 

ANALYSIS OF VARIANCE 

In testing the experimental hypotheses, certain assumptions connected with the performance 

of analysis of variance (ANOVA) need to be considered. Firstly, as a parametric test, ANOVA 

presumes that the data comes from a normal distribution and more specifically that the frequency 

distribution of scores is not skewed. In addition, it is assumed that variance among the groups 

is not significantly different. Put more formally, hypothesis testing based on the F distribution 

as the theoretical model involves the following asumptions: 

• Observations are drawn from normally distributed populations. 

• Observations represent random samples from populations. 

• Variances of populations are equal. 

• Numerator and denominator of F ratio are independent. 

(Kirk 1968). 
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Deviations from normality may result in the loss of power in the F test, with a concomitant reduc

tion in efficiency of estimating main and treatment effects (Cochran 1947). Typically data which 

are not normally distributed can be made more nearly normal by employing either a square-root 

transformation or a logarithmic transformation. However, as Robbins (1977) has pointed out 

"the gain in power of the F test resulting from a normal transformation of raw scores is at the 

expense of testing a different null hypothesis from the one specified before transformation. If the 

prior transformation has psychological validity and fits a specified model describing the psycho

logical data, then, of course, its use is justifiable. In many instances, though, the psychological 

data are transformed to meet the requirements of the analysis of variance" (p 57). Consequently 

Robbins (1977) recommends "that data remain untransformed for the analysis of variance" (p58) 

and further more that "it is considered that the loss of efficiency in the statistical test is a small 

price to pay for results that have greater psychological validity". Indeed, in most cases F tests are 

sufficiently robust to withstand large-scale deviations from normality of the data (Winer 1962) 

and as Kirk (1968) has said, "in general, unless the departure from normality is so extreme (it) 

will have little effect on the probability associated with the test of significance" (p61). Further

more, with regard to the assumption of population-error variances, Kirk (1968) has noted that 

"since the F distribution is so robust with respect to violation of the assumption of homogeneity 

of error variance, it is not customary to test this assumption routinely" (p 62). 

In the present thesis, although main effects provided an important source of information about 

the psychological significance of the data, for much of the work, the patterns of behaviour of the 

animals manifest in interactions were of particular relevance. Consequently, following Robbins' 

(1977) advice, in none of the ANOVA's were any data transformed. 

In addition, in the experimental chapters in which analysis of variance performed on the data 

demonstrated significant differences between more than two groups, Newman-Keuls' Multiple

Range Tests (Bruning and Kintz 1977) were employed. 
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NEWMAN-KEULS MULTIPLE RANGE TEST 

With more complex analyses of variance, such as were typically employed in the present thesis, 

it is often necessary to determine which specific means differ from each other. There are several 

tests available to deal with such "simple effects". There is some controversy, however, regarding 

which of these tests is most appropriate, but of the tests which can be used, only those which 

correct for the probability for choosing the comparisons to be made after the main analysis has 

been completed should be employed. These include Scheffe's test, the Tukey test, Duncan's 

Multiple Range test and the Newman-Keuls' Multiple Range test. Of these, only the latter two 

adjust the size of the critical difference depending on whether the two means being compared are 

adjacent or not. Of these, according to Bruning and Kintz (1977), "the mathematical bases for 

the Newman-Keuls' tables are more defensible than those for Duncan's" (pU9) consequently in 

the present thesis all post hoc comparisons employed the Newman-Keuls test. 

CHI-SQUARE DISTRIBUTION 

The Chi-Square Distribution (X2 ) is used to analyse frequency data, and has the following as

sumptions: 

• the X2 distribution is a continuous curve and the observed frequencies used in its estimation 

take on whole number vales. The smaller the sample size, the worse the fit to this continuous 

distribution and below a certain size, X2 should not be used. Typically it is recommended 

(Robson 1973) that this method be rejected if one or more of the expected frequencies falls 

below five. 

• Each observation is independent of each other and every other observation. 
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DATA ANALYSIS AND GRAPHICS 

Throughout this research, whenever possible, computerised statistical and graphical packages 

were used, details of individual analyses being found in the results sections of the relevant exper-

iments and appendices. Briefly, however, the following packages were employed: 

• SPSSX (3rd Edition): Statistical Package for the Social Sciences (Spss Inc. Chicago USA) 
1988: Run on a mainframe computer: Digital's VAX/VMS. 

• ANOVA programme "AN OVA ON APPLE" based on UCSD PASCAL II.I, written in PAS
CAL I.I for the Apple II microcomputer (Apple Computer Inc. 1979), by S.Fearnley (Oxford 
Polytechnic 17/3/82) and modified by Dr R.J .R.Russell (University of London: Goldsmiths' 
College) in 1982. 

• Latex, a Document Preparation System (Version 2.09) released 19 April 1986, written by 
L. Lamport, for use with VAX/VMS. 

• Apple Mac: Cricket Draw 1:1:1 and Cricket Graph 1:3:2, Computerised Graphics pro
grammes employed in all the colour diagrams. 
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CHAPTER FIVE: STUDY ONE 

EFFECTS OF DIRECT EXPOSURE TO SEC, SC AND 

IC ON BEHAVIOUR IN MALE, VIRGIN FEMALE 

AND POSTPARTUM FEMALE RATS. 
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5:1 GENERAL INTRODUCTION 

Before addressing the main question of this thesis, namely what are the effects of differential 

maternal environments on offspring behaviour, a couple of practical issues had to be resolved. 

These provide the focus of this first experimental chapter. 

Firstly, the type of enriched environment employed in this thesis is rare in the literature, only 

having been employed once before (Rose, Dell and Love 1985a). Moreover, it is best characterised 

as a superenriched environment (SEC), rather than the more conventional type of enriched envi

ronment employed by Rosenzweig and his colleagues. Although the effects of the more traditional 

form of enrichment and impoverishment have been well documented in the literature (see chap

ters 1 and 2), it was necessary to provide a baseline of behavioural effects in animals directly 

exposed to the environments (and in particular the SEC) employed in this thesis, against which 

to compare their offspring. These requirements were met in experiment one of this chapter. 

Secondly, within the EC/IC literature, animals are typically housed in environments for 30 days 

following weaning. In the methodology employed in this thesis, however, animals were to be 

exposed to differential environments for nine weeks, then mated, experience pregnancy, parturi

tion and rearing of offspring. These additional procedures might well have interacted with the 

environmental experience of these animals and thus influenced the behaviour of their offspring. 

Consequently, experiment two was designed to investigate the effects of both length of environ

mental experience and the effects of pregnancy and mothering on the behaviour of these animals, 

to ensure that the expected SEC, SC and IC differences were still apparent post partum. 
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5:2 EXPERIMENT ONE 

5:2:1 INTRODUCTION 

Given the fact that in the present research animals were to be housed for nine weeks in differential 

environments, a length of time in which they might conceivably habituate to a traditional EC 

and given that on balance more studies have found beneficial effects of SEC (Sturgeon and Reid 

1971; Brown and King 1971; Kuenzle and Knusel 1974; Bennett 1976; Davenport 1976) than 

not (Davenport 1976; Rose, Dell and Love 1985a), it was decided to employ a superenriched 

environment in the present thesis, to maximise enrichment effects. 

One obvious concern, however, relating to this decision, was the lack of beneficial effects of SEC 

reported by Davenport (1976) and Rose et al (1985a). The latter authors in particular presented 

this current work with something of a dilemma, as they had employed the same SEC as was to be 

used in the present thesis. They had housed eleven animals in each of five different environments 

including the SEC, as well as a traditional EC, an SC and two types of IC and reported no 

significant differences between SEC and IC animals with respect to number of lines crossed over 

the last three days of open field testing. Clear EC/IC differences did emerge, however. This 

led them to question "the intuitive view that SEC will cause an accentuated form of post-EC 

behaviour" (p749). In their study, however, Rose et al (1985a) housed a much smaller number of 

animals in their SEC than were employed in the present experiment, a design feature which may 

have influenced their reactivity results. However, they did find significant SEC/IC differences in 

Skinner box behaviour, suggesting that SEC effects were present although in their experiment 

these effects were task specific. 

As a consequence of this earlier research and the lack of clear SEC effects across all behavioural 

measures, in this thesis it was necessary to establish significant differences between the animals 

raised in the present superenriched environment (SEC) 1, and the impoverished condition (IC), 

1 In the present SEC it should be noted that four times as many animals were housed together in the environment 
than were employed by Rose et 01 (19850). 
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before employing these environments as maternal manipulations 2. To distinguish the effects of 

SEC from the effects of IC, following Rosenzweig and Bennett and Diamond's recommendation 

(1972) a third and control environment the standard condition (SC) was also included in the 

design. If significant differences emerged between SEC and IC animals, comparison with SC 

animals would allow the contribution of SEC and IC to the effects to be assessed. Other than 

changing the nature of the enriched environment, for ease of comparison it was decided that all 

other methodological features would be kept the same as those typically employed in the enrich-

ment literature. Therefore, animals were bought in directly from the supplier (FO generation) 

and SEC, SC and IC experience was kept to 30 days. 

Apart from establishing that the SEC employed in the present thesis produced animals t.(~at were 

significantly different from those reared in isolation, as mentioned earlier, it was also nt'cessary 

to provide a behavioural profile of these animals against which to compare their future offspring. 

As both male and female offspring were to be investigated, both male and female animals were 

employed in the present work. Consequently, in this first experiment three tests, that not only 

cover a wide range of behavioural measures but which have commonly been used in the EC/IC 

literature and which have demonstrated clear EC/IC differences in Hooded Lister rats (Lamden 

1985; Curry 1987) were included in the design, namely the open field, the Skinner box and the 

visual cliff 3. 

5:2:2 METHODOLOGY 

a) Subjects: 

These were 30 male and 30 female FO generation Hooded Lister rats, bought from Olac Harlan 

Ltd. at weaning age (19-21 days) and assigned in equal numbers to SEC, SC and IC for 30 days. 

2 Furthermore, although it could be argued that a more traditional enriched environment (EC) should also have 
been included in this experiment for comparison purposes, the use of EC has been extensively reviewed in chapter 
two of this thesis and was deemed a sufficient literature against which to match the SEC animals' behavioural 
profile. 

3For a fuller profile of EC/IC behaviours in these experimental tests the reader is referred to chapter two. 
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In order to maximise the SEC experience, a further 35 "padding" animals were included in the 

SEC environments. Male and female animals were housed separately. At the end of this period, 

the animals were weighed and housed in individual laboratory cages and coded by a technician 

so that the experimenter was unaware of each animal's backgrQund. 

b) Environments and Apparatus: 

The SEC, SC and IC environments employed in this experiment, as well as the open field, the 

visual cliff and the Type II Skinner box system are all detailed in the general methodology chapter 

(Chapter 4). 

c) Procedure: 

On removal from the differential environments, animals were maintained in individual cages 4 for 

one week prior to the start of testing. This delay has been employed elsewhere in the literature 

(Rose, Dell and Love 1985aj Rose, Love and Dell 1986j Rose, Dell and Love 1987), and is intended 

to allow the animals to habituate to both their new housing and being handled prior to the start 

of testing, so that results are not confounded by working with unduly stressed animals. Animals 

were then tested following the procedure outlined in Table 5: 1. 

DAYS APPARATUS TRIALS PER DAY 
1 to 5 Open Field One 
6 and 7 None None 
8 to 13 Skinner Box One 
14 to 17 None None 
18 Visual Cliff Two 

Table 5: 1 Order of testing of animals employed in this experiment. 

4 Although housing animals individually effectively isolates them prior to testing, this procedure does not appear 
to alter the typical EC-IC behavioural effects noted in the literature (Lamden 1985). 
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Following five days of open field testing, on Day 6, animals were placed on a 12 hour food 

deprivation schedule (Rose, Dell and Love 1985a) in readiness for the operant training starting 

on Day 8. Animals were then maintained on a deprivation schedule until the end of testing on 

Day 13, when they were returned to an ad libitum diet. Visual cliff testing started after four 

days of normal maintenance. Procedures for the specific behavioural tests are given below: 

OPEN FIELD PROCEDURE: On each of the five testing days, animals were weighed and taken 

to a short-term holding area, from which individual animals were removed and carried into the 

experimental room containing the open field. Each trial lasted three minutes and the rat was 

placed next to the wall facing the centre of the field. Measures of ambulation, rearing and time 

spent in the centre of the field were recorded by the experimenter in the observation room. At 

the end of each trial, the rat was returned to its home cage, number offecal boli counted and the 

open field wiped clean and disinfected with Tego spray. The procedure was then repeated with 

the next subject. Animals were run in a different random order on consecutive days starting 

at lOam and continuing until all the animals had been tested. During this time, animals were 

maintained on an ad libitum diet. 

SKINNER BOX PROCEDURE: Skinner box testing started on Day 8, after the animals had 

been on a deprivation schedule for two days. Subjects were weighed at the beginning of each 

day of testing and then taken to a short-term holding area until required. Subjects received one 

30 minute Skinner box trial on each of six consecutive days. Reinforcement consisted of one 

pellet of food paired with one second of illumination of the four house lights, similar to the rapid 

training procedure employed by Rose, Dell and Love (1985a). The following training schedule 

was employed: Days 1 and 2-CRFj Days 3 and 4-FR3j Day 5-FR6 and Day 6-FR9, during which 

time number of bar presses and reinforcements were recorded. As with the open field, testing 

began at lOam and animals were tested in a different random order on each of the six days. 

VISUAL CLIFF PROCEDURE: After having been weighed, subjects were taken to a short-term 

holding area, in readiness for testing. Each subject received two trials, one with the cliff side 
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of the apparatus set at 1 inch below the glass, the other with the cliff set at 12 inches below 

the glass. Order of trial presentation was determined randomly, as was position of experimenter 

relevant to the apparatus. Having set the movable shelf at the approriate distance from the glass, 

a trial consisted of removing the animal from its home cage, placing it on the barrier separating 

the shallow and deep sides of the cliff so that it faced away from the experimenter and recording 

side chosen 5 and latency to descend onto the glass. Descent was counted as having occurred 

with the animal placing one front paw on the glass. Testing started at lOam and continued until 

all the animals had received their two trials. As before, animal running order was randomised. 

Following this test, animals' labels were recoded so that the experimenter now knew which group 

each animal came from and analyses were performed on the data. 

5:2:3 RESULTS 

Taken overall, the results of the three behavioural tests demonstrate differences between SEC, 

SC and IC animals, qualified by the sex of the animals and are generally comparable to previous 

findings in the literature. In this section, results will be discussed in detail in relation to each 

piece of apparatus. 

a) Open Field: 

Analysis of variance of the lines crossed measure revealed significant differences betvveen the 

three environmental groups F(2,54)=3.40 p<O.03, and days, F( 4,216)=4.84 p<O.OOl, these main 

effects being qualified by a significant days by environment interaction F(8,216)=7.51 p<O.OOl. 

As can be seen from Figure 5:1, which shows the numbers of lines crossed over the five days of 

testing, exposure to SEC, SC and IC produces differential patterns of responding, such that SEC 

and SC groups gradually reduce their activity over days, whilst IC's maintain higher levels of 

responding. Post hoc analysis, using the Newman Keuls test, confirmed that SEC and SC 

°Labelled "Shallow" or "Deep" irrespective of the real depth of the "Deep" side. 
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animals were significantly different from IC animals (p<O.05) but not significantly different from 

each other over the whole period (Means of the groups: SEC 104.0; SC 101.47; IC 120.47). 

As can be seen from Figure 5:1, on Day 1, which has been found to factor load on emotionality 

(Whimbey and Denenberg 1967b) and has been considered as a measure of exploratory behaviour 

(Hayes 1960) SEC animals were more active than either their SC or IC counterparts. This was 

confirmed by post hoc Newman Keuls tests, p<O.Ol. In addition, the ANOVA over the five 

days of testing also revealed significant sex differences. As can be seen from Figure 5:2, females 

were more active than males F(1,54)=20.75 p<O.OOl. There was also a days by environment 

by sex interaction F(8,216)=2.65 p<0.05 which warranted further analysis. Post hoc Newman 

Keuls tests were performed on the six groups' performances totalled over the five days of testing. 

Considering the male animals first, although overall IC animals crossed more lines than either 

their SC or SEC counterparts, these comparisons were not significant. For the female groups, 

however, IC females were found to cross more lines than their SEC (p<0.10) and SC counterparts 

(p<0.01). Furthermore, both the SEC and IC females were more active than the SEC males 

(p<0.05 and p<0.01 respectively), whilst IC females were also more active than the SC and IC 

males (p<0.01 for both comparisons). These post hoc comparisons are presented in more detail 

in the appendix. 

With respect to the number of rears, again significant differences emerged between the environ

mental groups F(2,54)=3.16 p<0.05, with SEC animals rearing more than IC and SC animals 

(Means of rears over the five days of testing: 13.94, 11.91 and 10.22 respectively). This finding 

was qualified by a significant days by environment interaction F(8,216)=6.53 p<0.001 which can 

be clearly seen in Figure 5:3. SC animals appeared to habituate faster than both the SEC and 

IC groups. As with the lines crossed measure, significant sex differences emerged F(1,54)=7.63 

p<0.05 in favour of the females (see Figure 5:4). In this analysis, however, no days by sex by 

environment interaction emerged F(8,216)=0.66 p>0.05 suggesting that no significant differences 

in patterns of responding existed between the males and females from the three environment 
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groups, consequently no further analyses were performed on these data. 

As would be expected from Figures 5:3 and 5:4, there was also a significant days effect F( 4,216)::::12.48 

p<0.001 and a significant days by sex interaction F( 4.216)=2.34 p<0.05 females rearing more 

over days than males. No other significant interactions emerged in this analysis. 

Of the remaining two dependant variables, time spent in the centre of the open field and number of 

defecations, no significant differences emerged between the experimental groups in either ANOVA, 

F(2,54)::::1.47 p>0.05, and F(2,54)=1.72 p>0.05 respectively. Furthermore, no sex differences 

emerged with respect to the time in centre measure F(1,54)=O.80 p>O.05. However, males were 

found to defecate more than females F(1,54)=11.33 p<O.001 and over days, SEC, SC and IC 

males amounts of defecation varied such that over days SC males increased their amount of 

defecation compared with the other two groups F(8,216)=2.51 p<O.Ol. For means, please see 

the appendix. 

b) Skinner Box: 

Analysis of variance of the number of bar presses over the six days of training revealed no overall 

differences between the three environmental groups F(2,54)=2.13 p>O.05, although tl;1ere was 

a significant main effect due to sex F(1,54)=15.46 p<O.OOl, males bar pressing more than fe

males. This can be seen more clearly from Figure 5:5, which details the learning curves of the six 

experimental groups. As would be predicted in a learning experiment, there was also a highly sig-

nificant days effect F(5,270)::::94.99 p<O.OOl, qualified by a days by sex interaction F(5,270)::::9.65 

p<O.001 reflecting the sharper learning curves of the male offspring. Of particular interest to 

the present study, however, was the final significant interaction, days by sex by environment 

F(10,270)=2.30 p<O.Ol. This suggested that the six offspring groups' behavioural patterns over 

the six days were different from each other, which is evident from Figure 5:5. To explore this 

interaction further, post hoc Newman Keuls comparisons of the six groups' performances on the 

last day of Skinner box testing were carried out. Considering the male animals first, as would be 
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expected from the graph (Figure 5:5), SC and IC animals with higher rates of bar pressing were 

significantly different from the SEC animals, p< 0.01 and p<0.05 respectively, but not different 

from each other (p>0.05). With the female groups, however, a slightly different pattern emerged. 

As with the males, female IC animals bar pressed significantly more than their SEC counterparts 

(p<0.01), but unlike the males, IC females also bar pressed more than their SC counterparts 

(p<0.01). SC and SEC females did not differ from each other (p>0.05). In addition, SEC males 

bar pressed more than both the SEC and SC female groups (p<0.01 for both comparisons), IC 

males bar pressed more than the SEC and SC female groups (p<0.01 for both comparisons) and 

the group with the highest rate of bar presses, the SC males, bar pressed more than all three 

female groups (p<O.Ol for all three comparisons). 

c) Visual Cliff: 

Table 5:2 details the number of animals choosing deep and shallow sides in the two visual cliff 

trials, when the movable shelf was set at either 12 inches or 1 inch below the glass. Although 

there appears to be no real difference in choices between the groups when the deep side was set 

at 1 inch, animals choosing the shallow side only marginally more than the "deep" side, when 

the deep side was set at 12 inches, the profile changes somewhat. Both SC and IC animals chose 

the shallow side in most cases, whilst SEC animals were less influenced by the apparent depth of 

the "deep" side. Chi squared analyses for k independent samples on each of the trials, however, 

did not reveal any statistically significant differences between the three groups, X2=0.13714 and 

3.73159 p>0.05 for the one and twelve inch trials respectively. 
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SEC(l) IC(l) SC(l) SEC(12) IC(12) SC(12) 
SHALLOW 12 (60) 11 (55) 12 (60) 13 (65) 18 (90) 16 (80) 
DEEP 8 (40) 9 (45) 8 (40) 7 (35) 2 (10) 4 (20) 

Table 5:2 Numbers of animals (expressed as percentages in brackets) choosing deep and shallow 

sides of the visual cliff, when the "deep" side was set at either 1 inch or 12 inches. 

ANOVA of the latency to descend onto the cliff revealed a significant difference between the ex-

perimental groups F(2,54)=5.23 p<O.OO1. Post hoc comparisons, using the Newman Keuls test, 

revealed the significance to lie between the SEC and IC (p<0.05) and SEC and SC (p<O.Ol) 

groups. No differences emerging between the IC and SC groups. SEC animals took less time to 

descend onto the cliff (5.2 seconds) than the other two groups (IC: 11.72 seconds, SC: 15 sec-

onds). None of the other main effects was significant, nor were there any significant interactions, 

F(1,54)=0.22 and 0.29 p>0.05 for sex and trials respectively, F(2,54)=0.80 p>0.05 for the sex 

by group interaction. 

d) Summary of Significant Main Effects: 

In the open field, significant differences emerged between the three experimental groups' patterns 

of responding such that IC animals and in particular, the female IC animals, maintained higher 

levels of responding than their SEC and SC counterparts over days. With the rearing measure, 

although SEC animals reared more than IC and SC animals, group profiles over days also varied, 

SC animals' number of rears reducing at a faster rate over the first three days than their SEC and 

IC counterparts, SEC animals increasing their number of rears on Day 5. With the Skinner box 

procedure, differences emerged between the both the male and female IC and SEC groups, the 

latter maintaining lower bar press rates over all days. SC animals' bar press reponses, however, 

were less consistent and were related to the sex of the animal. Finally, latency to descend onto 

the visual cliff was measured, as was side chosen. SEC animals took less time to descend onto 
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the apparatus than their SC and IC counterparts and were more likely to pick the deep side 

especially when it was set at 12 inches, than either of the other two groups, although this latter 

result was not statistically significant. 

5:2:4 DISCUSSION 

The present experiment had two main objectives: firstly, to see whether the enriched condition 

employed in this thesis, which was adapted for longer term use, would still yield animals whose 

behavioural profile was significantly different from their IC counterparts and secondly, to provide 

a behavioural profile of both male and female animals against which to compare male and female 

offspring. Both of these aims were achieved. 

Considering first the efficacy of the present enriched environment, clear SEC/IC differences have 

emerged in all three behavioural tasks, albeit qualified by sex of animals. Furthermore, in most 

instances, these differences are similar to those typically found in studies employing the more 

traditional EC. The nature of these differences will become apparent as the findings of this 

experiment are considered in some detail in the following paragraphs. 

Starting with the open field results, in the present research, IC animals and in particular female 

IC animals, maintained consistently higher levels of activity over the last three test days, than did 

their SEC counterparts 6. This pattern of increased IC ambulation has been reported elsewhere 

in the literature (Woods et a11960; Levitsky and Barnes 1972; Fessler and Beatty 1976; Domjan 

et al 1977) and has commonly been found in the present author's laboratory (Lamden 1985; 

Curry 1987; Dell and Rose 1987) 7. Moreover, IC animals in the present experiment were more 

active than their SC counterparts (although this was only statistically significant in the female 

animals), suggesting that ambulation differences are due to differential IC response patterns, 

rather than to those of the SEC animals. This IC/SC difference is consistent with work by Syme 

GIn the open field significant differences in the lines crossed measures only emerged between the female groups. 
The importance of these sex differences are highlighted later on in this discussion. 

7Interestingly, this pattern is typically found in male animals in the author's laboratory, unlike the present 
research where the significant differences only emerged in the female animals. 
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(1973), Einon, Morgan and Sahakian (1975), Morgan and Einon (1976), Einon, Morgan and 

Kibbler (1978) and Einon and Morgan (1978), all of whom have reported their Ie animals to be 

more active than socially housed animals. 

With respect to the rearing measure, analysis of variance of both male and female groups together 

revealed significant group effects, SEC animals rearing more than their SC and IC counterparts. 

As rearing behaviour has been interpreted elsewhere as a measure of exploration (Dell and Rose 

1986), this finding, coupled with the higher levels of SEC ambulation on the first day of open field 

testing, suggests that these animals are either initially more reactive 8 or more exploratory than 

their SC and IC counterparts. The fact that no overall significant differences emerged between 

the groups with respect to either the defecation or time in centre measures, suggests a lack of 

differences in emotionality between the groups. This in itself is unusual, as IC animals have often 

been considered more emotional than their EC counterparts (Ader and Friedman 1964; Moyer 

and Korn 1965). However, if emotionality is taken to encompass timidity, or reaction to novelty 

rather than the more extreme construct of fear, then these results, taken with those of the visual 

cliff test, in which IC animals were more reluctant to descend onto the cliff, begin to make sense. 

Finally, in the open field data, clear sex differences emerged, with females demonstrating higher 

levels of activity as measured by number of lines crossed, and exploration as measured by number 

of rears, than males. With respect to the defecation levels, however, the obverse was true, 

the higher number of male fecal boli suggesting either a greater emotionality in these animals 

(Whimbey and Denenberg 1967b) or more pragmatically a greater food intake (Archer 1973). Of 

particular interest to the present work, however, was the significant sex by days by environment 

interaction in activity as measured by number of lines crossed, which when explored further by 

post hoc analysis, revealed that the SEC/SC/IC patterns of responding were only statistically 

significant in the female groups 9. This finding parallels Woods et aI's (1960) report of a larger EC-

8This is only a tentative suggestion, as there are certain questions that the notion of differential reactivity does 
not necessarily explain. For example, if the animals do differ in reactivity, why is it that SEC animals only cross 
more lines on day one, whilst rearing more throughout? 

°It should be emphasised at this point that for all the open field measures, the relative position of the SC 
group with respect to the SEC and IC groups is the same for male and female animals. This is not the case in the 
Skinner box study, a point that will be addressed further on in this discussion. 
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IC difference in Hebb-Williams performance for females, but as Renner and Rosenzweig (1987) 

remark "the exact character and potential functional significance of this dimorphism remains 

unclear" (p63). Furthermore, the lack of statistical significance between the males in the lines 

crossed measure in this study is consistent with the work of Rose et al (1985a), who found no 

significant differences between their male SEC and IC animals, suggesting that with this more 

complex type of environment, sex of animal is an important factor in activity measures, a point 

also noted by Archer (1973). 

Why significant SEC/SC versus IC effects in number of lines crossed should emerge in female 

animals, but not in their male counterparts is not clear at the present time. Looking at Figure 

5:2, however, it appears that the SEC males' performance is similar to that more normally found 

in EC males, namely lower levels of activity and reducing activity over days when compared 

with their IC counterparts (Lamden 1985). Furthermore, the SC group's performance is not 

dissimilar to that of previous studies, that is gradually reducing activity as measured by lines 

crossed, over days. In the present study, however, IC males reduced their lines crossed behaviour 

over the last few days rather than maintaining the higher levels of activity that have been found 

before in the author's laboratory (Rose et al 1985a) using the same strain of rats and type of 

impoverishment. So, whatever the reason, the lack of differences between the SEC, SC and IC 

males is more to do with the IC males' performance than their SEC and SC counterparts. This 

in itself is important, as one of the purposes of this study was to ascertain whether or not the 

SEC employed in this thesis produces animals with behavioural patterns that resemble those 

found in animals reared in the more traditional enriched environment based on the EC used by 

Rosenzweig and his colleagues at Berkeley. From the behavioural patterns of both male and 

female SEC animals in the lines crossed and other measures, the use of the SEC in this thesis 

appears to have been justified. 

Moving on to the Skinner box data, again clear SEC/IC differences, emerged with both male 

and female IC animals bar pressing more than their SEC counterparts. This parallels the work 
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of Rose, Dell and Love (1985a) in which both male SC and IC animals were found to bar press 

significantly more than their SEC and EC counterparts. The higher level of responding noted in 

the IC animals in this present experiment is not unusual. In simple operant procedures such as 

the one employed in the present research, several authors have reported higher levels of IC bar 

pressing (Coburn and Tarte 1976; Lamden and Rose 1979; Joseph and Gallagher 1980; Nau, Elias 

and Bell 1981; Rose and Lamden 1983; Rose, Dell and Love 1985a; Rose, Love and Dell 1986; 

Rose, Dell and Love 1987; Curry 1987). One explanation that has been advanced to account for 

this phenomenon is that IC animals are stimulus-seeking (Lamden and Rose 1979; Chadha and 

Rose 1981) following their early partial sensory deprivation 10, What is relevant to the present 

thesis however, is that the SEC animals perform differently from IC animals and in a manner 

similar to subjects reared in the more traditional enriched condition. Finally, in the Skinner 

box procedure, the behaviour of SC animals relative to their SEC and IC counterparts differed 

according to sex, male SC animals paralleling IC behaviour, whilst female SC animals followed 

SEC patterns of responding. Why this should have occurred, is at present unknown. 

In the last apparatus to be employed, the visual cliff, again evidence of SEC/IC differences 

emerged. Considering first the side chosen measure, although not statistically significant, there 

was a tendency for SEC animals to descend onto the deep side of the cliff, when the cliff was 

set at 12 inches, more often than IC animals. This finding is somewhat counterintuitive, in that 

several reports in the literature have suggested EC animals employ distance cues more efficiently 

than IC subjects (Hymovitch 1952; Forgays and Forgays 1952; McCall et al 1969). Indeed, 

as Lamden (1985) has suggested, the nature of the EC environment must afford its occupants 

greater experience of depth than that encountered by either SC or IC animals. This appears to 

be borne out in her research and in that of Eichengreen et al (1966), where EC animals were 

found to have a more highly developed depth perception. More recently, however, Curry (1987) 

has failed to replicate this earlier work, reporting no significant differences between his EC and 

IC groups, in terms of side chosen. Furthermore, although Lamden reported increased latencies 

lOIn particular, this hypothesis suggests that Ie animals are bar pressing to maximise the sensory stimulation 
afforded by a composite reinforcer of light and food, such as was employed in the present work. 
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to descend in her EC animals, a finding she interpreted as reflecting greater decision making in 

these animals, Curry's work, similar to the present research, found the opposite, namely that his 

IC animals took longer to descend onto the cliff, than his EC subjects. 

This decreased latency to descend in EC (Curry 1987) and SEC (present work) animals may well 

reflect procedural differences when compared with Lamden's earlier work. In her experiment, 

significant differences in favour of her EC animals only emerged across trials, after several days of 

testing. Both the present work and the procedure employed by Curry, tested animals on one day 

alone. Latency to descend and side chosen in the present experiment may well therefore reflect 

SEC and IC animals responses to a novel apparatus, rather than depth perception per se. Indeed, 

considering the literature investigating the latency to emerge into a novel environment, isolates 

have been found to take significantly longer to emerge than their socially housed counterparts 

(Ader and Friedman 1964; Gill et al 1966; Konrad and Bagshaw 1970; Morgan 1973; Einon and 

Tye 1975; Benton and Brain 1981). Perhaps in the present work, SEC animals were keen to 

explore and descended quickly onto the cliff, without much concern for the apparent danger of 

a 12 inch drop 11. IC's on the other hand, may well have been more cautious taking their time 

to descend onto the apparatus and ensuring that they chose the appropriate side. This rationale 

is further substantiated by the performance of the SC group, who like the IC's would have had 

little experience of depth perception in their environment. Although less cautious (though not 

significantly so) than IC animals in terms of latency to descend, these animals were significantly 

slower than the SEC animals and more likely to chose the shallow side. 

In summary, therefore, the results of this experiment demonstrate that the SEC employed in the 

present work produces animals which are very different from IC subjects and whose behavioural 

profiles are similar to those of animals housed in the more traditional enriched environments 

typically found in the literature. This is particularly true of female animals which is notewothy, 

as they will be providing the environmental influences to be passed on to the next generation. In 

11 Indeed, given that the SEC animals regularily launched themselves off walls onto the floor of their enriched 
cage, it is unlikely that falling a foot or so holds much fear. 
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particular, SEC animals were more exploratory, but their activity patterns suggested that they 

habituated quickly, whilst IC animals were more cautious to start with, but once embarked on 

an activity, perseverated in that behaviour. In addition, IC animals appeared to seek stimuli, 

something that the SEC animal was less concerned with. SC animals were more like the SEC 

with respect to novelty, but appeared also to respond in such a way as to maximise stimuli 12. 

5:3 EXPERIMENT TWO 

5:3:1 INTRODUCTION 

In the preceding experiment behavioural differences were found between animals exposed for 

thirty days to SEC, SC and IC. In the methodology to be employed in the present thesis, how-

ever, females exposed to the differential environments as a maternal manipulation prior to preg-

nancy, were to be maintained in their respective environments until sexually mature, that is for 

sixty three days. This length of exposure, although not atypical in the literature investigating 

the effects of enrichment on anatomical and biochemical brain changes (Rosenzweig, Bennett 

and Diamond 1972a; 1972c), is less commonly employed by those researchers interested in the 

behavioural consequences of differential environments. Therefore, it was considered appropriate 

to investigate whether the increase in duration of exposure to the SEC employed in the present 

thesis would have a different affect on the animals' behaviour than shorter exposures. 

A second and related issue concerns the effects of pregnancy itself on animals exposed to dif-

ferential environments. A chance finding by Diamond, Johnson and Ingham (1971) reported 

that the occipital cortex depth differences found between non-pregnant EC and IC female rats 

were no longer apparent post partum. Further research confirmed this unexpected result and 

attributed the pregnancy induced alterations in the normal EC/IC pattern to an increase in the 

cerebral cortical depth of the pregnant impoverished animals (Hamilton, Diamond, Johnson and 

12The relative contributions of SEC and IC to the patterns of behaviour are discussed more fully in chapter 
nine. 
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Ingham 1977). Mediation of this change has been tentatively put down to hormonal influences, 

preliminary evidence coming from work with synthetic hormones (Hoover and Diamond 1976). 

Given that the present thesis is concerned with the effects of differential maternal experience 

on the offspring of animals exposed to SEC, SC and IC, if pregnancy can change cortical depth 

and alter or mask the response to the environment in the IC condition, then the use of this 

environment as a maternal manipulation might well be invalidated. Quite simply, if pregnancy 

and/or the period that the animals are individually housed rather than being maintained in their 

respective environments remove any SEC/IC brain differences, then there may be no behavioural 

differences in the dams, nor, in turn, in the offspring themselves. 

One way to test for this pregnancy masking effect was to quite simply investigate the behaviour 

of differentially housed females post part urn. Consequently the present experiment was designed 

to investigate the effects of environmental enrichment and impoverishment prior to pregnancy 

on the behaviour of female rats post partum. Unlike the previous experiment, no attempt was 

made in the present work to provide a detailed behavioural profile of these animals, consequently 

only one behavioural test was employed, namely the open field, chosen because it provides one 

of the most reliable measures of EC/IC differences. 

5:3:2 METHODOLOGY 

a) Subjects: 

These were 27 female Fl generation Hooded Lister rats, bred in the laboratory at Goldsmiths' 

College, from FO generation dams bought in from Harlan Olac Ltd. Assigned in equal numbers, 

using a split litter technique, to either SEC 13, SC or IC at weaning age (19-21 days), these 

animals were maintained in differential environments until sexually mature, after which they were 

mated and placed into individual parturition cages (following the breeding procedure outlined in 

13 As in experiment one, this environment contained additional "padding" animals, as did the se environment, 
when required. 
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Chapter 4). After the arrival of their litters, the subjects were left undisturbed until their pups 

were weaned at 19-21 days. They were then weighed and placed into individual laboratory cages. 

b) Environments and Apparatus: 

The SEC, SC and IC environments employed in this experiment, as well as the open field appa

ratus, are detailed in Chapter 4. 

c) Procedure: 

On removal from their litters, subjects were maintained in individual cages for seven days to 

allow lactation to cease, prior to testing 14. During this time, all the animals were recoded 

by a technician so that their experiential background was unknown to the experimenter, thus 

removing any possibility of experimenter bias in recording results (Rosenthall 1966). On Day 

8, subjects commenced testing in the open field, with running order randomised at the start of 

each day. The procedure followed in this experiment was the same as in experiment one and 

comprised one three-minute trial on each of five consecutive days. During this time animals were 

maintained on an ad libitum diet. Number of lines crossed, rears, defecations and time spent in 

the centre circle were recorded. 

HIt should be noted that Diamond et al (1971) sacrificed their animals directly parturition had occured 

317 



5:3:3 RESULTS 

a) Open Field: 

Analyses of variance performed on each dependant measure over the five days of testing revealed 

highly significant differences between the three post partum groups. 

Considering first the number of lines crossed, significant environment F(2,24)=15.53 p<O.OOl 

and days F( 4,96)=2.37 p<0.05 main effects emerged qualified by a significant environment by 

days interaction F(8,96)=2.54 p<O.01. As can be seen from Figure 5:6, which shows the numbers 

of lines crossed over the five days of testing, exposure to SEC, SC and IC prior to pregnancy 

produced animals with significantly different patterns of responding post partum. Specifically, 

over the five days, both SC and IC groups maintained higher levels of activity than the SEC 

animals. Furthermore, post hoc analysis using the Newman Keuls test revealed significant differ

ences between SEC and IC groups (p<O.Ol) and SEC and SC groups (p<O.Ol), but no differences 

between SC and IC groups. Overall, IC and SC groups crossed more lines than did the SEC 

subjects. 

As can be seen from Figure 5:7 detailing the animals' rearing performance over the five days, a 

similar pattern to that found in the lines crossed measure also emerged, namely that IC and SC 

groups reared more than their SEC littermates. This was confirmed statistically using ANOVA 

F(2,24)=12.75 p<O.OOl and the Newman Keuls test (SEC vs IC p<O.Olj SEC vs SC p<O.Olj SC 

vs IC not significant p>0.05). Unlike the lines crossed measure, however, no significant days main 

effects emerged F( 4,96)=1.80 p>0.05, nor was there a significant days by environment interaction 

F(8,96)=0.94 p>0.05. 
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As in this experiment none of the animals defecated whilst in the experimental apparatus, the 

final measure to be analysed was the number of seconds spent in the centre of the open field, 

which revealed one significant main effect. Animals raised in the SEC spent significantly less 

time in the centre than their IC littermates F(2,24)=3.29 p<O.05, post hoc analysis p<O.05. No 

other differences emerged between the groups (Means: IC:7.89; SC:6.31; EC:4.73), F(4,96)=2.12 

and F(8,96)=1.86 p>O.05 for days and days by environment respectively). 

5:3:4 DISCUSSION 

The purpose of this experiment was to ascertain whether the effects of nine weeks of environmen-

tal experience followed by pregnancy and successful rearing of litters removed the behavioural 

differences typically observed between animals raised in differential environments with no expe-

rience of pregnancy, such as the SEC/IC animals in experiment one. Obviously, as outlined in 

the introduction, if the behavioural effects of differential environments were to be removed in 

the maternal generation following this procedure, then there would be less reason to hypothesise 

that any offspring effects would be induced either. 

However, the results of this present work clearly demonstrate that activity differences in SEC, 

SC and IC females are present when the animals are tested post partum and at a time when the 

difference between the groups in terms of one of the most prominent anatomical brain changes 

is reported to have disappeared (Diamond, Johnson and Ingham 1971). 

Considering this latter point first, before moving on to describe the present results in more 

detail, Diamond et aI's work is unusual in the EC/IC literature and warrants further discussion. 

Typically, maintaining rats in enriched environments has been found to cause anatomical and 

biochemical brain changes when compared with socially housed or isolated controls (Rosenzweig, 

Bennett and Diamond 1972a; 1972c), but the precise causes of these changes, although the 

subject of much speculation (Rosenzweig and Bennett 1976; Renner and Rosenweig 1987), is less 

clear. Diamond et al (1971) discovered that the EC/IC differences in cortical depth observable 
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III non-pregnant female rats were no longer apparent post partum. Moreover, she found that 

the re-establishment of EC/IC equivalence was due to an Illcrease in cortical dept.h in IC rats 

rather than to a decrease in EC counterparts. That pregnancy can interact with environmental 

stimulation in this way may well help to unravel the mechanisms underlying environmentally 

induced brain changes. 

A second question concerning environmentally induced brain changes relates to their functional 

significance. Again, although the subject of much speculation (Lamden 1985; Dell and Rose 

1986), few firm conclusions have been reached. But here also the pregnancy/environment inter-

action described above does provide a hitherto unexplored way of investigating any correlation 

which may exist between brain changes and behaviour in EC and IC animals. To be specific, if 

environmentally induced changes in cortical depth and behaviour are causally related, it would 

be predicted that differences between EC and IC rats would disappear post partum. The results 

of the present work demonstrate that this is not the case 15 for one behavioural measure anyway. 

Of particular interest to the present work, which is concerned with the transfer of effects across 

generations, however, was the finding that pregnancy did not remove the SEC, SC and IC be-

havioural changes noted in experiment one of this chapter. Consequently, these environments can 

be used as a maternal manipulation. Although procedural differences between experiments one 

and two (such as length of exposure to the environments and the experience of pregnancy) pre-

vented a statistical comparison of the virgin and post par tum animals performance, examination 

of the means of the groups allow a descriptive comparison to be made. 

15The present study thus failed to provide any evidence of a correlation between changes in the brain and 
one of the best documented environmentally induced behavioural changes. Such a finding necessarily calls into 
question any suggestion that said environmentally induced brain changes playa role in subserving psychological 
or behavioural function. Moreover, it has serious implications for attempts to utilise environmental enrichment in 
therapeutic contexts such as combating cognitive deficits due to aging (Rosenzweig 1984) and stimulating recovery 
of function following damage to the brain (Rose 1988). Firm conclusions, however, would be premature. For 
example, in the present experiment the animals' behaviour was not examined immediately post partum, whereas 
in the studies of Diamond and her colleagues (Diamond, Johnson and Ingham 1971; Hoover and Diamond 1976; 
Hamilton, Diamond, Johnson and Ingham 1977), the brain changes were. Also in her work, Dimllond confined 
analysis to cortical depth changes. Perhaps anatomical investigation at an ultrastructural level may have revealed 
clear EC/IC differences post partum. It is clear, therefore, that differentially reared female rats must be further 
investigated post partum both in terms of other brain measures and over a wider range of behaviours before any 
general statements can be formulated. 
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MEASURE GROUP SEC SC IC 
Lines Crossed Virgin 120.34 108.44 140.94 

Post Partum 88.96 126.89 141.29 
Rears Virgin 16.68 10.98 13.42 

Post Part urn 14.44 22.29 26.24 
Time in Centre Virgin 1.60 1.40 2.20 

Post Part urn 4.73 6.31 7.89 

Table 5:3 Mean scores for the virgin and post partum females' open field behaviour, N=10 and 
N=9 respectively. 

Considering first the SEC/IC animals, as can be seen from Table 5:3 in both the virgin and 

postpartum females, IC animals crossed more lines than did their SEC counterparts. However, 

this finding was more pronounced in the post partum animals. With respect to the rearing 

measure, virgin SEC animals reared more than their IC counterparts, whereas for the post 

part urn animals the opposite was true. This suggests that although pregnancy did not remove 

the behavioural differences between the groups, there were some effects of this experience in the 

animals. Perhaps pregnancy made the IC animal less emotional and more inclined to explore. 

This suggestion appears to be born out by the time in centre measure. Although both virgin 

and post partum IC animals spent more time in the centre of the open field than their SEC 

littermates, only the post partum comparison achieved statistical significance. Overall, the IC 

animals, irrespective of whether they have reared litters or not, seem more active than their 

SEC counterparts. Interestingly, the day one increase in activity in the virgin SEC animals was 

not apparent post partum, suggesting that these latter rats, with their experiences of pregnancy 

and rearing of litters are either less emotional than their virgin counterparts or as the rearing 

measures suggest, less likely to explore. Perhaps the interaction afforded the IC dam by a 

litter is in itself an "enriching" experience, after all, other than the brief period with the stud 

male, the postpartum period is the first time these animals would have experienced any form of 

social contact since being weaned. Furthermore, as the literature which explores the relationship 

between rat mothers and their offspring has noted, the behaviour of the rat mother has been 
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found to be modified by her pups (Deis 1968; Grosvenor et al 1970; Mena and Grosvenor 1971; 

Smotherman et al 1977a; 1977b; 1978). There is no reason to suppose that this might not also 

be true in the impoverished mother's case. 

Finally, considering the relationship of the virgin and post part urn SC groups to their respective 

SEC and IC groups, for the virgin animals, as can be seen from Figure 5:2, SC animals' reduced 

their number of lines crossed over days as did their SEC counterparts (especially over the first 

three days of testing) a profile that was very different from that of the IC animals. In the post 

partum animals, however, SC animals' activity levels were more like that of their IC counterparts 

(Figure 5:6), suggesting that there may have been an influence on the behaviour of these animals 

post part urn, such that pregnancy served to make them more active. Indeed, this picture is 

supported by the animals' rearing behaviour, as becomes evident when the number of rears of 

the post partum groups (Figure 5:7) are compared with those of their virgin counterparts (Figure 

5:4). Over days both virgin and post partum SEC animals reared at similar rates, whilst both the 

SC and IC post partum females doubled their rate of rearing when compared with their virgin 

counterparts. 

In summary, the results of this experiment demonstrate that both exposure to differential envi

ronments for nine weeks prior to mating and the additional experience of pregnancy and rearing 

of litters produce behavioural differences between SEC, SC and IC females justifying the use of 

these environments as maternal manipulators in the present thesis. However, it should be noted 

that the behavioural patterns of the virgin SEC, SC and IC animals are not the same as the 

pattern of differences observed in the post part urn SEC, SC and IC animals in the open field, 

suggesting that pregnancy has an impact on these animals. 

5:4 GENERAL DISCUSSION AND CONCLUSION 

The purpose of this chapter was to address some practical issues, before embarking on the main 

focus of the present thesis. In particular, a decision regarding the type of enriched environment 
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to be used in this research had to be taken and a behavioural baseline of animals exposed to the 

differential environments employed in this thesis established, against which to compare offspring 

and grandoffspring behaviours. This was accomplished in the first experiment, in which the 

"SEC" employed in the present thesis was found to produce animals that were behaviourally 

different from isolates and of a comparable nature to animals raised in the more traditional 

Rosenzweig and Bennett "EC". The relative contributions of the different enironments to the 

behavioural effects is discussed more fully in the final discussion chapter. 

Secondly, the methodology employed in the present thesis, namely maintaining animals in their 

differential environments for a period of time twice the length of that typically employed in the 

behavioural literature and exposing them to the rigours of pregnancy and pup care, needed to be 

investigated to ensure that behavioural differences noted in the literature are maintained following 

these procedures. This was fulfilled in experiment two, in which post partum SEC animals were 

found to be behaviourally different from their SC and IC counterparts. Furthermore it appeared 

that in some instances (but not all) the effects of pregnancy had altered these differenc(!s. These 

results were discussed in the light of other findings in the post partum EC/IC literature and 

several future research recommendations were made. 
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CHAPTER SIX: STUDY TWO 

THE EFFECTS OF DIFFERENTIAL MATERNAL 

ENVIRONMENTS PRIOR TO PREGNANCY ON 

OFFSPRING AND GRANDOFFSPRING BEHAVIOUR 
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6:1 GENERAL INTRODUCTION 

The effects of environmental enrichment on both brain and behaviour have been the subject of 

systematic investigation since the late 1940's (Greenough 1976; Rosenzweig 1971; Rosenzweig 

and Bennett 1976; 1977; Renner and Rosenzweig 1987) and have been reviewed in chapters one 

and two of this thesis. To date, however, scant attention has been paid to the possible effects 

of enrichment on future generations. Indeed, within the large EC/IC literature only some three 

dozen studies 1 have considered this issue at all and for the most part, parental enrichment was 

an inadvertant methodological decision (animals being placed in differential environments whilst 

pregnant and often given direct exposure to enrichment post partum) rather than a direct focus 

of investigation. 

In this chapter two experiments are described in which the effects of differential maternal environ

ments prior to pregnancy were investigated over two generations. In particular, experiment one 

concentrated on the effects of enrichment of future mothers on their offspring's activity, learning 

and perceptual abilities, whilst experiment two examined the effects of enriching the grandparent 

generation on their grandpups. 

6:2 EXPERIMENT ONE 

6:2:1 INTRODUCTION 

Within the EC/IC literature, of the few studies in which the effects of enrichment of the parent 

generation on their offspring was the subject of deliberate investigation, rather than an incidental 

finding, only three (Denenberg and Rosenberg 1967; Diamond 1984; Diamond, Chui, Johnson, 

Chelgren, Greer and Gibbons 1984) employed a procedure similar to that used in the present 

work, namely exposing females to differential environments prior to pregnancy. The importance 

of this type of procedure has been described in detail in chapter one, but is worth repeating here. 

1 See Chapter one for review. 
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Manipulating the mother's environment prior to pregnancy ensures that any alterations observed 

in the offspring must be mediated by the impact of this manipulation on the mother and not as a 

result ofthe manipulation impacting directly on the offspring. The remainder ofthe studies either 

employed prenatal and/or perinatal environmental experience, both of which methodologies could 

affect the offspring directly, rather than indirectly via the mother (these studies are tabulated in 

chapter one, but see chapter three for full discussion of prior to conception influences). 

Of the three studies employing prior to pregnancy procedures, two, (Diamond 1984; Diamond et 

al 1984), were concerned with anatomical changes in offspring, only Denenberg and Rosenberg's 

work investigating the behavioural consequences of enriching the parent generation. As this 

latter work provides the only study in the literature which is directly comparable to the present 

research, it will be described in some detail2 • 

Denenberg and Rosenberg (1967) employed a complex breeding design, in which half the grand-

mothers of the experimental subjects were handled, the remainder serving as non-handled con-

troIs. The mothers of the experimental subjects were either born into maternity cages or enriched 

environments and post weaning, maintained in Ee's or standard laboratory cages until 50 days 

old. At 150 days of age, these future mothers were mated and their offspring born into maternity 

cages. At birth litters were reduced to eight pups and at 21 days placed into an open field for 

one three-minute trial and weighed. Table 6:1 summarises the experimental design, for each of 

the eight treatment combinations. 

The data for activity and weaning weights revealed that handling females in infancy had a 

significant effect two generations on. Furthermore, the nature of the mother's living quarters 

during her early life profoundly affected her offspring and these variables acted in a non-additive 

interactive manner. 

2This study has been mentioned in chapter one, but is worth a more extensive overview at this point in the 
thesis. 
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HANDLING EXPERIENCE PREWEANING HOUSING POSTWEANING HOUSING 
OF GRANDMOTHERS OF OF MOTHERS OF OF MOTHERS OF 
EXPERIMENTAL SUBJECTS EXPERIMENTAL SUBJECTS EXPERIMENTAL SUBJECTS 
Non-Handled Maternity Cage Laboratory Cage 
Non-Handled Maternity Cage Free Environment 
Non-Handled Free Environment Laboratory Cage 
Non-Handled Free Environment Free Environment 
Handled Maternity Cage Laboratory Cage 
Handled Maternity Cage Free Environment 
Handled Free Environment Laboratory Cage 
Handled Free Environment Free Environment 

Table 6:1 Breeding Design employed by Denenberg and Rosenberg 1967 

More specifically, however, the results were complex. With respect to the activity measure, 

descendants of non-handled grandmothers were more active than descendants of handled grand-

mothers if their mothers had been reared in a maternity cage between birth and weaning. Exactly 

the opposite pattern was obtained if their mothers had been reared in a free environment during 

infancy. The grandmother handling by mother's postweaning housing interaction was also signif-

icant, the pattern being the opposite to that just described above. In addition, the preweaning 

housing by postweaning housing interaction was significant. Offspring of mothers reared in two 

different environments (ie: cage and free environment, or free environment and cage) were more 

active than offspring of mothers reared only in cages, or reared only in free environments for the 

first 50 days of life. 

With the other behavioural measure, weaning weight, the two main effects of grandmother han-

dling and maternal postweaning housing were also significant, as was their interaction. Weanlings 

whose grandmothers were not handled, and whose mothers were raised in laboratory cages after 

weaning 3, weighed significantly more than the other three groups. 

One obvious problem with Denenberg and Rosenberg's work, which is of particular concern to the 

present research, is the difficulty there is in extracting information about the postnatal maternal 

experience on offspring. This is particularily true of the activity data, where postnatal effects 

3This group is equivalent to the present thesis' SC offspring. 
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emerge only as part of a complex interaction. The value of this work to the present thesis, 

however, lies quite simply in the fact that it was the first study to report significant effects of 

differential maternal environments prior to pregnancy on offspring behaviour, the details of which 

remain to be elucidated. Consequently, Denenberg and Rosenberg's work can be considered as 

one of the starting points of this thesis, which aims to investigate the nature of the offspring 

behaviour. 

In this chapter, therefore, it was decided extend this early work, by investigating offspring weaning 

weights and open field behaviour, as well as their Skinner box and visual cliff performance. These 

latter two tests were chosen, as they have been found to reliably differentiate between animals 

exposed directly to superenriched, standard and and impoverished conditions in the previous 

chapter of this thesis, as well as in the EC/IC literature more generally (see chapter two). 

6:2:2 METHODOLOGY 

a) Subjects: 

These were 60 male and 60 female F2 generation Hooded Lister rats of weanling age (19-21 days), 

20 of each sex being bred from F1 generation females exposed to SEC, SC or IC environments 

prior to pregnancy. Details of the breeding procedures and environments employed can be found 

in the general methodology chapter (Chapter 4). Because of the large number of animals to be 

used in this experiment, it was decided to breed them in two batches, care being taken to replicate 

all procedures. Equal numbers of males and females from each of the three experimental groups 

were obtained from each batch to ensure counterbalancing, and thus equate the groups in terms 

of any possible interfering factors, for instance disturbance in the colony room, or effects due to 

seasonal variations. In this and all subsequent experiments care was taken to ensure that equal 

numbers of litters were used in each of the offspring groups. 
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b) Environments and Apparatus: 

The environments employed in this experiment, as well as the open field, the visual cliff and the 

Type II Skinner box system are all detailed in the general methodology chapter, and are identical 

to those used in chapter 5. 

c) Procedure: 

At weaning, subjects were weighed and assigned to individual cages for a day prior to the start 

of testing. This was to allow them to settle following separation from their mothers and siblings 

and also to allow a technician to recode them, so as to disguise their experimental backgrounds 

from the experimenter. Starting at 22 days of age, all 120 subjects (run in two batches of 60) 

were given five daily three-minute trials in the open field, following the procedure described in 

chapter six. Number of lines crossed, rears, defecations and time spent in the centre of the open 

field were recorded, running order for the animals being randomised at the start of each day of 

testing. During this time animals were maintained on an ad libitum diet. 

At the end of the open field testing, subjects were divided into two separate groups such that 

equal numbers of animals from each litter, sex and experimental background were represented in 

each group. These two groups then underwent different procedures, the first group being assigned 

to the visual cliff task and the second to the Skinner box apparatus. On day 26, the visual cliff 

group were given two trials, one with the cliff side of the apparatus set at one inch below the 

glass, the other with the cliff set at 12 inches below the glass. Order of trial presentation was 

randomised for each animal and the procedure for each trial, detailed in chapter six, employed. 

Two measures were recorded, latency to descend onto the cliff from a central barrier and side 

chosen. On the same day, those subjects allocated to the Skinner box task were deprived of all 

food for three hours in the afternoon and given eight grams of breeding diet in the evening. 

On day 27, these latter animals started a six day procedure of Skinner box testing, being given 
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eight grams of food at the end of each day of testing. As the animals were very small, they 

were weighed twice a day to ensure that they were following a normal growth pattern and that 

the 12 hour deprivation diet was not adversely affecting their health. Subjects received one 30 

minute Skinner box trial on each of the six consecutive days, reinforcement consisting of one 

pellet of food paired with one second illumination of the four house lights. The following training 

schedule was employed: DAYS 1 and 2-CRFj DAYS 3 and 4-FR3j DAY 5-FR6j DAY 6-FR9. 

Subject order within each day was randomised, and number of bar presses recorded. 

6:2:3 RESULTS 

In contrast with many studies of the effects of early experience on later behaviour and as described 

in the general methodology chapter of this thesis (chapter four), the practice of culling to equate 

litter sizes was not employed in the present work. Following Fride et aI's (1986) recommendation, 

in order to prevent littersize effects, no more than two male and/or female littermates were used 

for a particular test. Furthermore, to ensure that any littersize variations existing between 

experimental conditions were not significant, a statistical procedure described in more detail in 

the general methodology chapter was employed. To ascertain littersize effects a two factor analysis 

of variance on size of litter from which each subject was drawn was carried out prior to analysis 

of the individual behavioural measures. This failed to reveal any differences either between 

environmental condition F(2,114)=0.70 p>0.05 or between males and females F(1,114)=0.OO 

p>O.05, establishing that any effects contributed by littersize were equally distributed between 

the six offspring groups. Consequently, as recommended by Denenberg (1977) individual subjects 

were used as the unit of analysis in this experiment and no additional statistical checks were 

imposed on the data. For a further discussion of the rationale underlying these decisions, the 

reader is referred to chapter four. 

Overall, the present data clearly demonstrate that manipulation of the home environment of 

female rats prior to pregnancy can significantly influence the behaviour of their offspring. In 
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detail, however, results are complex and will be dealt with more specifically under the individual 

tests employed. 

a) Weaning Weights: 

A two factor analysis of the weaning weights of the 120 animals employed in this study revealed 

no significant differences either between the three environmental groups F(2,114)=0.95 p>0.05, 

or between the sexes F(1,114)=0.69 p>0.05. As can be seen fom Table 6:2, which details the 

means of the six experimental groups, weanling rats' average weights are clustered around the 

40gm mark. 

SEC Males 42.45 SEC Females 41.85 
SC Males 43.55 SC Females 41.80 
IC Males 40.90 IC Females 38.85 

Table 6:2 Mean weaning weights of the six offspring groups. 

b) Open Field: 

Analysis of variance of the lines crossed measure over the five days of open field testing revealed 

no significant main effects between subjects, no differences emerging between the environmen-

tal groups F(2,114)=1.23 p>0.05, or between male and female offspring F(1,114)=0.15 p>0.05. 

However, there was a significant within subjects main effect due to days F( 4,456)=3.26 p<O.01. 

Typically, in the literature however, it is the patterns of activity over days and the activity on day 

one which are considered important (Lamden 1985) and indeed in this experiment, this is where 

the significant effects emerged. As can be seen from Figure 6:1, which describes the patterns 

of activity of the three experimental groups over the five days of testing, offspring of standard 

housed mothers reduced their activity over days, whereas, both SEC and IC offspring did not 

333 



100 

90 

fIl 80 
~ 
fIl 
fIl 

= '" U 
fIl 
~ = .. 
~ 
c... 70 = '" ~ 
,.Q 

e 
= z 

60 

50 

Figure 6:1 

SEC 

1 2 

IC 

3 

Days 

- n. "" SC 

4 5 

Mean number of lines crossed by the offspring of dams exposed to SEC, 
SC and IC prior to pregnancy, over the five d~ys of open field testing. 
Male and female offspring groups' scores combined. 
Key: SEC=offspring of SEC dams, SC=offspring of SC dams, 
IC=offspring of IC dams, for this Figure and Figures 6:2, 6:3 and 6:4. 

334 

, 
r 
t • 



appear to habituate to the apparatus, producing higher levels of responding on day five than 

day one. These differential patterns were highly significant, as revealed in the days by maternal 

environment interaction F(8,456)=3.63 p<O.OOl and warranted further investigation. 

In particular, as day one activity has been found to be related to emotionality (Whimbey and 

Denenberg 1967b) and as the offspring groups' performance appeared to differ when Figure 

6:1 was consulted, post hoc analyses of the day one 4 data for the three offspring groups was 

carried out using the Newman Keuls test. Offspring of both SC and IC dams were significantly 

more active than their SEC counterparts (p< 0.01 and p<0.05 respectively) but did not differ 

significantly from each other. 

With regard to the second open field measure to be analysed, number of rears, all three main ef-

fects, sex, maternal environment and days were significant F(1,114)=4.17 p<0.04j F(2,114)=8.30 

p<O.OOlj and F(4,456)=9.92 p<O.OOl respectively. The groups differences were further analysed 

post hoc using the Newman Keuls test and IC animals were found to rear significantly more 

than both SEC offspring (p<O.Ol) and SC offspring (p<O.Ol), the latter groups not differing 

significantly from each other. Females reared more than males. 

As with the lines crossed measure, however, significant differences in patterns of responding over 

days also emerged, as revealed by the days by maternal environment interaction F(8,456)=3.83 

p<O.OOl. Figure 6:2 which describes this interaction clearly shows that both IC and SEC de-

scendants increased their rearing behaviour over days, whereas SC offspring maintained a fairly 

constant level of rears. None of the other interactions was significant. For full details of this and 

other ANOVAs the reader is referred to the appendix. 

4 Although day five also warrants post hoc investigation there are no theoretical precedents in the literature to 
justify this analysis, so none was done. 
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Time spent in the centre of the open field, often considered as a measure of emotionality (Archer 

1973) was also analysed and revealed significant differences between the experimental groups 

F(2,114)=3.66 p<0.02. Post hoc analysis revealed that IC descendants spent considerably less 

time in the centre circle than either their SEC (p<0.05) or SC (p<0.05) counterparts, the latter 

two groups not differing significantly from each other. In addition there was also a significant days 

effect F( 4,456)=6.89 p<0.001, whilst as is increasingly common, the patterns of behaviour over 

days for the three groups were also significantly different from each other F(8,456)=2.57 p<O.Ol. 

Interestingly, in this measure no sex differences emerged F(1,114)=0.06 p>0.05. However, in 

the final open field measure to be considered, number of defecations, clear sex differences did 

emerge F(1,114)=3.66 p<0.05, males defecating more than females. In this last measure, no 

other significant differences emerged either between experimental groups F(2,114)=0.23 p>0.05 

or over days F( 4,456)=2.6 p>0.05. 

c) Visual Cliff: 

Table 6:3 details the number of offspring from the three experimental groups choosing deep and 

shallow sides in the two visual cliff trials, when the moveable shelf was set at either 12 inches or 

1 inch below the glass. 

SEC(1) IC(1) SC(1) SEC(12) IC(12) SC(12) 
SHALLOW 13 (65) 9 (45) 12 (60) 13 (65) 6 (30) 11 (55) 
DEEP 7 (35) 11 (55) 8 (40) 7 (35) 14 (70) 9 (45) 

Table 6:3 Number of offspring (percentages in brackets) from the three experimental groups 

choosing either the deep or shallow side of the visual cliff when the deep side of the cliff was set 

at either 1 inch or 12 inches 

Although there was a tendency for the offspring of the enriched animals to chose the shallow side, 

irrespective of whether the deep side of the visual cliff was set at either 1 inch or 12 inches, a Chi 

squared analysis for k independent samples on each of the two trials failed to find any significant 

differences between the three experimental groups. Maternal experience prior to pregnancy does 
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not appear, therefore, to affect offspring's visual cliff performance with respect to the side chosen 

measure. 

Turning to the second visual cliff measure, latency to descend onto the cliff, ANOVA of the times 

taken to descend over the two trials, for the three environmental groups, although revealing no 

significant main effects due to the animals' background F(2,54)=O.86 p>O.05, did reveal a trials 

by background interaction F(2,57)=4.41 p<O.02. As can be seen from Figure 6:3, which presents 

this interaction graphically, both the SEC and IC groups took longer to descend when the visual 

cliff was set at 12 inches compared with the baseline 1 inch depth, the opposite being true for 

the SC group. That is, relative differences in performance over trials between the three groups 

reflected their parental backgrounds. In this study no sex differences emerged with respect to 

latency to descend F(1,54)=1. 78 p>O.05, nor were any of the other interactions significant. 

d) Skinner Box: 

As can be seen from Figure 6:4, which shows the learning curves of the six offspring groups over 

the six days of testing, differential maternal environments produce offspring with considerably 

different patterns of responding. Analysis of variance of the bar press data revealed signifi

cant between subject main effects due to emil'Onmental background F(2,54)=3.53 p<O.03j sex 

F(1,54)=5.33 p<O.02 and an expected learning effect over days F(5,270)=37.71 p<O.OOl. In 

addition two significant interactions emerged, days by sex F(5,270)=5.64 p<O.001 and days by 

maternal environment F(10,270)=2.95 p<O.OOl. Taking the days by sex interaction first, from 

Figure 6:4, it can be seen that on the whole, male offspring have steeper learning curves than 

their female counterparts. This is consistent across all three offspring groups as evidenced by 

the lack of a groups by days by sex interaction F(10,270)=0.41 p>O.05. Considering the second 

significant interaction, groups by days, it is obvious from the graph that the three experimental 

groups have different learning rates. In particular, SC offspring have a faster acquisition of higher 

ratio schedules than do either IC or SEC offspring. 
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Post hoc Newman Keuls tests on the significant group main effect confirms this, with SC animals 

differing significantly from SEC offspring (p<O 05), but not from IC offspring. 

e) Summary of Significant Differences: 

Table 6:4 describes the significant differences that have emerged in this experiment. Considering 

first the open field apparatus, on day one both SC and IC offspring crossed significantly more 

lines than their SEC counterparts, but did not differ statistically from each other. Offspring 

groups' patterns of responding over days also varied, SC animals habituating to the open field 

and reducing their number of lines crossed, when compared with their IC and SEC counterparts. 

However, IC offspring reared more than either the SEC or SC groups, the latter two groups not 

being statistically different from each other. With respect to the amount of time spent in the 

open field, IC descendants spent less time in the centre of the field than either of the other two 

groups. 

APPARATUS MEASURE ANALYSIS COMPARISON PROBABILITY 
Open Field Lines Crossed Newman Keuls SEC vs IC p<0.05 

(Day 1) SEC vs SC p<O.Ol 
Open Field Lines Crossed ANOVA-5 Days Group by Days p<0.001 
Open Field Rears Newman Keuls SEC vs IC p<0.01 

SC vs IC p<0.01 
Open Field Time in Centre Newman Keuls SEC vs IC p<0.05 

IC vs SC p<0.05 
Visual Cliff Latency ANOVA Group by Trials p<0.02 
Skinner Box BarPress Newman Keuls SEC vs SC p<0.05 

Table 6:4 Summary of significant main effects of experiment one. 

Moving on to the visual cliff, SC offspring took longer to descend when the visual cliff was set at 

1 inch compared with 12 inches, the opposite pattern emerging in the SEC and IC offspring. No 

other significant differences emerged. With the Skinner box procedure, SC animals consistently 

bar pressed more than the SEC animals, the IC animals' bar press rates falling between these 

two groups but not differing significantly from either of them. 
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6:2:4 DISCUSSION 

The present data clearly demonstrate that manipulation of the degree of enrichment of the 

environments of female rats prior to mating can significantly influence the behaviour of their 

offspring. In detail, however, the results are complex and difficult to interpret. Whilst some 

differences in offspring behaviour due to variation in maternal environment emerged as a main 

effect in four of the experimental measures (lines crossed, day one; rears; time in centre; bar 

presses) and as part of an interaction in two of the remaining five dependant variables (lines 

crossed over five days; latency to descend in the visual cliff apparatus), there was a lack of 

consistency in the pattern of differences between the three groups. In order to clarify offspring 

performance, results will be discussed under discrete headings with reference to both the EC/IC 

literature and the prenatal stress literature, where appropriate. 

Offspring Weights: 

In this experiment, the only physiological measure taken was that of offspring weaning weight. 

Unlike Denenberg and Rosenberg's (1967) results in which offspring of mothers raised in group 

cages (SC) were heavier than offspring of mothers exposed to free environments, in the present 

work no significant differences emerged between the three experimental groups. Furthermore, 

there were no differences between male and female offspring. This apparent discrepancy in results 

between the two studies may reflect procedural differences. For example, the present work did 

not cull litters, whereas the methodology employed by Denenberg and Rosenberg (1967) did. 

It may be therefore, that with smaller litters (resulting from culling) size differences due to 

maternal environment are able to emerge in the offspring, but in unculled litters, which by their 

very nature may be larger, these types of effects are obscured. Size of litter, after all is one 

contributing factor to the successful growth of offspring. Furthermore, there is inconsistency 

in this literature, exemplified by the only other report of the effects of enriching the parent 

generation prior to pregnancy on offspring body weights which found that pups from enriched 
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parents had increased body weights at birth (Diamond 1984). As few procedural details were 

included in this latter report, it is difficult to compare it with the present work. However, it 

should be noted that one obvious difference is the stage of development at which the animals 

were weighed (birth weights versus weaning weights). Furthermore, in Diamond's experiment 

animals were returned to their differential environments once pregnant. 

Manipulation of the maternal generation by exposing animals to enriched, standard and impover

ished environments has not been confined to the period prior to conception. As noted in chapter 

one, there are several studies in which animc>l'l have been exposed to differential environments 

prenatally. Of those reporting weight measurements, the tendency has been for the offspring of 

EC animals to be heavier than their IC counterparts at birth (Diamond et al 1984) and their 

SC counterparts postweaning (Kiyono et al 1985), no differences emerging between SC and IC 

offspring in the latter study 5. As yet there is no explanation for the discrepancy in findings 

between these studies, the findings of Denenberg and Rosenberg (1967) and the present research. 

It may well be, however, that the timing of the manipulation plays an important role in the 

mediation of intergenerational effects. 

Within the EC/IC literature where animals are exposed directly to differential environments, 

however, results appear to be more consistent. Typically isolates have been found to weigh more 

than either their EC (Rosenzweig, Bennett and Diamond 1972a; 1972b; Lamden 1985) or SC 

(Morgan and Einon 1975; Einon, Morgan ar.d Kibbler 1978) littermates, with this effect being 

present even in animals exposed to differential environments prior to weaning (Malkasian and 

Diamond 1971). Several reasons for these weight changes have been postulated (see chapter two). 

It therefore appears that the metabolic differences typically observed between EC, SC and IC 

animals as reflected in the body weight measure do not appear to pass on to their offspring. One 

implication of this finding is that the behavioural differences evident in the offspring in this study 

cannot therefore be seen as a consequence of some (trivial) metabolic factor, but must be caused 

by some other as yet undetermined mechanism. 

UNo further details were available in Kiyono et ai's (1985) study. 
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Offspring Open Field Performance: 

Unlike Denenberg and Rosenberg's (1967) study in which the effects of environmentally enriching 

the mother prior to pregnancy on their offspring activity levels were obscured by the effects of 

handling the grandmother generation, in the present work the methodology employed allowed 

quite specific comparisons between activity levels of the offspring groups to be made. Considering 

SEC and IC offspring groups first, both male and female IC subjects were more active than their 

SEC counterparts on day one of open field testing. In addition, over all five days of testing they 

consistently reared more than the SEC offspring and spent less time in the centre ofthe open field. 

This suggests that the IC offspring are both more active (or exploratory) and more emotional 

than their SEC counterparts, a finding which has been noted in animals exposed directly to EC 

and IC (Lamden 1985; Dell and Rose 1987) arld appears to be in direct contrast to the behaviour 

observed in the parent generation in the previous study of this thesis (Figure 5:1). Animals 

exposed directly to the SEC were more active than their IC counterparts on day one of open 

field testing, as well as rearing more over days (Figure 5:3) 6 .. 

In this study, however, both SEC and IC offspring groups' patterns of responding in the lines 

crossed and rearing measures tended to increase over the five days of testing. This is in direct 

contrast to work with animals exposed directly to EC/IC (Joseph and Gallagher 1980; Rose, Dell 

and Love 1985; Lamden 1985) in which typically, over trials, IC animals maintain high levels of 

activity, whilst their EC littermates' levels of responding drops, as well as contrasting with the 

patterns of behaviour established in the parent generation of SEC and IC animals noted in the 

previous chapter. 

When the SC offspring performance is included, the picture becomes more complex, as their 

behavioural profiles either contrast with both the SEC and IC progeny, or mimic that of the SEC 

group, depending on the the measure. In particular, with respect to the lines crossed measure, 

fin should be noted, however, that in the previous study, patterns over days demonstrated that overall IC 
animals crossed more lines and maintained higher patterns of responding than their SEC counterparts in both the 
virgin and postpartum groups (Figures 5:2 and 5:6), suggesting that there are some similarities between animals 
exposed directly to impoverished environments and their offspring, when patterns over time are considered 
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SC offspring have significantly higher day one scores than the SEC progeny. However, unlike 

both the SEC and IC offspring groups, over the five days of testing their response rates dropped, 

reminiscent of the behaviour patterns of animals exposed directly to SEC (chapter five). These 

patterns differ from those observed in animals exposed directly to the differential environments 

(Figure 5:1), where SC animals have lower day one scores than the SEC animals (but similar 

scores to the IC animals), although they too reduced their number of lines crossed over days. 

In the rearing and time in centre measures, however, SC offspring behave in a manner which is 

statistically indistinct from the SEC offspring, that is rearing less than IC progeny and spending 

more time in the centre of the open field. In the parent generation (especially in the female 

animals) the opposite is true, SC animals like the IC animals, producing significantly less rears 

than their SEC counterparts prior to pregnancy (Figure 5:4) or significantly more than their SEC 

counterparts postpartum (Figure 5:7). 

The fact that there is such a discrepancy between parent and offspring generations, however, 

is not unexpected, given the very different "life experiences" these two groups of animals have 

had. As can be seen from the procedures outlined in chapters four and five, having been born 

to and raised by standard housed mothers, once weaned the parent generation were housed in 

qualitatively different environments. As the SEC, SC and IC provide differential opportunities 

for both social and object interaction (that is, are socially and perceptually different) it is not 

surprising that the SEC, SC and IC animals should be qualitatively different from each other. 

With the offspring generation, however, the only procedural difference between the three groups 

was the type of mother they had experienced. This can be seen as having two components, firstly 

differential uterine environments and secondly differential postnatal interactions with mothers 

with qualitatively (and even quantitatively) different behavioural profiles (Muir et al 1985). 

That such "minimal" (McKim and Thompson 1975) changes in early experience can have such a 

profound effect on subsequent offspring beha viour is of considerable theoretical importance and 

the nature of these changes as well as their causes need to be elucidated further. Within the 
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EC/IC literature, a variety of possible causes for the effects of environmental enrichment and 

impoverishment have been postulated (Renner and Rosenzweig 1987) which might well be relevant 

to an understanding of the effects of differential maternal environments on offspring. Similarly, 

the prenatal stress literature, reviewed in chapter three of this thesis, offers some understanding 

of intergenerational influences. Before investigating these possible causes further, however, the 

results of the offspring's performance in both the Skinner box and visual cliff apparatus require 

some discussion. 

Offspring Visual Cliff Performance: 

In the present visual cliff experiment, no statistically significant differences emerged between the 

offspring groups on the side chosen measure, results which are not entirely unexpected. Although 

significant differences have been reported in animals exposed directly to EC/IC (Lamden 1985; 

Eichengreen et al 1966), with EC animals appearing to have a more highly developed depth 

perception, this has been attributed to the fact that EC animals typically have more experience of 

depth from interaction with their environment, than their IC littermates. All the offspring groups 

employed in the present study had little or no experience of depth in their early environments 

and in any case had equivalent direct experience of depth. Consequently a lack of differences in 

depth perception is not unsurprising. 

When comparing the side chosen measure in the offspring group with the results of the same 

measure in the SEC, SC and IC animals reported in the previous chapter (experiment one), 

however, one interesting contrast has emerged. Although neither the parent nor the offspring 

groups differed within their respective analyses, comparison of the two generations of animals' 

performances suggest that although animals directly exposed to IC were more likely to to chose 

the shallow side when the deep side was set at 12 inches, the opposite was true of the progeny of 

IC dams. Furthermore, of the six possible combinations of trials by environmental condition, this 

was the only reversal of the side chosen measure noted between parent and offspring generations. 
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It should be emphasised, however, that this offspring reversal was not statistically significant. 

Moving on to the latency to descend measure in the offspring generation, although there were no 

overall differences between the groups, there was a significant trials by group interaction which 

warrants further discussion. As can be seen from Figure 6:3, when the cliff was set at 1 inch, 

offspring of SEC animals were quick to descend from the central barrier, IC progeny taking more 

time, the slowest animals being the offspring of SC dams. When the cliff was set at 12 inches, 

however, a very different pattern emerged. In this instance, both SEC and IC offspring tended 

to be both more cautious than the SC offspring and took longer to decide which side to go onto 

than when the cliff was set at one inch. 

When the offspring latency performances in the visual cliff are compared with those of their parent 

generation, again differences in patterns of responding are apparent. In both the 1 inch and 12 

inch trials, animals directly exposed to SEC were quicker to descend from the central barrier than 

either their SC and IC counterparts. That is, the only similarity between the two generations' 

patterns of responding emerged in the 1 inch trial, their relative patterns of responding over the 

two trials being very different. 

So one obvious question is what do these performance differences mean? Latency to descend, 

as a behavioural measure has been interpreted in various ways. Lamden (1985) for example, 

has suggested that it reflects animals' decision times, whereas Curry (1987) emphasised the sim

ilarities between latency to descend and emergence behaviour. Furthermore, Routtenberg and 

Glickman (1964) have noted that as well as dppth perception, visual cliff performances are influ

enced by emotionality and exploratory tendencies. All of these elements could be contributing 

to the present results. For example, if latency to descend is simply a measure of decision time, 

then as IC and SEC offspring took less time to decide when the cliff was set at one versus twelve 

inches, when compared with their SC counterparts, it would be reasonable to assume that these 

animals were responding to the depth of the cliff, that is that they had better depth perception 

than the offspring of SC animals. However, the groups' performances in terms of the side chosen 
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measure does not support this idea. If SEC and IC animals did have better depth perception 

then they would be more likely to chose the sh<l.llow side than the SC offspring. This was not the 

case. With respect to the idea that longer latencies reflect either greater emotionality, timidity 

or exploratory behaviours, when considering the relative performances of the three groups when 

the cliff was set at one inch, behavioural patterns would suggest that SC progeny were more 

timid, emotional or exploratory than their SEC and IC counterparts. If this were true, these 

animals should also have had longer latencies when the cliff was set at twelve inches. They did 

not. At this stage in the discussion, therefore, it is difficult to interpret the visual cliff findings. 

Indeed, in view of the fact that no differences were found between the groups in terms of the 

frequency of side chosen measure and that any differences in latency only emerged in an interac-

tion, it is probably best not to make too much of these findings until a clearer picture of offspring 

performances has been achieved. 

Offspring Skinner Box Performance: 

One of the most exciting findings in the early EC/IC work was that simply exposing animals to 

enriched environments improved their problem-solving performance in mazes (Hebb 1947; For-

gays and Forgays 1952; Hymovitch 1952) and altered their Skinner box behaviour (Rose, Love 

and Dell 1986) 7. One obvious question that this present thesis had to address was whether alter-

ation of performance in learning situations in the maternal generation would influence offspring 

performance in learning tasks s. 

As can be seen from the Skinner box data, differences do emerge between the offspring groups, 

with respect to their performance in a learning task, but these differences were only significant 

between the SEC and SC offspring, and not between the SEC and IC offspring 9. As can be seen 

7 Although it should be noted that it is still fat from certain that differences in Skinner box performance 
represent altered learning ability. For a fuller exposition of this please refer to chapter two. 

8lf this was found to be the case, then it would have important educational and therapeutic implications, as 
well as providing a procedural tool to further investigate the caUSes of enrichment. 

9 Differences between the SEC and IC offspring would have been expected, after all, if there were to be a transfer 
of learning effects across generations. 
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from the graphical representation of these results (Figure 6:4), offspring of SC animals appeared 

to bar press more than the IC progeny (although this was not statistically significant) as well 

as the SEC offspring group. The fact that there was a tendency for offspring of SC animals to 

present different behavioural profiles than offspring of either SEC or IC dams is reminiscent of 

their lines crossed behaviour in the open field and their latency to descend in the visual cliff. In 

both of these measures too, there was some evidence of SC offspring performing differently from 

their SEC and IC conspecifics. 

So, if the differences observed between the offspring groups do not parallel those typically found 

in animals directly exposed to SEC, SC and IC (where to remind the reader, IC animals have 

been found to bar press more than their SEC counterparts, SC performances being qualified by 

sex of animal) one obvious question is what do these performance differences mean? A superficial 

analysis would suggest that SC offspring simply had superior learning abilities when compared 

with their SEC counterparts. However, one point, which is worth mentioning here, is that the 

Skinner box as a behavioural test may well be measuring animals' motivation to bar press rather 

than learning ability per se (Rose et al1986; 1987). Consequently, at this stage, only speculative 

explanations of the offspring Skinner box performance can be proffered and offspring learning 

ability must be explored more specifically before any conclusions about maternally mediated 

improvements in cognitive capacity can be drawn. 

As an initial test, the Skinner box apparatus is valuable, in that it is easy to conduct and has an 

extensive literature against which results can be compared. However, in order to fully investigate 

the learning performance of SEC, SC and IC offspring, learning tasks which either investigate 

problem solving ability (such as the Hebb Williams maze), or which equate intergroup motivation 

(Rose et al1986; 1987) would be more appropriate. This is taken into account in the next chapter. 
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Summary and Possible Causes: 

In the present experiment, offspring of mothers exposed to differential environments prior to preg

nancy were put through a battery of tests to investigate their performances in activity, perceptual 

and learning tasks. Results complimented the early work of Denenberg and Rosenberg (1967) in 

that there was evidence of differences between the offspring of mothers previously housed in SEC, 

SC and IC, in all three tests. In addition by manipulating the maternal generation prior to preg

nancy rather than placing pregnant animals in differential environments (McKim and Thompson 

1975) or manipulating the mothers whilst pL'egnant and then rearing the pups in the environ

ments too (Whimbey and Denenberg 1966; 1967a; Ravizza and Herschberger 1966; Denenberg, 

Woodcock and Rosenberg 1968; Denenberg and Whimbey 1968; Manosevitch and Montemayor 

1972; Manosevitch and Joel 1973; Manosevitch and Pryor 1975; Sjoden and Soderberg 1975; 

Ivinskis and Homewood 1980; Venables et al 1988) the impact of the maternal experience itself 

is highlighted without the confounding effect of direct influence on the offspring. 

Throughout this discussion, patterns of differences between the offspring groups have been com

pared with the patterns of differences that have been found in the parent generation. Two striking 

things have emerged. Firstly, that the differences in offspring performances are very different from 

those observed in animals exposed directly to SEC, SC and IC. Secondly, the behavioural pro

files of the three offspring groups are complex, difficult to interpret and may reflect a variety of 

possible underlying mechanisms. Indeed, consideration of those few studies in which differential 

environments have been employed as the maternal manipulation (chapter one) highlights the 

various factors that have been considered as possible causes of the offspring effects, including 

biochemical, endocrinological and arousal differences between the maternal groups (Ivinskis and 

Homewood 1980; Kiyono et al 1985; Diamond 1987). Furthermore, consideration of the EC/IC 

literature itself reveals a wide range of factors which have been forwarded to account for the 

effects of direct exposure to differential environments which may indirectly contribute to the 

observed differences in the offspring groups. These include various intervening variables which 
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alter the internal state of the animal and which are held to be responsible for observed brain and 

behavioural changes (eg: maturation, stress, endocrine or neurochemical effects, arousal, learning 

and formation of memory) and concrete types 0/ behaviour that are suggested as being necessary 

for the development of the typical EC-IC differences (eg: play, locomotion, response to social 

stimulation and object interaction) 10. Obviously these are not mutually exclusive categories as 

the more mechanistic intervening variables can be considered as offering a different level of anal-

ysis from the more overt concrete behaviours and indeed, as noted by Renner and Rosenzweig 

(1987) the latter group may well be mediated by the former. 

Considering environment-based explanations first, as the present methodology did not employ 

enrichment of the offspring (and indeed housed all the offspring in similar environments from con-

ception) and all handling was standardised, differential locomotion, handling, object-interaction 

or extra-cage stimulation could not account for the present findings. Indeed the only difference 

between the three offspring groups was the type of mother they experienced which suggests that 

the most likely cause(s) of the behavioural differences observed in the present study either fall 

into the category of "intervening variables" in which the differential experiences afforded the 

mothers in some way affected the internal state of the offspring and produced the differences 

in performances, or the more concrete types of behaviours such as play and social stimulation 

perhaps induced by differential mothering. 

These hypotheses are consistent with the findings from the large prenatal literature (reviewed in 

chapter three) in which maternal influences found to modify offspring characterisitics have been 

attributed either to changes in the physiology of the mother manifesting themselves as changes 

in the internal states of the offspring induced during the foetal period or after birth via the 

milk supply, or by behavioural changes in the offspring caused by modified maternal interaction 

(Denenberg and Whimbey 1963). 

Considering the hypothesis that differential maternal environments affect the offsprings' internal 

lOThis distinction between intervening variables and concrete types of behaviour was first suggested by Renner 
and Rosenzweig (1987). 
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states first, of the possible intervening variables that might account for the effects, some are 

more likely than others. It has been suggested, for example, that the observed brain differences 

between EC and IC subjects are attributable to different rates of maturation (Cummins, Livesey, 

Evans and Walsh 1978) and in particular that the increase in EC brain weight is the result 

of accelerated maturation. The same may be true of the offspring of EC animals. Indeed, 

Diamond et al (1984) have found that offspring of enriched parents had thicker cortices than 

their IC counterparts. However, in the present study, two indices of development, body weight 

and perceptual ability failed to reveal any significant differences between the offspring groups. 

Although this is not conclusive proof that differential maturation is not involved in the offspring 

effects, it does highlight other more probable causes, including endocrine system alteration, 

neurochemical changes, stress, differential arousal or learning. 

In the present study no neurochemical or endocrine assays were taken and so no comments can 

be made about differences in the animals with respect to these measures. It should be noted, 

however, that endocrine system alteration has often been cited as a possible mediating variable 

in maternal manipulations other than enrichment (see chapter three) and may well contribute 

in this case too. Indeed in one of the few studies in which enrichment was employed as the 

prenatal manipulation (Kiyono et al 1985) "maternal biochemical changes" were implicated in 

mediating the differences observed in offspring performances in the Hebb Williams maze. What 

have been measured in this study, however, are the behavioural differences between offspring 

groups and these do allow some speculations to be made about possible internal states operating 

in the offspring. 

One of the obvious explanations of the different behavioural profiles of the three offspring groups 

is to suggest that their mothers have been differentially stressed by their exposure to SEC, SC 

and IC. In reviewing the causes of the EC/IC effects (in animals directly exposed to these en

vironments) Renner and Rosenzweig (1987) report that "Isolation is widely seen as a stressor, 

producing evidence of deleterious effects such as caudal dermatitis, aggressiveness and enlarge-
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ment of the adrenals" (p73). However, the hypothesis that stress is an intervening variable in 

EC versus IC brain and behaviour differences has failed to produce clear cut results. For exam-

pIe, although Krech et al (1966) have reported that animals housed singly in extreme isolation 

have greater adrenal weights than EC animals, Wallace et al (1986) have reported the opposite. 

Magnitudes of EC versus IC cerebral effects have not been found to be changed by chronic stress 

(Riege and Morimoto 1970) and the general consensus of opinion to date is that although adrenal 

influences (regarded as indicative of stress) can co-occur with environmental experiences, they do 

not playa role in mediating the EC-IC effects. It may well be, however, that the stressors associ-

ated with being housed in isolation, or in an enriched environment which is both challenging and 

provides "a degree of uncertainty for the animals who reside there" (Renner and Rosenzweig 1987 

p73), although not directly causing the observed EC/IC differences in animals exposed directly 

to the experience, do have an impact on their offspring. 

Indeed, comparison of the present results with the effects of other stressful manipulations 11 

imposed prior to pregnancy does appear to offer some evidence that SEC, SC and IC offspring 

are reacting as if they are differentially stressed. For example, Denenberg et al (1962) have found 

that shocking future mothers in infancy results in significant emotionality in their offspring when 

compared with controls, reminiscent of the behaviour of the IC progeny. However, not all the 

evidence is supportive. Thompson et al (1902) reported no differences in ambulation between 

their stressed and control offspring, unlike the patterns observed between the present offspring 

groups. Obviously the nature of the stressor plays an important role in the transfer of effects 

across generations (see chapter three). The main problem in postulating that stress causes the 

offspring effects, however, is the lack of predictable pattern between the SEC, SC and IC offspring 

behaviour across tasks. If the offspring groups were differentially stressed then clearer behavioural 

profiles should have emerged both within and across tasks. This was not the case. Of course it 

may be that maternal stress is having an impact on the offspring, but from the data, it cannot 

be the sole cause of the differences. 

11 See for example Thompson et al 1962; Ader and Belfer 1962b; Joffe 1965b; Ressler 1966; Denenberg et al 
1962; Gauron 1966; Pereira et al1980; Lane and Hyde 1973; Denenberg and Whimbey 1963; Morse 1979. 
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The idea that offspring of differentially housed mothers are differently stressed, however, is not 

the only potential explanation for the present results. Certainly, within the literature it ap-

pears that differential environments, as well as modifying their incumbents' neuroanatomy and 

neurochemistry, coupled with activity and learning performances, can also affect their maternal 

behaviours. For example, it has been reported that animals allocated to enrichment postpar-

tum with their litters, exhibit qualitatively different maternal behaviour than mothers exposed 

to a standard postpartum environment 12. In particular, the enriched mothers spend less time 

in the nest and less time nursing than control mothers, but on return to the nest spend more 

time interacting with their pups (Muir, Pfister and Ivinskis 1985). Given that the mother is an 

important agent in supplying stimulation and maintaining the arousal of her offspring (Ivinskis 

and Homewood 1980) and that it is quite likely that the differentially reared mothers will behave 

differently with their pups 13, then it is not unreasonable to assume that the offspring groups 

will be different. Furthermore, following Walsh and Cummins' (1975) arousal hypothesis, early 

exposure to stimulation resulting in raised arousal levels, can act as a "vaccine" immunising an-

imals to future stimuli by altering their arousal homeostasis. It may be therefore, that the three 

offspring groups' baseline arousal levels have been altered by the stimulation afforded them by 

their qualitatively different mothers. As yet the precise nature of this stimulation is not clearly 

defined, but it is likely that these pups will in turn develop different behavioural profiles, a fact 

noted in the present work. 

As an explanatory variable, arousal, although often discussed in the literature (Walsh and Cum-

mins 1975), is not without its problems (Neiss 1988). For example, there has been confusion 

about the relationship of arousal to performance. Early researchers suggested that this relation-

ship could best be described in terms of an inverted-U (Yerkes and Dodson 1908), optimal arousal 

producing optimal performance and both higher and lower than optimal arousal being associated 

12In the present experiment maternal behaviour during the preweaning phase was not examined, as it was 
decided to minimise any disturbances of the litters during this stage of development, to avoid directly stimulating 
the offspring. However, this observation of litters might well be an area worth exploring in the future (see chapter 
nine) 

13 With for example enriched mothers' style of interaction providing additional stimulation of the infant's internal 
arousal system and thus "enriching" their pups when compared with the behaviour of SC or IC mothers. 
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with lower levels of performance. Later, in a critical appraisal of this hypothesis, Landers (1980) 

emphasised that the inverted U was not an explanation for the arousal-performance relationship, 

merely a description of it. 

This debate notwithstanding, an arousal hypothesis provides an obvious framework within which 

to consider the present findings. Certainly some aspects of the data could be seen in terms of 

differential arousal levels in the three offspring groups, interacting with an optimal arousal level 

for a particular task. However, the present data taken as a whole do not lend themselves readily 

to interpretation in terms of inverted-U functions, even allowing for different levels of arousal 

being optimal in different test situations and for the two sides of the U not necessarily being 

symmetrical. For example, the rank ordering of offspring groups showed little consistency even 

within a single test situation. Of course the operation of a differential arousal homeostasis in 

the three offspring groups could be but one of several factors determining performance in the 

test situations. Consequently it is difficult tu reject an arousal theory, at least until further 

information is available. 

One of the other factors which may be contributing to differences in offspring performance in 

this study is learning. Consistently found in the EC-IC literature is the idea that differential 

opportunity for learning is one of the major causes of the cerebral differences noted in animals 

exposed directly to environmental experience. Although Rosenzweig and Bennett (1976) state 

"it is of course not certain that these larger cerebral effects could be attributed to learning and 

memory as such" (p206), others such as Greenough (1976) maintain that learning must be in

volved in producing the EC-IC differences "it would be much more difficult to argue that EC 

rats do not learn more than their cagehoused counterparts than it is to argue that they do". 

There are several reasons that support the conclusion that differential memory formation is at 

least one component in producing these diffen~nces (comprehensively reviewed by Renner and 

Rosenzweig 1987) including the fact that both the behavioural and cerebral effects of environ

mental complexity appear to be potentiated by drugs that affect memory formation (Bennett et 
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al 1973). Indeed Gardner et al (1975) have outlined a number of types of learning that probably 

take place in an enriched environment including passive avoidance learning (avoiding aggressive 

behaviour of fellow animals), exploration of novel objects, spatial and depth discrimination, all 

of which might generalise to the open field and to learning tasks. It may well be therefore that 

the enriched mother, who is more adaptable to novel situations and can generalise her learning 

across experiences, produces a different influence 14 on her offspring than a non-enriched mother. 

Whether this easier adaption reduces maternal stress levels and resultant hormones, which in 

turn have an impact on the offspring (as would be suggested by the prenatal stress literature), or 

in some way produces maternal behaviours which afford the offspring more learning experiences, 

thus altering their abilities, are for the moment pure speculations. What is clear, however, is 

that there is a case for investigating further the performance of the offspring groups in a learning 

task. 

Following on from the observation that enriched dams produce qualitatively and quantitatively 

different maternal behaviours (Muir et al 1985) from standard housed dams, is the idea that 

their offspring are subjected to maternal interactions which can be seen as different types of 

social stimulation and perhaps even opportunit.ies for play. These types of social interaction have 

been implicated in the development of the typical EC-IC effects (Welch et al 1974; Einon et 

al 1978; 1981) and there is no reason to suppose that they would not have a similar effect on 

the offspring. However as noted before, in the procedure employed in this thesis, no recordings 

of mother-infant interactions were taken 15. Consequently in the remainder of this thesis, only 

the more mechanistic hypotheses that purport to alter the internal state of the organism and 

which are testable in the offspring groups using behavioural measures (such as stress, arousal 

and learning) will be explored further. 

Prior to investigating the offspring groups' behaviour in more detail, however, the effects of 

differential maternal environments across two generations, the second aim of this chapter, will 

14For example the SEC dam may well interact with her pups in such a way as to maximise their learning 
opportunities 

15 This was a deliberate decision to minhnise any disturbance of the mother during the postpartum period. 
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be described. 

6:3 EXPERIMENT TWO 

6:3:1 INTRODUCTION 

In the preceding experiment, behavioural differences were found in offspring of animals exposed 

to SEC, IC or SC prior to pregnancy. One obvious question which arises from these results 

is whether or not these effects carry across more than one generation. In this present experi

ment, enrichment of the grandparent generation was investigated, a methodology that has few 

precedents in the EC/IC literature. Indeed, of the few studies that have reported the effects 

of enrichment across generations, only two have mentioned grandparent effects (Diamond 1984; 

Diamond, Chui, Johnson, Chelgren, Greer and Gibbons 1984). However, unlike the present work 

which concentrates on behavioural effects, both of these studies investigated anatomical changes 

in offspring. In particular, these authors reported increments in cortical thickness occuring in 

F1, F2 and F3 generations of pups whose parents were environmentally enriched. Consequently, 

the present experiment can be seen as a new departure in the literature. Given its emphasis 

on the behavioural rather than anatomical effects of enrichment across generations it has the 

possibility of extending our knowledge of both enrichment and in conjuntion with Diamond's 

work, the relationship between brain and behaviour. 

Manipulations of the grandparent generation which do result in behavioural changes in the grand

offspring, however, although extremely rare, are not unknown, For example, within the prenatal 

stress literature reviewed in some detail in chapter three, two studies have been published in 

which grandmother effects were found (Denenberg and Rosenberg 1967; Wehmer, Porter and 

Scales 1970). Although neither of these studies employed enrichment as a maternal manipula

tion, Denenberg and Rosenberg employing handling and Wehmer at aI, avoidance conditioning, 

their relevance to the present research lies in the fact that they demonstrate that manipulation 
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of the grandmother can result in behavioural effects two generations later. Indeed, Denenberg 

and Rosenberg have coined the phrase "non-genetic transfer of information across generations" 

to describe their findings. 

In the present experiment the behavioural effects of exposing the grandmother generation to SEC, 

SC and IC prior to pregnancy on the grandpup generation was investigated 16, using two test 

apparatuses which clearly differentiated the offspring of differentially housed mothers, namely 

the open field and the Skinner box. In this experiment the visual cliff was not employed as there 

was a limited number of subjects available. Furthermore to put them through three behavioural 

tests, which would have been unavoidable in view of the small number of subjects, may well 

have had an enriching experience in itself, thus confounding results (Rosenzweig and Bennett 

1977 have noted that training alters brain anatomy). Consequently the choice of tests was made 

based on priorities. Of particular interest to tlie present thesis, were activity levels and learning 

ability. Therefore, test situations which measure these behavioural components were chosen. 

In addition, weaning weights of the three groups were also recorded. Furthermore, because of 

the complexity of the breeding procedure and number of animals involved, it was decided to 

restrict this experiment to male grand offspring only, reflecting the fact that most of the EC/IC 

literature typically employs male rather than female animals (see chapter two of this thesis). At 

this time only preliminary analyses of the data from the previous experiments had been carried 

out to ascertain if differences did exist between offspring, but to reduce experimenter expectancy 

effects (Rosenthall 1966) only the most basic analyses had been performed and the fact that sex 

differences had emerged in the previous experiment (as a main effect, but not as an interaction 

with environmental group) had not been discovered when this decision was taken. In retrospect, 

it may have been preferable to employ female grandoffspring too. 

16The grandpup generation is simply the offspring of the generation of animals employed in the previous exper
iment of this study. 
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6:3:2 METHODOLOGY 

a) Subjects: 

These were 30 male F3 generation Hooded Lister rats of weanling age (19-21 Days), 10 from 

each of the three groups of F2 generation females maintained in standard group housing (SC), 

whose dams' had been exposed to either SEC, SC or IC prior to pregnancy. The small number 

of animals employed in this experiment was due to practical limitations. To breed even these few 

animals took up quite large amounts of space and resources in the laboratory a consideration 

that had to be taken into account throughout this thesis. Details of this breeding procedure can 

be found in the general methodology chapter (Chapter four). 

b) Apparatus and Environments: 

The open field and the Type II Skinner box system employed in this experiment were the same as 

were used in the previous experiment, detaih: ~f which can be found in the general methodology 

chapter, along with descriptions of the three environments to which the grandmothers of the 

present experimental subjects were exposed. 

c) Procedure: 

Subjects were weaned and assigned to individual cages for a day prior to the start of testing, 

during which time their experimental backgrounds were coded by a technician, so that the exper

imenter was unaware of their environmental history. Starting at 22 days of age, all 30 subjects 

were given five daily three-minute trials in the open field, following the procedure employed in 

experiment one of the previous chapter. Number of lines crossed, rears and defecations and 

seconds spent in the centre of the open field were recorded, running order for the animals being 

randomised at the start of each day of testing. During this time animals were weighed daily to 
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ensure they were healthy and developing normally and were maintained on an ad libitum diet. 

At the end of the open field testing, all subjects were placed on a maintenance diet of eight grams 

of food at the end of each day and starting on Day 29, embarked on an eighteen day Skinner 

box test procedure developed by Rose, Love and Dell (1986). In particular, subjects received one 

30 minute Skinner box trial daily, reinforcement consisting of one pellet of food (Noyes pellets) 

paired with one second illumination of the four house lights. The training schedule employed was 

the same as in previous experiments, namely: CRF (Days 1 and 2); FR3 (Days 3, 4, 5 and 8); 

FR6 (Days 9, 10, 11 and 12); FR12 (Days 15, 16, 17 and 18). On Days 6, 7, 13 and 14 subjects 

were maintained on an ad libitum diet to ensure that they were not adversely affected by their 

deprivation diet. Subject running order was randomised on each day of testing and number of 

bar presses recorded. 

6:3:3 RESULTS 

As in experiment one of this chapter, the practice of culling to equate littersizes typically re-

ported in experiential research was not employed in this present work, although equal numbers 

of litters were represented in the three groups. Consequently, prior to analysis of any of the 

behavioural data a oneway ANOVA of size f)f litter that each subject came from was carried 

out and revealed no significant differences between the three experimental groups F(2,27)=2.03 

p>0.05. Consequently no further statistical corrections were employed to control for variance due 

to littersize as the contribution of this factor to the three groups was deemed equal. As with the 

previous experiment individual subjects were used as the unit of analysis following Denenberg's 

recommendations (Denenberg 1977). 

With respect to the behavioural data, the present results demonstrate that the effects of dif-

ferential maternal environments prior to pregnancy can have a behavioural impact on their 

grandoffspring, although these differences are far less robust than in earlier generations. In this 

experiment significant differences emerged between the groups' rearing behaviour in the open 
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field test and there was a tendency for SEC and SC grandoffspring to bar press more than their 

IC counterparts and to cross more lines in the open field, although the last two results were not 

statistically significant. These results, in conjunction with the weaning weights will be described 

in more detail below. 

a) Weaning Weights: 

A oneway analysis of variance of the weaning weights of the three experimental groups revealed no 

significant differences between grandoffspring of SEC, SC and IC dams F(2,27}=0.853 p>0.05. As 

can be seen from Table 6:5 which described the groups' weaning weights, grandoffspring weights 

are around the 50 gm mark. 

GROUP WEIGHT 
SEC 52.20 
SC 48.10 
IC 50.90 

Table 6:5 Grandoffspring weaning weights. 

b) Open Field: 

As can be seen from Figure 6:5, which graphically represents the mean number of lines crossed 

by the three experimental groups, there was a tendency for SEC and SC grandoffspring to cross 

more lines than their IC counterparts. Howevf,f, this was not statistically significant F(2,27}=2.67 

p>0.05. Predictably, however, there was a significant days effect F( 4,108}=6.07 p<O.OOl, day 

two producing the highest levels of responding. Finally, although Figure 6:5 suggests differential 

patterns of responding over the days for the three experimental groups, the relevant interaction 

was not statistically significant F(8,108}=1.15 p>0.05. 
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With respect to the rearing measure, however, significant differences did emerge between the three 

experimental groups F(2,27)=5.44 p>O.Ol, qualified by a significant days by experimental group 

interaction F(4,108)=2.95 p<0.005. As can be seen from Figure 6:6, SEC grandpups reared 

significantly more than either their SC or IC counterparts, confirmed by a post hoc Newman 

Keuls analysis, p<0.05 and p<O.Ol, for the comparisons respectively. In addition, there was a 

significant days main effect F( 4,108)=5.72 p<O.OOl, animals rearing most on day four. 

Considering, finally, the two measures often associated with emotionality, number of defecations 

and seconds spent in the centre of the open field, analysis of variance on these two measures 

over the five days of testing failed to reveal any significant effects due to the grandmaternal 

experience F(2,27)=0.58 and 0.03 p>0.05 for the two measures respectively. Moreover, in neither 

of the analyses were there any significant interactions F(8,108)=1.14 and 0.78 p>0.05, for the 

defecations and time in centre measures respectively, suggesting similar patterns of responding 

over days for the three groups. Indeed, the only significant effect to emerge in these ANOVAs 

was due to the days main effect F(4,108)=2.39 p<0.05, for the time in centre measure, animals 

spending more time in the centre circle on day three. 

c) Skinner Box: 

Figure 6:7 describes the learning curves for the three grandoffspring groups over the eighteen days 

of testing in the in the Skinner box apparatuR. Although SEC and SC subjects appear to bar 

press more than their IC counterparts, analysis of variance of the bar press scores of the groups 

over all test days proved this to be non-significant statistically F(2,27)=1.93 p>0.05. Predictably, 

there was a highly significant days effect F(13,351)=59.49 p<O.OOl, but no differences between 

the groups in rate of learning F(26,351)=1.21 p>0.05. 
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d) Summary of Significant Main Effects: 

In the grandoffspring, of the five measures taken (number of lines crossed, number of rears, 

number of defaecations, time spent in the centre of the open field and number of bar presses in a 

Skinner box) only one clearly demonstrated significant differences between the groups. This was 

number of rears. As can be seen from Figure 6:6, grandoffspring of SEC animals reared more 

than their SC and IC counterparts. 

6:3:4 DISCUSSION 

The results of this experiment extend the findings of the previous experiment in revealing that 

exposing female rats to differential environments prior to pregnancy, not only affects their off

springs' behavioural profiles, but can also have a slight effect two generations on. This finding 

extends the work of Diamond et al (1984), who reported significant increases in cortical thickness 

in successive generations of offspring of enriched parents, in that it demonstrates a behavioural 

difference between the experimental groups. Furthermore, in the present work, the differences 

between the grand pup groups were found in a measure of activity, rearing, reminiscent of the 

activity differences observed in the grandoffspring of animals subjected to avoidance condition

ing prior to pregnancy (Wehmer et al 1970) or handling in infancy (Denenberg and Rosenberg 

1967). Unlike the latter authors' work, however, which employed fairly stressful and invasive 

grandmaternal manipulations, the present investigation employed a procedure that McKim and 

Thompson (1975) have described as a "minimal" stressor, suggesting that even subtle changes 

in the environmental experiences of an organism can have implications for future generations. 

In the present investigation, statistically significant differences only emerged between the exper

imental groups in the rearing measure, although there was a tendency for SEC and SC grand off

spring to cross more lines and bar press more than their IC counterparts. These results will be 

discussed in the following pages. 
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Grandoffspring Weaning Weights: 

As with the previous experiment, no differences emerged between the grandoffspring groups with 

respect to weaning weights. This contrasts with Diamond et al (1984) who reported finding 

body weight differences in favour of progeny of enriched animals. However, the latter study 

subjects were weighed at birth, whilst the present results were based on the weights of 21 day old 

animals, procedural variations which may well account for the differences between the results. 

In addition, Diamond et al (1984) typically included a period of prenatal enrichment which may 

have impacted directly on the fetuses, further altering the procedural variations between their 

study and the present work, rendering comparisons difficult. Interestingly, in the present study 

grandoffspring weaning weights averaged 50 grams, a good 10 grams heavier than the weaning 

weights of offspring of animals exposed to SEC, SC and IC. Whether this reflects maturational 

differences or is just a random fluctuation, is unclear. It should be pointed out, however, that 

these weight differences between offspring and grandoffspring groups do not reflect differences in 

littersizes, animals in both experiments coming from similar size litters (see appendices). 

In this thesis it has been argued that as a maternal manipulation exposing animals to differen

tial environments should be seen in the context of a minimal stressor. Interestingly, the only 

other maternal manipulation which has beep designated minimal in the prenatal stress liter

ature, namely handling (McKim and Thompson 1975), has also been investigated across two 

generations. Unlike the present results, however, differences were found in weaning weights of 

animals whose grandmothers were handled prior to conception, when compared with offspring of 

control grandmothers (Denenberg and Rosenberg 1967). Specifically, grandoffspring of handled 

females weighed significantly less than those of unmanipulated females. This comparison serves 

to highlight the importance of the nature of the maternal manipulation (as discussed in more 

detail in chapter three) and suggests that exposing future mothers to SEC, SC and IC which 

does not have an impact on either their offspring or grandoffspring's weaning weights, cannot be 

considered a similar type of stressor as handling. 
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Grandoffspring Open Field Behaviour: 

In the rearing measure, SEC subjects were more active than their IC counterparts. Furthermore, 

there was a tendency for SEC animals to cross more lines than their IC counterparts, although 

this was not statistically significant. This is in contrast with the results of the previous experiment 

in which the offspring of IC mothers were more active than their SEC counterparts in both the 

lines crossed (day one) and the rearing measures. In addition, when comparing the SEC and 

IC grandoffspring groups with animals exposed directly to SEC, SC and IC (Figures 5:6 and 

5:7) grandoffspring performance can be seen as mirror-imaging their grandparent generation's 

behavioural profiles. 

When the SC grand pups performance is included the picture becomes more complex, as their 

behavioural profile is similar to that of the SEC grand pups in the lines crossed measure and to 

that of the IC grandpups in the rearing measure. Again this result is in contrast with the SC 

offspring performance, where, for example, SC progeny crossed more lines than the SEC offspring 

(days one to four), whilst rearing less than the IC offspring and from the grandparent generation, 

where in the post partum groups, SC dams' performances were statistically indistinct from those 

of the IC dams. 

Unlike either the differentially housed animals or their offspring, however, grandoffspring groups 

did not differ in terms of the measures typically associated with emotionality, namely time spent 

in the centre of the open field, and defecation scores. As yet there is no obvious explanation for 

this finding. 

When the results of the present experiment are compared with the two other examples of grand

maternal manipulations in the prenatal stress literature, however, the picture becomes even 

more confused. Two procedures have been employed as a grandmaternal manipulation, premat

ing avoidance conditioning (Wehmer et al 1970) and handling (Denenberg and Rosenberg 1967). 

The former manipulation which has been deemed "punitive" by McKim and Thompson (1975) 
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has been found to have an impact across generations, the latter more "minimal" stressor only 

having an impact on grandoffspring in conjunction with maternal enrichment. In particular, 

grandpups of female albino rats which had been subjected to avoidance conditioning before mat

ing were found to be more active in an open field than the descendants of control grandmothers, 

whilst the effect of handling was only apparent as elevated activity levels in grandoffspring of 

mothers exposed to enrichment during infancy. If the maternal generation were not given any 

"free environmental" experience, however, descendants of non-handled grandmothers were found 

to be more active than the grandpups of handled animals. What seems to be emerging here, 

is that, as with many other examples of prenatal stress, the nature of the stressor plays an im

portant role in the mediation of the effects across generations. With the more punitive stressor, 

avoidance conditioning, grand offspring are more active than their control counterparts. With 

the more minimal stressor, handling, however, the opposite is true. It is only with the addition 

of a "top-up" dose of maternal (as opposed to grandmaternal) enrichment that grandoffspring 

produce higher levels of open field activity. This suggests, in conjunction with the present results 

where some evidence of grandparent effects also emerged, that exposure to differential environ

ments, unlike handling, has an element within it which produces the effects more commonly 

associated with a "punitive" stressor, when the effects are investigated two generations further 

on. The nature of this element is still a matter for conjecture. However, it should be pointed out 

that if the transfer of effects is being solely mediated by stress, then changes in grandoffspring 

groups levels of emotionality would also have been predicted. This was not the case, as can be 

seen from the lack of significant differences between the groups' time in centre and defecation 

scores. Other factors may also be contributing to the differences in grandoffspring behaviour in 

an interactive manner. For example, as with the parent generation observed in the last exper

iment, grandoffspring performances may well also reflect the differentially arousing properties 

of their mothers' behaviour (these animals in. turn altered by their own mothers, Ivinskis and 

Homewood (1980), coupled with their experiences of being housed in an SC) either from birth, 

in utero, or both. 
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Grandoffspring Skinner Box Performance: 

Despite a tendency for SEC and SC grandoffspring to bar press more than their IC counterparts 

(Figure 6:7), this result was not statistically significant. However, it is interesting to note, that 

yet again the pattern of grandoffspring performances differ from that of both their parent and 

grandparent generations. For example, animals exposed directly to IC bar pressed more than 

their SEC counterparts, whilst SC offspring bar pressed significantly more than SEC offspring 

but did not differ significantly from IC offspring. In the grandoffspring groups, a different (albeit 

nonsignificant) pattern emerged. 

Summary and Conclusion: 

In this experiment, grandoffspring of animals exposed to differential environments prior to preg

nancy were tested in order to investigate their activity and learning performances. Results 

extended the pioneering work of Diamond et al (1984), in demonstrating some evidence of a 

behavioural difference between the groups and were reminiscent of the work of researchers em

ploying more stressful maternal manipulationR (Denenberg and Rosenberg 1967; Wehmer et al 

1970). Furthermore, although only the rearing measure significantly distinguished between the 

grandoffspring groups, it is of passing interest to note that the grandoffspring performances were 

fairly consistent across behavioural measures, SEC and SC grand pups being typically more ac

tive than their IC counterparts. In view of the lack of statisitically significant data, however, too 

much must not be made of this observation. 

As yet the nature of the mechanisms underlying these effects is not known. However, enrichment 

has been found to have both behavioural and biological effects on the stimulated organisms 

and to quote Denenberg and Rosenberg (1967), "these effects could act through changes in the 

grandmaternal or maternal behaviour or through physiological changes which would affect the 

developing foetus or modify the milk supply of the grandmother or mother" (p550). Before 
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attempting to ascertain causality of grandpup effects more rigorously, however, the impact of 

enrichment on offspring needs to be considered further. Although the fact that enrichment 

effects can extend across two generations is fascinating, a more valuable avenue of exploration 

at this point in the present work is to understand the offspring effects before attempting to 

extend causality across two generations. Consequently, in the next two chapters, the nature of 

the behavioural differences between offspring of differentially housed mothers provide the main 

focus of attention and grandoffspring results are left open for future research. 

6:4 GENERAL DISCUSSION AND CONCLUSION 

The experiments reported in this chapter were designed to investigate the effects of environmental 

experience on the behaviour of successive generations, an area of research which has received little 

attention in the EC JIC literature. The results clearly demonstrate that differential housing, as 

well as affecting the anatomy and behaviour of animals directly exposed to SEC, SC and IC, has 

a slight effect on behaviour two generations later 17. 

Perhaps, not surprisingly, behavioural differences appear to be far stronger in the offspring gener-

ation than in the grandoffspring generation and indeed, it is the nature of said offspring differences 

which provide the focus for the next chapter. However, the importance ofthe present research lies 

in the fact that it extends the definition of "early experience" beyond the lifetime of one organism. 

In particular, this present work suggests that.early experiential research should not just consider 

the environmental background that the developing organism has experienced, but must now be 

aware that the true "nature" of an organism is also influenced in some "non-genetic" (Denenberg 

and Rosenberg 1967) manner by the environmental experiences of previous generations. 

When considering the nature of the effects of differential maternal environments, with both 

the offspring and grandoffspring generations, the patterns are complex. As only one of the 

five behavioural measures taken in the grandoffspring generation statistically distinguished be-

17 For a fuller discussion of the relationship between the offspring and grandoffspring effects, the reader is referred 
to chapter nine, the general discussion of this thesis. 
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tween the three experimental groups, grandoffspdng effects must be treated with some caution. 

Consequently the remainder of this thesis will focus on the offspring generation where several 

statistically significant results emerged. More specifically, from the evidence presented in this 

chapter, offspring of animals exposed to SEC, SC and IC differed in their performances in the 

open field, Skinner box and to a lesser extent in the visual cliff. The exact nature of these dif

ferences, however, remain to be elucidated, as do their causes. It was suggested, however, that 

these behavioural performances might be mediated by a variety of intervening variables, includ

ing endocrine system alteration, neurochemical changes, stress, differential arousal or learning. 

Of these, the possibility that offspring performances reflect and/or are mediated by different 

learning capacities, is of considerable theoretical importance and warrants further investigation. 

Although the present experiment did employ a Skinner box task, as Greenough (1976) points out, 

the behavioural effects of differential experie~c,~ seems to be greatest on tasks which are rather 

similar to a complex environment, such as mazes. Consequently, it was decided to compare the 

performances of the the three types of offspring in a Hebb-Williams maze. This forms the first 

experiment of the next study, chapter seven. 
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CHAPTER SEVEN: THE EFFECTS OF 

DIFFERENTIAL MATERNAL ENVIRONMENTS 

PRIOR TO PREGNANCY ON OFFSPRING 

PERFORMANCE IN THE HEBB-WILLIAMS MAZE 

AND AN OPERANT CONDITIONING TASK 
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7:1 GENERAL INTRODUCTION 

So far, the experimental work in this thesis has demonstrated clear effects of the environmental 

manipulation of female rats prior to pregnancy on offspring performance, with slight effects 

emerging in the grandoffspring generation. The potential role of a variety of factors in mediating 

the offspring effects were considered in the previous chapter and on the basis of this discussion, 

it was decided to pursue explanations of a mOle mechanisitic nature, in particular concentrating 

on learning, arousal and stress. The first experiment in this chapter examines these explanations 

further, with specific attention to learning, as measured by offspring performance in the Hebb-

Williams maze. 

7:2 EXPERIMENT ONE 

7:2:1 INTRODUCTION 

According to Renner and Rosenzweig (1987) "in studying the effects of differential environments 

on brain and behaviour, the obvious implication from findings that animals with an enriched 

history exceed their impoverished counterparts in many brain measures is that they will also be 

behaviourally superior" (p40). Although it is !lOW apparent that EC animals are behaviourally 

different from their IC counterparts (see chapter two) there is some debate as to whether these 

differences reflect enhanced learning capacity per se in the EC animal (Renner and Rosenzweig 

1987), deficiencies in the IC animal (Dell and Rose 1986) or even EC/IC differences in non-

learning functions (see chapter two). Nowhere is this debate more obvious than in the maze-

learning literature and in particular, in the analyses of the performances of differentially housed 

animals in the Hebb-Williams maze. 

This paradigm, first described in 1946 as a method of rating animal intelligence, has been exten-

sively employed in the EC/IC literature, with numerous authors reporting superior performance 

in animals raised in complex environments when compared with animals raised in isolation or in 
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socially housed conditions (see chapter two). Although at first this performance difference was 

interpreted as a quantitative difference in intelligence between the experimental groups (Hebb 

and Thompson 1954; Hebb 1947; 1949) what is now clear is that enrichment produces an animal 

that is qualitatively different from its IC or SC counterpart. 

More specifically, EC animals are better able to use extra-maze cues when successfully negotiating 

the Hebb-Williams maze (Forgays and Forgays 1952; Ravizza and Herschberger 1966) whereas 

isolation induces higher levels of exploration resulting in increased error scores (Zimbardo and 

Montgomery 1957; Woods 1959; Woods et al 1960; 1961). This has lead some researchers to 

conclude that the IC animal fails to habituate to irrelevant diversions in the maze pathways thus 

maintaining their higher error scores over trials (Dell and Rose 1986). However, according to 

Renner and Rosenzweig (1987), deficiency in response inhibition in the IC animal cannot account 

for all the problem solving differences observed in the EC/IC literature (reviewed in chapter two) 

and they argue that "no explanation of the existing behavioural differences documented thus 

far can account for the variety of findings without including some type of cognitive difference 

between EC and IC subjects" (p48). 

If, as these authors suggest, EC and IC animals have different environmentally induced cognitive 

capacities, then an important question for this present work is, simply, do offspring of differentially 

housed mothers have different cognitive capacities as well? The purpose ofthe present experiment 

was to explore this further by examining offspring performance in the Hebb-Williams maze. 

In reviewing the available learning paradigms that might be appropriate for testing the per

formance of offspring of differentially housed mothers, Greenough's (1976) contention that be

havioural effects of differential experience seem to be greatest in maze tasks was taken into 

account. Beyond that, the choice of Hebb-Williams as opposed to the other types of mazes 

available was made for several pertinent reasons. 

Firstly, as has been noted, there is already an extensive literature 1 detailing the performances 

1 Albeit not an entirely consistent one. 
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of animals exposed directly to EC, IC and SC in this apparatus against which to compare those 

of the offspring. This allows for conceptual lin ·{s to be drawn between the offspring and parent 

generations. Secondly, in a fairly recent publication Dell and Rose (1986) have modified the 

more traditional Hebb-Williams maze by extending the height of the walls and barriers to make 

it an open rather than closed field. This methodological alteration allows the experimenter to 

monitor error scores (the behavioural measure associated with problem solving ability), number 

of squares entered (a measure of activity) and number of rears (according to these authors a 

measure of exploration) separately, thus offering a more comprehensive account of the animals' 

Hebb-Williams performance. This methodology might therefore be useful in isolating causal 

differences between the offspring. 

The final reason for choosing the Hebb-Williams maze was that, of those few studies investigat-

ing the effects of enrichment of the offspring during the postpartum period 2 on their learning 

performance or, of more relevance to the present work, enrichment of the mother during preg-

nancy on their offsprings' learning performance 3, have all employed the Hebb-Williams maze 

(see Table 1:1, chapter one). This is a precedent unrivalled by any of the other maze paradigms. 

To date, however, it should be noted that no experiments have employed this task to investigate 

the effects of animals exposed to differential environments prior to pregnancy on their offspring, 

a time when the environmental experience could not possibly affect the offspring directly, but 

only in a manner mediated through the maternal response. 

Although postpartum enrichment has been found to have an impact on the offsprings' Hebb-

Williams performance, with for example the most recent publication employing this paradigm 

(Muir et al 1985) reporting that pups subjected to enrichment from birth to day seven made 

fewer errors in the Hebb-Williams maze than control groups when tested at either 65 or 110 

days old, this procedure does not separate out the impact of direct enrichment of the offspring 

2Dawson and Hoffman 1958; Forgays and Read 1962; Schwartz 1964; Smith 1972; Will et al 1976; Muir et al 
1985; Venable et al 1988 

3 Ravizza and Herschberger 1966; Denenberg, Woodcock and Rosenberg 1968; Ivinskis and Homewood 1980; 
Kiyono, Seo and Shibngnki 1982; Kiyono, Seo, Shibngalci and Inouye 1985. 
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from that engendered by any maternal influence. This criticism can also be leveled at three 

of the "prenatal" studies (Ravizza and Herschberger 1966; Denenberg et al 1968; Ivinskis and 

Homewood 1980) in that they too, included a degree of postnatal enrichment. However, these 

studies where enrichment of the mother during pregnancy do have one thing in common with the 

present work, namely that for a period of their life (in utero) these offspring can only have been 

affected by the differential environments via their mothers, consequently they will be reviewed in 

some detail, to ascertain whether these procedures do have an effect, against which to compare 

offspring of mothers exposed to SEC, SC and IC prior to pregnancy, which were the subjects of 

this study. 

The earliest study 4 to expose pregnant animals to a "free environment" (Ravizza and Her-

schberger 1966) placed female rats individually into cages that afforded them extensive climbing 

experience five days prior to the birth of their offspring. Control animals were housed in en-

vironments that restricted motor experience. Offspring were maintained in these environments 

postpartum until they were weaned at which time they were housed individually in cages iden-

tical to the ones in which they were born. When tested as adults, offspring of mothers given 

access to motor experience exhibited more activity in table top exploration and, of relevance to 

the present experiment, "showed superior performance in the Hebb-Williams intelligence test" 

(p73). 

Prenatal enrichment in the more traditional sense (ie: social housing with toys) was first em-

ployed by Denenberg et al (1968). Their subjects were female rats born to mothers which had 

been handled in their own infancy and which were placed into either maternity cages or free 

environments whilst pregnant. Offspring were raised in these environments and once weaned 

were reared in either SC (N=2 to 3) or EC (N=10 to 12) until 50 days old. When tested in 

adulthood (370 days) both the preweaning and postweaning experiences emerged as significant 

main effects, reducing number of errors in the maze. Admittedly the EC experience after wean-

4None of these studies have been reviewed in detail although their main findings are described in Table 1:1, 
chapter one. 
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ing had a greater impact on Hebb-Williams performance than the preweaning experience, but as 

the authors point out "the surprising finding is that preweaning enriched experience had such a 

positive effect" (p535). 

Their surprise reflected the generally held notion at that time, that enrichment must occur after 

weaning and before maturity in order to produce the most pronounced changes in problem solving 

(Hymovitch 1952). More specifically, the optimum postweaning period for enriched stimulation 

in rats was considerd to be between 22 to 43 days (Forgays and Reid 1962) and between 50 to 

60 days (Nyman 1967), with Denenberg (1966) even suggesting that learning plays only a minor 

role in preweaning stimulation. Ever cautious, Denenberg et al (1968) concluded that "because 

of the extreme immaturity of the rat at birth, it is likely that enrichment during infancy only has 

an effect upon the rat during the last week to 10 days of the preweaning period, ie., after it has 

developed proficiency in locomotion and after the eyes have opened" (p535). This conclusion, 

however, has proved to be erroneous as exposure to enrichment between days 0 to 7 (a time when 

rats' eyes are still closed, and locomotion is minimal) has since been found to reduce error scores 

when compared with control animals (Ivinskis and Homewood 1980). 

This latter experiment and those ofthe Japanese researchers (Kiyono et a11982; 1985) are unique 

in the EC/IC literature in that they have tested the effects of enrichment of the mother (during 

pregnancy) on offspring problem solving ability 5, making sure that (like the present thesis) the 

offspring themselves are not exposed to direct environmental experience. That is, any effects 

must be mediated by the mother. 

As with many areas of research in the EC/IC literature, these three studies have produced con

flicting results, two (Kiyono et a11982; 1985) reporting facilitative effects of prenatal enrichment 

in postnatal Hebb Williams performance, the remaining study (Ivinskis and Homewood 1980) 

concluding that "the benefits that the mother might have derived during such an exposure were 

not transmitted to the fetus. It seems that for significant improvement to occur in offspring, 

5Ivinskis and Homewood employed two separate procedures, either stressing dams prenatally or post partum 
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behavioural environmental stimulation must be provided during the postnatal period" (p339). 

Procedural variations may well partially account for the discrepancy in results. For example 

Ivinskis and Homewood maintained their animals in EC and SC for the last trimester of preg

nancy, whereas Kiyono and his colleagues maintained their groups in differential environments 

for the whole gestation period. One fact, however, stands out, namely Ivinskis and Homewood 

compared EC offspring with SC controls, whilst Kiyono et al (1982; 1985) employed EC, SC 

and IC offspring. In their 1985 paper, these latter authors reported only finding significant dif

ferences between EC and IC animals, that is the EC versus SC differences were not significant. 

This suggests that Ivinskis and Homewood's conclusion was a touch premature and that prenatal 

enrichment can have a beneficial effect on offspring Hebb Williams problem solving behaviour, 

when compared with an appropriate control group. 

To summarise these findings and place them in context, it can be seen that prenatal enrichment 

whether coupled with, or independant from postnatal enrichment, can have a positive effect on 

offspring's problem solving ability. Furthermore, although changes in behaviour produced by 

environmental stimulation during the preweaning period have usually been explained in terms 

of direct alterations of the neuroendocrine mechanisms which behaviourally are manifested in 

lower levels of emotionality (Denenberg and Zarrow 1971, see also chapter three for review of 

this literature) there are other ways of looking at this issue. 

Ivinskis and Homewood (1980) have argued that these effects might be mediated by the mother 

"an important agent in supplying stimulation and maintaining the arousal of the infant" (p337) 

which, as has been proposed by Walsh and Cummins (1975), mediates the effects of enrichment. 

They suggest "it is therefore possible that, thfOugh this mother-infant relationship the beneficial 

effects of the enriched environment can be transmitted to the infant rat during the early part 

of the preweaning period" (p337). This suggestion is consistent with some of the findings of the 

present thesis, and has provided one possible explanation for the offspring effects reported in 

the previous chapter. However, as noted earlier, arousal is but one possible cause of the prior 
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to pregnancy induced effects. Learning differences between the offspring groups, engendered by 

their experiences with qualitatively different mothers have also been postulated as causing the 

offspring differences. 

The purpose of the present experiment was to investigate the nature of offspring differences 

further, using a paradigm that tests for problem solving ability, the Hebb-Williams maze. This 

paradigm has several advantages, in that it can (following the procedure developed by Dell 

and Rose 1986) isolate activity, exploration and learning, in as much as these variables can be 

differentiated from each other, thus offering a way of exploring both offspring learning capacity 

and the postulated causes of the offspring differences. 

More specifically, if, as has been suggested, SEC mothers are in some way altering the learning 

capacity of their offpsring, then SEC pups should quite simply make fewer errors than the SC and 

IC offspring in the various mazes. Furthermore, their learning curves, as measured by number 

of errors over the eight trials in the six mazes employed, should show a faster reduction of errors 

over trials than that of their SC and IC counterparts. If on the other hand, offspring groups are 

differentially stressed or aroused by their experiences with their mothers, then differences should 

emerge between the groups in measures of emotionality and activity 6. 

One final decision was also taken in this experiment which should be explained. As with the grand 

offspring study (see previous chapter) only male offspring were employed in this experiment. This 

was for two reasons: firstly, the procedure to be adopted in the present study was developed using 

male animals (exposed directly to enrichment) and it is their behavioural profiles that are being 

used as a standard against which to compare offspring profiles, so it was deemed appropriate to 

employ male animals in this study. Secondly, the Japanese researchers who reported differences 

in Hebb-Williams performances in animals exposed to enrichment and impoverishment whilst in 

utero (Kiyono et al1985), also used male rats, further justifying this decision. It should be noted, 

6 Obviously differing levels of activity and emoti<JllUlity in the offspring may reflect either differential stress 
levels or arousal levels in these animals. In order to seperate out these factors, arousal levels are investigated 
further in the next chapter. 

380 



however, that earlier studies using the closed field version of the Hebb-Williams have employed 

female animals (Denenberg et al 1968; Kiyono et al 1982) so there is a relevant female baseline 

available that could be employed in future research. 

7:2:2 METHODOLOGY 

a) Subjects: 

These were 39 male F2 generation Hooded Lister rats of weanling age (21 days), 13 animals being 

bred from F1 generation females exposed to either SEC, SC or IC prior to pregnancy, following 

the procedure oulined in the general methodology chapter (chapter four). Because of the length 

of time the Hebb-Williams procedure takes on anyone day, it was decided to breed the animals 

in two batches, care being taken to ensure that consistency was maintained in the procedures 

employed for the two groups. Seven offspring were obtained from each maternal condition in 

batch A, six in batch B, equal numbers of litters being represented in each case. 

b) Apparatus: 

Based upon the modification developed by Dell and Rose (1986), the Hebb-Williams apparatus 

employed in this experiment is described in detail in the general methodology chapter (chapter 

four). 

c) Procedure: 

At weaning subjects were weighed and assigned to individual cages for a day prior to the start 

of the experimental procedure. During this time, all the animals from SEC, SC and IC mothers 

were recoded by a technician so that the experimenter was unaware of each animals' background, 

thus removing any confounding expectancy effects (Rosellthall 1966). Starting at 22 days of age, 
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subjects were put through the following maze training and testing phases. 

PHASE ONE: PRE-TRAINING PERIOD: This consisted of habituating the animals to the 

experimental apparatus. In particular, on days one and two, all animals were placed in the goal 

box of the maze (see Diagram 7:1) with a bowl containing five Noyes pellets. Animals were left 

in the goal box until they had either eaten all the pellets, or five minutes had expired. Time to 

eat all the food was recorded, animals not eating the pellets being given a score of 300 seconds 

(five minutes). On days three, four and five, animals were placed in the start box of the Hebb-

Williams maze and trained along a runway connecting start and goal boxes. Again, animals were 

removed once they had eaten all the pellets in the goal box, or after five minuteds had elapsed. 

In this part of the procedure, latency to leavt. ~he start box and time to reach the goal box was 

measured. For these first five days of training, animals were given two trials a day. 

PHASE TWO: TRAINING PERIOD: This consisted of training the animals using a procedure 

based on that of Rabinovitch and Rosvold (1951). Subjects were trained on six practice mazes (see 

diagram 7:2) to a criterion of nine correct solutions 7 in less than 60 seconds on two consecutive 

days. Animals reaching this criterion early, as recommended by Rabinovitch and Rosvold, were 

given three trials per day until all animals had reached criterion. Consequently, all the animals 

were exposed to all of the practice mazes, albeit for varying number of trials, animals having 

reached criterion early only receiving three trials per maze rather than nine. In this part of the 

training procedure, animals' latency to leave the start box, number of squares entered in the 

maze and time to reach the goal box were recorded. Number of days to reach criterion for each 

animal was also calculated. 

PHASE THREE: TESTING PERIOD: This consisted of testing all the subjects on SIX maze 

problems (Numbers 1, 3, 5, 7, 9 and 11 of Rabinovitch and Rosvold's (1951) 12 test mazes: see 

Diagram 7:3). The problems were presented on consecutive days, subjects being given eight trials 

on each one. Latency to leave the start box, time to reach the goal box, total time (that is the 

7 A correct solution consisted of the animal reaching the goal box, where it was fed five Noyes pellets. 
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Diagram 7:1 
Schematic representation of positioning of Runway 
within the maze apparatus employed in the pre-training period. 

Bold Lines = Barriers 
SB = Start Box; GB = Goal Box 
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Diagram 7:2 
Schematic representation of the six practice mazes 
employed in this thesis based on those employed 
by Rabinovitch and Rosvold (1951) 

Bold Lines = Barriers 
SB = Start Box; GB = Goal Box 
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Diagram 7:3 
Schematic representation of the six test mazes 
employed in this thesis, taken from the 12 test 
mazes designed by Rabinovitch and Rosvold (1951) 

Bold Lines = Barriers Dotted Lines = Error Zones 
SB = Start Box; G B = Goal Box 
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time from being placed in the start box until all the food was eaten), number of retraces (that 

is number of times the animals re-entered the maze from the goal box), numbers of initial and 

repetitive errors 8 (those that the animals made on re-entering the maze from the goal box), 

squares entered and rears were recorded. Animals were fed five Noyes pellets in the goal box in 

each trial. 

At all stages of testing, animals were given a maintenance diet of eight grams of breeding diet at 

the end of each day and were weighed each m"rning to ensure that the food deprivation schedule 

was not adversely affecting their normal growth patterns 9. 

7:2:3 RESULTS 

As with the previous experiment (chapter six) littersize effects were checked using a one way 

analysis of variance, with size of litter from which each subject was drawn as the dependant 

variable. Results indicated that there were no significant variations between experimental groups 

with respect to littersize F(2,36)=O.18 p>O.05, consequently individual animals were used as the 

unit of analysis 10. 

Data from both the pre-training period (phase one) and training period (phase two) were anal-

ysed, as were measures taken during the testing period itself. These will be reported in the next 

two subsections. 

PHASES ONE AND TWO: PRE- TRAINING AND TRAINING 

In this section, measures taken from both the pre-training and training phases of the experiment 

will be described. Considering the initial pre-training procedure first, animals were habituated 

8 An error is defined by the animal crossing into an error zone with its two front paws, error zones being 
described by dotted lines in Diagram 7:3. 

9Growth rate curves for Hooded Lister rats having been supplied by Harlan-Olac Ltd. 
10 As before, it should be noted that this procedure does not eliminate the possibility that different littersizes 

might be contributing to differences in individual animal's behaviour. What this procedure does insure, however, 
is that littersize variations are equally distributed across the three experimental groups. 
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to the experimental apparatus by being fed in the goal box. Latency to eat all the Noyes pellets 

was recorded over the four trials and revealed a significant difference between the experimental 

groups F(2,36)=3.66 p<0.05, which when examined more carefully by post hoc Newman Keuls, 

revealed that SC offspring consistently took longer to eat than their SEC (Newman Keuls p<0.05) 

counterparts. A significant trials effect also emerged, F(3,108)=59.43 p<O.OOl, animals taking 

less time to eat their food over the four trials (mean latency to eat food in seconds: Trial 

one=276.7; Trial two=194.7; Trial three=132.8; Trial four=105.7) 11. No other effects were 

significant (see appendix for ANOVA tables for all analyses reported in this experiment). 

Moving on to the second phase of pre-training, animals were required to leave the startbox, run 

down an alley and enter the goal box, where their food was waiting for them. Time to leave 

the start box was measured (in seconds), as was time to reach the goal box for the six trials. 

Neither of these measures differentiated between the three experimental groups F(2,36)=2.49 

and 2.33, p>0.05 respectively. Significant trial effects did emerge for both measures, however, 

F(5,180)=3.68 p<0.003 and 19.56 p<O.OOl respectively. Although no consistent pattern emerged 

over trials with respect to the the latency to emerge measure, apart from the last trial, animals 

tended to take less time to reach the goal box on subsequent trials. No significant group by trial 

interactions emerged for either measure F(10,180)=1.21 and 1.04 p>0.05, suggesting that the 

groups patterns of responding were statistically similar over trials. 

In the final training phase, animals were trained for nine trials a day on one of the six practice 

mazes as recommended by Rabinovitch and Rosvold (1951). Animals reaching criterion early 

were given three trials a day until testing began for all the animals. One obvious learning 

measure, therefore, was whether the three offspring groups took different numbers of training 

days to arrive at criterion. As can be seen from Table 7:1, IC animals on average took more 

days to reach criterion than either their SC or SEC counterparts. However, this result was only 

statistically significant at the 8% level F(2,36)=2.775 p<0.08, a result which should be treated 

11 As can be seen from the means of the three offspring groups reported in the appendix, for the last trial (four) 
offspring of SEC animals took considerably less time to eat than the other two groups. However, this was not 
statistically significant. 
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with caution. 

OFFSPRING GROUP DAYS TO CRITERION 
SEC 4.77 
SC 6.85 
IC 7.15 

Table 7:1 Average number of days taken to reach criterion, for the three offspring groups. 

As some animals in the SEC group achieved the first part of the "criterion" in the second day of 

training (that is, had completed nine trials in less than a minute) only the results of the first day 

of maze training were analysed in any detail. As noted in the methodology section, two measures 

were taken throughout this phase of training, number of squares entered on the way through the 

maze (no error scores are recorded in this part of training) and time to reach the goal box (in 

seconds). Analyses of variance of the first of these two measures, number of squares entered, 

revealed no differences in activity between the three groups F(2,36)=2.35 p>0.05 although there 

was a significant trials effect F=(8,288)=11.36 p<O.OOl, animals reducing their activity over 

trials. This pattern of responding was similar for the three offspring groups, as evidenced by a 

lack of significant group by trials interaction F(16,288)=0.65 p>0.05, which can be clearly seen 

in Figure 7: 1. 

Interestingly, however, the second measure taken, time to reach the goal box, did differentiate 

between the three offspring groups. Analysis of variance of the three experimental groups' latency 

to arrive at the goal box over the nine trials on the first day of testing revealed a significant groups' 

effect F(2,36)=5.64 p<0.007, which was due to the SC and IC offspring taking longer to reach the 

goal box than their SEC counterparts (Newman Keuls p<O.Ol). This can be seen from Figure 

7:2, which details the amount of time each of the groups took to go through the maze over the 

nine trials. In addition, there was a significflnt trials effect F(8,288)=11.56 p<O.OOl, animals 

taking longer in the initial trials than the later ones, as would be expected. This pattern of 

responding was similar for the three groups, as there was no significant trials by group main 
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Mean number of squares entered by the three offspring groups 
over nine trials, on the first day of maze training, Practice Maze A. 
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IC=offspring of IC dams for all Figures in this chapter. 

391 



SEC IC SC 

150 

100 

~ 
0 

=:I -~ 
0 
~~ 
.c"CI 
(J = 
~ 8 
~~ 
o = ..... -
~--(J 

= 
~ 
~ 
~ so 

o +---_r----r----r--~----~--~----T_--_r--~~---

1 2 3 4 6 7 8 9 

Figure 7:2 

5 

Trials 

Mean time taken to reach the goal box (in seconds) by the three offspring groups 
over the nine trials on the first day of maze training, Practice Maze A. 

:g92 



effect F(16,288)=1.45 p>O.05 despite the SC progeny's performance on the last two trials. 

PHASE THREE: TESTING 

In this section, analyses of the measures taken during the final phase of maze performance, the 

testing phase are described. For three of the measures (errors, squares entered and rears) initial 

and retraced errors were recorded. However, as so few animals re-entered the maze after reaching 

the goal box over the six test mazes, with no significant differences emerging between the three 

experimental groups on number of re-traces over all the maze problems F(2,36)=O.95 p>O.05, 

only the total scores (initial and retraced combined) on each of these measures will be reported. 

a) Number of Errors: 

An analysis of variance of the total numbers of errors that each animal made on each of the eight 

trials of the six test problems revealed no significant differences between the three experimental 

groups F(2,36)=O.99 p>O.05. Furthermore, although there was an expected trials effect as the 

animals learnt each new maze F(7,252)=27.86 p<O.OOl, no significant experimental group by 

trials interaction emerged F(14,252)=O.72 p>O.05. This is clearly evident from Figure 7:3, in 

which the mean number of errors for the three experimental groups, over the eight trials, collapsed 

over the six mazes are described. As can be seen from this graph, all three groups gradually 

reduced their errors over trials following generally similar patterns. Interestingly, there was a 

days effect, in that some test mazes were more difficult than others as evidenced by the greater 

number of errors made by all the animals F(5,180)=18.33 p<O.OOl, (mean number of errors per 

maze: Maze 1: 1.22; Maze 3: 2.35; Maze 5: 3.92; Maze 7: 2.82; Maze 9: 2.76 and Maze 11: 2.83), 

but again this did not separate out the groups, as revealed by the lack of a significant group by 

mazes interaction F(10,180)=1.19 p>O.05 described in Table 7:2. 
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GROUP MAZE 1 MAZE 3 MAZE 5 MAZE 7 MAZE 9 MAZE 11 
SEC 1.01 2.38 4.41 3.49 2.54 2.99 
SC 1.32 2.13 3.70 2.60 2.44 2.38 
IC 1.35 2.52 3.64 2.38 3.31 3.11 

Table 7:2 Means of number of errors made by the three offspring groups over the six test mazes, 
collapsed over the eight trials. 

Finally, there was a significant trials by maze effect F(35,1260}=1.68 p<0.008 confirming that on 

those mazes where more errors were scored, the pattern of errors remained higher than in those 

mazes where fewer errors were scored. This can be seen clearly in Table 7:3, which details the 

number of errors per trial of all the animals, irrespective of experimental background, over the 

six different test problems. 

MAZE TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 TRIAL 5 TRIAL 6 TRIAL 7 TRIAL 8 
1 3.56 1.56 0.77 0.82 0.85 0.51 0.74 0.97 
3 6.00 3.44 2.64 1.77 1.67 1.31 1.05 0.90 
5 6.23 5.95 3.97 3.49 2.77 3.62 2.82 2.51 
7 4.36 3.41 2.95 2.67 2.33 3.00 1.97 1.90 
9 3.82 3.4 3.00 2.38 2.33 2.33 2.51 2.28 
11 3.49 4.46 3.15 2.97 2.62 1.97 1.74 2.21 

Table 7:3 Mean number of errors scored by all the animals over the six test mazes, describing 
the progression of errors over trials. 

No significant trials by maze by group interaction emerged F(70,1260}=1.09 p>0.05, demonstrat-

ing similar patterns of responding over trial and mazes for the three offspring groups. 

b) Number of Rears: 

A three way ANOVA of total number of rears of the three experimental groups' performance on 

each of the eight trials per six test mazes revealed no significant differences between the groups 

F(2,36}=0.64 p>0.05, nor, as can be seen from Figure 7:4, was there a significant trials by group 

interaction F(14,252}=0.79 p>0.05, although there was a significant trials effect F(7,252}=4.59 

p<O.OO1. This latter result is not unexpected, animals tending to rear more on initial trials 
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whilst learning the maze, than on the later trials (mean number of rears per trial collapsed over 

the six test mazes: Trial 1: 1.15; Trial 2: 1.21; Trial 3: 0.94; Trial 4: 0.67; Trial 5: 0.70; Trial 

6: 0.60; Trial 7: 0.56 and Trial 8: 0.73). fl." with the error scores, some test mazes elicited 

more rears than others (mean number of rears per maze: Maze 1: 0.42; Maze 3: 0.57; Maze 5: 

1.09; Maze 7: 0.62; Maze 9: 1.03 and Maze 11: 1.19) as evidenced by a significant mazes effect 

F(5,180)=6.20 p<O.OOl, but this did not distinguish between the three groups F(10,180)=0.38 

p>0.05, all demonstrating similar patterns of exploratory behaviour. None of the other interac

tions was significant (see appendix for details). 

c) Numbers of Squares Entered: 

Analysis of variance over the six test mazes and eight trials per day for the total squares entered 

measure, typically considered a measure of activity, again failed to find any significant differences 

between the groups F(2,36)=0.12 p>0.05. Furthermore, as before, no significant trials by exper

imental groups effects emerged F(14,252)=0.'(0 p>0.05, although the expected trials effect was 

present F(7,252)=20.31 p<O.OOl. As can be seen from Figure 7:5, which describes the number 

of squares entered by the three experimental groups over the eight trials (collapsed across the 

six test mazes) offspring scores decreased over trials, presumably as they quickly learned their 

way through the mazes. As before, a significant maze effect emerged F(5,180)=11.83 p<O.OOl, 

in that some mazes inspired more activity than others (mean number of squares entered per 

maze, collapsed over trials for the three groups: Maze 1: 20.49; Maze 3: 28.11; Maze 5: 27.79; 

Maze 7: 32.76; Maze 9: 28.12 and Maze 11: 18.79). However, in this case a significant maze 

by group interaction did emerge F(10,180)=6.16 p<O.OOl, suggesting differential performance on 

the six mazes by the three offspring groups. As can be seen from Figure 7:6, which graphically 

represents this interaction, SEC offspring were more active in the later mazes whilst apart the 

fifth maze (maze 9) IC offspring were less active over days. Finally, although there was no trials 

by maze interaction F(35,1260)=1.34 p>0.05, there was a significant trials by maze by groups 
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interaction F(70,1260)=1.36 p<O.02, offspring groups demonstrating different patterns of re-

sponding over the various mazes (for means of the groups see the appendix). 

d) Latency to Leave the Start Box: 

As the only explicit measure of emotionality in the Hebb-Williams battery of dependant variables, 

an ANOVA of latency to emerge into the maze was carried out on the animals' scores over mazes 

and trials. As with the previous variables no significant groups effects emerged F(2,36)=1. 76 

p>0.05 but there was the expected trials effect F(7,252)=17.31 p<O.OOl, animals taking longer 

to leave the box on trial one than on any other trial. Moreover, a highly significant group by 

trials effect was also found F(14,252)=3.81 p<0.001, which was due to the IC offspring taking 

considerably more time to emerge from the start box than SC or SEC offspring, on the first trial 

12. This can be seen from Table 7:4, which t;ives the means of the three groups over the eight 

trials, collapsed over the six days of testing (the six mazes). 

GROUP TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 
SEC 6.29 0.82 1.49 1.58 
SC 16.91 2.19 1.01 0.71 
IC 34.35 4.44 1.40 0.88 

GROUP TRIAL 5 TRIAL 6 TRIAL 7 TRIAL 8 
SEC 2.79 3.54 0.59 0.86 
SC 0.51 1.08 0.46 0.78 
IC 0.68 0.42 0.51 0.71 

Table 7:4 Means of the latency to leaves the start box of the three offspring groups over the eight 
trials, collapsed over the six test mazes. SEC=offspring of the SEC dams, SC, the offspring of 
SC dams and IC, offspring of IC dams. 

In this measure, no other significant effects emerged. For further details please see the appendix. 

12Interestingly, SEC offspring were slower than SC and IC progeny on the later trials although this latter result 
was less pronounced. 

400 



e) Time to Reach Goal Box and Total Time: 

Considering the last two dependant variables together, no significant differences were found 

between the groups, with respect to either the time taken to reach the goal box (for the first 

time), or total time until animals had eaten 011 the pellets 13 F(2,36)=2.68 and 1.55 p>0.05. 

Significant effects did emerge over trials F(7,252)=34.05 and 31.01 p<0.001, for the two measures 

respectively, all animals taking less time on each consecutive trial, qualified by significant trials 

by experimental group interactions F(14,252)=3.58 and 2.36 p<0.001, IC animals taking longer 

than their SEC and SC counterparts in the earlier trials. These latter results are not unusual 

given the latency to leave the start box findings. Furthermore, for both the time to reach the goal 

box and total time measures, significant trials by maze interactions emerged, F(35,1260)=3.14 

and 2.58 p<=0.001 respectively. The time to reach the goal box interaction was qualified by a 

groups effect too, F(70,1260)=1.46 p<0.009, typically IC and SC offspring groups taking longer 

on initial trials than their SEC counterparts, on the earlier mazes (see appendix for relevant 

means). 

f) Summary of Significant Group Effects: 

MEASURE EFFECT PROBABILITY 
TRAINING 
Latency to Eat Groups p<0.05 
Days to Reach Criterion Groups p<0.08 
Day One Time to Goal Box Groups p<0.007 
TESTING 
Squares Entered Maze by Group p<O.OOl 
Latency to Emerge Trials by Group p<O.OOl 
Time to Reach Goal Box Trials by Group p<O.OOl 
Total Time Trials by Group p<O.OOl 
Time to Reach Goal Box Group by Maze by Trials p<0.009 

Table 7:5 Summary table of all significant effects involving the three offspring groups, in both 
the training and testing phases of the Hebb-Williams maze. 

13 This measure of total time includes time to reach t.l-te goal box, any retrace time and time to eat all the pellets 
in the goal box. 
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As can be seen from Table 7:5, which details the significant findings in this study, most of 

the differences between the groups emerged in the dependant variables measuring activity and 

emotionality. In particular in the pre-training phase, SC progeny took longer to eat in the goal 

box than their SEC counterparts whilst in the training maze (day one) IC and SC progeny 

took longer to reach the goal box than the SEC progeny. The other main effect during the 

training phase, days to reach criterion, was only significant at 8% and must therefore be treated 

with caution. As well as the group main effects, several group interactions also emerged, all of 

which emerged in the testing phase of the procedure. Typically, IC animals took longer in the 

initial trials in latency to emerge, time to reach the goal box and total time taken in the six 

test mazes than their SC and SEC counterparts suggesting these animals were more emotional, 

whilst patterns of activity in the three groups differed over the six mazes, IC progeny being more 

active in the early mazes, SEC in the later ones. 

7:2:4 DISCUSSION 

The results of the present experiment have demonstrated that, unlike offspring of mothers exposed 

to differential environments during pregnancy (Kiyono et al1982j 1985), or offspring experiencing 

both prenatal and preweaning enrichment (Denenberg et al 1968), offspring of mothers raised 

in SEC, SC and IC prior to pregnancy do not differ from each other in terms of their problem 

solving ability, as measured in the Hebb-Williams maze. However, as can be seen from Table 7:5, 

some significant differences did emerge between the offspring groups, in interactions in variables 

associated with activity and emotionality, which warrant further discussion. Although clearly 

speculative, these latter results suggest that any differences between the groups might best be 

seen in the context of mediating factors such as differential stress or arousal levels rather than 

different cognitive abilities per se 14. Indeed, the present results can be seen as beginning to 

unravel the causal mechanisms underlying the differences in offspring performance observed in 

UThis does not preclude alternative causes such as changes at neurochemical or endocrinological levels and it 
would be surprising if such changes were not involved. However, as no assays of any biochemicals were taken, this 
level of analysis is left for future research. 
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the previous study (chapter six), a fact which will become more obvious as the findings from this 

study are discussed in some detail in the next sections. 

Offspring Learning Ability 

In this experiment offspring learning ability was measured in two separate ways; in the training 

period as number of days to reach criterion and in the testing phase, as number of errors made 

in the six test mazes. 

Considering the training phase first, there was a tendency for the SEC offspring to reach criterion 

several days before the SC offspring group, which in turn took fewer days to reach criterion than 

their IC counterparts. Although this result was only significant at the 8% probability level 

and must therefore be treated with caution, initially it does appear to suggest differences in 

cognitive capacity between the three groups. If however, the requirements for reaching criterion 

are examined more closely, this impression soon becomes illusory. To achieve criterion, animals 

were required to traverse the practice mazes over the nine trials in less than one minute, on 

two consecutive days. If any animal took longer than a minute then it was not deemed to have 

achieved criterion. Consequently factors such as time spent in the maze and latency to leave 

the start box contributed to the success of some of the animals in the early days of training. 

Although analyses were not performed on all the days of training (as group sizes varied over days 

as increasing numbers of animals did achieve criterion) day one of the practice maze training 

phase was examined. 

As can be seen from the results of this analysis, a significant difference emerged between the 

groups with respect to their latency to reach the goal box in this first practice maze. Inspection 

of the means (Figure 7:2) shows that SC and IC offspring took longer to arrive at the goal box 

than their SEC counterparts. Although SC and IC offspring groups' response times were longer 

than their SEC counterparts, it is difficult to interpret this as a genuine difference in learning 

ability, since there was no corresponding differences between the three offspring groups in the 
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second learning measure taken, error scores in the testing phase of the procedure. Furthermore, 

no significant differences emerged between the groups' number of errors over trials either, as 

would be expected if it is this measure which best illustrates differences in learning between the 

groups (Dell and Rose 1986) This suggests that differences in latency to reach the goal box in 

the training phase are more likely to be due to emotionality and/or activity differences than 

differences in cognitive ability. 

This lack of significant differences in learning between the groups is particularly interesting given 

that Kiyono and his colleagues (1982; 1985) have found beneficial effects of enrichment in offspring 

of animals exposed to differential environments during pregnancy. One obvious difference between 

the methodology employed in the present work and that of the Japanese researchers is the timing 

of the environmental manipulation. As noted before, it may well be, for example, that exposing 

pregnant females to enrichment has a "direct" impact on their offspring in utero which alters 

their cognitive capacity, an effect that could not occur in the present paradigm, all pregnant 

animals being housed in similar environments, namely parturition cages 15. Indeed, Kiyono et 

al (1985) have suggested that this may be occuring, when they state that "fetal life is closely 

related to the outer world, not only with the intrauterine environment but also with the external 

world via the maternal body" (p434). They do, however, note that the mechanism by which 

this "prenatal maternal enrichment has a beneficial effect on postnatal learning of the offspring ... 

remains to be solved" (p434). 

The timing of the maternal manipulation, however, is not the only factor that should be taken 

into account, when trying to understand the present results. Several other elements may have 

contributed to the lack of significant differences between the groups. Firstly, as noted in the 

results section, in this experiment very few animals having reached the goal box, went back 

into the maze to re-trace their paths. Re-tracing errors have been found to contribute to the 

performance differences in animals exposed directly to enriched and impoverished environment 

15 An alternative suggestion, is that their measure of cognitive capacity was confounded by an activity or emo
tionality measure. However the details given in their study do not allow this speculation to be explored further. 
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(Woods 1959) with IC animals indulging in more re-tracing than their EC counterparts, thus 

increasing the number of errors they scored. It may well be therefore, that the lack of re-tracing 

observed in this experiment contributed to the similarity in the performances of the SEC, SC 

and IC offspring 16. 

Secondly, the animals employed in this experiment were comparatively young, training starting 

at 22 days of age. At this time in their lives, rats are still growing rapidly and eating to maintain 

growth (see growth chart in chapter four). As the animals in this study were being rewarded for 

reaching the goal box with food, it may well be that inadvertently the methodology established 

a strong drive in all the animals to reach the goal box as quickly as possible, thus reducing any 

tendency for offspring to linger in the maze and "collect" error scores. Indeed, no significant 

differences were found between the groups in the time it took them to reach the goal box in the 

testing phase, as would be predicted by this explanation. Furthermore, the idea that animals 

that are highly motivated to reach the goal box produce comparable error scores has already 

been demonstrated in the EC/IC literature. Woods et al (1961) have reported, for example, that 

under high levels of food deprivation restricted animals' performances were equivalent to that of 

their EC counterparts. 

However, the fact that animals in the present study were young when they were trained and 

tested and perhaps highly motivated by food deprivation is not sufficient to explain the present 

lack of differences between the groups. Kiyono et al (1985) for example, have demonstrated 

significant differences between offspring of animals maintained in enriched and impoverished 

environments whilst pregnant, when training and testing in the Hebb-Williams maze had been 

started at weaning, a procedure comparable to the present one 17. It is unlikely, therefore that 

age of testing and high levels of motivation can explain the present findings adequately. 

What does appear to be clear, however, is that the effect of exposing females to differential 

16It should also be mentioned here that re-tracing can also be seen as a measure of activity. No differences 
between the groups in this experiment could therefore be seen as evidence of similar levels of activity. 

17It should however be noted that Kiyono and his colleagues employed water as a reward in the maze, rather 
than food, although this is also likely to have set up a strong drive in the animals. 
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environments prior to pregnancy produces offspring that are qualitatively different from those of 

animals exposed to environments during pregnancy. 

So what can be deduced about the nature of the offspring differences, and mediating mechanisms 

thus far? Firstly, it now appears unlikely that exposure to mothers with different experiential 

profiles produces offspring with different cognitive capacities. This suggests that the differences 

observed in offspring Skinner box behaviour reported in the previous study did not reflect any 

differential cognitive abilities and that some other factors must be causing the effect. Secondly, in 

this study, the offspring criterion differences were more easily explained in terms of emotionality 

than learning, opening up the possibility of :.' role for stress and/or arousal in mediating the 

offspring effects. To further explore this idea, offspring activity, exploration and emotionality 

measures will be discussed and their contribution to the offspring profiles highlighted. 

Offspring Activity, Exploration and Emotional Responsiveness 

Within the overall profile of data outlined in the results section there are clear indications of 

differences in levels of activity, exploration and emotionality in the Hebb-Williams test situation. 

For example, although there were no overall differences between the offspring groups in the 

squares entered measure in either training or testing phases, there was a significant group differ-

ence in terms of patterns of activity over the six mazes used in the testing phase. This suggests 

that any explanation of offspring differences must encompass differential interaction with the 

characteristics of the test situation. This viewpoint is further reinforced by the finding that there 

was a significant difference between the number of rearing responses (argued to be a measure 

of exploration by Dell and Rose 1986) made by all the groups in the six test mazes. In mea-

sures of emotional responsiveness too, differences between the groups were also noted. Three 

separate measures of emotionality were taken, latency to eat all the Noyes pellets in the goal 

box, latency to enter the runway in the first phase of training and latency to leave the start box 

during the testing phase of the Hebb-Williams procedure. Considering the results of the initial 
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phase of training first, offspring of SC animals took longer to eat their pellets in the goal box 

than their SEC counterparts. Why the SC progeny were more influenced by being placed in a 

novel environment than the SEC progeny is not clear. What is clear, however, is that by the 

second phase of training, in the practice mazes, both the SC and IC animals were taking longer 

to complete the maze, whilst in the testing phase of the procedure, although no significant group 

main effects were found, when patterns of behaviour were examined over trials, offspring of IC 

dams took longer to emerge in the first few trials irrespective of maze, than either their SEC or 

SC counterparts, suggesting that even after an extensive training phase, these animals were the 

most emotional. 

When looking at the whole picture, however, the data are complex and do not lend themselves 

to complete explanation in terms of either activity, emotionality or exploration. For example, 

if offspring differences were simply reflecting differences in activity, then a consistent pattern 

of differences in both the training and testing phases would have been predicted. Although 

differences were found between the groups' activity patterns over days in the testing phase of the 

procedure, no significant differences emerged between the three offspring groups with respect to 

number of squares entered in the first training maze (maze A), nor were there any differences in 

patterns of responding over trials between the three groups in this maze, although all animals 

did reduce their activity over trials, as would be expected. Similarly, no differences between the 

groups were observed in exploration. Furthermore, when considering measures of emotionality, 

although differences did emerge between the groups in all three measures taken, the relative 

pattern of differences between the groups changed as the Hebb-Williams procedure progressed. 

In reality, it is likely that both activity and emotionality are involved, perhaps interactively. 

In these circumstances the most likely way af teasing out the relative contribution of these 

factors and the relative roles of underlying processes such as arousal and/or stress is to attempt 

direct manipulation of one of the hypothesised mediating variables and to observe the effects. 

Consequently, in keeping with this argument, it was decided to attempt to manipulate arousal. 
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The choice of arousal over stress at this juncture reflects the fact that specific predictions about 

directions of effects can be made more easily, by invoking relative positions of the offspring groups 

on an inverted-U arousal-performance curve (Yerkes and Dodson 1908). Stress-performance 

effects, as has become clear from chapter three, are less easily prescribed, relying as they do on 

the nature of the stressor and the task employed. 

Summary and Conclusion 

The main purpose of this experiment was to further analyse the nature of the offspring differences 

observed in experiment one of the previous chapter. Reasoning that if the offspring differences 

that emerged in those data did reflect varying learning capacities, perhaps engendered by the dif

ferent learning opportunities afforded the offspring by their qualitatively different mothers, then 

these cognitive differences should be most obvious in tasks which directly test for learning ability. 

Consequently, offspring performance in the Hebb-Williams maze was tested. In addition, it was 

thought that because of the nature of the procedure employed in this experiment, offspring activ-

ity, exploration and emotionality could also be monitored, further elucidating offspring patterns 

of behaviour. Both of these aims have been achieved. 

The most important finding ofthis study was that whatever the nature ofthe offspring differences, 

they are not due to differential learning capacities per se. Specifically, it was predicted that if SEC 

mothers were altering the cognitive abilities of their offspring in some undefined manner, then 

SEC pups should make less errors in the Hebb-Williams maze(s). Furthermore, their learning 

curves over trials should distinguish their performances from those of the other offspring groups. 

Neither of these hypotheses was supported by the data. Instead, the behavioural pattern that 

has emerged is one of differences in activity and emotionality between the three groups. 

Why these three progeny groups are behaviourally different, however, is less clear. One explana

tion that has been advanced earlier in this thesis, was that the offspring groups were differentially 

aroused. If this were the case, then certain predictions could be made about their performance. 
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It is now "well known that too much or too little arousal is deleterious to a number of central 

nervous system functions ranging from cellular metabolism to behavioural performance" (Walsh 

and Cummins 1975 p990). Typically, it is the behavioural aspects of optimal levels of arousal 

that have been most researched and it has been suggested by some (Yerkes and Dodson 1908; 

Hebb 1955; Malmo 1959; Schlosberg 1954) that the relationship between arousal level and be

havioural efficiency can best be described as an inverted U-shaped curve, that is high and low 

levels of arousal producing poor performance, maximum performance only being acheived with 

an optimal level of arousal, typically around the mid-point of the continuum. These "optimal 

levels of arousal" can vary between individuals and from one task to another (Duffy 1957; Lacey 

1967; Schlosberg 1954) but the basic principle remains the same. In a second respect, also, 

arousal level is intimately linked with performance, to the extent that organisms will deliberately 

seek to maximise or minimise their levels of arousal to obtain the optimal level for the task in 

hand. One technique to manipulate levels of arousal available to subjects is to deliberately seek 

or avoid stimulation (Berlyne 1960; Hebb and Thompson 1954; Leuba 1955; Ludwig and Stark 

1973; Schneirla 1959); that is behaviourally alter or control stimulus levels and thus arousal 

levels. 

When considering the three offspring groups' performances, there is some evidence that their 

behaviour can be seen in the context of differing baseline arousal levels and subsequent alterations 

in stimulus seeking behaviour. For example, when examining the SEC offspring performances 

in more detail, these animals were less emotional on all training and testing phases than either 

the SC or IC offspring groups. That is, these animals were less reactive, consistent with the idea 

that they had lower arousal levels than either their SC or IC counterparts. Furthermore, day 

one of testing produced SEC progeny that were less active than the other two offspring groups, 

again consistent with the idea of lower baseline arousal levels. These animals also increased their 

activity over days relative to their SC and IC counterparts. This latter finding might tentatively 

suggest that the SEC progeny are stimulus seeking in the later mazes, to optimise their arousal 

levels, as they had quickly habituated to the novelty of the test environment. If this were the 
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entire story, however, these animals would also have increased their rearing behaviour over days, 

when compared with the SC and IC offspring groups. This was not the case. 

Considering next the offspring of IC animals, these animals only started to habituate to the 

mazes as the test days progressed, reflected in their maintaining higher levels of emotionality 

throughout the test period and only reducing their activity on the last few mazes. This is 

not inconsistent with an arousal hypothesis. If these animals were initially more aroused, they 

would presumably take longer to habituate to the test environment and produce higher levels of 

emotionality and activity in the initial trials, as was found. Similarily, the SC progeny's activity 

profile over days is not inconsistent with an arousal hypothesis. On a note of caution, however, 

if all that distinguised the three offspring groups' performances were differing baseline arousal 

levels, then consistent differences across all test situations should have emerged. As noted in the 

previous chapter, this was not the case. It may be that arousal differences are contributing in 

part to the offspring groups' behaviour, but clearly this is not the only explanation. 

Indeed, there is a large literature which demonstrates that prenatal stress can also cause be

havioural effects in the offspring. Furthermore, these effects are more likely to occur in measures 

of activity and emotionality (Daly 1973; Denenberg 1964; Denenberg and Haltmeyer 1967; Levine 

1969) reminiscent of the present findings. It may be therefore that the offspring are being differ

entially stressed by their encounters with their mothers, the effects being mediated by changes in 

their neuroendocrine systems (see chapter three). Of course this idea relies on the possibility that 

enriched, standard and impoverished conditions are differentially stressful, an hypothesis which 

is still open to some debate (Uphouse 1980; Renner and Rosenzweig 1987). Despite this, how

ever, the data do seem to offer partial support for the idea that offspring groups are differentially 

stressed. 

For example, it has been found that stimulation of the foetus applied through the mother can 

influence the emotional behaviour of her offspring (Thompson 1957a; Ader and Belfer 1962b; 

Thompson and Quinby 1964; Morra 1965b), typically offspring of stressed animals being found 
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to be more emotional than offspring of non-stressed controls. Indeed, when cataloguing the effects 

of prenatal stress on offspring, certain similarities start to appear between offspring of stressed 

dams and the IC progeny. For example, ThoIl1pson (1957a) has reported that prenatally stressed 

animals demonstrate longer latencies than controls in an emergence test, as do IC offspring in 

this experiment. Futhermore, in a maze learning test (Lamp 1967), prenatally stressed offspring 

did not differ from control offspring, no differences emerging between SEC, SC and IC offspring 

in this study either. So, there is some evidence that the offspring effects are similar to those 

caused by prenatal stress. 

However, not all of the data are consistent with the idea that the offspring groups are differentially 

stressed. For example, in this study the "control" group (offspring of the SC housed animals) 

were as slow to complete the practice maze for food as their IC counterparts, both groups differing 

from the offspring of SEC dams. This pattern of behaviour is inconsistent with prenatal stress 

predictions. Furthermore, although prenatally stressed animals have been found to be less active 

than controls (Denenberg and Whimbey 1963; 1068; Denenberg and Rosenberg 1968), reminiscent 

of the IC progeny's performance over days in the test maze relative to their SC counterparts, 

these performances have not been found to be consistent across behavioural tests (cf open field 

results, chapter six). This does not further the case for prenatal stress being the cause of the 

offspring differences. 

To reiterate, therefore, it is unlikely that the offspring profiles observed to date reflect differen

tial learning capacities per se, but are most likely to be the product of activity and emotional 

changes. Although mediating mechanisms still remain elusive, it now seems unlikely that differ

ential opportunities for learning afforded the offspring by their mother postpartum can explain 

the results. It is more likely that either the effects of maternal stress mediated in utero, or al

terations in offspring arousal by maternal stimulation postpartum may be causing the offspring 

differences. Obviously these are not mutually ~..cclusive mediating factors. Indeed, given the lack 

of consistent findings across various test situations, it may be that both stress and arousal (and 
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their accompanying changes in biochemistry at neuronal and endocrine levels) are interacting to 

produce the observed effects. However, suggesting that offspring groups are differentially stressed 

and/or aroused proffers no more information than describing their behaviour in terms of emo

tionality and activity differences. What is required is a test of one or other of these underlying 

mechanisms by directly manipulating them and observing the resultant changes in offspring be

haviour. This provides the focus for the next experiment, in which offspring arousal levels were 

artificially manipulated in a Skinner box procedure devised by Rose et al (1986). 

7:3 EXPERIMENT TWO 

7:3:1 INTRODUCTION 

In 1975 Walsh and Cummins proposed that a 'fundamental mechanism" in understanding "the 

anatomical and biochemical brain changes induced by exposing animals to environments rich in 

sensory stimuli ... is the arousal response, since alterations in arousal appear to be concomitant 

with all such environmentally induced changes" (p986). In particular, they argued that EC an

imals, being subjected to higher stimulation in their environments than their IC counterparts 

are subsequently less likely to exhibit arousa: ;eactions when placed in a variety of tests. The 

concept of differential baseline arousal levels has also been proposed as one explanation of the be

havioural differences found in offspring of animals exposed to SEC, SC and IC prior to pregnancy 

observed in the present thesis. In this experiment, the hypothesis that offspring performances 

can be explained in this way is further explored. 

In particular, the experimental evidence gathered so far has provided a behavioural profile which 

although not consistent across test situations, suggests that the arousal homeostasis of the off

spring groups may differ. Given that arousal levels are intimately linked with performance such 

that organisms are motivated to behaviourally manipulate their arousal levels by seeking or avoid

ing stimulation (Chadha and Rose 1981) in order to obtain an optimal level for any particular 
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task (Berlyne 1960; Hebb and Thompson 1954; Leuba 1955; Ludwig and Stark 1973; Schneirla 

1959), it follows that by externally raising stimulation levels, subjects' behaviours will also be 

changed. 

Within the EC/IC literature, one such procedure has already been developed (Rose et al 1986; 

1987) in which high levels of stimulation are used as a reinforcer in a Skinner box task. In 

particular, Rose et al (1986) employed a complex reinforcer to be used in conjunction with an 

adapted Skinner box, comprising tactile stimulation from pressing the Skinner box lever paired 

with auditory stimulation from the lever microswitch, further auditory stimulation was provided 

by the sound of the pellet dispenser operatinp" whilst visual stimulation consisted of one second 

of varying intensities of illumination 18 and a pellet of food. They argued that the behaviour of 

animals exposed directly to EC and IC may be differentially reinforced by the same response-

contingent events and developed their technique to equate "reinforcers for EC and IC subjects" 

in order to more clearly evaluate the effects of environmental enrichment on learning divorced 

from effects mediated by differential motivation in these subjects. 

In the present thesis, of course, the concern is with offspring of differentially reared animals. If 

these animals do differ in terms of basal arousal, then certain predictions about their Skinner box 

behaviour can be made. In the previous Skinner box study, SC offspring were found to bar press 

significantly more than their SEC counterparts, IC animals, although not differing statistically 

from either the SEC or SC groups, producing bar press levels which fell in between their SC and 

SEC conspecifics. These performances might be seen as reflecting different positions on the sort 

of inverted-U arousal-performance curve described earlier, such that SC animals being optimally 

aroused produced optimal performance levels, whilst the lower performances of the SEC and 

IC progeny reflected their less than optimal arousal levels. Whether SEC and IC offspring had 

arousal levels which were lower or higher than their SC counterparts, is as yet unclear, as both 

could produce similar levels of performance. What is relevant to this introduction, however, 

l8The reinforcement illumination levels were set at either dim (53 foot lamberts), medium (750 foot lamberts) 
or bright (2,500 foot lamberts) settings. 
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is that by employing a composite reinforcer which is highly stimulating and which would be 

expected to result in the raising of all offspring groups' arousal levels, a shift of all three groups 

along the hypothesised arousal-performance curve would be predicted, such that the rank ordered 

position of the offspring groups, in terms of bar press rates, would change. Specifically it would 

be predicted that SC progeny performances would drop and SEC and IC offspring either raise or 

drop their performance levels depending on their initial position on the curve. 

Finally, in this experiment, as with the previous one, only male animals were employed. This 

decision was based on practical constraints as only a limited number of modified Skinner boxes 

were available and to include a group of female offspring would have made the procedure on each 

day far too long to carry out. Obviously, animals could have been bred in two batches, as in the 

previous experiment, but additional constraints were imposed in terms of colony room space at 

this time. 

7:3:2 METHODOLOGY 

a) Subjects: 

These were 57 male F2 generation Hooded Lister rats of weanling age (21 days), 19 animals 

being bred from F1 generation females exposed to either SEC, IC or SC prior to pregnancy, 

following the procedure outlined in the general methodology chapter (chapter four). Group sizes 

reflected the maximum number of available males born to the SEC, IC and SC dams and testing 

constraints outlined earlier. 

b) Apparatus: 

Based on the modifications developed by Rose, Love and Dell (1986), three Skinner boxes of the 

Type I variety described in the general methodology chapter were employed in this experiment. 
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c) Procedure: 

At weaning, subjects were weighed and assigned to individual cages for a day prior to the start 

of testing. This was to allow the animals to settle following separation from their mothers and 

siblings and to place them on a maintenance ciet of eight grams of breeding diet at the end of 

each day. Starting at 22 days of age, subjects were given an 18 day Skinner box procedure based 

on that employed by Rose et al (1986). Specifically, training consisted of daily 30 minute sessions, 

according to the following sequence of schedules: CRF (Days 1-5); FR3 (Days 8-9); FR6 (Days 

10-12 and 15-18). No training was carried out on Days 6, 7, 13 and 14, subjects being fed ad 

libitum on these days. Throughout the experimental procedure animals were weighed daily to 

ensure normal growth rates were maintained. Subjects were run in groups of three and animal 

running order was randomised on each day of testing. 

Reinforcement in this experiment consisted of the sound of the lever microswitch paired with the 

sound of the pellet dispenser, supplemented by one second of illumination of the white perspex 

roof of the operant chamber and a pellet of food. In this instance, the light was set at 750 foot 

lamberts, equivalent to Rose et aI's (1986) "l'.1edium" setting. The decision to use this light 

setting was based on several factors. Firstly, a low light level had already been employed in the 

previous Skinner box experiment, so in parametric terms, the obvious choice would be a medium 

light level to increase stimulation. Secondly, in Rose et aI's experiments (1986; 1987) the medium 

setting was the lowest light level which clearly separated out the EC and IC animals (53 foot 

lamberts producing similar behavioural profiles in these animals) whilst providing high levels of 

stimulation. Finally, although the brightest light (2,500 foot lamberts) might also have been 

included, experience with this latter light level has demonstrated that it generates a degree of 

heat in the Skinner box which might be aversive rather than reinforcing. After each trial number 

of bar presses were recorded, equipment cleaned and relay counters re-set for the next group of 

animals. 

415 



7:3:3 RESULTS 

Unlike the previous experiments, in the present work analysis of the littersize effects, checked 

using a one way ANOVA revealed significant differences between the three experimental groups 

F(2,54)=12.76 p<O.OOl. As can be seen from Table 7:6, which describes the means ofthe groups, 

SC offsprings' average littersize was larger than either IC or SEC offspring groups'. 

GROUP LITTERSIZE 
SEC 9.16 
IC 10.53 
SC 12.79 

Table 7:6 Mean littersize of the three offspring groups. 

Consequently, in the present experiment littersize was included in the analysis of number of bar 

presses, as a co-variate. Furthermore, as explained in the general methodology chapter, the use 

of co-variance requires that there is homogeneity of variance between the groups (Harrington 

1968). This was tested using the Bartlett-Box F test. 

a) Skinner Box: 

Prior to analysing the data, homogeneity of variance between the three offspring groups was 

calculated on subjects' scores totalled over the fourteen days of testing. As no differences emerged, 

Bartlett-Box F(2,6561)=2.05358 p>0.05, parametric statistics were employed. As can be seen 

from Figure 7:7, which shows the learning curves of the three offspring groups, SEC and SC 

animals bar pressed significantly more than their IC counterparts. This was confirmed by an 

analysis of co-variance of the three groups' bar press scores over the fourteen days of testing. 

Highly significant group effects emerged F(2,53)=10.92 p<0.001, qualified not unexpectedly given 

the learning curves of the three groups, by a significant offspring group by days interaction 

F(26,702)=4.68 p<O.OOl. 
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Finally, a highly significant days effect also emerged F(13,702)=1l8.52 p<O.OOl. 

7:3:4 DISCUSSION 

Unusually, in this experiment offspring littersizes varied between the three groups, with SEC 

animals producing smaller litters than their IC and SC counterparts. There is no obvious reason 

for this, all procedures employed in this experiment being consistent with those of previous 

experiments and is most likely a chance occurrence. However, as prescribed in the general 

methodology chapter, littersize, which has been found to affect offspring activity (Seitz 1954), 

was taken into account in the analyses. 

The results of the present experiment demonstrate significant differences between the offspring 

groups and, in part, support the experimental hypothesis. However, once again, the overall 

picture is one of considerable complexity. In the introduction it was suggested that the Skinner 

box performances of the three offspring group~ in chapter six, in which to recap, offspring of SC 

animals bar pressed more than offspring of SEC and IC mothers 19 might reflect their differing 

levels of arousal. In particular, it was hypothesised that SC offspring might be optimally aroused 

for that task and produced an efficient performance, seen as high bar press rates, whilst the SEC 

offspring and IC offspring were either under or overaroused, producing "poor" performances, 

that is similar levels of bar pressing to each other and at a lower rate than the SC group. In the 

present experiment, however, with the use of a composite reinforcer with a highly stimulating 

burst of light, SEC offspring produced equally high bar press rates as their SC counterparts, both 

groups differing significantly from the offspring of IC animals. 

If, as has been proposed, one considers the offspring of SEC, SC and IC dams to be differentially 

aroused, in the present experiment the strong stimulating properties of the composite reinforcer 

would be particularly rewarding for some a,l;mals and would result in their producing high 

levels of bar pressing. This is exactly what was found in the SEC group. In the previous 

19 NB: SC offspring were statistically significantly different from SEC offspring but not from IC offspring. 
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experiment, in contrast, the reinforcer was not as stimulating for these animals and was thus 

not rewarding enough to increase their levels of performance 20. In both experiments the lower 

levels of responding of the IC offspring might be seen as avoiding additional stimulation. After 

all, if IC offspring's bar press responses in the previous Skinner box experiment had been due 

to low arousal levels, then their performances would have gone up in this study. They did not, 

suggesting that these animals are overaroused and that the response contingent reinforcement in 

both experiments was too stimulating and thus was not rewarding. 

So, both the SEC and IC offspring groups are behaving in a manner consistent with the hypothesis 

that they are differentially aroused. However, as is becoming increasingly common in this thesis, 

not all of the data fits this explanation. In this case, the behaviour of the SC progeny does 

not obviously conform to the experimental predictions. In particular, it was suggested that 

increasing these animals arousal levels through the stimulating properties of the reinforcer would 

shift them along the arousal-performance curve resulting in a reduction of their bar press rates 

relative to those of the SEC offspring. As can be seen from Figure 7:7, this was not the case. The 

performance of the SC progeny was statistically indistinguishable from that of the SEC offspring. 

This result could be interpreted as evidence that the SC offspring were more aroused than their 

SEC counterparts (as was predicted based on their bar press rates in the previous Skinner box 

experiment) but that the increase in their level of arousal, due to the present composite reinforcer, 

although shifting them along the arousal-performance curve, moved them from one point on the 

left hand side of the curve to a similar point on the right hand side of the curve. This would 

produce identical levels of performance, subserved by differing levels of arousal. However, the 

validity of this explanation cannot be checked and it suffers from the criticism that the data 

is being forced to fit an arousal hypothesis, post hoc. What is required is a definitive test 

of the arousal hypothesis, in which clear parameters are established. If the offspring groups' 

performances do not conform exactly to the predictions, then the notion that these animals are 

differentially aroused will have to be abandoned and other lines of inquiry pursued. 

20In that task, the level of stimulation afforded by the reinforcer was particularly rewarding for the sa group. 
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One way to more fully investigate the hypothesis that the three offspring groups are differentialy 

aroused, is to manipulate the animals' arousal levels pharmacologically, rather than changing the 

stimulus situation. This provides the focus for the next study in which the arousal levels of the 

three offspring groups were manipulated and behaviour tested in both a Skinner box procedure 

(similar to the one employed in this experiment) and in the open field. 

7:4 GENERAL DISCUSSION AND CONCLUSION 

The purpose of the two experiments reported in the present chapter was to investigate further 

the nature of the differences found between tlv: offspring groups. In particular, the experiments 

in this chapter focussed on three possible mechanisms mediating the behavioural profiles of the 

offspring described in the previous chapter, arousal, stress and learning. 

In the first experiment the Hebb-Williams maze was used and no differences were found in off

spring learning abilities, although clear differences did emerge between the groups with respect to 

activity and emotionality. It was argued that these results might reflect either differential arousal 

levels in the three offspring groups or varying responses to prenatal stress. What seemed clear, 

at this stage, was the lack of learning differences between the groups and it was suggested, there

fore, that differential offspring behaviours did not result from the different learning opportunites 

afforded them by their qualitatively different mothers. As the notion that offspring groups were 

differentially aroused or prenatally stressed seemed to be emerging as more reasonable expla

nations of the offspring groups' performances and that of these two explanations, manipulation 

of arousal allowed specific predictions to be made based on an arousal-performance curve, it 

provided the focus for the second experiment. 

The results of this second experiment, in which a composite and highly stimulating reinforcer 

was used to manipulate arousal levels, provided some support for the "arousal hypothesis" In 

this instance, SEC offspring, whose previous Skinner box performance was significantly lower 

than their SC counterparts increased their bar press rates to parallel those of the SC subjects 
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and differed significantly from IC subjects. This increase was predicted, in terms of stimulus 

seeking behaviour as would be expected in animals whose arousal homeostasis was low (offspring 

of SEC animals) and stimulus avoidance in animals whose baseline arousal levels were high 

(offspring of IC animals). However, although the SC progeny's performance could be seen as 

consistent with an arousal hypothesis, it does not correspond exactly to the specific experimental 

hypothesis. To place this group's behaviour in an arousal framework was considered to rely 

too heavily on post hoc interpretation. Consequently, before drawing any conclusions about the 

the nature of the offspring differences and their underlying arousal levels, a final experimental 

procedure was suggested to test the arousal hypothesis to its limits, namely a parametric study 

of offspring performances in which arousal levels are directly manipulated, using varying doses 

of amphetamines. This procedure provides the focus of the next and final experimental chapter 

of this thesis. 
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CHAPTER EIGHT: STUDY FOUR 

A CONSIDERATION OF THE HYPOTHESIS THAT 

OFFSPRING OF SEC, SC AND IC DAMS ARE 

DIFFERENTIALLY AROUSED: MANIPULATION OF 

AROUSAL LEVELS WITH D-AMPHETAMINE 

SULPHATE 
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8:1 INTRODUCTION 

In the preceding two chapters (chapter six and seven), offspring of animals exposed to differential 

environments prior to pregnancy were found to exhibit different behavioural profiles. In an 

attempt to understand these findings, it was suggested that the performances of the offspring 

of SEC, SC and IC dams might reflect, amongst other things, differing baseline arousal levels, 

such that under the various experimental tasks, levels of arousal for anyone of the three groups 

might be either optimal or inappropriate for efficient performance depending on the nature of 

the task. When considering the data, howenr, one fact has consistently emerged, namely that 

there is a lack of consistency in the offspring groups' performances both within and across tasks, 

suggesting that to consider the groups' performances as reflecting differing basal levels of arousal 

is too simplistic an explanation. However, in the previous study (experiment two), some support 

did emerged for the idea that offspring arousal levels could be shifted along an inverted-U curve 

in such a way as to maintain the rank ordered positions of the groups, which warrants further 

investigation. It may well be that differing arousal levels are contributing to some of the observed 

offspring differences but as is becoming increasingly clear, this is only part of the picture. In this 

study, the possibility that offspring groups' are differentially aroused is explored further. 

Before describing the specific experimental manipulations and subsequent behaioural predictions, 

however, it should be noted that arousal, although popular in the literature as an explanatory 

construct (Anderson 1990), is not without its problems (Neiss 1988 1). In particular, it is both 

difficult to define and proffers little more causality than stating that the groups differ in terms 

of motor activity. 

Considering these problems in more detail, with respect to the question of definition, Walsh and 

Cummins (1975) have suggested that the concept of arousal cannot be considered in terms of 

a single definition as "the state of arousal can be estimated in so many different ways" (p989). 

According to these authors, quite adequate physiological definitions can include "altered auto-

1 See also Duffy 1957; Lacey 1967 as well as Hinde 1970; Miezejeski, Lamon, Collier and Hamilton 1976 cited 
in Einon and Sahakian (1979). 
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nomic or hormonal states; neurological definitions can be based on measures of the non-specific 

activation of the reticular formation, or generalised electrocortical activity; whilst behavioural 

definitions include the aforementioned altered levels of motor activity as well as observations 

of the orienting response". As can be seen from this summary, Walsh and Cummins have not 

limited the definition of arousal, but they have also suggested that "no matter how it is defined, 

it will involve a transitory state of generalised neurological excitation" (p989). It is in no stronger 

form than this that the term arousal is used in the present thesis. 

A second problem with the concept of arousal concerns its relationship to motor activity. Duffy 

(1957) has pointed out that "confusion frequently arises between the degree of internal arousal 

(referred to by the concept) and the vigour and extent of overt responses" (p266). For her, 

the overt responses, for example motor activity, are separate from but highly correlated with 

arousal. However, as mentioned earlier, one problem that remains, which has been elucidated 

by Einon and Sahakian (1979), is the "obvious circularity in attributing differences in the level 

of activity to differences in the level of a single variable such as arousal" (p299). Indeed, they 

suggest that "if the term arousal is to be at all useful, we need to show that manipulations posited 

to affect arousal should affect behaviour in the same way" (p299). This latter point was taken 

up in the present chapter, where levels of arousal were manipulated with different doses of the 

psychomotor stimulant d-amphetamine sulphate, a decision based on the recommendations of 

Walsh and Cummins (1975) who have advocated its use as an "arousal-inducing agent" (p994). 

Amphetamine is generally classified as a C.N.S. (Central Nervous System), psychic, psychomotor 

or behavioural stimulant and at low doses evokes an alerting, arousal or behavioural-activating re

sponse not unlike the normal reaction to an emergency or stress (Julien 1987). This reaction is not 

surprising given amphetamine's structure, which closely resembles that of norepinephrine (NE) 

a neurotransmitter involved in the behavioural activation associated with the fight/flight/fright 

response. More specifically, amphetamine appears to mimic or potentiate the action of certain 

brain amines (Randrup and Munkvad 1970; Robinson and Becker 1986) although it should be 
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noted that there is still some debate about the exact neural systems and processes that mediate 

its effects (Rebec and Bashore 1984). 

Whatever the mediating mechanisms, in the rat, small doses of amphetamine (0.5 to 1.5 mg/kg) 

have been found to induce a pronounced stimulation of general motor activity (Iversen and 

Creese 1975), with higher doses (5 mg/kg) resulting in stereotyped motor behaviour in which 

isolated motor acts from the normal behavioural repertoire occur out of their normal context and 

with abnormal frequency. Behavioural responses to different doses of amphetamine have been 

observed in a wide range of procedures (Kelleher and Morse 1968; Randrup and Munkvad 1970; 

Grilly 1977; Pickens 1977; Cole 1977; Robbins 1981; Rebec and Bashore 1984), species (Dews 

and Wenger 1977) and time courses (Rebec and Bashore 1984; Evans et al 1973). Typically 

amphetamine affects the dynamics of behaviour, reflecting changes in interactions between the 

animal and its environment over time (Kelleher and Morse 1968) depending on the different 

doses employed. This can be seen most clearly in the open field literature (Rebec and Bashore 

1984) where doses of d-amphatamine that range from 0.3 to 1.5 mg/kg produce "an increase 

in forward locomotion that is typically accompanied by mild sniffing" whilst "administration of 

higher doses elicits a multiphasic response that consists of early and late phases of ambulation 

and an intermediate phase of focused stereotypy during which locomotion is absent" (p154). 

Similar dose-response effects have also been found in operant conditioning paradigms (Kelleher 

and Morse 1968) where amphetamines tend to increase low rates of responding and decrease high 

rates of responding (more than one response per second) although this is modified by the dose 

level of the drug and schedule of reinforcement employed. For example Clark and Steele (1966) 

found that increasing doses of amphetamine (0.5 to 4.0 mg/kg) increased rates of responding 

under a fixed-interval schedule but decreased the rate of responding under a fixed-ratio schedule. 

The studies mentioned so far have employed animals whose experiential backgrounds are very 

similar. Of particular relevance to the present thesis, however, are those few studies in which 

amphetamines have been employed to alter the behaviour of animals exposed to differential en-
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vironments. One of the earliest studies was that of Will and Checchinato (1973) who found 

that d-amphetamine given intraperitoneally to albino rats at various doses highlighted the role 

of individual differences in the level of autonomic reactivity. In particular, these authors raised 

animals in isolation (IC) or in groups of four (SC) from weaning and trained them on a multi

ple schedule of reinforcement for fourteen sessions (starting at 52-62 days of age) prior to the 

administration of the drug. They then studied the effects of d-amphetamine over thirteen daily 

conditioning sessions, every third day rats receiving one of three doses of the drug (1, 2 and 4 

mg/kg) and one control dose (saline solution), doses being injected following a randomised order. 

Interestingly, in this experiment, no differences in response rate were found between IC and SC 

animals, but significant differences did emerge between individual animals. In particular, bar 

pressing frequency varied as a function of the dose, either increasing or decreasing responding 

depending on the subject. 

Although no significant differences emerged between SC and IC animals in this experiment, differ

ential environmental experience has been found to modify the behavioural response to dopamin

ergic stimulating agents in the rat (Mandell et al 1973; Sahakian et a11975; Einon and Sahakian 

1979) and in the guinea-pig (Sahakian and Robbins 1975) as well as increasing the magnitude 

of the anatomical differences typically observed between EC and IC animals (Bennett, Rosen

zweig and Wu 1973; Rosenzweig et al 1972). Furthermore, isolated and control rodents have 

been found to be differentially affected by drugs other than amphetamines (Balazs et al 1962; 

Welch and Welch 1966; 1971) with IC rats for example being less susceptible to certain CNS 

depressants (Friedman and Walker 1969; Einon et a11986; Einon and Sahakian 1979) suggesting 

that these animals may well "develop with different responsiveness in their amine transmitter 

systems" (Sahakian et al 1975). 

Considering the use of amphetamines in particular, Mandell et al (1973) have suggested that there 

is an isolation-induced sensitivity to the locomotor stimulant effects of 1.0 mg/kg d-amphetamine. 

However, as noted by Sahakian et al (1975), there are several flaws with this study including 
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the failure to take into account pre-drug differences in levels of activity between EC and IC 

housed animals. Indeed, the statistical analysis reported by Mandell et al (1973) failed to find 

a significant drug by rearing condition interaction, as would be predicted if the isolated rats 

were more sensitive to the locomotor activity effects of the drug. Furthermore, as pointed out 

by Sahakian et al (1975) no dose-response data nor time-course data were presented in Mandell 

et aI's study either, nor were measures of stereotypy recorded, making it difficult to evaluate 

positively. 

The idea that animals reared in social or isolated environments develop with differentially re

sponsive amine systems was further explored by Sahakian et al (1975) in a behavioural analysis 

of these animals' responses to psychomotor stimulants. "The expectation was that isolated rats 

would show greater sensitivity than control rats to the psychomotor stimulating action of D

amphetamine." It was further "predicted that with increasing drug doses, stereotyped behaviour 

would appear earlier in the isolated animals and would remain more intense, until a ceiling level 

would be reached" (p196). Locomotor activity was measured in photocell cages and stereotypy 

ratings made based on a scale developed by Creese and Iversen (1973). Subjects were used as 

their own controls and were tested on two days per dose of four drugs, d-amphetamine (0.5, 1.5 

and 5.0 mg/kg), apomorphine hydrochloride (0.1, 0.5 and 1.5 mg/kg), cocaine hydrochloride (5.0, 

10.0, 15.0 and 20.0 mg/kg) and piradrol hydrochloride (3.0, 5.0 and 10.0 kg/mg). For all drug 

doses except 5.0 mg/kg d-amphetamine and all the apomorphine doses, locomotor activity was 

significantly increased by the drug treatment. However, there were no differences between IC and 

SC animals. With stereotypic behaviour, however, IC animals showed significantly more intense 

stereotypy than SC rats at 0.5 mg/kg, a difference which became more significant at 1.5 mg/kg 

but which disappeared at 5.0 mg/kg, presumable reflecting a ceiling effect. Similar patterns 

emerged for apomorphine, pipradrol and cocaine. These results show that response sensitivity to 

psychomotor stimulants can be differentially influenced by rearing experience, although in this 

experiment only the intensity of stereotypy was increased by isolation, locomotor activity being 

unaffected. 
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In a later study, however, activity differences were found between IC and SC animals (Einon 

and Sahakian 1979). In this study 0.5, 1.5 and 5.0 mg/kg of d-amphetamine sulphate doses were 

employed and drug dose, environmental background, sex, lighting conditions and timecourse of 

drug examined. Isolated rats were more active than their social counterparts, nocturnally tested 

rats more active than diurnally tested animals and female rats more active than their male 

counterparts. Furthermore, isolated rats reached their activity peak at lower dose levels than 

socially housed animals. However, Einon and Sahakian have interpreted the interaction of drug 

dose with diurnal cycle and sex of animal as evidence against a unitary arousal model, as these 

effects are not additive. Specifically, they argue that enhancement of activity differences caused 

by one factor, for example drug dose, also being produced by a second factor such as time of day 

or sex of animal, cannot be explained in terms of one intervening variable such as arousal, as this 

would be too simplistic. However, they do acknowledge that the results of their activity test data 

"agree broadly with the hypothesis that rearing conditions, diurnal cycle and d-amphetamine 

all act upon a central arousal process" (p302). It should be noted that in the present work the 

nature of arousal is not at issue. However, to reduce interactions between factors contributing to 

enhanced activity, only male animals were employed and all experimentation took place at the 

same time of day. 

In their study, Einon and Sahakian also found evidence of rearing effects on stereotypic behaviour, 

isolated rats demonstrating more intense stereotypy at 0.5 mg/kg than their SC counterparts. 

Interestingly, in this experiment, IC animals also reacted to the injection as evidenced by their 

mild stereotypy following the saline dose, when compared to the SC animals. At higher doses, 

however, rearing differences disappeared, suggesting that the "dose dependency of the environ

mental modification of stereotypy may reflect variations in interactions between environmentally 

induced and drug-induced behaviour" (pp 303-304). In the final experiment in this study age 

at environmental experience was manipulated and like increased activity and slower habituation 

(Einon and Morgan 1976; 1978) amphetamine responses of IC animals were found to depend on 

isolation occuring prior to 50 days of age. In this experiment reactions to barbiturates were also 
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measured and found to influence isolates at any age. As the isolates' responses to CNS stimulants 

and CNS depressants were not similar, Einon and Sahakian have argued that "the suggestion 

that the isolated rat is simply hyperaroused does not withstand closer examination" (p306). This 

lack of hyper arousal in the IC animal does not preclude arousal differences between the groups, 

but does suggest that "the observed differences in activity between social and isolated rats can 

only be used as supporting evidence for arousal differences; it does not of itself constitute strong 

evidence" (p306). Alternatively, hyperarousal can be seen as just one of several differences and/or 

characteristics of IC animals. 

Whether animals exposed to EC, SC or Ie do differ in terms of arousal levels or not, is of sec-

ondary importance to the present thesis and should be seen within the context of mediating 

mechanisms 2 (see final discussion chapter). What is of interest, however, is whether the per-

formances of the offspring of differentially housed mothers in any way reflect differing baseline 

arousal levels. One way to test this, is to chemically alter their baseline arousal levels and pre-

dict performance changes based on these chemical alterations. Before detailing said predictions, 

however, some methodological decisions made in this study need to be explained, namely choice 

of behavioural tests, drug doses and specific behavioural measures. 

Considering the choice of behavioural test, first, in the present thesis two test procedures have 

demonstrated clear differences between the offspring groups, namely the open field (chapter six) 

and the Type I Skinner box system (chapter seven). Consequently, it was decided to employ 

these procedures in the present experiment. This choice was further guided by the fact that both 

operant conditioning paradigms (Kelleher and Morse 1968) and the open field (Rebec and Bashore 

1984) have large pharmacological literatures which evaluate the use of specific measurements and 

procedures, which can be used to make informed choices in the present experiment. 

Secondly, drug doses and administration needed to be considered. Grilly (1977) has argued that 

behavioural responses to amphetamines reflect an interaction and competition between schedule-

2 As discussed in chapter six, it is suggested that the differential maternal behaviour of the three types of dams 
towards their offspring alters the latter's arousal homeostasis. 
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controlled responding and drug-induced stereo typic behaviour and/or increased motor activity. 

He suggests that for operant procedures with relatively low rates of responding (2-10 responses 

per minute) the increased motor activity with low doses of amphetamines would not necessarily 

compete with the bar-press response and the stimulant effects of bar-pressing can be expressed. 

With increasing doses of amphetamines, however, the animal spends increasing amounts of time 

engaged in stereo typic behaviour which competes with even relatively low rate schedule-controlled 

behaviour. Consequently, he recommends that only low doses of amphetamines be employed, and 

in particular that doses above 2mg/kg should be used with caution. Following this recommenda-

tion, the highest drug dose employed in the present study was 2 mg/kg. Interestingly, according 

to Grilly (1977) the effect of amphetamine on motor activity is somewhat less complicated than 

in operant conditioning paradigms, activity increasing dramatically above control levels with low 

to moderate doses of amphetamine and decreasing with relatively high doses, activity starting 

to decrease at 4 mg/kg and above. However, to maintain uniformity between the experimental 

procedures, with the open field test, as with the Skinner box procedure, only doses up to 2 mg/kg 

were employed. 

With respect to administration of the drug, for the effects of the drug to manifest themselves at 

the start of any experimental procedure, at least half an hour was allowed, before any testing 

was done 3. This methodology parallels the one employed by Will and Checchinato (1973) in 

their operant paradigm, even to the extent of giving the doses intraperitoneally and has also been 

recommended by Cole (1977) in his work with amphetamine and the open field. 

The final methodological decisions to be made, concern the types of behaviours to be measured. 

With the operant procedure, the choice was fairly simple. In order to maximise responding, 

a procedure which employs relatively low rates of responding (less than 100-200 responses per 

minute; Grilly 1977) was employed, namely a simple fixed ratio schedule. With the open field, 

both stereotypic behaviour and activity as measured by lines crossed and number of rears could 

3 This decision was taken in consultation with Dr Martin Baxter, Head of the Behavioural Psychopharmacology 
Unit, Wellcome Research Laboratories, Beckenham, Kent. 
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have been measured. However, as there is still some confusion about the measurement of stereo-

typic behaviour, relying as it does on subjective interpretation of an animal's behaviour, it was 

decided to concentrate on the more easily quantifiable behaviours of rearing and lines crossed. 

Furthermore, as Randrup and Munkvad (1970) have noted that the various behavioural elements 

associated with stereotypy are not equally affected by amphetamine as the drug takes its course, 

with for example rearing and locomotion being increased before becoming suppressed at the time 

of maximal stereotypy (39 to 120 minutes following the drug) whilst grooming is suppressed 

almost immediately, it was felt that the more traditional open field measures would be more 

appropriate in this instance 4. 

Having described the rationale underlying the methodological decisions taken in this experiment, 

in the final section of this introduction predictions about offspring performances under the various 

dose levels of d-amphetamine on the two beha\rlOural test procedures, based on the arousal model 

will be outlined. 

In particular, in the Skinner box task, it was predicted that prior to the introduction of the drug 

doses, SEC, SC and IC offspring patterns of bar press performance would follow those established 

in the previous study, that is SEC and SC animals bar pressing more than their IC counterparts 

and having learning curves with a steeper gradient than those of the latter offspring group. Once 

the drug doses were administered, however, it was predicted that the SEC and SC offspring would 

gradually become more aroused with each dose level and start to reduce their bar press rates 

such that their performances would be similar to that of the IC progeny group. More specifically, 

the following hypotheses can be forwarded: 

• Pre-drug bar press rate over the last test days prior to drug administration will differentiate 

between the three offspring groups, such that SEC and SC progeny bar press more than 

the IC progeny. 

4Jt should be noted here, that any precedents set by Einon and her colleagues to use stereotypy rather than 
activity apply to photocell activity monitors rather than the open field and for much longer test periods (up to 
two hours). 
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• In the saline condition, where animals are injected but are not administered any am

phetamine, SEC and SC offspring will bar press more than their IC counterparts. 

• As the dose levels of amphetamine increases, all groups' levels of performance will increase 

initially and then decrease, lowest levels uf performance being found with the highest doses. 

• The dose-response curves for the three offspring groups will differ, in that IC animals will 

reach an asymptotic level at a lower dose than their SC and SEC counterparts. This will 

be represented by a group by dose by days interaction. 

Moving on to the open field test, it is predicted that the three offspring groups will differ in their 

dose-response curves. In this case, if, as has been suggested, the SEC offspring are the least 

aroused, then their levels of activity as measured by lines crossed and rearing behaviours will 

be reduced over days at a higher dose level than the other two offspring groups. Furthermore, 

animals only receiving saline will have behavioural profiles similar to those observed in chapter 

SIX. 

8:2 METHODOLOGY 

a) Subjects: 

These were 90 male F2 generation Hooded Lister rats of weanling age (19-21 days), 30 being 

bred from each of the three Fl generation groups of females exposed to either SEC, SC or IC 

prior to pregnancy. Details of these breeding procedures can be found in the general methodology 

chapter (chapter four). Within each experimental group, subjects were allocated to one of the five 

amphetamine dose levels, such that each subgroup contained six animals. Because of the large 

number of animals to be used in this experiment and the complexity of the injecting procedures, 

animals were bred in three batches, with equal numbers of animals from the three experimental 

groups being assigned to each amphetamine group in each of the three batches, thus ensuring 

counter balancing. 
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b) Drug Doses: 

In this experiment five dose levels of the drug d-amphetamine sulphate, obtained from the Sigma 

Chemical Company Ltd, were employed. In particular, Dose A, the placebo or baseline dose em-

ployed as a control, consisted of O.Omg/kg d-amphetaminej Dose B, O.5mg/kgj Dose C l.Omg/kg; 

Dose D, 1.5mg/kgj and Dose E, 2.0mg/kg. For the four dosages containing the drug, the am-

phetamine salt was dissolved in physiological saline, with an initial stock solution being prepared 

expressed in terms of 1ml/kg body weight. From this stock solution, the various doses were 

obtained by the method of successive dilution. Fresh drug preparations were made up at the 

beginning of each week 5 and when not in use, kept in a refrigerator. In both experimental 

tests, drugs were injected intra peritoneally, using 25g 5/8" needles attatched to disposable 1ml 

syringes. 

c) Apparatus: 

The open field and the Type I Skinner box system as well as the maternal environments employed 

in this experiment are detailed in the general methodology chapter (chapter four). 

5This procedure was recollunended by Dr Martin Baxter and had been successfully piloted prior to the COITl
ITlencement of this experiment. 
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d) Procedure: 

At weaning, subjects were weighed and assigned to individual cages prior to the start of testing, at 

which time a technician recoded all the animals, so as to disguise their experimental backgrounds. 

Consequently, the only information available to the experimenter was the drug condition of each 

subject, animals being numbered according to dosage, for example A1, A2 and so forth. 

As amphetamine has been found to influence feeding patterns (Grilly 1977) and thus might affect 

the normal growth of the subjects, it was decided to minimise exposure to the drug until the 

animals had attained a more robust size and bodyweight. It was decided therefore to run the 

Skinner box test first, as animals would have at least two weeks without drugs, to encourage 

healthy development. 

The Skinner box procedure employed in this experiment was the same as employed in chapter 

seven (experiment two) and was based on the work of Rose et al (1986). In particular, following 

two days of maintenance feeding where the animals were given 8gms offood at the end of each day, 

subjects began an 18 day Skinner box procedure according to the following sequence of schedules: 

CRF (Days 1-5); FR3 (Days 8-9); FR6 (Days 10-12 and 15-18). No training was carried out on 

days 6, 7, 13 and 14, subjects being fed ad libitum on these days. Throughout the experimental 

procedure subjects were weighed daily to ensure normal growth was maintained. Subjects were 

run in groups of three, for 30 minute trials and animal running order was randomised on each 

day of testing. 

Reinforcement in this experiment, as in chapter seven, consisted of the sound of the lever mi

croswitch, paired with the sound of the pellet dispenser, supplemented by one second of illumi

nation of the white perspex roof of the operant chamber and a pellet of food. The light level was 

set at 750 foot lamberts and after each trial number of bar presses and food pellets eaten were 

recorded and the equipment cleaned and relay counters re-set for the next group of animals. 

Following a procedure developed in the author's laboratory (Dell 1985: unpublished data), the 
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introduction of amphetamine to the procedure was delayed until all the animals had a well 

established bar press habit. Specifically, the groups were given their appropriate doses of am-

phetamines on the last three days of testing, Days 16, 17 and 18, the procedure for a typical trial 

being as follows; half an hour prior to testing the three animals to be run next in the random 

sequence received their i.p. injections in a 'prep' room away from both the colony room and the 

experimental rooms and were then left in this room in their home cages until they were required 

for testing. Having removed the preceding group of animals, taken the appropriate behavioural 

measures and placed the drugged subjects into the Skinner boxes, the next three experimental 

animals were injected, and so the procedure continued until all the animals had been tested. 

Following the completion of the Skinner box testing, all animal were put onto an ad libitum diet 

for a week, to allow all traces of the drug to clear the animals' systems. Following this break, at 

approximately 48 days of age, all the animals underwent five daily three minute trials of open 

field testing, following a procedure similar to that employed in chapter five, slightly modified to 

allow the experimenter time to inject the subjects between trials. Because of the need to inject 

each animal half-an-hour prior to the start of testing, an initial seven animals were injected with 

their appropriate doses at five minute intervals. Once the first animal to be injected had waited 

for half-an-hour in the prep room in its home cage, it was removed to the experimental room, 

placed in the open field and observed for three minutes, during which time the numbers of lines 

crossed, rears and defecations were recorded 6. On removal from the field the animal was returned 

to its home cage, the field wiped down and the eighth animal to be injected given its drug dose. 

This procedure continued until all the animals were tested, running order being randomised at 

the start of each day of testing. 

GIn this experiment, time spent in the centre of the open field was not recorded, as the animals were not 
experimentally naive and therefore less likely to be emotional in the open field. 
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8:3 RESULTS 

As with all the previous experiments, before analysing the behavioural data, to ensure that any 

littersize variations existing between the experimental groups were not significant, a two factor 

AN OVA of size of litter from which each subject was drawn, was carried out. This failed to 

reveal any significant differences between either the experimental groups F(2,75)=0.55 p>0.05, 

or between the five drug dose groups F(4,75)=0.35 p>0.05. Furthermore, as was apparent from 

the lack of significant interaction F(8,75)=0.41 p>0.05, the experimental subgroups were also 

equatable with respect to littersize. 

a) Skinner Box: 

Considering the pre-drug bar press rates first, although offspring of SC mothers bar pressed 

more than either their SEC or IC counterparts (means: SEC: 185.83; IC: 183.37; SC: 210.73 

N=30 per group), analysis of variance of the number of bar presses on day 15 for the three 

offspring groups revealed no significant differences between their performances F(2,75)=0.526 

p>0.05. Furthermore, there were no differences in performance between the animals that would 

be assigned to the different dose levels of the drug F(4,75)=0.891 p>0.05, nor were there any 

differences between the offspring group by dose level subgroups F(8,75)=1.085 p>0.05. 

In addition to analysing the last day prior to drug administration, the initial eleven days of 

training (including the last pre-drug day) were also subjected to an analysis of variance to inves

tigate the patterns of performance for the three offspring groups. Predictably there was a highly 

significant learning effect F(10,750)=141.57 p<O.OOl, however, in this experiment no significant 

differences emerged between the three experimental groups F(2,75)=0.27 p>0.05, nor was there 

a significant group by days interaction F(20,750)=0.53 p>0.05. Furthermore and as would be ex

pected, no differences emerged between the different drug groups F(4,75)=0.83 p>0.05, nor were 

there any significant interactions, F(8,75)=0.85j F(40,750)=0.86j and F(80,750)=0.97 p>0.05, 
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for experimental group by dose, days by dose, and group by days by dose respectively. 

Moving on to the last days of training, during which time animals were given their respective 

drug doses, as can be seen from Figure 8:1, which describes the mean number of bar presses of the 

three offspring groups over the last four days of Skinner box testing (last pre-drug day and three 

days with drugs) in the drugged subgroups (B, C, D and E), IC offspring tended to bar press 

more than their SEC and SC counterparts. This is particularily evident from Figure 8:2, which 

describes the means of the three offspring groups over the last three days of testing, when the 

d-amphetamine sulphate was administered. An analysis of variance of the number of bar presses 

per day over the last three days of testing (during which time amphetamine was administered), 

for the three offspring groups, however, failed to reveal any statistically significant differences 

between the experimental groups F(2,75)=0.63 p>0.05, although there was a significant effect 

due to dose level F(4,75)=2.89 p<0.03. As can be seen from Figure 8:2, the highest bar press 

rates occured under dose level B (0.5mg/kg of d-amphetamine sulphate), with the higher dose 

levels gradually reducing all three groups' bar press rates. Although there was a tendency for 

IC offspring to maintain higher levels of bar pressing for dose levels C and D (1.0mg/kg and 

1.5mg/kg), this was not statistically significant there being no significant group by dose level 

interaction F(8,75)=0.16 p>0.05. Finally, as can be seen from Figure 8:1, there was a significant 

days effect F(2,150)=3.41 p<0.04 but the days by dose effect F(8,150)=1.52 p>0.05 and the 

group by dose by days F(16,150)=0.63 p>0.05 interactions were non significant suggesting that 

the dose-response curves for the three offspring groups were similar. 

b) Open Field: 

As with the Skinner box data, ANOVAs of the open field dependant variables revealed no signif

icant differences between the three experimental groups F(2,75)=0.98, 1.12 and 0.65 p>0.05 for 

number oflines crossed, rears and defecations respectively. Furthermore, there were no significant 

differences in dose levels for either the lines crossed measure F(4,75)=1.25 p>0.05 or 
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the defecation measure F(4,75)=0.84 p>0.05. Different doses of d-amphetamine sulphate did 

however produce significant effects in the number of rears measure, F( 4, 75)=2.98 p<0.02, with a 

gradual reduction in number of rears occuring as the dose level increased (means: Dose A: 12.06; 

Dose B: 11.76; Dose C: 9.28; Dose D: 6.70; Dose E: 6.30). The third main effect to be inves

tigated, the repeated measure, days, predictably was highly significant on all three behavioural 

measures F(4,300)=10.90, 9.70 p<O.OOl and 2.53 p<0.03 for lines crossed, rears and defecations 

respecti vely. 

Of particular interest to the present thesis, however, were the dose by groups interactions. In 

particular, it was predicted that by increasing SEC and SC arousal levels, their performances 

should resemble those of the IC offspring. As can be seen from Figures 8:3 and 8:5 which describe 

the means of the three offspring groups over the five days of testing in the five dose groups, for 

lines crossed and rears respectively, there was a tendency for SEC offspring to cross more lines 

and for SC offspring to rear more than their IC counterparts in most of the drugged trials. (See 

also drug-dose response curves for lines crossed and rears, Figures 8:4 and 8:6 respectively). 

Unfortunately, however, this was not found to be statistically significant F(32,300)=0.79, 0.84 

and 0.87 p>0.05 for the number of lines crossed, rears and defecation measures respectively. 

Moreover, none of the other interactions was significant. 

8:4 DISCUSSION 

In the present experiment the possibility that the differential behavioural profiles observed in 

SEC, SC and IC offspring in the previous two studies reflected underlying differences in base

line arousal levels was examined, by chemically altering the subjects' arousal levels with d

amphatamine sulphate. Results failed to find any statistically significant differences between 

the groups' dose-response patterns, suggesting that the observed group differences cannot be 

meaningfully described in terms of a unitary intervening variable such as arousal. Indeed, given 

that Einon and Sahakian (1979) have argued that there is a complex interaction between expe-
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riential background, gender, diurnal variation dnd drug dose, postulating arousal as a causal or 

intervening variable does appear to be "too simplistic an explanation" (p300). 

a) Offspring Skinner Box Performance 

In the introduction, it was suggested that offspring pre-drug bar press rates over the last day of 

testing prior to drug administration should differentiate between the offspring groups, such that 

SEC and SC progeny should bar press more than their IC counterparts, paralleling the findings 

reported in chapter seven (experiment two). Analysis of this data failed to reveal any significant 

differences between the groups. Futhermore, when offspring performances over all the pre-drug 

training days were analysed, no significant differences in learning curves for the three offspring 

groups emerged. In the previous study, however, significant differences did emerge between the 

three offspring groups. One way to attempt to explain the discrepancies in findings between the 

two studies is to focus on the differences in procedures that were employed. In particular, in 

the previous study, offspring groups' performance levels were analysed when they had reached a 

high level of bar pressing, that is after eighteen days of training. In this study, offspring levels 

of performance were measured at an earlier stage in the acquisition phase (day fifteen), perhaps 

before any differences might reasonably be expected to have manifested themselves. It might 

be that offspring learning profiles only start to be differentiated at the higher bar press levels 

associated with the last few days of training. However, consideration of Figure 7:7 does not 

support this idea, as by day fifteen in the previous study the three offspring groups' learning 

curves were already progressing at different rates. This suggests that whatever is causing the 

differences between the studies, measurements taken at different stages in the procedures cannot 

be the answer. 

Furthermore, when considering the behaviour of the saline group in this experiment, the lack 

of group differences being attributed to pre-asymtotic measurement can no longer be considered 

a suitable explanation for the findings. At this stage in the procedure, offspring should have 
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achieved a similar level of performance as the animals in the preceding study. It was predicted 

that with these animals (subjected to injections but not administered any drugs) the SEC and 

SC offspring groups should bar press more than their IC counterparts. As can be seen from 

Figure 8:1, this was not the case. Indeed, all the animals' levels of bar pressing were remarkably 

similar. However, it should be noted that the experience of being restrained and then injected is 

not pleasant and might even be considered arousal-inducing (Curry 1987). Indeed, this procedure 

might well have aroused the offspring groups, reducing the bar press levels of the SEC and SC 

animals to those of their IC counterparts 7. Considering the mean levels of bar pressing of the 

saline groups, when compared to those of the animals in the previous study, as can be seen 

from Table 8:1, in the present study both the SEC and SC offspring have lower bar press rates 

than were observed in the previous study. This adds some credence to the hypothesis that, as 

with Einon and Sahakian's (1979) saline groups, the injection procedure has an impact on the 

offspring groups too. Interestingly, however, the reverse is true for the IC offspring in that these 

animals produce considerably higher performances when given saline injections than when not. 

--
STUDY DAY SEC SC IC 
Experiment 15 204.21 211.32 109.89 
Two 16 259.47 240.37 114.26 
Chapter 17 274.21 246.79 148.42 
Seven 18 260.42 259.53 160.63 
Present 15 191.33 155.83 125.33 
Experiment 16 181.16 206.0 164.66 

17 210.83 194.0 181.5 
18 181.16 215.16 229.16 

Table 8: 1 Means of the offspring groups Skinner box performance over the last four days oftesting, 

for the experimental animals employed in chapter seven (N=19 per group) and the animals used 

in the saline condition in the present study (N=6 per group). 

In the introduction, it was further suggested that as the dose levels of amphetamine increased, 

7 Einon and Sahakian (1979), for example, have fOllnci evidence that the injection procedure does affect animals' 
behaviour. In their study, isolated rats demonstrated. more stereo typic behaviour than socially reared animals 
following saline injections. 
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as would be predicted by the literature (Grilly 1977), animals bar press rates should increase 

initially, then decrease with the higher doses. As can be seen from Figure 8:2, this was the case. 

In addition, it was suggested that the dose-performance curves of the three offspring groups 

should differ, with IC animals reaching an asymptotic level at lower doses than their SC and 

SEC counterparts. This was not the case. This latter finding is of particular importance to the 

present study, so it will be dealt with in some more detail. 

As mentioned earlier, from the second experiment reported in chapter seven, it was suggested 

that IC offsprings' low bar press rates, compared with their SEC and SC counterparts, could 

perhaps be explained in terms of their being overstimulated by the high levels of illumination 

which formed part of the complex reinforcer. This would raise their arousal levels, resulting in 

lower performance, following the Yerkes-Dodson law (1908). In the present work, it was therefore 

hypothesised that by increasing SEC and SC offspring arousal levels, their performance should 

be gradually reduced to IC levels, as the drug dosage was increased. As can be seen from Figure 

8:2, which describes the experimental groups by drug dose interaction, baseline performance 

levels in the saline condition (Dose A) were very similar for the three experimental groups, all 

of whose bar press rates increased in parallel for drug dose B, (0.5mg/kg). For the higher drug 

doses, the picture initially appears even more confusing. Taking the performance of the SEC and 

SC offspring groups first, as predicted by the arousal hypothesis, both groups' bar press rates 

fell off as the drug dose was increased. With the IC offspring groups, however, although not 

statistically significantly different from SEC and SC offspring, bar press rates remained high for 

drug doses C and D (1.0mg/kg and 1.5mg/kg), before being reduced by the highest dose level, 

dose E (2.0mg/kg). 

This deviation in the IC offsprings' performance, coupled with the lack of statistically significant 

differences between the three groups' dose-response curves may, however, reflect large inter

subject variance. Indeed, d-amphetamine given intraperitoneally to albino rats at various doses 

has been found to produce different results depending on the subject (Will and Checchinato 
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1973). In their study amphetamine was found to increase response rates in some animals and 

decrease it in others. Because the present study did not employ a repeated measures design 

with respect to drug dose, nor was the drug administration maintained for a long period of time 

(only three doses being administered in this experiment rather than five doses over a period of 

a fortnight in Will and Checchinato's study) it is not possible to examine the present findings 

on an individual-rat basis. However, individual differences in autonomic reactivity might well be 

worth investigating in a future study. 

To summarise the Skinner box findings, several interesting points have emerged. Firstly, unlike 

the previous Skinner box experiment (chapter seven) the present experiment failed to reveal any 

significant differences between the offspring groups' bar press rates prior to drug administration. 

It was suggested initially that this might have reflected the pre-asymptotic performance of the 

groups and that offspring differences might have occured if the training procedure had been 

maintained for a longer period. However, comparison of the present findings with the previous 

study did not offer any support for this hypothesis. Secondly, no significant differences emerged 

between the groups over the four days of testing under the saline condition, although there was 

a tendency for IC offspring to bar press more than their SEC and SC counterparts. This finding 

is in direct opposition to that predicted by the arousal model. Finally, as was predicted, all 

offspring performances were affected by the dose of drug, such that the lower doses of drug 

increased performances across the board and higher doses of drugs decreased performances. 

b) Offspring Open Field Performance 

Moving on to the second test employed in this study, the open field, it was predicted that offspring 

groups would differ in their dose-response curves over the five days of testing, in that if the IC 

progeny were more aroused then they would reduce their levels of activity at lower doses than 

either their SEC or SC counterparts, the latter groups' profiles reaching a ceiling at the higher 

doses of d-amphetamine. Saline groups' performances should be similar to those of the animals 
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tested in chapter six. 

Considering the dose-response curves first, although there were no significant differences between 

the groups' patterns of responding over days for the five dose levels for the lines crossed or number 

of rears measures, as can be seen from Figures 8:3 and 8:5, SEC and SC animals tended to be 

more active than their IC counterparts respectively, which is consistent with the experimental 

hypothesis. However, with the higher dose levels these animals were still highly active, rather 

than reducing their levels of performance as was predicted. It may well be that for these animals, 

having already been highly trained in the Skinner box task, the "novelty" of the open field 

was quickly habituated to and thus this apparatus was not arousal-inducing. Therefore, the 

cumulative effects of the novelty of the field and the injections may have been such as to raise 

these animals' arousal levels towards the asymtote, but not to reach the ceiling effect that was 

predicted. Interestingly, when considering Figure 8:4, IC offspring do not seem to be affected by 

the drug dose at all, their mean number of lin'::::: crossed hardly changing over the five drug doses, 

unlike their SEC and SC counterparts. Their rearing behaviours, however, do seem to respond to 

drug doses, suggesting that the drug preparations were not at fault. Why there is a discrepancy 

between these measures, is at present unclear. 

With the number of rears, the only significant pattern to emerge was that for all the offspring 

groups, as dose levels increased number of rears decreased. Furthermore there was a highly 

significant days effect, animals tending to reduce their rearing behaviour as they habituated 

to the apparatus over the five days of testing. Neither of these results are surprising. What 

is unusual, however, is the lack of significant dose-response differences between the groups. It 

was predicted that if the IC progeny were more aroused than the other two groups, then they 

would reduce their activity more quickly than either the SEC and SC offspring. In fact all the 

groups reacted in a similar way to the drug dnses as evidenced by the lack of significant drug 

dose by offspring group interaction. However, it has been noted (Randrup and Munkvad 1970) 

that the various behavioural elements asociated with stereotypy are differentially affected by 
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amphetamine as the drug takes its course. It may be, therefore, that rearing and locomotion are 

being differentially influenced by environment and drug dose in the present experiment but that 

at the time the animals' behaviours were measured (namely for three minutes, half an hour after 

injection), the effects were not present. 

Finally, considering the saline dose group, it was suggested that these animals' performances 

should be similar to the pattern of responding observed in the SEC, IC and SC progeny in 

chapter six (experiment one). In particular, in the earlier study, although no significant differences 

emerged between the three offspring groups as a main effect, patterns of responding over days 

were different; SC offspring were more active than their IC counterparts, these animals being more 

active than the SEC progeny, both the latter groups tending to increase their activity over days. 

In the present study, although no significant interactions emerged, SEC and SC animals tended 

to be more active than than the IC group, when saline was injected. Perhaps this reflects the 

beginnings of an arousal-induced performance in these animals and that to expect the offspring 

groups' open field behaviours to be similar whether or not they had been injected is inadvisable. 

c) Summary and Conclusions 

In the present experiment the nature of the behavioural differences observed between the off

spring groups in previous experiments was investigated. In particular, it was argued that if the 

differences noted between the offspring performances in any way reflected differential positions on 

an inverted 'u' shaped performance-arousal curve, then certain predictions could be made about 

the offspring groups' behaviour under chemically altered states of arousal. Despite the lack of 

statistically significant differences between the three offspring groups, there were tendencies in 

the data which warranted some discussion. Overall, however, the present data did not support 

the view that offspring of differentially housed animals were differentially aroused. However, 

as cautioned by Einon and Sahakian (1979), observed differences in activity between different 

groups of animals "can only be used as supporting evidence for arousal differences; it does not 

!50 



of itself constitute strong evidence" (p306). Obviously this is an area of research which warrants 

more investigation, a fact that will be discussed in more detail in the following chapter. 
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CHAPTER NINE: GENERAL DISCUSSION 
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9:1 INTRODUCTION 

The effects of exposing an animal to an enriched environment are now well documented and it is 

apparent from the numerous studies that have emerged in the literature over the last four decades 

that enrichment produces an animal which is qualitatively different from either its socially housed 

or impoverished littermates. In particular, as outlined in chapter two, the enriched environment 

engenders in its inhabitants an ability to adapt more efficiently to new situations and affords 

these animals enhanced opportunities for learning skills which according to Renner (1988) have 

a survival function. Effects of enrichment have been found at a neuroanatomical, neurochemical 

and behavioural level (see chapters one and two) and in recent years have been extended beyond 

the laboratory to change the ways in which a variety of social and economic issues are now 

addressed (Rosenzweig 1984). 

As has become apparent from this thesis, howe~ver, the effects of enrichment need not be confined 

to those directly exposed to it. Indeed, as noted in chapter one, in the orient and particularly 

in Japan, there is a widespread belief that cultural enrichment can extend across generations 

via intruterine education, a procedure known as Taikyo (Nakae 1983). Within the enrichment 

literature, there has been a handful of studies which have experimentally investigated this phe

nomenon by exposing pregnant animals to EC, SC and IC and investigating the effects of these 

environments on both brain measures (Diamond et al 1984; Inouye et al 1986) and some be

haviours (McKim and Thompson 1975; Kiyono et al 1985) in their offspring. However, as yet 

little is known about the functional significance of these effects or even their adaptive value. The 

present thesis aimed to explore this area of research further by both examining the effects of 

differential environments p1'io1' to pregnancy across three successive generations and beginning 

to unravel the nature of these effects in more detail. 

In this chapter the aims and objectives of this thesis will be reiterated and a summary of the main 

findings provided. In addition, methodological problems that might influence the interpretation 

of the results will be highlighted. Possible causes of the effects observed will then be discussed 
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and avenues for future research suggested. Finally, implications of the findings will be mentioned 

and conclusions based on this research drawn. 

9:2 AIMS, OBJECTIVES AND SUMMARY OF FINDINGS 

As outlined in the General Introduction (chapter one) to this thesis, the purpose of the present 

research was to investigate the effects of differential maternal environments prior to pregnancy 

on future offspring. In particular, the experimental programme was designed to explore three 

areas of interest. 

• Firstly, to investigate the effects of exposing animals directly to SEC, SC and IC on their 

behaviour, both to validate the use of the superenriched environment employed in this 

present work and to ensure that environmental effects continued postpartum. 

• Secondly, to establish a behavioural profile of offspring and grandoffspring of differentially 

housed mothers, that is to investigate the inter generational transfer of environmental effects. 

• Finally, to investigate the possible car SI!S of the intergenerational effects, with a more 

detailed analysis of offspring performances being undertaken in both learning and activity 

based tasks. 

Given these aims, the first issue to be addressed in this discussion, is whether they were realised 

or not. This will become apparent as the main findings of this thesis are described in more detail 

below. 

454 



9:2:1 BEHAVIOURAL PROFILE OF SEC, SC AND Ie ANIMALS 

The first aim of this thesis was to provide a behavioural profile of animals exposed directly to 

the differential environments. This was undertaken for several reasons: 

• Firstly, to ensure that the super enriched environment employed in this thesis provided a 

sufficiently enriching experience compared with the impoverished environments, given the 

length of time for which animals would be maintained in it. In addition, by including 

a standard group housing condition (SC), the relative contribution of SEC versus IC to 

performance differences could be assessed. 

• The second objective was to establish a behavioural profile of male and female animals 

exposed to SEC, SC and IC against which to compare offspring and grandoffspring groups. 

• Thirdly, as the experimental manipulation of the mothers employed in this thesis occured 

prior to pregnancy, it was considered important to establish that the environmentally in-

duced changes in behaviour continued post partum without being reduced by pregnancy 

and the rearing of offspring. 

These objectives were incorporated into the design of the first study of this thesis (chapter five), 

the underlying rationales and findings of which are discussed in the following pages. 

a) Efficacy of Superenriched Environment 

In the present research, manipulation of the maternal generation by exposing female animals to 

SEC, SC and IC from weaning to maturity resulted in animals being differentially housed for 

nine weeks. Given that during this length of time animals might habituate to a more traditional 

form of enrichment (such as has been typically employed in the EC/IC literature) and given that 

on balance more studies have found beneficial effects of superenrichment (Sturgeon and Reid 

1971; Kuenzle and Knusel 1974; Bennett 1976) than not, in the present thesis it was decided 
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to employ a superenriched environment to maximise enrichment effects. As a consequence of 

this, it was necessary to establish clear differences between animals raised in SEC, SC and 

IC, before employing these environments as maternal manipulations in subsequent experiments. 

Consequently, the effects of these environments on animals' open field, visual cliff and Skinner 

box performances were investigated in study one of this thesis (chapter five). 

In the open field, significant differences were found between the three experimental groups, IC 

animals crossing more lines than either their SEC or SC counterparts over the last four days 

of testing. This main effect was qualified by a significant environment by days interaction such 

that IC animals and in particular female IC animals maintained higher levels of responding 

over days than their SEC and SC counterparts. Significant interactions involving sex of animal 

also emerged, which when investigated further revealed that for the lines crossed measure, all 

significant group effects were due to the female animals. With the rearing measure, although SEC 

animals reared more than IC and SC animals, group profiles over days also varied, SC animals' 

number of rears reducing at a faster rate over days than their SEC and IC counterparts. No 

significant differences emerged between the groups with respect to either the time in centre or 

number of defecations measures, although males were found to defecate more than females. 

With the Skinner box data, clear differences emerged between the SEC and IC groups, irrespective 

of whether the animals were male or female. IC animals bar pressed significantly more than their 

SEC counterparts. With the SC group, however, profiles relative to the SEC and IC animals 

varied according to sex, SC females mirroring SEC performances, SC males those of their IC 

counterparts. Finally, with the visual cliff data, where both latency to descend onto the cliff and 

side chosen were measured, SEC animals too\ less time to descend onto the cliff than their SC 

and IC conspecifics, irrespective of cliff depth. Futhermore, although both IC and SC groups 

appeared more likely to pick the shallow side of the cliff, when the deep side was set at twelve 

inches, the sample sizes precluded an adequate statistical analysis of these data. 

Considering the efficacy of the supel'enriched environment, clear SEC/IC differences were found 
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in all three behavioural tasks, albeit qualified by the sex of the animals. Furthermore, in most 

instances these differences paralleled those typically found in studies employing the more tradi

tional type of EC. Starting with the open field results, IC animals demonstrated higher levels of 

activity than their SEC counterparts, a pattern of increased ambulation that has been reported 

elsewhere in the literature (Woods et al 1960; Dell and Rose 1987). Moreover, IC animals were 

more active than their SC counterparts, suggesting that ambulation differences were due to IC 

response patterns being elevated, rather than SEC levels being depressed. This SC/IC difference 

is consistent with work by Syme (1973) Einon et al (1975; 1978) and Morgan and Einon (1976), 

all of whom have reported their IC animals to be more active than socially housed animals. With 

respect to the rearing mesaure, SEC animals reared more than their IC and SC counterparts, 

demonstrating that the superenriched environment employed in this thesis produced animals with 

qualitatively different behavioural profiles than the SC and IC environments in this measure. No 

differences were found between the groups, however, with respect to either amount of time spent 

in the centre circle or number of defecations. 

At this point it is worth mentioning the sex differences found in the patterns of responding in the 

lines crossed measure of the open field. The higher levels of IC responding in the female groups 

when compared with their IC males and SEC male and female counterparts, is not entirely 

unexpected. Woods et al (1960) have also found larger EC-IC differences in female animals 

when compared with male groups. These gender differences are not often found in the literature, 

however, as the majority of studies has typically only employed either male or female subjects. 

Of particular interest to the present thesis, is whether or not the lack of significant differences 

between the male groups can be attributed to the SEC. Consideration of the means of the groups 

suggest that it is the IC males' performances which are unusual, reducing their activity over 

days rather then maintaining their more usual high levels of responding over days. Consequently 

this result was taken as further evidence of the ability of the SEC employed in this research to 

produce animals which are qualitatively similar to animals raised in a more traditional EC and 

thus justifies its use as a maternal environment. 
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With the Skinner box data, again clear SEC/IC differences emerged. This time, however, both 

the male and female IC animals bar pressed more than their SEC counterparts, a pattern of 

responding which has been reported elsewhere in the literature (Coburn and Tarte 1976; Lam

den and Rose 1979; Rose et al 1985; 1986; 1987). The relative contribution of enrichment or 

impoverishment to this finding, however, is less clearly determined than in the other behavioural 

measures, being confounded by gender. In particular, compared with their SC counterparts, 

SEC/IC differences in bar pressing appear to be due to the higher IC rates in female animals and 

lower SEC rates in male animals. No obvious reason has emerged for these sexually dimorphic 

responses, although it appears that female animals are being more influenced by impoverishment 

than their male counterparts (cf IC females' lines crossed behaviours too). With respect to the 

visual cliff data, again significant group differences emerged SEC animals taking less time to 

descend onto the cliff than both their IC and SC counterparts. This quicker descent of the SEC 

group when compared to their IC counterparts is similar to Curry's (1987) work with EC animals. 

In his experiment, IC animals took longer to descend onto the cliff (irrespective of side chosen) 

than their EC littermates. 

These findings, coupled with those of the open field, were taken to indicate that the use of a 

superenriched environment in the present thesis was justified. It should also be noted at this point, 

however, that the lack of differences observed between the groups in the lines crossed measure 

were only noted in the male groups. Female animals were significantly different from each other. 

As the intergenerational investigation in the present thesis only involved manipulating female 

animals (the mothers of future generations) by raising them in differential environments, the lack 

of differences between the males in one subset of data was rendered even less important in the 

context of justifying the use of the superenriched environment. Male differences are more relevant, 

however, when the profiles of animals raised in the differential environments are described in the 

next section. 

Finally, the present results allow some comments to be made about the relative contribution 
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of SEC to the behavioural differences observed in this study. When looking at the pattern 

of performances across behavioural test situations, impoverishment seems to be contributing 

most to the SEC/IC differences in lines crossed behaviours, producing more active animals and 

to the females' bar pressing responses, producing higher rates of responding in these animals. 

Enrichment, on the other hand, appears to contribute most to the rearing behaviour, SEC animals 

being more exploratory than their SC and IC counterparts, to male bar press rates (SEC animals 

bar pressing less than their IC counterparts) and visual cliff group differences. These results are 

generally in accordance with previous work, impoverishment often producing animals with higher 

levels of activity, enrichment enhancing exploratory and perceptual skills (see summary, chapter 

two). There is, however, no obvious reason fo': the sexually dimorphic behaviours observed in 

the bar press responses. 

b) Profile of SEC, SC and IC animals 

The second objective of study one was to provide a behavioural profile of the animals exposed to 

the differential environments employed in the present thesis against which to compare offspring 

and grandoffspring generations' behaviour. This objective was also achieved and from the data 

reported above certain characteristics can be identified which distinguish between SEC, SC and 

IC animals. 

Considering the SEC animals first, when introduced to a novel environment such as the open field, 

these animals were initially reactive, their da~' one lines crossed performance being significantly 

higher than those of their SC or IC counterparts. However, these animals habituated to the 

apparatus, gradually reducing their number of lines crossed over days. This initial reactivity 

was also apparent in the visual cliff apparatus, SEC animals taking far less time to descend onto 

the cliff from a central barrier than the other two groups. This reactivity in the SEC group 

must, however, be seen in the context of the test situations employed. Neither the visual cliff 
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apparatus nor the open field can be seen as more stimulating than the SEC environment 1. As has 

been noted elsewhere (chapter two section 2:4) reactivity is relative, animals tending to be more 

cautious in situations that are more stimulating than their home cage (Lore 1968) whilst more 

reactive initially in novel environments of a similar level of complexity to their home environment 

2. The test situations employed in this study can be seen as novel for the SEC animals but they 

habituated quickly to them, reducing their activity levels. Interestingly, in this experiment, SEC 

animals did not appear to show any evidence of depth perception, as they demonstrated little 

concern for the side chosen. However, it should be noted that in their environment these animals 

were well used to jumping down from ramps and had probably learned that such a drop was not 

particularly dangerous 3. Moving on to the last behaviour measured, SEC animals in this study, 

as in previous work (Rose et al 1985; 1986; 1987) bar pressed less than their IC counterparts. 

Whether this is evidence of learning differences between the groups, or as has been discussed 

elsewhere (chapter two) just reflects the higher activity levels of the IC animals (Coburn and 

Tarte 1976) is questionable. 

With the IC animals, a different behavioural pattern emerged, qualified by sex of animal. In 

particular, female IC rats were initially cautious in the open field compared with their SEC 

and SC counterparts. However, over days these animals maintained high levels of responding, as 

measured by number oflines crossed. In male IC animals, however, the higher levels of responding 

were only apparent on days two and three of testing, activity patterns dropping over the last 

two days of testing. The reasons for these sexually dimorphic patterns of responding are as yet 

unclear, but suggest that the effects of impoverishment are stronger in the female IC animal, than 

in their male counterparts. This idea is born out by the effects of exposure to IC being the main 

contributer to the EC/IC differences in bar pressing in the female animals, but not in their male 

1 The superenriched environment employed in this thesis can be seen as comprising both open areas such as 
would be found in an open field and sharp drops sucr as would be found in the visual clift 

2It should be noted that all animals were tested from individual cages and as such, it might be argued, should 
not differ in behaviour. The fact that they do, suggests that environmental experiences are cumulative and that 
the impact of impoverishing the SC and SEC animals by maintaining them in isolation during the testing phase 
of this experiment should be seen in the context of a longer time framework. 

3Indeed, the higher rearing levels of these animals appears to corroborate this, suggesting as it does, that these 
animals are more exploratory than their SC and IC counterparts. 
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conspecifics. In the visual cliff apparatus, which can be seen as more complex than these animals' 

home cages, both male and female IC animals took their time before descending onto the visual 

cliff. Furthermore, when the cliff was set at twelve inches, 90% of these animals chose the shallow 

side compared with 55% when the deep side was set at one inch. This is not unexpected: these 

animals having no previous experience of dept.h would naturally be more cautious. This result 

does suggest, however, that these animals were able to perceive depth. With the Skinner box, 

both IC males and females bar pressed more than their SEC counterparts. This is now fairly 

typical in the literature although the exact causes of this pattern are as yet unknown. 

With the SC animals, whose environmental experiences are more complex than those of the IC 

group but less so than the SEC group, activity patterns were similar to those of the SEC group in 

the open field, that is initally reactive then over days reducing their number of lines crossed, but 

more like the IC group in the visual cliff. In this apparatus, not unexpectedly given their home 

environment, SC animals demonstrated a degree of caution, taking longer to descend onto the cliff 

than their SEC counterparts. In addition, as with the IC animals, a greater proportion of animals 

chose the shallow side (80%) when the cliff was set at twelve inches than when it was set at one 

inch (60%). With the Skinner box data, howlcver, sex of animals interacted with performance. 

Male SC animals' bar press rates mirrored the IC males performances, female animals the SEC 

females' performances. As mentioned earlier, reasons for these sexually dimorphic behaviours 

are as yet unknown. 

As can be seen from this section, direct exposure to SEC, SC and IC produces animals with 

different behavioural profiles. Furthermore, these profiles are not dissimilar to those found in 

previous studies investigating EC, SC and IC open field, visual cliff and Skinner box behaviour, 

summarised in some detail in chapter two (section 2:4). 
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c) Effects Continue Postpartum 

The final objective of study one was to ensure that the differences observed between the SEC, SC 

and IC groups noted in the previous two sections continued postpartum. The rationale behind 

this was quite simple. In the experimental procedure employed in chapters six, seven and eight, 

manipulation of the maternal generation by exposing females to differential environments was 

to be carried out. If the behavioural effects induced by direct exposure to these environments 

were to be masked by the experiences of pregnancy and associated prenatal individual housing 

coupled with the raising of litters, then the l~:;e of this form of maternal experience would be 

called into question. Consequently, in the second experiment in study one, females which had 

succesfully undergone environmental exposure, pregnancy and litter rearing were tested in the 

open field. 

Results indicated that significant differences existed between the three postpartum groups. Over 

the five days of testing, SC and IC groups maintained higher levels of activity than their SEC 

counterparts as measured by the number of lines crossed and were more exploratory as seen by 

their increased number of rears. Animals raised in the SEC prior to pregnancy spent less time 

in the centre of the open field compared with their IC littermates. However, when the relative 

performances of the postpartum groups are compared with their virgin counterparts' behaviour, 

several differences between the two groups of animals' patterns of responding emerged. 

In particular, although both the virgin and postpartum IC animals were more active than their 

SEC counterparts, this finding was more pronounced in the postpartum animals. Furthermore, 

when comparing the postpartum SEC and IC animals with their SC counterparts, these activity 

differences appear to be due to reduced SEC levels of performance whereas in the virgin animals, 

comparison of the SEC and IC groups with their SC conspecifics, suggests that heightened IC 

activity levels contribute most to the SEC IIC differences. Additionally, in the virgin groups, 

SEC females reared the most (compared with both the IC and SC groups), suggesting that these 

animals were the most exploratory, the opposite pattern emerging in the postpartum groups. 
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Finally, if time in centre is a measure of emotionality, then from the evidence, few differences 

in emotionality exist in the virgin animals. By comparison, however, in the postpartum groups 

SEC animals were more emotional than their IC counterparts. 

So in response to the question "do environmental effects continue postpartum?", the patterns 

of behaviour which emerged demonstrate that although there are significant differences between 

SEC and SCIIC animals postpartum, justifying the use of these environments as a maternal 

manipulation, it should be noted that the postpartum animals' performances were qualitatively 

different from their virgin counterparts. In particular, in the latter groups, impoverishment 

produced animals with higher levels of activity, enrichment enhancing exploratory and perceptual 

skills. In the postpartum groups, however, enrichment reduced activity and exploration whilst 

increasing emotionality, relative to animals exposed to impoverishment prior to pregnancy. This 

suggests that the consequences of pregnancy and parturition have the greatest impact on the 

behaviour of the enriched animal. 

9:2:2 BEHAVIOURAL PROFILE OF OFFSPRING AND GRAND

OFFSPRING GROUPS 

The second aim of this thesis was to establish a behavioural profile of the offspring and grand

offspring of differentially housed mothers, that is to investigate the intergenerational transfer of 

environmental effects. Study two (chapter six) was therefore designed to investigate whether the 

effects of exposing females to SEC, SC and IC prior to pregnancy altered the behaviour of their 

offspring (experiment one) and grand offspring (experiment two). In this discussion chapter, these 

profiles will be briefly summarised and the p<1ttern of behavioural differences over generations 

highlighted. 
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a) Behavioural Profile of Offspring 

In order to establish a behavioural profile of the offspring groups, animals were examined in 

similar test situations to those employed in t;l~ previous study, with their parents' generation. 

Results indicated that manipulating the environment of a female rat can significantly influence 

her offspring. 

Considering first offspring open field data, on day one both SC and rc offspring crossed signifi

cantly more lines than their SEC counterparts, but did not differ significantly from each other. 

If the SC offspring are seen as the control group, this suggests that the performance differences 

between the groups (on day one) are due to reduced reactivity in the SEC offspring compared 

with their IC conspecifics. Offspring groups' patterns of responding over days also varied, both 

SEC and IC offspring groups tending to increase their activity patterns over days (comparing 

their day one with day five performances), SC groups, although maintaining higher levels of 

activity than the SEC and IC progeny groups on the first four days of testing, tending to reduce 

their relative pattern of activity as measured hy number of lines crossed, over the last four days 

of testing. 

With the rearing measure, however, although the tendency was for both the SEC and IC groups 

to increase their numbers of rears over the five days of testing (reminiscent of their lines crossed 

behaviour) with the SC progeny maintaining a similar pattern across days, the relative position of 

the three groups were very different from their lines crossed performances. In this instance, over 

days IC progeny reared more than their SEC and SC counterparts. This suggests both that these 

animals are more exploratory and that it is the impact of maternal impoverishment rather than 

enrichment which is contributing to this effect. When the time in centre measure is taken into 

account, again the effects of maternal impoverishment were noted, differences emerging between 

IC offspring and their SEC and SC counterparts, offspring of IC dams being the most emotional. 

With the visual cliff, no significant differences emerged between the three offspring groups on 
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the side chosen measure, not a very surprising result given the similarity of direct experience 

of depth these animals had had. However, a significant interaction in the latency to descend 

measure between the three offspring groups' performances on the two cliff depths did emerge. 

When the cliff depth was set at one inch, both the SEC and IC offspring groups took less time 

to descend from the central platform compared with their performance when the cliff was set at 

twelve inches, the opposite pattern emerging for the SC offspring. Although this may initially 

suggest that the SEC and IC offspring groU~),j were responding to the depth of the cliff, the 

lack of significant differences in side chosen measures does not appear to support this hypothesis. 

Finally, offspring performances were examined in a Skinner box situation. In this instance, higher 

bar press rates were noted in the SC progeny, when compared with their SEC counterparts, no 

other group differences emerging. 

To summarise, therefore, when comparing the offspring of SEC and IC dams with their SC 

counterparts, maternal enrichment appears to contribute most to the day one open field activity 

differences and may have a role to play in bar press responses. Maternal impoverishment on the 

other hand, appears to contribute most to the group differences in exploratory behaviours and 

emotionality. Why these differences exist, however, is less obvious. 

Throughout the discussion of chapter six, offspring profiles were compared with those of their 

parent generations. As this discussion progressed it became clear that although significant differ

ences had emerged between the three offspring groups behavioural responses in the various test 

situations, the patterns of differences in these animals were very different from the pattern of 

differences observed between their parent generation, animals exposed directly to SEC, SC and 

IC. Furthermore, the offspring groups performances were neither consistent within nor across 

test situations. 

However, consideration of the EC/le literature coupled with an examination ofthose few studies 

in which exposure to differential environments have been employed as a maternal manipulation 

did allow certain possible causal mechanisms to be highlighted. In particular, it has been sug-
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gested that biochemical, endocrinological and arousal differences between the maternal groups 

(Ivinskis and Homewood 1980; Kiyono et al 1985; Diamond 1987) might be contributing to the 

offspring differences, as might differential maternal stress from their qualitatively different envi

ronmental experiences. As no biochemical or endocrinological assays were taken in this study, no 

comments could be made about offspring differences with respect to these measures, other than 

to state that it is possible that changes at these levels of analysis would accompany the offspring 

behavioural differences (cf Kiyono et al 1985). However, given that performances differences have 

been found to be related to stress (chapter three) and arousal (Yerkes and Dodson 1908) and 

that this study had observed behavioural measures often associated with stress and arousal (for 

example activity and emotionality), the hypothesis that offspring behavioural differences might 

be subserved by differential stress and/or arousal levels was examined further. Although neither 

stress nor arousal were able to account for the complete range of offspring behaviours, some as

pects of the results could be interpreted within these frameworks. In addition, the possibility that 

offspring groups' performance might reflect differential learning ability was also considered and 

a further set of experiments suggested to tease out the relative contribution of these postulated 

mechanisms. 

Prior to describing the results of these experiments, however, and assessing their contribution 

to an understanding of the offspring groups' performances, the final aim of this chapter, the 

establishment of behavioural effects over two generations needs to be considered. 

b) Behavioural Profile of Grandoffspring 

The behavioural profiles of the three grandoffspring groups were examined in the second exper

iment of study two (chapter six). Unlike the previous generation, grandoffspring of SEC dams 

were significantly more exploratory than grandoffspring of either SC or IC dams, as measured 

by the number of rears they made in the open field. In addition, although not statistically sig

nificant, both SEC and SC grandprogeny groups tended to be both more active and to bar press 
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more than their IC counterparts. These results suggest, that as with the previous generations, 

the relative contributions of enrichment and impoverishment may vary according to behavioural 

measure. For a more complete picture of these grandoffspring differences, however, they need 

to placed in the context of the intergenerational differences observed in the three generations 

studies in this thesis. This will be undertaken in the following section. 

c) Comparison of Profiles over Generations 

When the profiles of the SEC, SC and IC animals, their offspring and grandoffspring are com

pared, two striking facts emerge. Firstly, as the effects are passed across generations, the relative 

patterns of behaviour between the groups change, such that the contributions of maternal en

richment and impoverishment have a differential impact on subsequent generations. Secondly 

and not unusually, as the impact of differential maternal environments are filtered across gener

ations with no additional "topping up" of enviTonmental experience, the behavioural differences 

between the groups become less statistically significant. 

In particular, in animals exposed directly to differential environments, the activity levels of IC 

animals remained high across days, as measured by numbers of lines crossed, when compared 

with their SEC and SC counterparts (Figure 5: 1), suggesting that the differential effects were 

due to impoverishment raising animals' activity levels. Postpartum, however, both IC and SC 

dams were more active than their SEC counterparts (Figure 5:6), suggesting that in this instance, 

activity differences were due to the effects of enrichment. In the offspring generation, although the 

tendency was for SC progeny to decrease their activity over days, SEC and IC progeny increasing 

their activity levels, SC offspring tended to be more active over the first four days of testing than 

either their SEC and IC conspecifics (Figure 6: 1). With the grandoffspring generation (Figure 

6:5) although not statistically different from each other, both SEC and SC grandprogeny tended 

to be more active than their IC counterparts, again highlighting impoverishment rather than 

enrichment. 
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With exploration, as measured by number of rears in the open field, again different patterns 

emerged across the generations. In animals exposed directly to differential environments, SEC 

animals reared more than either their SC or IC counterparts (Figure 5:3), a result which has been 

attributed to the effects of enrichment. In the postpartum groups, however, SEC animals were less 

exploratory than their SC and IC littermates (Figure 5:7). Interestingly, by the time the effects of 

differential environments had passed across one generation, maternal impoverishment appeared 

to be contributing most to offspring group differences. As can be seen from Figure 6:2, IC 

progeny reared more than their SC and SEC counterparts. Across two generations, however, the 

most exploratory animals were the grandoffspring of enriched rats (Figure 6:6), grandmaternal 

enrichment appearing to have contributed most to the differences observed between the three 

grandoffspring groups, reminiscent of the effects noted in animals exposed directly to differential 

environments and tested immediately after their environmental experiences. 

When considering group differences in emotionality, some confusion appears in the data. In one of 

the most commonly employed measures of this construct, number of defecations in the open field 

(Whimbey and Denenberg 1967b), no differences were reported between the three experimental 

groups in any of the generations. If time spent in the centre circle is considered with animals 

spending less time in the centre being seen as more emotional, however, differences were found 

between the experimental groups, both in the postpartum animals and in the offspring generation. 

In particular, SEC animals tested subsequent to the weaning of their litters were found to spend 

less time in the centre circle than their IC counterparts 4, in the offspring generation, the opposite 

pattern emerged. In this instance, IC animals spent less time in the centre circle than either 

their SEC or SC conspecifics, suggesting that maternal impoverishment rather than enrichment 

contributes most to offspring emotionality differences. Why there is a lack of consistency between 

these measures of emotionality is, at present, unclear. Either one or other of these behavioural 

measures does not tap emotionality, or, as has become increasingly obvious from the experiments 

in chapter seven and eight, there is a lack of consistency in animals' performances within and 

4The relative contributions of enrichment and impoverishment to this result, however, cannot be ascertained, 
as the SC group do not differ significantly from either the SEC animals or their IC littermates. 
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across tasks. 

Finally, Skinner box behaviours were also measured in the three generations. In animals directly 

exposed to the differential environments, IC animals bar pressed significantly more than their 

SEC counterparts (Figure 5:5). When compared with their SC counterparts, however, gender 

differences emerged. In particular, enrichment appeared to contribute most to the bar press 

differences in males, impoverishment having the most impact in females. When considering the 

offspring performances under the same reinforcement levels (chapter six), enrichment appeared to 

contribute most to the effects (Figure 6:4). In the grandoffspring generation, however, although 

not statistically significant, if anything grandmaternal impoverishment had more of an impact 

across generations in this measure (Figure 6:7) than grandmaternal enrichment, grandprogeny of 

SEC and SC animals tending to bar press more than their IC counterparts. 

One obvious question to anse from these results is why are the succeSSIve generations be

haviourally different? One possible answer concerns the timing of the manipulations. In animals 

directly exposed to differential environments, the environmental experiences they are subjected 

to typically occur postweaning. In the offspring and grandoffspring generations employed in 

this thesis, however, the experimental manipulations were present at an earlier stage in their 

development. The impact of qualitatively different levels of stimulation provided by interactions 

with the maternal generation in both the offspring and grandoffspring generations occured from 

birth to weaning, a time when the developing organism is particularly sensitive to its environ

ment (Thompson and Grusec 1970). Furthermore, although not tested directly in this thesis, 

offspring of differentially housed mothers may also have been influenced by their dams in utero, 

adding to the nature of their experience. Indeed, as noted in chapter three, in the prenatal stress 

literature, both the timing and nature of the maternal manipulation have profound impacts 

on offspring generations. It is not unreasonable to assume that differential environments as a 

maternal manipulation also follow this pattern. 

Before addressing the possible causes of these differences, however, to obtain the full behavioural 
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picture of the offspring groups, the final two [,tadies of this thesis need to be considered. 

9:2:3 FURTHER ANALYSIS OF OFFSPRING PERFORMANCES 

In study two offspring of differentially housed mothers were found to differ, both in terms of their 

learning performance and their open field activity. In the discussion of the study (chapter six) it 

was suggested that a variety of factors may have influenced offspring behaviour, including: 

• Firstly, that offspring groups, having experienced qualitatively different mothers (Muir et 

al 1985), might have been differently stimulated and thus might differ in terms of baseline 

arousal levels (Walsh and Cummins 1975; Ivinskis and Homewood 1980). 

• Secondly, given that the three maternal environments might be seen as differentially stressful 

(Uphouse 1980), it was suggested that other intervening variables such as endocrine or 

neurochemical mediators may well be partly responsible for the effects, such as would be 

predicted hy both the enrichment literature (Renner and Rosenzweig 1987) and the prenatal 

stress literature (chapter three). 

• Thirdly, offspring effects, it was suggested, might simply reflect the differential opportuni

ties for learning afforded by exposure to mothers with fundamentally different behavioural 

profiles. 

In order to explore these causal hypotheses further, the final aim of this thesis was to provide a 

more detailed analysis of offspring performances in both learning and activity based tasks. This 

provided the impetus for designing the last two studies of this thesis (chapters seven and eight) 

the more specific objectives of which are considered in the following subsections. 
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a) Study Three (Chapter Seven) 

The purpose of this chapter was twofold: Firstly, to explore further the mechanisms which 

might explain the observed offspring behavioural differences, concentrating in particular on the 

possibility that differences in offspring performances might reftect differential learning capacities, 

stress and/or arousal levels. Secondly, within the EC IIC literature itself, one source of interest 

in the effects of differential environments which stems from its inception (Hebb 1947) is the 

notion that enrichment produces an animal which is more "intelligent" than its impoverished 

littermate. In the present thesis, the possibility that the beneficial effects of enrichment could be 

passed across generations was of considerable theoretical importance. Consequently, this study 

had an additional impetus, namely to investigate whether or not offspring of enriched animals 

did have increased cognitive abilities. 

In experiment one, reasoning that if oft'spring of SEC, SC and IC dams do have different learning 

capacities then these should be most obvious in tasks which test directly for learning, a Hebb

Williams maze paradigm was employed. In experiment two, a Skinner box procedure developed 

by Rose et al (1986) was used, which they suggested distinguished experimentally between EC/IC 

differences in learning capacity per se and differences in motivation. Results of these two exper

iments will be summarised below. 

HEBB-WILLIAMS PERFORMANCE 

Offspring of SEC, SC and IC dams were put through a training and testing procedure based 

on that employed by Rabinovitch and Rosvold (1951), during which time behavioural measures 

of activity, learning and emotionality were taken. Most of the differences between the offspring 

groups emerged in the dependant variables measuring activity and emotionality. In particular, in 

the pre-training phase, SC offspring took longer to eat in the goal box than their SEC counterparts 

whilst in the training maze (day one) both IC a.ld SC progeny took longer to reach the goal than 
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the SEC progeny, highlighting the role of maternal enrichment in these effects. Typically, IC 

offspring took longer in the initial trials in the test mazes, both with respect to latency to 

emerge, time to reach the goal box and total time, suggesting that these animals were more 

emotional. IC progeny were also more active in the early mazes, their SEC counterparts being 

more active in the later ones. The only hint of a learning difference between the three offspring 

groups emerged in the early phase of training, SEC offspring taking less time to reach criterion 

than the SC group, these animals in turn taking less days than their IC counterparts. 

If, however, this last result is examined more closely and the requirements for reaching criterion 

examined (namely traversing the practice maze nine times in less than one minute on two con

secutive days) factors such as emotionality and activity were found to contribute more to this 

effect than learning capacity per se. 

Overall, these results were taken to indicate that although exposing female animals to differential 

environments do produce qualitatively different offspring, it is unlikely that these differences 

reflect altered cognitive capacities. Indeed, differences in activity and emotionality rather than 

learning best described their profiles and from the patterns of differences which emerged, it was 

suggested that the offspring of differentially housed mothers might be either be differentially 

stressed and/or aroused. When these mediating mechanisms were explored further, as with the 

previous study (chapter six), neither proffered a complete explanation ofthe results. Indeed, given 

the lack of consistent findings across various test situations, it was suggested that maybe both 

stress and arousal (with their accompanying changes in biochemistry at neuronal and endocrine 

levels) were interacting to produce the results. It was decided therefore to test this further, by 

manipulating one of these hypothesised mechanisms and for theoretical and practical reasons 

offspring arousal levels were chosen. 
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OPERANT CONDITIONING TASK 

In this experiment, reasoning that if offspring groups' behaviours were in any way being influenced 

by differential arousal levels, then by externally mediating their arousal levels, through the use 

of a highly stimulating reinforcer in a Skinner box paradigm, certain behavioural predictions 

could be made. In particular, in an earlier experiment (study two), SC offspring were found to 

bar press significantly more than their SEC counterparts. IC progeny, although not differing 

statistically from either the SEC or SC groups, produced bar press levels which fell between their 

SC and SEC conspecifics. These performances, it was suggested, might reflect differing positions 

on an inverted-U arousal-performance curve (Yerkes and Dodson 1908; Hebb 1955), such that SC 

animals being optimally aroused, produced O'JI imal performance levels, the lower performances 

of the other two groups reflecting either higher or lower arousal levels. In this experiment, by 

employing a more stimulating reinforcer, it was predicted that all three offspring groups' arousal 

levels would be increased, with a resultant shift along the hypothesised arousal-performance 

curve, such that the rank ordered position of the offspring groups, in terms of bar press rates, 

would also change. 

Results demonstrated significant differences between the three groups and in part, supported the 

hypothesis that offspring groups were differentially aroused. For example, SEC offspring, whose 

previous Skinner box performance was significantly lower than their SC counterparts, increased 

their bar press rates as would be predicted by an arousal hypothesis. In addition, these animals 

were significantly different from the IC progeny, the latter animals having lower bar press rates. 

However, the SC group's performance was silnilar to that of the SEC group, not corresponding 

exactly to the experimental hypothesis 5. Prior to drawing any firm conclusions about these 

results, however, one final experimental procedure was suggested, to test the arousal hypothesis 

to its limit. This provided the focus of the last experimental study, chapter eight. 

5In this test situation the main impact of differentilll maternal enviromnents appears to be due to maternal 
impoverishment, unlike the previous Skinner box study in which if Ilnything, maternal enrichment was having the 
main effect. NB: the differences between these studies lies in the nllture of the reinforcer, obviously interacting 
differentially with the maternal conditions. 
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b) Study Four (Chapter Eight) 

This study was designed quite specifically to ~~st the hypothesis that offspring of differentially 

housed mothers might have different underlying baseline arousal levels. Two behavioural pro

cedures that had demonstrated clear differences between the offspring groups in study two (the 

open field) and study three (the operant conditioning task) were employed and animals' arousal 

levels chemically manipulated with d-amphetamine sulphate, as recommended by Walsh and 

Cummins (1975). 

Several hypotheses relating to specific behavioural patterns expected in the offspring under the 

various drug regimes and test procedures were advanced, including: 

• In the Skinner box paradigm, pre-drug bar press rates over the last test days prior to drug 

administration will differentiate between the three offspring groups, such that SEC and SC 

progeny will bar press more than the IC J.lrogeny. 

• In the saline condition, where animals are injected but not administered any amphetamine, 

SEC and SC offspring will continue to bar press more than their IC counterparts. 

• As the dose levels of amphetamine increases, all groups' performances will increase initially 

and then decrease, lowest levels of performance being found with the highest doses. 

• The dose-response curves for the three offspring groups will differ such that the IC offspring 

will reach an asymptotic level at a lower dose than their SC and SEC counterparts. This 

will be represented by a group by dose by days interaction. 

• In the open field, it is predicted that the three offspring groups will also differ in their 

dose-response curves, SEC animals reducing their levels of activity as measured by lines 

crossed and rearing behaviours at higher doses than the other two offspring groups. 

• Animals receiving saline will have open field behavioural profiles that are similar to those 

reported in chapter six (study two). 
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In this study, the results failed to find any statistically significant differences between the offspring 

groups' dose-response curves, suggesting that the observed group differences noted in previous 

experiments cannot be described in terms of a unitary intervening variable such as arousal. 

However, when the results of the two experiments are considered, several interesting points did 

emerge. 

Considering the Skinner box data first, unlike the experiment reported in chapter seven, no 

differences between the offspring bar press rates prior to drug administration emerged. This, it 

was suggested initially, might reflect the pre-asymptotic performance levels of the groups and it 

was further suggested that offspring differences might have occured if the training period had been 

maintained for longer. However, when this hypothesis was explored further, both by considering 

the saline group and by comparing subjects responses over the pre-drug training days with those 

of the previous Skinner box study (chapter seven), it was found to lack empirical support. In 

particular, no differences emerged between the three offspring groups over the four days of testing 

under the saline condition, although there was a tendency for the IC offspring to bar press more 

than their SEC counterparts in the four drug dose conditions (see Figure 8:2). Furthermore, 

in this study, no pre-drug diferences were found between the three offspring groups, different 

learning patterns having emerged in the earlit~r study over the equivalent training period. 

These findings are in direct contradiction to those predicted by the arousal hypothesis. However, 

as will be discussed in more detail in sections 9:3 and 9:4, it should be mentioned at this point 

that the procedure employed in this study, namely injecting the animals, is in itself stressful and 

may well have altered their arollsal levels. Consequently, these results should be treated with 

some caution. Finally, as was predicted, all ofl'spring performances were affected by the dose 

of drug, such that the lower doses increased the performances of all the groups, higher doses 

reducing performances. 

With the open field, considering the dose-response curves first, although there were no significant 

differences between the groups' patterns of responding over days for either the number of lines 
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crossed or rears measures, as can be seen from Figure 8:4, SEC and SC offspring tended to be 

more active than their IC counterparts at the lower doses. That is, these animals' responses 

were in the predicted direction. However, at the higher dose levels these animals were still highly 

active rather than reducing their levels of performance. It was suggested that these animals had 

not reached their ceiling levels of performance. 

Overall, these results do not appear to support the hypothesis that offspring of SEC, SC and Ie 

dams are differentially aroused, or at least indicate that the notion that arousal is the mechanism 

subserving the changes observed over generations is too simplistic. The obvious question is there

fore, what factor(s) are involved in these intrfljenerational effects? Before this question can be 

addressed, however, there are certain methodological issues that must be considered, as they may 

impinge upon the interpretation of the findings. These methodological issues will be considered 

in the next section, followed by an overview of the possible causes of the intergenerational effects. 

9:3 METHODOLOGICAL CONSIDERATIONS 

In this thesis, certain methodological decisions were made in the design of the four studies, which 

may influence the interpretation of the results and as such should be highlighted. It should be 

emphasised that all of these decisions have been discussed already in the relevant experimental 

chapters. However, they are worth reiterating here, in the context of an assessment of the present 

research. For ease of presentation, an evaluation of the design of the studies will be undertaken 

by successive chapters but it should be noted that some design decisions have permeated across 

chapters and therefore, must be seen in a more global context. 

a) Appraisal of Chapter Five 

In evaluating the superenriched environment employed in this thesis, male and female SEC an

imals were compared with their SC and IC counterparts. An alternative method of evaluation 
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would have been to compare animals housed in the SEC with those housed in the more tradi

tional type of enriched environment typically employed by Rosenzweig and his colleagues, the 

EC. However, as the EC had been extensively reviewed in chapter two, this was considered a suf

ficient literature against which to compare the SEC animals' performances. Furthermore, certain 

practical considerations had to be taken into account in this study, namely amount of colony 

room space available to the present author and number of animals that could be successfully 

tested by one experimenter. In chapter five, experiment one, some sixty animals were tested in a 

variety of behavioural meaures that are by their nature time consuming. Including two enriched 

environments (EC), one for male and one for female animals in the design of this experiment 

would have increased the number of animals to eighty, just too many to easily test in the open 

field and visual cliff procedures. Staggering animals' housing and testing was avoided wherever 

possible, to ensure that conditions were similar between experimental groups, consequently in 

this thesis it was decided to compare SEC allimals with their SC and IC counterparts, rather 

than include an additional EC environment. 

Secondly, in this study, all animals were individually housed for one week, prior to testing. Tech

nically, therefore, all animals were tested from isolation. However, as pointed out in the procedure 

section of this chapter, this delay in testing and housing arrangement has been employed else

where in the literature (Rose et al1985j 1986j Dell and Rose 1987) and does not appear to alter 

the typical EC-IC effects reported in chapter two (Lamden 1985). In future research, however, 

given that the effects of isolation can have an impact on brain measures in a very short space of 

time (see chapter one), it is recommended that animals should be maintained in their respective 

environments throughout the testing period. 

A third design factor which was taken into af'(;ount, was the order of testing in experiment one 

of this chapter. In particular, animals were tested in the open field first, then the Skinner box 

and finally the visual cliff. This order was determined by the relative contribution of one test to 

ensuing ones. The open field relies on tapping an animal's response to a novel environment and of 
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the three tests used is the one which benefits most from naive animals. Consequently it was the 

first test to be employed. As training and testing animals have been found to have an "enriching 

effect" (Rosenzweig and Bennett 1977), of the two remaining tests, it was felt that the visual 

cliff, which tests perceptual ability, would be least influenced by the impact of testing experience, 

consequently this procedure was carried out last. In this experiment, results were similar to 

those noted in previous studies and so it is likely that test order did not significantly influence 

animals' responses. However, in an ideal design, naive animals would have been employed for 

each of these procedures, tripling the number of animals required. 

A fourth element to be considered in this study is its sample size. This had an impact on 

the analysis of the visual cliff data, the relatively small number of animals in each cell (N=20) 

G reducing the chance of attaining a significant result. As noted, above, the sample size was 

determined by practical considerations. However, if this experiment were to be replicated, the 

author would advocate employing a larger sample to ensure that expected frequencies did not 

fall below five in anyone cell. 

Moving on to the second experiment in this r!lapter, in which postpartum effects were invest i-

gated, only one behavioural measure was employed, the open field. As in this experiment, unlike 

the previous one, no attempt was made to provide a behavioural profile of these animals it was 

deemed sufficient to test for behavioural differences in one experimental procedure. The choice 

of the open field reflected its' importance in the literature as one piece of apparatus which does 

distinguish EC and IC animals' behaviour. However, one obvious criticism of this experiment is 

that in concluding that effects continue postpartum, it must be noted that this is only true for 

the open field and one should be aware of the problems of generalising this finding to other test 

procedures. At the time, this design decision seemed reasonable to the present author. However, 

in the "ideal" experiment, postpartum groups should be tested on a wider range of apparatus. 

Finally, in this experiment, no attempt was made to measure brain changes in the postpartum 

UThe sample size is seen as small, when employing" chi-square analysis. In most experiments reported in the 
EC/IC literature, however, this sample size is the nor;:",. 
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groups. This was due to the lack of laboratory facilities at the time of testing. In future, how

ever, it is recommended that neuroanatomical measurements and biochemical assays be standard 

practice in this type of research. 

b) Appraisal of Chapter Six 

In this study, the behavioural profiles of offspring and grandoffspring of SEC, IC and SC dams 

were investigated. As with the previous chapter certain methodological decisions were taken 

which were compromises based on the best possible design given certain practical constraints. In 

particular, in the first experiment in this study, offspring of differentially housed mothers were 

each tested in two pieces of apparatus. As with the previous study, the open field apparatus 

was employed first, then half the subjects were tested in the Skinner box apparatus, half in the 

visual cliff. This was an attempt to take into account the problems of training itself influencing 

test results (Rosenzweig and Bennett 1977) by reducing the number of experiences of the groups, 

whilst still keeping numbers of subjects as large as was possible given the breeding constraints. 

The practicalities imposed by the space available in the colony room for the breeding programme 

also influenced the second experiment in this chapter, where grandoffspring were investigated. 

In particular, the complexity of the breeding programme and the number of animals involved to 

produce the experimental sample resulted in L decision being made to restrict the experiment to 

thirty offspring and more specifically thirty male offspring. This latter decison was based on two 

factors. Firstly, in much of the EC/IC literature, effects have been investigated in male animals. 

If one sex of animal had to be chosen in this experiment, the precedent established in previous 

work dictated that it should be male animals. Secondly, at this time, only preliminary data 

analyses had been performed on the offspring data, to ascertain if effects existed between animals 

of mothers raised in SEC, SC and IC, before moving on to consider effects over two generations. 

This limited analysis was a deliberate decision, to reduce experimenter effects (Rosenthall1966). 

However, when complete analyses were performed, sex differences between the groups were noted. 
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As mentioned in the introduction to this experiment, with hindsight, it would have been preferable 

to include female offspring too. 

c) Appraisal of Chapter Seven 

As with the previous study, only male offspring were employed in the Hebb-Williams and operant 

conditioning tests in this study. As noted in the introduction to this work, the choice of male 

animals reflected the precedents set by previous literatures (Kiyono et a.! 1985; Dell and Rose 

1986) as well as the limits imposed upon sample sizes by the amount of space available in the 

colony room for the breeding programme. Given that research is often compromised by practical 

considerations, it is the present author's opinion that the experimental decisons made are entirely 

justifiable. However, future research, wherever possible should endeavour to include both male 

and female animals. 

d) Appraisal of Chapter Eight 

Of the four studies in this thesis, the study presented in chapter eight (study four) is the one 

which presented the author with the most difficult decisions. As noted in the introduction 

to the experiments, several methodological questions had to be addressed, including choice of 

behavioural test, test order, drug dosage and administration and types of dependant variables 

measured. The choices made were all justifiable, both in terms of precedents set in the literature 

and theoretical relevance to the thesis itself. However, some additional factors should have been 

taken into account, which only emerged as problematic once the data had been collected. 

Firstly, in the present thesis an independent subjects design was employed, animals only being 

given one dose level of the drug d-amphetamine sulphate. As Will and Checchinato (1973) have 

noted, however, there is a large inter-subject variability in bar press responding to amphetamines 

and an alternative between-subjects design may have been more appropriate in the Skinner box 
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experiment. Furthermore, subjects were only given three days of treatment with amphetamines 

in this operant conditioning task. Perhaps for the effects of amphetamines to become clear, a 

longer period of administration would have been necessary. The limiting of the number of days of 

drug administration was because in this study the subjects were young and still growing rapidly. 

As amphetamines have been found to interfere with appetite and may have influenced normal 

growth patterns in the subjects, care was taken to administer as little of the drug as was possible. 

Perhaps, in retrospect, the author was too cautious. 

Probably the most problematic aspect of the present research, however, concerned the choice of 

appropriate control group. In this study, baseline levels of performance were taken from animals 

of dams exposed to SEC, SC and IC, which had been injected with saline. However, it is quite 

likely that this experimental procedure was stressful and as Curry (1987) has noted, may well 

have altered these animals' arousal levels. A more appropriate control might have been to employ 

sham injections 7, such as were used by Curry (1987) so as to reduce the arousing properties of 

the control procedure. Given that the control groups may have been inadvertantly aroused by 

the procedure employed in this study, it is the author's opinion that the results ofthis experiment 

must be considered with some degree of caution. 

Overall, despite the methodological problems outlined in more detail above, it should be remem-

bered that clear differences were found between the offspring and grand offspring of female rats 

exposed to differential environments prior to pregnancy. As one of the aims of this thesis was 

to begin to unravel the nature of these differences, in the next section an overview of possible 

causes of these effects will be discussed. 

1This involves holding the animal in a manner similar to that of animals to be injected, but holding an empty 
syringe with no needle against the animal. This procedure simulates the effects of handling, but does not allow 
the animal to be invaded by a needle, nor does it include any introduction of saline into the animal's system. 
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9:4 POSSIBLE CAUSES OF THE INTERGENERATIONAL EFFECTS 

Throughout this discussion, offspring and grandoffspring groups' performances have been con

sidered in a range of behavioural tasks. Two important facts have emerged. Firstly, it is now 

clear that the effects of differential maternal environments across generations are complex, there 

being a lack of consistency in offspring groups' behaviours both within and across test situations. 

Secondly, the relative contribution of maternal enrichment when compared with impoverishment 

also varies, both within and across tasks and across generations. 

As has become increasingly apparent, unravelling the causes of these effects is problematic, both 

because the results are difficult to interpret and because they may reflect a range of underlying 

mechanisms. Consideration of those few studies in which differential environment have been em

ployed as the maternal manipulation (eg: McKim and Thompson 1975; Ivinskis and Homewood 

1980; Kiyono et al 1985; Diamond 1987) coupled with the variety of factors which have been 

forwarded to account for the effects of direct exposure to differential environments and which 

may indirectly contribute to the observed differences in offspring and grandoffspring generations, 

however, does offer a starting point. From these literatures certain possible causes were high

lighted in chapter six, including endocrine system alteration, neurochemical changes, learning, 

stress and differential arousal. In the light of the experimental studies reported in chapters seven 

and eight, however, these causal hypotheses need to be reassessed. 

Considering first endocrine system alterations and neurochemical changes, as no biochemical 

assays were taken in this thesis, little can be said with respect to these measures at this juncture. 

However, as will become apparent in this discussion, in the author's opinion, it is at this level 

of analysis that future research should be directed. Prior to exploring this further, however, 

mechanisms which were amenable to behavioural research and which were investigated further 

in chapters seven and eight will be dealt with first. 

Probably one of the most clear cut findings of this thesis, and arguably of the greatest theoretical 
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interest, is that whatever is being transferred across generations it is not having an impact on 

the offspring groups' problem solving ability (see chapter seven). Furthermore, although group 

differences in Skinner box performance were observed in chapter six, the manipulation of the 

nature of the reinforcer in the second Skinner box study (chapter seven) with its resultant changes 

in the relative patterns of offspring bar press rates when compared with those observed in chapter 

six, suggests that any performance differences observed in this apparatus were being subserved 

by mechanisms other than learning ability. Indeed, given that the only differences to emerge 

in the Hebb-Williams study were in terms of offspring emotionality and activity, it now seems 

more likely that it is differences in these types of behviour which best describe the offspring 

performances in all of the learning test situat;:,ns. 

Obviously the lack of differences between the offspring groups in learning capacity does not mean 

that the SEC and IC are not producing changes in learning and memory in the maternal gener

ation. Indeed, there is now considerable evidence that one of the differences between these types 

of environments is the differential opportunity for learning afforded their incumbents (Greenough 

1976; Renner and Rosenzweig 1987). What is apparent from the present results, however, is that 

any beneficial changes in cognitive capacity in the maternal generations are not passing across 

to the offspring and grandoffspring generations in some "non-genetic" manner. Furthermore, it 

now seems unlikely that the differential mothering behaviours noted by Muir et al (1985) are 

affording the offspring groups qualitatively different learning opportunities. Indeed, if there are 

any effects of the maternal generations' differences in learning on their offspring at all, it is more 

likely that these effects are subtle, possibly emerging in the mothers' differing levels of adapt ion 

to novelty, with resultant alterations in stress levels and hormones, the latter having an impact 

on the offspring groups' activity and emotionality. Obviously this is, at present, an untested 

hypothesis, warranting further research. 

Differences in offspring groups' activity and emotionality, however, such as have been observed 

in several of the test situations employed in this thesis, can be explained by factors other than 
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maternal ease of adaption to pregnancy, parturition and litter-rearing. Firstly, the maternal en-

vironments might themselves be seen as stres~urs, in the same way as immobilisation, crowding 

or handling of the maternal generation, for example, have been considered as stressors (chapter 

three). These differential environments (with their postulated varying degrees of stress for their 

incumbents) may in turn, have an impact on the offspring either in utero or via the maternal-

infant interaction postpartum (Denenberg and Whimbey 1963). Alteratively, differences in off-

spring levels of emotionality and activity may simply reflect differences in their baseline arousal 

levels perhaps being mediated by qualitatively differing levels of stimulation afforded by the dif-

ferent types of mothers they had experienced (Walsh and Cummins 1975; Ivinskis and Homewood 

1980; Muir et al 1985). 

Considering the notion that the offspring behavioural differences observed in this thesis are 

a product of differential maternal stress, two criteria need to be satisfied. Firstly that the 

differential environments can themselves be considered differentially stressful and secondly, that 

the offspring groups' patterns of behaviour are consistent with a stress hypothesis 8. With 

respect to the idea that the SEC, SC and IC are differentially stressful, there is still considerable 

debate within the literature (Rosenzweig and Bennett 1976; 1978; Uphouse 1980; Renner and 

Rosenzweig 1987) as to whether or not EC-IC differences can in any way be attributed to stress. 

In particular, it has been suggested that the enriched environment may be stressful, in that it 

overstimulates its incumbents resulting in "information overload" , whilst the IC provides a form 

of sensory deprivation resulting in "isolation-induced stress" (U phouse 1980 p225). However, the 

two main approaches that have been used to assess the contribution of stress to EC-IC differences, 

measurements of physiological indices of stress and comparison of EC and IC animals with animals 

subjected to other forms of stress, have provided conflicting results. 

More specifically, although there are problems in defining the concept of stress and its concomi-

tant physiological indices (Uphouse 1980), the most commonly employed physiological measures, 

8 That is, parallel results observed in offspring of mothers that have been stressed by manipulations other than 
exposure to differential enviromnents. 
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increased adrenal weight and/or adrenal response (increased output of ACTH or adrenal corti

costeroids), have produced mixed results. Although adrenals have been found to be enlarged in 

impoverished animals (Geller, Yuwiler and Zolman 1965; Uphouse and Bonner, unpublished data 

cited in U phouse 1980) not all of the studies have found this difference to be significant (Gree

nough 1969; Krech et al 1966). Uphouse (1980\ has pointed out, however, "that the presence or 

absence of enlarged adrenals may depend on the particular strain (of animal) investigated. Alter

natively, the adrenal response may not be permanent or may depend on other rearing variables 

that differ across laboratories." (p226), making this type of investigation methodologically prob

lematic. Furthermore, the other commonly accepted physiological index of stress, adrenocortico 

activity, has only been measured once (Geller 1971) and has provided little evidence oflong term 

stress responses in the EC-IC animals. In this study increased adrenal corticoid output was noted 

in the impoverished animals during the first part of their exposure to the environment, but by 

the eleventh day, no differences were found between the EC and IC groups. Geller suggested that 

the animals had quickly adapted to their respective environments and were no longer responding 

by adrenal activation. That is, if there were any stress effects, they were of short duration. If 

this were the case, however, then as Uphouse (1980) has succinctly commented, the presence of 

this "transient adrenal response should lead us to exercise caution in restricting measurements 

to the conclusion of the rearing interval and interpolating to the events that preceded it" (p227). 

That is, any measurement of adrenal weight should occur earlier in the procedure, rendering the 

results presented above, methodologically unsound. 

Physiological measurements are not the only experimental evidence which has been forwarded as 

evidence against the role of stress in the EC-IC effects. Riege and Morimoto (1970) compared 

animals exposed to EC and IC with groups that had also been exposed to a daily 'tumbling' 

stress, predicting that in the stressed groups, the EC-IC differences should disappear as the EC 

group would have also been subjected to environmental stress. This did not occur, leading these 

researchers to conclude that whatever the causes of the EC-IC differences, they could not be due 

to stress. However, this type of analysis presr,l1es that the effects of tumbling would be similar 
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(or equivalent) to the effects of isolation, or that the effects of the two types of stress (isolation 

and tumbling) are not cumulative. As Uphouse has noted "in general it is correct to conclude that 

the effects of differential rearing are not mimicked by the conditions of daily tumbling. However, 

to conclude from these data that "stress" is not influential in EC-IC differences is premature" 

(1980 p228). 

From the above studies, one can either conclude that there is little firm evidence that stress is 

causing the EC-IC differences, a position advocated by Renner and Rosenzweig (1987), or more 

reasonably that the evidence is inappropriate (either methodologically or theoretically) and the 

impact of stress on the animals exposed to differential environments remains to be illucidated. 

Either way, for the purpose of this thesis, there is little evidence to date which conclusively 

proves that exposure to differential environments is differentially stressful. On a more positive 

note, however, there is no reason to suppose from the evidence presented above, that stress is 

not involved. Indeed, intuitively one might well consider the effects of isolation to be stressful, 

whether or not the animals adapt to their circumstances over time, a fact which may well have 

an impact across generations if not having a permanent effect on the maternal generation itself. 

The second condition which needs to be met before the behavioural differences noted in this thesis 

can be attributed to differential maternal stress, is whether the patterns of offspring behaviour 

are consistent with a stress hypothesis. As has become apparent in this thesis (see chapter 

three), both the timing and the nature of the stressor plays an important role in determining 

its effects on the offspring (and grandoffspring) generations. Consequently to expect anyone 

particular effect of stress is inappropriate. What is to be expected, however, is that the effects of 

maternal enrichment and/or impoverishment should be consistent both within and across tasks. 

As can be seen from the offspring profiles which have emerged in this discussion, the relative 

contributions of maternal enrichment and impoverishment to various behavioural measures have 

not been consistent. For example, in the Skinner box experiment in chapter six, maternal en

richment contributed most to the SEC and IC offspring groups' performances, in chapter seven, 
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offspring bar press rate differences were most influenced by maternal impoverishment. Similar 

variations in the relative contribution of maternal enrichment and impoverishment to offspring 

group differences in emotionality across test situations can also be identified 9. It is this lack of 

consistency which suggests that whatever is causing the offspring differences, it cannot simply be 

different types of maternal stress. That is not to say that stress is not having an impact. Indeed, 

given some of the similarities between the present findings and those reported in chapter three, 

with effects appearing in measures of emotionality and activity rather than learning, it is difficult 

to dismiss stress altogether as a causal mechanism. What must be concluded at this juncture, 

however, is that stress is not the main causal mechanism and other levels of analysis must now 

be entertained. 

Moving on to an alternative explanation, the !lossibility that offspring groups differ in terms of 

their baseline arousal levels, initially the results of the last study undertaken in this research 

appear to cast doubts over the notion that offspring of SEC, SC and IC dams are differentially 

aroused. However, when the methodological problems associated with this study are taken into 

account, the picture is revised somewhat. If, as has been suggested by Curry (1987), injecting 

animals does alter their arousal levels, then the adoption of a non-injected control group would 

have been a more appropriate methodology to employ. Consequently, although not obviously 

supporting the hypothesis that offspring (and presumable grand offspring) behaviour patterns 

can be attributed to differing baseline arousal levels, the results of this study are not sufficient 

to dismiss the arousal hypothesis completely. 

Indeed, when considering the arousal hypothesis in some more detail, there is some evidence 

that arousal differences between the offsprinf, groups do exist and in particular that offspring 

of IC animals are more aroused than either their SC or SEC counterparts. These hypothesised 

differences in baseline arousal levels emerged from the second Skinner box study (chapter seven), 

in which increasing the stimulating properties of the reinforcer resulted in an adjustment of 

9For example, maternal impoverisillnent appears to contribute nlOst to differences in emotionality in the open 
field, enrichment having the greatest effect in the Hebb- Williams. 
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the relative bar press rates of the three offspring groups, consistent with predictions based on 

an inverted-U arousal-performance hypothesis. However, as is common with this thesis, few 

of the other test situations could be seen to fit neatly into an arousal framework. It is the 

present author's opinion, therefore, that arousal may be contributing, in part, to the offspring 

groups' behavioural differences, but that arousal cannot be seen as the only cause of these effects. 

Indeed, it should be reiterated that throughout this thesis there has been considerable hesitation 

in attributing a causal relationship between arousal and performance. This caution reflects the 

considerable ambiguity in the literature as to whether the inverted-U hypothesis (Yerkes and 

Dodson 1908) is causal or merely correlational (Neiss 1988; 1990; Anderson 1990). Moreover, 

Landers (1980) has stated that "the inverted-U hypothesis is not an explanation for the arousal

performance relationship, it merely posits that this relationship is curvilinear without explaining 

what internal state or process produces it" (p78). It may well be therefore, that the notion of 

differential arousal levels as a causal explanation for the offspring effects needs reassessing. In 

the remainder of this section the debates surrounding the construct of arousal will be highlighted 

and a way around these issues will be suggeste't In particular, it will be argued that one avenue 

through the problems generated by both the arousal and stress hypotheses, would be to refine 

the level of analysis, exploring offspring and grandoffspring behaviour at a biochemical level. 

Part of the problem facing the concept of arousal and more specifically the inverted-U hypothe

sis, according to Neiss (1988), is that it is effectively immune to falsification as "arousal cannot 

be created in a pure form for research purposes" (p354) in order to be tested. Indeed, even 

altering arousal levels by the use of chemicals such as amphetamine, as has been advocated 

by Walsh and Cummins (1975) and has been employed in this thesis and by other researchers 

(Einon and Sahakian 1979), is open to criticism (Neiss 1988; 1990). For example, as early as 

1957, Miller urged caution in the interpretation of the results of drug studies because of pharma

cological side effects. It may be that factors other than the physiological changes that are often 

subsumed under arousal, which result from the procedure of being injected with for example 

amphetamines, are themselves causing the behavioural changes observed. Futhermore, the con-
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struct of arousal as defined via the inverted-U hypothesis invoked in this thesis, originally gained 

support because of its unidimensional nature (Duffy 1934; 1941; Malmo 1959). As psychophys

iological and neurophysiological research has become more sophisticated, however, researchers 

have seen more utility in distinguishing between two or more forms of arousal (Neiss 1988), for 

example autonomic versus cortical arousal, or at a neurobiochemical level, arousal subserved by 

the sympathetic adrenal medullary system which is stimulated by the flight-fight emotions and 

the pituitary adrenal cortical sytem which is ..;timulated by anxiety (Henry 1976). 

This redefinition of the construct of arousal, from one which is unidimensional and global to 

a more multifaceted and specific series of psychobiological states, has obvious implications for 

the inverted-U hypothesis. With arousal no longer seen as a unified construct, defining efficient 

performance in terms of optimal arousal levels no longer seems appropriate. However, this 

reconceptualisation of arousal (Neiss 1988; 1990) is not without its critics. Recently, for example, 

Anderson (1990) has argued that "although the ultimate value of the hypothetical, conceptual 

construct of arousal is as yet unresolved, substantial evidence does favour its pragmatic usefulness 

and hence its continued investigation" (p 99). This evidence can be found in the literature 

exploring the relationship between arousal and cognitive performance in which sophisticated 

methodologies allow the inverted-U hypothesis to be tested. Anderson (1990) has argued that 

under these conditions strong evidence for thl' inverted-U has been provided and suggests that 

the arousal-performance relationship may be altered by the nature of the functional domain being 

investigated. 

Whatever the current state of conceptualisation of arousal, it seems clear that in the present 

thesis, the use of this construct as an explanation for both the behavioural differences observed 

in the offspring of differentially housed dams and as a possible mediating mechanism can no 

longer be considered as an appropriate levels of analysis. A more useful approach to employ in 

the investigation of both the nature of the offspring effects and their mediation in future studies, 

it is suggested, might be at the neurochemical and endocrinological levels. This suggestion is 
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posited for several reasons. 

Firstly, the construct of arousal itself can be redefined and thus refined, in terms of the neu

rochemical systems which control it (Neiss 1988). For example, cortical arousal, it has been 

suggested, involves noradrenergic transmission (Tucker and Williamson 1984) and it may well 

be that the behavioural effects noted in the offspring are merely a reflection of altered neuro

chemical activity. Secondly, within the EC/IC literature itself are several reports of the effects 

of enrichment on an animal's neurochemistry (see chapter one, section 1:4) and in particular its 

nor adrenergic systems. For example, norepinephrine (NE) has been implicated in certain phe

nomena that may be connected with EC/IC effects including arousal, learning and memory (Kety 

1970), neural plasticity (Kasamatu et al 198:C) and investigatory behaviour (Flicker and Geyer 

1982). Furthermore, depletion of brain NE by injection of 6-hydroxydopamine reduces the EC/IC 

effects (Mirmiran et al 1983; O'Shea et al 1983; Pappas et al 1984; Pappas et al 1987) further 

implicating this neurotransmitter in the mediation of environmentally induced changes. Indeed, 

Pappas et al (1987) have suggested that NE "is permissive to the deleterious behavioural conse

quences of restricted experience during maturation" (p153). However, as Renner and Rosenzweig 

(1987) point out, the changes occuring in NE and behaviour say little about causality. Indeed, 

the role of NE in mediating the EC /IC effects is best seen as correlational rather than causal 

at this stage. Whatever the role of these neurotransmitters, of relevance to the present work is 

simply that if neurochemicals are having an effect in the parent generation, it is not unreasonable 

to suggest that they might also underly behavioural differences in the offspring and, taking this 

one stage further, possibly have a causal role ~" play in the observed offspring differences. 

Indeed, within the prenatal stress literature, there is evidence that manipulating the mother has 

an impact on her offsprings' neurochemistry (see chapter three; section 3:3) and in particular the 

effects of prenatal stress have been found to alter the catecholamines norepinephrine (NE) and 

dopamine (DA) (Moyer, Herrenkohl and Jacobowitz 1978; Peters 1982; Fride et a11985; Fride and 

Weinstock 1987). This is of interest given the postulated involvement of these neurotransmitters 
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III the regulation of cortical arousal. Furthermore, prenatal stress delays the development of 

noradrenergic neurons (Peters 1984) and the cerebral lateralisation of dopamine activity (Fride 

and Weinstock 1988). It may well be that, therefore, these neurotransmitters that are altered 

by both direct environmental experience and prenatal stress are also involved in the offspring 

effects. 

One final reason for advocating a more micro level of analysis when trying to understand the 

nature of the offspring effects emerges from data presented in this thesis. In the animals exposed 

directly to SEC, SC and IC, behaviour varied according to the sex of the animal. Furthermore, 

sex differences also emerged in the offspring groups. It has been demonstrated elsewhere that 

in female animals at least, hormones interact with the effects of differential rearing (Diamond, 

Johnson and Ingham 1971; Hamilton, Diamond, Johnson and Ingham 1977; Hoover and Diamond 

1976). In the prenatal literature reviewed in chapter three, manipulation of the mother produces 

different effects in male and female offspring. It may well be, therefore, that both the causes 

of the offspring effects and their mediation are linked to levels of circulating hormones rather 

than either baseline arousal levels 10 or stress. Indeed, in the few studies investigating the effects 

of enrichment on subsequent generations, the notion of hormonal mediation has been discussed 

when any attempt to explain the results has been made. For example, Kiyono et al (1985) 

talk rather vaguely about "maternal biochemical changes produced by enrichment" altering "the 

intrauterine environment of the fetuses" (p43tl) when trying to explain the differences in Hebb-

Williams performance observed in their prenatally enriched and impoverished animals, whilst 

Diamond (1987) has speculated that progesterone may be involved 11. In both of these studies, 

enrichment occured during pregnancy. 

In the present work, of course, as the maternal manipulations occured prior to conception, the 

mechanisms may well be very different. Hovp-ver, of all the possible mechanisms suggested in 

lOThis is not a new suggestion, Uphouse having advocated a re-apparaisal of the hormonal explanation of the 
EO/IO effects in 1980. 

11 The apparent mediation of the transfer of effects of differential environments across generations by proges
terone, according to Diamond, refleels the fact that it can cross the blood-brain barrier. 
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this chapter and in chapters six and seven, in the author's opinion, it is the endocrinological 

and neurochemical levels of analysis which offer the most useful avenue for future investigation. 

Furthermore, more research on the functional significance of the sexually dimorphic behaviours 

noted in this thesis and in previous work may well be necessary before any conclusions about 

mediation can be drawn. 

In summary, in this thesis clear differences between offspring and grandoffspring of differentially 

housed mothers were found. It has been suggested throughout this work that effects may be me

diated in utero and/or in the mother-infant interactions in the period following birth to weaning. 

Possible mechanisms such as differential opportunities for learning, stress and/or arousal have 

been investigated directly (chapters seven and eight) and do not appear to be the appropriate 

levels of explanation as mediators of the effects. In this section, a more sophisticated micro level 

of analysis was advocated, with an emphasis being placed on neurochemical and endocrinological 

investigations being designed in the future. In the next section some more specific avenues of 

research are outlined, before conclusions from this present research are drawn. 

9:5 AVENUES FOR FUTURE RESEARCH 

The present work can be seen as contributing to the beginnings of a new area of research, which 

has progressed some way towards investigating the transfer of EC/IC effects across generations. 

There are, however, numerous questions which remain to be answered, which can be seen as 

falling within three general fields of inquiry. 

Firstly, the nature of the offspring effects need to be considered further. In particular, in the 

present thesis, some indication of the interaction of environment with gender emerged. However, 

for both the grandoffspring groups and for the later studies investigating learning and arousal 

differences between the progeny of SEC, SC and IC dams, only male animals were employed. 

One avenue for future research, therefore, is quite simply to explore these sex differences further, 

as the functional significance of the sexual dimorphism noted in this thesis is as yet unresolved. 
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Secondly, this current work concentrated on a behavioural analysis of offspring and grandoffspring 

generations. Recently Kolb (1991) has advocated that new directions for research into recovery of 

function following brain damage should include both behavioural and neuroanatomical measures, 

to establish stronger correlational profiles. In the present author's opinion this trend in animal 

research should not be confined to investigations of recovery of function. Any investigations of 

the impact of experience should also take account of the wide ranging nature of this impact by 

simultaneously exploring brain and behaviour. In future research, therefore, both biochemical 

and behavioural measures should be made of offspring and grandoffspring generations. Moreover, 

given that both neurochemical and endocrine ('frects have been found in animals directly exposed 

to differential environments and that these changes may be involved in mediating the enrichment 

effects, it is recommended that these biochemical analyses form the focus of research in the near 

future. 

Finally, one question which has not been addressed in this thesis, but which is of increasing 

theoretical importance in understanding the mediation of these effects, is the relative importance 

of prenatal as opposed to postpartum maternal influence on the offspring. In the present work, 

no attempt was made to separate out the contributions of these two periods of time to the 

intergenerational transfer of SEC, SC and IC effects 12. Indeed, animals were deliberately left 

with their mothers postpartum to maximise any maternally induced effects. However, from a 

theoretical point of view, there is much to be learnt from experimentally distinguishing between 

prenatally and postnatally mediated effects. III particular, if the offspring effects are only seen in 

animals that have experienced some interaction with their mothers in the postpartum period, then 

a focus on that period alone may elucidate those conditions which are necessary for the transfer 

of effects to occur, which in turn may highlight the possible causes of said effects. Furthermore, 

throughout this thesis it has been suggested that maternal behaviours of differentially housed 

animals are qualitatively different from each other based on the findings of one study which 

has examined this type of behaviour (Muir et al 1985). It should be noted, however, that the 

12The isolation of prenatal and postnatal effect.s is relatively simple to achieve, requiring that some litters be 
fostered, some cross-fostered aud SOlne len with their Ilnturnl mothers. 

493 



maternal behaviours observed in this study we'.'c of a fairly gross nature, time spent in nest, time 

spent nursing, time spent nest building and time spent pup licking, A more detailed analysis 

of maternal behaviours should be undertaken in the future, both to extend the behavioural 

profile of enriched and impoverished animals and to pin-point possible differences in mother-

infant interactions between SEC, SC and IC dams and their progeny to see whether it is these 

interactions which are important in the transfer of effects, 

9:6 SOME FINAL THOUGHTS 

In this thesis the impact of exposing an animal to a relatively "minimal" (McKim and Thompson 

1975) environmental manipulation has been found to have an impact on the behaviour of both its 

offspring and grandoffspring. Typically in the literature, manipulation of the maternal generation 

has been quite "punitive" (McKim and Thompson 1975). In this thesis, however, it has become 

obvious that something as simple as changes in an animals' living conditions are enough to have 

an impact over several generations. 

Furthermore, unlike previous research where the environmental experience has typically been 

given to a pregnant animal and can thus be seen as influencing the young organism from concep-

tion (Diamond et a11971; 1984; Kiyono et al 1982; 1985; Inouye et al 1986), the present research 

extends the concept of early experience to include the experience of previous generations. After 

all, in this thesis, none of the offspring and grandoffspring groups was exposed to any form of 

direct environmental manipulation. The effects of SEC, SC and IC must then have been passed 

on from previous generations. 

Given these findings, there are several implicaLions that should be considered. Firstly, within the 

context of the nature/nurture debate, the present research can be seen as extending the impact 

of experience across generations. More specifically, the "nature" of an organism must now be 

seen as involving the interaction of its own experiences and genetic predispositions with a wider 

social environment, namely the experiences of its parent and grandparent generations. Secondly, 
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in Britain today, there is a growing interest in pre-conception counselling 13. To date this has 

focused on nutritional and health care issues. One thought from the present work, however, is 

that some degree of awareness of the environmental conditions of prospective parents should also 

be incorporated into these counselling session~. 

Finally, the present thesis has some relevance to understanding the causes of enrichment effects 

in animals directly exposed to these types of environments. More specifically, if effects emerge in 

offspring which are similar to those reported in their parent generations, then it may be possible 

to eliminate those postulated causes of the EC IIC effects that could not explain the offspring 

effects. That is the offspring generation could be seen as a "filtering" device which can be used 

to highlight only those explanations which were of relevance to both generations. 

13 For exmnple, !vlothercare, one of the largest mothe, and baby care chains has produced a leaflet in conjunction 
with the Royal College of Midwives detailing a variety elf preconception issues for parents. For further information 
the reader is refered to Sylvia Meredith Health Education Advisory Service, 3 Elgin Road, Sutton, Surrey SMl 
3SN. 

495 



REFERENCES 

496 



References 

[1] ABBEY H. and HOWARD E. (1973) Statistical procedures in developmen
tal studies on species with multiple offspring. Devel. Psychobiol. 6 pp 329-336 

[2] ADER R. and BELFER M.L. (1962a) Emotional behaviour in the rat as a 
function of maternal emotionality. Psych. Rept. 10 pp 349-350 

[3] ADER R. and BELFER M.L. (1962b) Prenatal maternal anxiety and off
spring emotionality in the rat. Psych. Rept. 10 pp 711-718 

[4] ADER R. and CONKLIN P.M. (1963) Handling of pregnant rats: Effects 
on emotionality of their offspring. Science 142 Jill 411-412 

[5] ADER R. and DEITCHMAN R. (1970) Effects of prenatal maternal han
dling on the maturation of rhythmic processes. J. Comp. Physiol. Psych. 71 

PP 492-496 

[6] ADER R. and FRIEDMAN S.B. (1964) Social factors affecting emotionality 
and resistance to disease in animals IV: Differential housing, emotionality and 
Walker 256 carcinosarcoma in the rat. Psych. Rep. 15 pp 535-541 

[7] ADER R. and PLAUT S.M. (1968) Effects of prenatal maternal handling 
and differential housing on offspring emotionality, plasma corticosterone lev
els, and susceptibility to gastric erosions. Psychosom. Med. 30 pp 277-286 

[8] AHLENIUS S., ENGEL J., ERIKSSON H., MODIGH K. and SODERSTEN 
P. (1975) Involvement of monoamines in the mediation of lordotic behaviour. 
In: Sandler lvI. and Cessa C.L. (Eds) Sexlwl behavi01Lr: Phnrrnacology and 
biochemistry. New YOl,k: Raven Press pp 137-145 

[9] ALLEN T.O. and HAGGETT B.N. (1977) Group housing of pregnant mice 
reduces copulatory receptivity of female progeny. Physiol. Behnv. 19 pp 61-68 

[10] ALLIN J. and BANKS E. (1972) Functional aspects of ultrasound produc
tion in infant albino rats. Anim. Behav. 20 P1' 173-175 

[11] ALMLI C.R. and FINGER S. (1984) The behavioural biology of early brain 
damage. New York: Amdernic Press 

[12] ALTMAN J. and DAS G.D. (1964) Autoradiographic examination of the 
effects of the enriched environment on the rate of glial multiplication in the 
adult rat brain. Nature (London) 204 1'P 1161-1163 

497 



[13) ALTMAN J., WALLACE R., !1.NDERSON W. and DAS G. (1968) Be
haviourally induced changes in length of cerebrum in rats. Devel. Psycho bioi. 
1 pp 112-117 

[14) ANASTASI A. (1958) Heredity, environment and the question "How"? 
Psych. Rev. 65 pp 197-208 

[15) ANDERSON D.K., FLEMING D.E., RHEES R.W. and KINGHORN E. 
(1986) Relationships between sexual activity, plmmm testosterone and the 
volume of the sexually dimorphic nucleus (SDN-POA) in prenatally stressed 
and non-stressed male rats. Bmin Res. cited in Fleming et al 86 

(16) ANDERSON D.K., RHEES R.W. and FLEMING D.E. (1985) Effects of 
prenatal stress on differentiation of the sexually dimorphic nucleus of the pre
optic area (SDN-POA) of the rat brain. Brain Res. 332(1} pp 113-118 

[17) ANDERSON K.J. (1990) Arousal and the lnverted-U hypothesis: A cri
tique of Neiss's 'recollceptua.!ising mousa.!'. Psych. Bull. 107{1} pp 96-100 

[18) ARCHER J. (1969) Contrasting effects of group housing and isolation on 
subsequent open field exploration in laborat.ory rats. Psychon. Sci. 14(5} pp 
234-235 

[19) ARCHER J. (1973) Tests for emotionali \.y in rats and mice: A review. 
Anim. Behav. 21 pp 205-235 

[20) ARCHER J.E. and BLACKMAN D.E. (1970) Tests for emotionality and 
exploration: A reassessment. Unpubl. Manusc. cited in Al'che'l' and Blackman 
(1971) 

[21) ARCHER J.E. and BLACKMAN D.E. (19'71) Prenatal psychological stress 
and offspring behaviour in rats and mice. Devel. Psychobiol. 4 pp 193-248 

[22) AUBRECHT L.G. (1974) Problem solving performance as a function of 
social versus isolated rearing in large, small, plain, and object enriched envi
ronments. Diss. Abstr. Int. 4208-B 

[23) BACH-Y-RITA P. (1980) Recovery of function: Theoretical considerations 
for brain injury rehabilitation. Bern: Hans Hubel' 

[24) BAENNINGER L.P. (1967) Comparison of behavioural development in so
cially isolated and grouped rats. Anim. Behav. 15 P)' 312-323 

[25) BALAZS T., MURPHY J.B. and GREESE H.C. (1962) The influences of 
environmental changes on the cardiotoxicity of isoprenaline. J. Phal'm. Phar
macol. 14 pp 750-75/j 

498 



[26) BARLOW S.M., KNIGHT A.F. and SULLIVAN F.M. (1978) Delay in post
natal growth and development of offspring produced by maternal restraint 
stress during pregnancy in the rat. Teratology 18 pp 211-218 

[27) BARNETT S.A. (1975) The rat: A study in behaviour. Canberra: Ans. 
Nat. Univ. Press 

[28) BARNETT S.A. and BURN J. (1967) Early stimulation and maternal be
haviour. Nature 213 pp 150-152 

[29) BARNETT S.A. and WALKER K.Z. (1974) Early stimulation, parental 
behaviour and the temperature of infant mice. Devel. Psychobiol. 1 pp 563-
511 

[30) BARNES A.C. (1968) The fet.al environment: Drugs and chemicals. In: 
Barnes A. C. (Ed) Intrauterine development. Philadelphia: Eea and Febl'iger 

[31) BEACH F.A. and JAYNES J. (1954) Effects of early experience on the 
behaviour of animals. Psych. Bull. 51 pp 239-262 

[32) BECKER G. and KOWALL M. (1977) Crucial role of the postnatal mater
nal environment in the expression of prenatal stress effects in the male rat. 
J. Compo Physiol. Psych. 91(6) pp 1432-1446 

[33) BECKHARDT S. and WARD l.L. (1983) Reproductive functioning in the 
prenatally stressed female rat. Devel. Psycho bioi. 16(2) pp 111-118 

[34) BED! K.S. and BHIDE P.G. (HJ88) Effects of envirollmental diversity on 
brain morphology. Eal'ly Human Devel. 11 pp 101-143 

[35) BELL R.W., HENDRY G.H. and MILLER C.E. (1967) Prenatal maternal 
conditioned fear and subsequent ulcer-proneness in the rat. Psychonom. Sci. 
9 pp 269-210 

[36) BELL R.W. and LITTLE J. (1978) Effects of differential early experience 
upon parental behaviour in Mus Musculus. Devel. Psycho bioi. 11(3) pp 199-
203 

[37) BELL R.W., NITSCHKE W., BELL N.A. and ZACHMAN T.A. (1974) 
Early experience, ultrasonic vocalisations and ma t,ernal responsiveness in rats. 
Devel. Psychobiol. 1 pp 235-242 

[38) BELL R.W., NITSCHKE W., GORRY T. and ZACHMAN T.A. (1971) 
Infantile stimulation and ultrasolJic signalling: A possible mediator of the 
early handling phenomenon. Deuel. Psycho bioi. 4 Jill 181-191 

499 



(39) BENNETT E.L. (1976) Cerebral effects of differential experience and train
ing. In: Rosenzweig M.R. and Bennett E.L. (Eds) Neural mechanisms of 
learning and memol'y. Cambridge Mass: M.l. T Press ch 17 

(40) BENNETT E.L., DIAMOND M.C., KRECH D. and ROSENZWEIG M.R. 
(1964) Chemical and anatomical plasticity of brain. Science 146 pp 610-619 

(41) BENNETT E.L., KRECH D., and ROSENZWEIG M.R. (1964) Reliability 
and regional specificity of cerebral effects of environmental complexity and 
training. J. Compo Physiol. Psych. 57 pp 440-441 

[42) BENNETT E.L. and ROSENZWEIG M.R. (1968) Brain chemistry and 
anatomy: Implications for theories of learning and memory. In: Rupp C. 
(Ed) Mind as tissue. New York: Harpel' pp 63-86 

[43) BENNETT E.L. and ROSENZWEIG M.R. (1981) Behavioural and bio
chemical methods to study brain responses to environment and experience. 
In: Lahue R. (Ed) Methods in neurobiology (Fol 2) New York: Plen1LTT~ Press 
pp 101-141 

(44) BENNETT E.L., ROSENZWEIG M.R. and DIAMOND M.C. (1970) Time 
courses of effects of differential experience on brain measures and behaviour 
of rats. In: Byrne W. (Ed) Molec1Llar approaches to learning and memory. 
New York: Academic Press pp 55-89 

[45] BENNETT E.L., ROSENZWEIG M.R. and WU S-Y.C. (1973) Excitant 
and depressant drugs modulate effects of environment on brain weight and 
cholinesterases. Psychopal'macologia 33 pp 309-328 

[46] BENTON D. and BRAIN P.F. (Hl81) Behavioural and adrenocortical reac
tivity in female mice following individual or group housing. Devel. Psychobiol. 
14(2) p 101 

(47) BERLYNE D.E. (1960) Conflict, arousal and curiosity. New York: 
McGraw-Hill 

[48] BERNSTEIN L. (1972) The reversibility of learning deficits in early envi
ronmentally restricted rats as a function of amount of experience in later life. 
J. Psychosom. Res. 16 pp 71-73 

[49] BERNSTEIN L. (1973) A study of some enriching variables in a free envi
ronment for rats. J. Psychosorn. Res. 17 pp 85-88 

[50] BERTALANFFY L.V. (1969) Chance or Imv.In: ]{oesf,/el' A. and Smythies 
J.R. (Eds) Beyond red1Lctionism. Bosion: Bca.con 

500 



[51) BHIDE P.G. and BEDI K.S. (1982) The efrects of environmental diversity 
on wellfed and previously undernourished ra.ts I: Body and brain measures. 
J. Compo Neurol. 207 pp 403-409 

[52] BHIDE P.G. and BEDI K.S. (1984) The cfi'ecLs of a lengthy period of 
environmental diversity of well-fed and previously undernourished rats; II 
Synapse-to-neuron ratios. J. Compo Neurol. 227 pp 305-310 

[53] BHIDE P.G. and BEDI K.S. (1985) The effects of a 30 day period of envi
ronmental diversity on well-fed and previously undernourished rats: Neuronal 
and synaptic measures in the visual cortex (area 17). J. Compo Neurol. 236 
pp 121-126 

[54) BINDRA D. (1961) Components of general activity and the analysis of be
haviour. Psych. Rev. 68 pp 205-215 

[55] BINGHAM W.E. and GRIFFI'l'HS VV.J. (1052) The effect. of different en
vironments during infancy on adult behaviour in the rat. J. Compo Physiol. 
Psych. 45 pp 307-312 

[56] BLOOM F.E. (1970) Correlating structure and funcLion of synaptic ultra
structure. In: Schmitt F.O. (Ed) Thc neurosciences second study program. 
New York: Rockefeller Univ. Press pp 729-747 

[57] BLUNDELL J. and LATHAM C.J. (19'78) Pharmacological manipulation 
of feeding: Positive influences of serotonin and dopamine 011 food intake. In: 
Samanin I.R. and GaraUini S. (Eds) Central mcch(J.nisms of Q,norectic drugs. 
New York: Raven P1'ess pp 83-107 

[58] BOND L.A. and JOFFE J . IV!. (Eds) (1982) Facilitating infant and early 
childhood development. London: London Univ. Press 

[59] BOWLBY J. (1951) Maternal care and mental health. Geneva: World 
Health Organisation 

[60] BRENER and GOSLING (1970) cited in MacKintosh (1974), no further 
details 

[61] BRENT R.L. (1976) Environmental factors: Miscellaneous. In: Brent R.E. 
and Harris M.I. (Eds) Prevention of embryonic, fetal and perinatal disease. 
D.H.E. W. Publ. No (NIH) 76-853. W(J.shington D.C. 

[62] BRENT R.L. (1977) Radiations and their physical agents. In: Wilson J. G. 
and Fraser F.C. (Bds) Handbook of teratology 1'011: General principles and 
ethology. New York: Plenum 

501 



[63] BROADHURST P.L. (1961) Analysis of maternal effects in t.he inheiritance 
of behaviour. Anim. Behav. 9 pp 129-141 

[64] BROADHURST P.L. and LEVINE S. (1963) Litter size, emotionality, and 
avoidance learning. Psych. Rep. 12 pp 41-42 

[65] BROWN C.P. and KING M.G. (1971) Developmental environment: Vari
ables important for later learning and changes ill cholinergic activity. Devel. 
Psychobiol. 4 pp 275-286 

[66] BROWN C.P., SMOTHERIVIAN W.P. and LEVINE S. (1977) Interaction
induced reduction in differential maternal responsiveness: An effect of cue
reduction of behaviour? Devel. Psychobiol. 10(3) PI' 273 

[67] BROWN R.T. (1968) Early experience and problem solving ability. J. 
Camp. Physiol. Psych. 65(3) PP 433-440 

[68] BROWN R.E. (1986) Social and hormonal factors influencing infanticide 
and its supresssion in adult male Long-Evans rats (Rattus Norvegicus). J. 
Camp. Psych. 100 pp 155-161 

[69] BRUNING J .L. and KINTZ 13.1,. (1977) Comput.ational handbook of statis
tics. Second edition. Illinois: Sea'.i, Foresman and Co. 

[70] BUCKINGHAM J .C. (1982) Secretion of corticot.ropin and its hypothala
mic releasing factor ill response to morphine and opioid pept.ides. Neuroen
docrinol. 35 pp 111-116 

[71] BUNGE M. (1968) The maturation of science. In: Lakatos I. and Musgrove 
A. (Eds) Problems in I.he philosophy of science. JiP 120-138. North Holland: 
Amsterdam 

[72] BUNGE M. (1979) Treatise on basic philosophy (Vol IV) Ontology II: A 
world of systems. Boston: Reidel 

[73] BURACK G.D. (1982) The effects of maternal age and prenatal stress on 
postnatal development and sexual differentiation in male and female offspring. 
Dissert. Abstr. Int. 43(6-B) 2021 

[74] CARLSON P.V. (1961) The development of emotional behaviour as a func
tion of diadic mother-young relat.ionships. Unpubl. PhD Disscrtation, Pl1.rdue 
Univ. Cited in Denenberg V.H. (1.966) 

[75] CATZ C.S. and YAFFE S .. 1. (1976) Environmental factors: Pharmacology. 
In: Brent R.L. and Ha1'ris 111.1. (Eds) Prevention of embryonic, fetal and 
perinatal disease. D.H.E. W. Publ no (NIH) 76-853 Washington D.C. 

502 



[76] CELEDON J.M., SANTANDER M. and COLOMBO ]\II. (1979) Long term 
effects of early nutrition and cllvironmental stimulation on learning perfor
mance in adult rats. J. Nutrition 109 pp 1880-1886 

[77] CHADJHA A.D. and ROSE F.D (1981) Differential motivation of Hebb
Williams maze performance in rats reared in enriched and impoverished en
vironments. f.R. C.S. Med. Sci. 9 pp 78.1-782 

[78] CHAPMAN R.H. and STERN J .M. (1978) Maternal stress and pituitary
adrenal manipulations during pregnancy in rats: Effects on morphology and 
sexual behaviour of male offspring. J. Camp. Physiol. Psychol. 92(6} pp 1074-
1083 

[79] CHAPMAN R.H. and STERN J.M. (1979) Failure of severe maternal stress 
of ACTH during pregnancy to afIect emotionality of male rat offspring: Im
plications of litter effects for prenatal studies. Devel. Psycho bioi . .12(3} pp 

255-267 

[80] CHAPMAN R.H., MASTERPASQUA F. and LORE R.H. (1976) The ef
fects of crowding during pregnancy on offspring emotional and sexual be
haviour in rats. Bull. of Psychonom. Soc. 7 pp 475-477 

[81] CHATTERJEE T.K., SUMANTRA D., BANERJEE P and GHOSH J.J. 
(1982) Possible physiological role of adrenal and gonadal steroids in morphine 
analgesia. EU1'. J. Pharmacal. 77 pp 119-123 

[82] CHEAL M., FOLEY K. and KASTENBAUM R. (1984) Enrichment for 
one hour a month resulted in accelerated growth in adult gerbils. Soc. for 
Neurosci. Abstr. 10 p 452 

[83] CHEAL M., FOLEY K. and KASTENBAUM R. (1986) Brief periods of 
environmental enrichment facilitate adolescent development of gerbils. Phys
iot. Behav. 36(6} pp 1047-1051 

[84] CHIVERS S. and EINON D. (1982) EfFects of early social experience on 
activity and object investigation in the ferret. Devel. Psycho bioi. 15 pp 75-80 

[85] CLARK F.C. and STEELE B.J. (1966) Effects of d~amphetamine on per
formance under a multiple schedule in the rat. Psychopha1'1nacol. (Berl.) 9 
pp 157-169 

[86] CLARKE R., HERON W., FETHERSTONHAUGH IV!., FORGAYS D. 
and HEBB D. (1951) Individual differences in dogs: Preliminary report on 
the effects of early experience. Can. J. Psych. 5 pp 150-156 

503 

I. 



[87] COBURN J.F. and TARTE R.D. (1976) The eJTcct of rearing environments 
on the contrafl'eeloading phenomenon in rats. J. E~'p. Anal. Bcha'v. 26 pp 289-

294 

[88] COCHRAN W.G. (1947) Some consequences when the assumptions for the 
analysis of variance are not satisfied. Biometrics 3 pp 22-38 

[89] COLE S.O. (1977) Interaction of arena size with different measures of am
phetamine effects. Pharmacol. Biochem. Belwv. 7 fiP 181-184 

[90] COLEMAN P.D. and RIESEN A.H. (1968) Environmental effects on cor
tical dendritic fields. I: Rearing in the dark. J. Ana.l. 102 pp 363-374 

[91) COLLINS R.A. (1970) Experir,~ntal modification of brain weight and be
haviour in mice: An enrichment study. Devcl. PSllchobiol. 3 pp 145-155 

[92] COLONIER M. and BEAULIEU C. (1985) The difl'erential effect of impov
erished and enriched environments on the number of "round asymmetrical" 
and "flat symmetrical" synapses in the visual cortex of cat. Soc. Neurosci. 
Abstr. 11 226 

[93] CONNOR J.R., BEBAN S.B., MELONE .l.H., YUEN A. and DIAMOND 
M.C. (1982) A quantitative golgi study in the occipit.aJ cortex of the pyrami
dal dendritic topology of old adult rats from social or isolated environments. 
Brain Res. 251 pp 39-44 

[94] CONNOR J.R. and DIAMOND lVI.C. (1982) A comparison of dendritic 
spine number and type on pyramida'! neurons of the visual cortex of old adult 
rats from social or isolated environments. J. Compo Neurol. 210 pp 99-106 

[95] CONNOR J.R., DIAMOND lVI.C., CONNOR .1.A. and JOHNSON R.E. 
(1981) A golgi study of dendritic morphology in the occipital cortex of so
cially reared aged rats. Exp. Ne 1t1'0 I. 73 pp 525-533 

[96) CONNOR J.R., DIAlVIOND lVI.C. and JOHNSON R.E. (1980) Aging and 
environmental influences on two types of dendritic spines in t.he rat occipita.! 
cortex. Exp. Neurol. 70 pp 371-379 

[97] CONNOR J.R., MELONE J.H., YUEN A.R. and DIAMOND M.C. (1981) 
Dendritic length in aged rat occipital cortex: An environmentally induced 
response. Exptal. Ne1t1'01. 73 pp 827-8.10 

[98] CONNORJ.R., ,,,TANG E.C. and DIAMOND IVJ.C. (J982) Increased length 
of terminal dendritic segments in old adult rat.s' somatosensory cortex: An 
environmentally induced response. Exp. Neurol. 78 pp 466-470 

504 



[99) COOPER R.M. and ZUBEK J I). (1958) Effects of enriched and restricted 
early environments on the learning abilit.y of briGht and dull rats. Can. J. 
Psych. 12 pp 159-164 

[100) COPANS S.A. (1974) Human prenatal efrects: Methodological problems 
and some suggested solutions. lIIel'rill-Palmcr Quart. 20(1) pp 43-52 

[101) CORNWELL P. and OVERMAN W. (19S1) Behavioural effects of early 
rearing conditions and neonatal lesions on the visual cortex in kittens. J. 
Comp. Physiol. Psych. 95 pp 848-862 

[102) CORRIGAN J. and CARPENTER D. (1979) Early selective visual expe
rience and pattern discrimination in hooded rats. Deve/. Psychobiol. 12 pp 
67- 72 

[103) CRAGG B.G. (1967) Changes in visual cortex on first exposure of rats to 
light. Nature 215 pp 251-253 

[104) CREESE LN. and IVERSEN S.D. (1973) Blockage of amphetamine in
duced stimulation and stereotyp~' in the adult rat following neonatal treat
ment with 6-hydroxydopamine. Brain Res. 55 pp :J69-382 

[105) CRNIC L.S. (19S3) Effects of nutrition and environment on brain bio
chemistry and behaviour. Devel. Psycho bioi. 16(2) pp 129-145 

[106) CROSS M.S. and LaBARBA R.C. (197S) Neonatal stimulation, maternal 
behaviour and accelerated maturation in BALB/C mice. De1lel. Psychobiol. 
11(1) pp 83 

[107) CUMMINS R.A. (1973) Unpubl. MSc Thesis cited in Walsh R. 1980 

[lOS) CUMMINS R.A., CARLYON T.N. and WALSH R.N. (197S) Drug
modulated behavioural responses to environlllental enrichment. Psy
chopharm. 58 pp 197-199 

[109) CUMMINS R.A. and LIVESEY P.J. (1979) Enrichment-isolation, cortex 
length and the rank order effect. Brain Res. 178 pp 89-98 

[110) CUMMINS R.A., LIVESEY 1' . .1. and BELL .1 .A. (19S2) Cortical depth 
changes in enriched and isolated mice. Deve/. Psycho bioi. 15 pp 187-195 

[111) CUMMINS R.A., LIVESEY P.J. and BELL J.A. (19S3) Erratum: Corti
cal depth changes in enriched and isolated mice. Devel. Psycho bioi. 16 p 159 

50fi 



[112] CUMMINS R.A., LIVESEY P.J., EVANS .I.G.IVI. and WALSH R.N. 
(1977) A developmental theory of environmental enrichment. Science 197 pp 
692-694 

[113] CUMMINS R.A. and WALSH R.N. (1976) Synapt.ic changes in differen
tially reared mice. A 1lSt. Psych. 11 pp 229 

[114] CUMMINS R.A. and WALSH R.N. (1978) cited in Walsh R. 1980 

[115] CUMMINS R.A., WALSH R.N., BUDTZ-OLSEN O.E., KONSTANTI
NOS T. and HORSFALL C.R. (1973) Environmentally induced brain changes 
in elderly rats. Natnl'e 243 pp 516-518 

[116] CURRY M.B. (1987) Environmental impoverishment in the rat as an an
imal model of depression. Unpnbl. Doctoral Diss. Univ. of London 

[117] CURRY M.B. and ROSE F.D. (1981) DIlL learning in rats reared in en
riched and impoverished environments. I.R.C.S. Med. Sci. 9 pp 417-418 

[118] DAHLOF L.G., HARD E. and LARSSON K. (1972) Anim. Behav. 25 
p958. Reference cited in Herrenkohl and Scott 1984, no fnrther details. 

[119] DAHLOF L.G., HARD E. and LARSSON K. (1977) Influence of maternal 
stress on offspring sexual behaviour. Anim. Behav. 25(4) pp 959-963 

[120] DAHLOF L.G., HARD E. and LARSSON K. (1978) Influence of maternal 
stress on the development of the fetal genital system. Physiol and Behav. 20 
pp 19S-195 

[121] DALRYMPLE-ALFORD J.G., BENTON D. and BRAIN P.F. (1983) Be
havioural comparisons of differentially housed rat.s: Enriched housing, group 
housing and social isolation. Unpnbl. Mannscr. cited in Renner and Rosen
zweig (1987), see below 

[122] DALRYMPLE-ALFORD J.G. and KELCHE C. (1985) Behavioural ef
fects of pre-operative and post-operative differential housing in rats with brain 
lesions: A review. In: Will B.E., Schmitt P. and D(J,lrymple-Alford J.C. (Eds) 
Brain plasticity, learning and memory. New York: Plennm Press pp 441-458 

[123] DALY M. (1973) Early stimulation ofrodenls: A crit.ical review of present 
interpretations. B1'it. J. Psychol. 64 pp 435-460 

[124] DAS G.D. and ALTMAN J. (1966) Behavioural manipulations and pro
tein matabolism of the brain: Efl'f',·ts of restricted and enriched environments 
on the utilisation of leucine-H3. ?hysiol. [Jehav. 1 pp 109-110 

5U6 



[125] DAVENPORT J .W. (1976) Environmental therapy in hypothyroid and 
other disadvantaged animal populations. In: Walsh R.N. and Greeenough 
W. T. (Eds) Environments as therapy for brain dysfunction. New York: 
Plenum Press pp 71-114 

[126] DAVENPORT J.W. and GONZALES L.lV!. (1973) Neonatal thyroxine 
stimulation in rats: Accelerated behavioural maturation and subsequent 
learning deficit. J. Camp. Physiol. Psych. 85 pp 3.97-408 

[127] DAWSON W.W. and HOFFMAN C.S. (1958) The effects of early differ
ential environments on certain behaviour patterns in the albino rat. Psych. 
Rec. 8 pp 87-.92 

[128] DeFEUDIS F.V. (1975) Cerebral, biochemical and pharmacological 
changes in differentially housed mice. In: Essman W.E. and Valzelli L. (Eds) 
Current developments in psychopharmacology. Vol I New York: Spectrum 
Publ. pp 143-201 

[129] DeFRIES J.C. (1964) Prenatal maternal stress in mice. Differential effects 
on behaviour. J. He7'ed. 55 p 28.9-295 

[130] DeFRIES J.C. and WEIR M.W. (1964) Open field behaviour ofC57BL/6J 
mice as a function of age, experience and prenatal maternal stress. Psy
chonom. Sci. 1 pp 389-3.90 

[131] DeFRIES J.C., WEIR M.W. and HEGlVIANN J.P. (1967) Differential ef
fects of prenatal maternal stress on offspring behaviour in mice as a function 
of genotype and stress. J. Compo Physiol. Psych. 63 pp 332-:134 

[132] DeHARDT D. (1969) Visual cliff behaviour of rats as a function of pattern 
size. Psychonom. Sci. 15 pp 268-26.9 

[133] DEIS R.P. (1968) The effect of an exteroceptive stimulus on milk ejection 
in lactating rats. J. Physiol. 1.97 pp 37-46 

[134] DELL P.A. and ROSE F.D. (1986) The impairing effects of environmental 
impoverishment in rats: A cognitive deficit'? I.R.C.S. Aled. Sci. 14 pp 1.9-29 

[135] DELL P.A. and ROSE F.D. (1987) Transfer of effects from environmen
tally enriched and impoverished female rats to fntme offspring. Physiol. Be
hav. 39 pp187-190 

[136] DEMBER W.N. and EARL R.W. (1957) Analysis of exploratory, manip
ulatory and curiosity behaviours. Psych. Rev. 64(2) pp 91-96 

507 



(137) DENENBERG V.Ii. (1959) Interactive el1'ects of infantile and adult, shock 
levels upon learning. Psych. Rep. 5 pp 357-364 

(138) DENENBERG V.H. (1963) Comment on"Litt.er size, emotionality, and 
avoidance learning" Psych. Rep. 13 p 885 

(139) DENENBERG V.H. (1964) Critical periods, stimulus inputs and emo
tional reactivity. A theory of infantile stimulation. Psych. Rev. 71 pp 335-351 

(140) DENENBERG V.H. (1966) Animal studies on developmental determi
nants of behavioural adaptability. In: Harvey O.J. (Ed) Experience, st1'1lcture 
and adaptability. New York: Spl'inger 

(141) DENENBERG V.H. (1967) Stimulation in inf'<\I1cy, emot.ional reactivity 
and exploratory behaviour. In: Glass D.C. (Ed) Ne1J.rophysioiogy and emo
tion. New York: Rockerfeller Univ. Press 

(142) DENENBERG V.H. (1968) A consideration of the usefulness of the criti
cal period hypothesis as applied to the stimulation of rodents in infancy. In: 
Newton G. and Levine S. (Eds) Early experience and behaviour. Springfield: 
Charles Thomas 

(143) DENENBERG V.H. (1969a) Experimental programming of life histories 
in the rat. In: Ambrose A. (Ed) Stimulation in early infancy London: Aca
demic Press pp 21-34 

(144) DENENBERG V.H. (1969b) The effects of eilrly experience. In: Hafez 
E.s.E. (Ed) pp 95-130 London: Baiiliel'e, Trindale and Cassell 

(145) DENENBERG V.H. (1970) Experimental programming of life histories 
and the creation of individual differences. A review. In: .Iones M.R. (Ed) 
Miami symposium of the prediction of behavi01l1'-1 968-Effects of early experi
ence. Univ. of Miami Pl'ess: Coral Gables: Fla. pp 61-91 

(146) DENENBERG V.H. (1972) (Readings in) The development of behaviour. 
Stamfol'd: Sinauer Assocs. Inc. 

(147) DENENBERG V.H. (1977) Assessing the effects of early experience. In: 
Myers R.D. (Ed) Methods in psychobiology. New York: Academic Press pp 
127-147 

(148) DENENBERG V.H. (1982) Early experience, interactive systems and 
brain laterality in rodents. In: Bond L.A. and .Ioffe .I.M. (Eds) Facilitat
ing infant and early eh£ldhood development. London lfniv Pl'CSS 

508 



[149) DENENBERG V.H. (1984) Behavioural asymmetry. In: Geschwind N. 
and Galaburda M. (Eds) Cerebral dominance: The biological foundations. 
Cambridge: Harvard pp 114-133 

[150) DENENBERG V.H. and HALTMEYER G. C.(1967) Test of the mono
tonicity hypothesis concerning infantile stimulation and emotional reactivity. 
J. Compo Physiol. Psych. 63 pp 394-396 

[151) DENENBERG V.H., HUDGENS G.A. and ZARROW M.K. (1964) Mice 
reared with rats: Modification of behaviour by early experience with another 
species. Science 243 pp 380-381 

[152) DENENBERG V.H., HUDGENS G.A. and ZARROW M.K. (1966) Mice 
reared with rats: Effects of mother on adult behaviour patterns. Psych. Rept. 
18 pp 451-456 

[153) DENENBERG V.H., KARAS G.G., ROSENBERG K.M. and SCHELL 
S.F. (1968) Programming life histories: An experimental design and initial 
results. Devel Psychol. 1 pp 3-9 

[154) DENENBERG V.H. and MORTON J .R.C. (1962) Effects of pre-weaning 
and post-weaning manipulation upon problem solving behaviour. J. Camp. 
Physiol. Psych. 55 pp 1096-1098 

[155) DENENBERG V.H. and MOR'rON J.R.C. (1964) Infantile stimulation, 
prepubertal sexual-socia.! interaction and emotiona.li ty. A nim. Beha1!. 12 pp 
11-13 

[156) DENENBERG V.H., OTTINGER D.R. and STEPHENS M.W. (1962) 
Effects of maternal factors upon growth and behaviour in the rat. Child De
vel. 33 pp 65-71 

[157) DENENBERG V.H. and ROSENBERG K.M. (1967) Nongenetic trans
mission of information (across two generations). Nature 216 pp 549-550 

[158) DENENBERG V.H. and ROSENBERG K.M. (1968) Programming life 
histories: Effects of maternal and environment.al variables upon open field 
behaviour. Devel. Psychobiol. 1 pp 93-96 

[159) DENENBERG V.H., ROSENBERG K.M., PASCHKE R.E., HESS J.L., 
ZARROW M.X. and LEVINE S. (1968) Plasma corticosetrone levels as a 
function of cross-species fostering and species differences. Endocrinol. 83 pp 
900-902 

[160) DENENBERG V.H., ROSENBERG K.IVI., PASCHKE R.E. and 
ZARROW M.X. (1969) Mice reared with rat aunts: Effects on plasma corti
costerone and open field activity. Nature 221 pp 73-74 

509 



[161] DENENBERG V.H. and WHIMDEY A.E. (l9G3) Behaviour of adult rats 
is modified by the experiences their moLhers had ,IS infants. Science 142 pp 
1192-1193 

[162] DENENBERG V.H. and WHIMBEY A.E. (1968) Experimental program
ming of life histories: Toward an experimental science of individual differ
ences. Devel. Psychobiol. 1 pp 55-59 

[163] DENENBERG V.H., WOODCOCK J.M. and ROSENBERG K.M. (1968) 
Long term effects of preweaning and post weaning free environment experi
ence on rats' problem-solving behaviour. J. Compo Physiol. Psych. 66 pp 
533-535 

[164] DENENBERG V.H. and ZARROW M. (lD71) Effects of handling in in
fancy upon behaviour and adrenocortical activity: Suggestions for a neuroen
docrine mechanism. In: Walcher D.N. and Peters lJ.L. (Eds) Eal'ly childhood: 
The development of self-regulatory mechanisms. New York: Academic Pl'ess 

pp 40-74 

[165] DeSANTIS D.T. and SCHMALTZ L.W. (1984) The mother-litter rela
tionship in developmental rat studies: Cannabalism vs caring. Develop. Psy
chobiol. 17(3) pp 255-262 

[166] DeTURCK K.H. and POHORECKY L.A. (1985) Prenatal stress alters 
adult ethanol sensitivity in rats. Alcoh. Clin. Exp. Res. 9 p 189 

[167] DeTURCK K.H. and POHORECKY L.A. (1987) Ethanol sensitivity in 
rats: Effect of prenatal stress. Workshop on the interaction of ethanol and 
stress (1986 Helsinki, Finland) Physiol. Behav. 40(3) PP 407-410 

[168] DeTURCK K.H. and VOGEL W.H. (1982) Efrects of acute ethanol on 
plasma and brain catecholamine levels in stressed and unstressed rats: Ev
idence for an ethanol-stress interaction. J. Pharmacol. Exp. Ther. 223 pp 

248-354 

[169] DEWS P.B. and WENGER C.R. (1977) Rate-dependency of the be
havioural effects of amphetamine. In: Thompson T. and Dews P.B. (Eds) 
Advances in behaviou'l'a.l phal'macology Vol 1 New York: Academic Press pp 
167-227 

[170] DIAMOND M.C. (1967) l~xtensive cortical depth measures and neuron 
size increases in the cortex of enviromentally enriched rats. J. Compo Neurol. 
131 pp 357-364 

[171] DIAMOND M.C. (1976) Anatomical brain c1wngcs induced by the envi
ronment. In: Pefrinovitch L. (}nd ilfcGal1.gh J.L, (Eds) Knowing, Thinking 
and Believing. New York: Plenum PI'C8S PP 215-279 

[jlU 



[172) DIAMOND M.C. (1984) A love afrair with the brain. PT Conversation 
with Hopson J.L. in Psychology Today Nov. 1984 pp 62-73 

[173) DIAMOND M.C. (1984) Age, sex and environmental influences. In: 
Geschwind N. and Galab1Lrda M. (Eds) Ccrcbral dominance: The biologi
cal foundations. Camb1'idge: H al'vard pp 134-146 

[174) DIAMOND M.C. (1987) Untitled article. Brain and Mind Bull. 12(7) pp 
1-2 March 1987 

[175) DIAMOND M.C., CHU! D., JOHNSON R.I<;., CHELGREN M., GREER 
E.R. and GIBBONS J. (1984) Increased cortical thickness in male progeny 
from parents enriched before anci during gestation. Soc. Ne1L1'osci. in Anaheim 
CA, Oct 1984. 

[176) DIAMOND M.C., GREER E.R., YORK A., LEWIS D., BARTON T. 
and LIN J. (1987) Rat cortical morphology following crowded-enriched living 
conditions. Exp. Neurol. 96 pp 241-247 

[177) DIAMOND M.C., INGHAIVI C.A., JOHNSON R.E., BENNETT E.L. and 
ROSENZWEIG M.R. (1976) Efl'ects of environment on morphology of rat 
cerebral cortex and hippocampus. J. Neu1'Obiol. 7 pp 75-85 

[178) DIAMOND M.C., JOHNSON R.E. and INCiHAM C. (1971) Brain plastic
ity induced by environment and pregnancy. Int . .1. Neu1'Ochem. 2 pp 171-178 

[179) DIAMOND M.C., JOHNSON R.E. and INGHAM C.A. (1975) Morpho
logical changes in the young adult and aging rat. cerebral cortex, hippocampus 
and diencephalon. Behav. Bioi. 14 pp 163-174 

[180) DIAMOND M.C., JOHNSON R.E., INGHAM C.A., ROSENZWEIG 
M.R. and BENNETT E.L. (1975) Effects of differential experience on neu
ronal nuclear and perikarya dimensions in the rat cerebral cortex. Behav. 
Bioi. 15 pp 107-111 

[181) DIAMOND M.C., JOHNSON R.E., lVIIZONO G., IP S., LEE C.L. and 
WELLS M. (1977) Effects of aging and environment on the pyriform cortex, 
the occipital cortex and the hippocampus. Behuv. Bioi. 20 pp 325-336 

[182) DIAMOND M.C., JOHNSON R.E., PROTTI IVI., OTT C. and KAJISA 
L. (1985) Plasticity in the 904 day old male rat. cerebral cortex. Exp. Neurol. 
87 pp 309-317 

[183) DIAMOND M.C., KRECH D. and IWSENZW~;JG M.R .. (1964) The ef
fects of an enriched environmenL on the histology of the rat cerebral cortex. 
J. Compo Neurol. 123 pp 111-120 

511 



[184) DIAMOND M.C., LAW F., RI-,ODES H., LINDNER B., ROSENZWEIG 
M.R., KRECH D. and BENNETT E.L. (1966) Increases in cortical depth and 
glial numbers in rats subjected to enriched environment. J. Camp. Neural. 
128 pp 117-126 

[185) DIAMOND M.C., LINDNER B., JOHNSON R., BENNETT E.L. and 
ROSENZWEIG M.R. (1975) Differences in occipital cortical synapses from 
environmentally enriched, impoverished and standard colony rats. J. Neu
rosci. Res. 1 pp 109-119 

[186) DIAMOND M.C., LINDNER B. and RAYMOND A. (1967) Extensive 
cortical depth measurements and neuron size increases in the cortex of envi
ronmentally enriched rats. J. Camp. NeILl'ol. 1:1.1 pp :157-:164 

[187) DIAMOND M.C., ROSENZWEIG M.R., BENNI<;TT E.L., LINDNER B. 
and LYON L. (1972) Effects of environmental enrichment and impoverish
ment on rat cerebral cortex. J. Ne'ul'obiol. :1 pp 47-64 

[188) DIAMOND M.C., ROSENZWEIG M.R. and KRECH D. (1965) Relation
ships between body weight and skull development in rats raised in enriched 
and impoverished conditions. J. Exptal. Zoo . .16U pp 29-:16 

[189) DOMJAN M., SCHORR R. and BEST M. (1977) Early environmental 
influences on conditioned and unconditioned ingestina1 and locomotor be
haviours. Devel. Psychobiol. 10 PP 499-506 

[190) DORNER G., GOTZ F. and DOCKE W.D. (1983) Prevention of demas
culinisation and feminisation of the brain in prenatally stressed male rats by 
perinatal androgen treatment. Exptal. ILnd Clin. Endocl'in. 81 pp 88-90 

[191) DOTY B.A. (1972) The effects of cage environment upon avoidance re
sponding of aged rats. J. Gerontal. 27(:1) PP 358-.160 

[192] DOYLE G. and YULE E. P (l959a) Grooming activities and freezing be
haviour in relation to emotionality in albino rats. Anim. Behav. 7 PP 18-22 

[193) DOYLE G. and YULE E.P. (HJ59b) Early expcrience anel emotionality I: 
The effects of prenatal maternal anxiety on the emotionality of albino rats. 
Sth. African J. Social Science 10 pp 57-65 

[194) DOYLE G. and YULE E.P. (1959c) Early experience and emotionality II: 
The effects of handling and gentling on the offspring of emotional albino rats. 
Sth African J. Social Science 10 PP 67-77 

[195) DUFFY E. (1934) Emotion: An example of the need for reorientation in 
psychology. Psych. Rev. 41 pp 184-198 

512 



[196] DUFFY E. (1941) The concept\lal categories of psychology: A suggestion 
for revision. Psych. Rev. 48 pp 265-275 

[197] DUFFY E. (1957) The psychological significance of the concept of 
"arousal" or activation. Psych. Rev. 64 pp 265-275 

[198] DUKE J.D. and SEAMAN .1.L. (1964) Post weilning experiences and emo
tional responsiveness. Psych. Rep. 14 pp 543-546 

[199] DUNLAP J.L., ZADINA J.E. and GOUGIS G. (1978) Prenatal stress in
teracts with prepuberal social isolation to reduce mille copulatory behaviour. 
Physiol Behav. 21(6) pp 873-875 

[200] DYSON S.E. and JONES D.G. (1980) Quantitation of terminal parame
ters and their interrelationships in maturing central synapses: A perspective 
for experimental studies. Brain Res.183 pp 43-59 

[201] EAYRS J.T. and GOODHEAD B. (1959) Postnatal development of the 
cerebral cortex in the rat . .T. Anat. 93 pp 385-402 

[202] EDWARDS H., BARRY W. and WYSPIANSKI J. (1969) Effects of differ
ential rearing on photic potentials and brightness discrimination in the albino 
rat. Devel. Psychobiol. 2 pp 133-138 

[203] EHRLICH A. (1959) Effects ,[ past experience on explomtory behaviour 
in rats. Can . .T. Psych. 13 pp 248- 254 

[204] EHRLICH A. (1961) The effects of past experience on the rat's response 
to novelty. Can. J. Psych. 15 pp 15-19 

[205] EICHENGREEN J., COREN S. and NACHMIAS J. (1966) Visual cliff 
preference in infant rats: Effects of rearing and test conditions. Science (NY) 
151 pp 830-831 

[206] EINGOLD B. (1956) Problem-solving by mature rats as conditioned by 
the length and age at imposition of earlier free environmental experience. 
Psych. Abstr. 17 pp 549 

[207] EINON D.F. (1980a) Rats at play. New Scientist 20th March 

[208] EINON D.F. (1980b) Spatial memory and respunse strategies in rats: Age, 
sex and rearing differences in performance. Qu . .l. Exptal. Psych. 32 PP 473-
489 

513 



[209] EINON D.F., HUMPHREYS A.P., CHIVERS S.M., FIELDS S. and NAY
LOR V. (1981) Isolation has permanent effects upon the behaviour of the rat, 
but not the mouse, gerbil or guineapig. De'vel. Psychobiol. 14 p 343 

[210] EINON D. and 'MORGAN M. (1976) Habituation of object contact in 
socially reared and isolated rats (Rattus Norvegicus). Anim. Behav. 24 pp 

415-420 

[211] EINON D. and MORGAN M. (1977) A critical period for social isolation 
in the rat. Devel. Psychobiol. 10(2) pp 123 

[212] EINON D. and MORGAN M, (1978a) Habituation under different levels 
of stimulation in socially reared and isolated rats: A test of the arousal hy
pothesis. Behav. BioI. 22 pp 553-558 

[213] EINON D. and MORGAN IVI. (l978b) Early isolation produces enduring 
hyperactivity in the rat, but no effects upon spontaneous alternation. Q. J. 
E;np. Psych. 30 pp 151-156 

[214] EINON D.F., MORGAN M.J. and KIBBLER C.C. (1978) Brief periods 
of socialization and later behaviour in the rat. Devel. Psycho bioI. 11 (3) p 
213 

[215] EINON D.F., MORGAN M.J. and SAHAKIAN B.J. (1975) The develop
ment of intersession habituation and emergence in socially reared and isolated 
rats. Devel. Psychobiol. 8 pp 553-55.9 

[216) EINON D.F. and SAHAKIAN B.J. (1979) Environmentally induced dif
ferences in susceptibility of rats t,o CNS stimulants and CNS depressants: 
Evidence against a unitary explanation of arousal. Psychophal'macol. 61 pp 
299-307 

[217] EINON D.F., STEWART ,1., ATKINSON S. and MORGAN M.J. (1986) 
Effects of isolation on barbituate anaesthesia in the rat. Psychoparmacol. 
(Berl.) 50 pp 85-88 

[218] EINON D.F. and TYE N.C. (1975) Chlordiazepoxide and isolation in
duced timidity in rats. Psychopharmamcologia 44 pp 83-85 

[219) ESSMAN W.B. (1971) Isolation-induced behavioural modifications: Some 
neurochemical correlates. In: Sterman M.B., McGinty D.J. and Adinolfi A.M 
(Eds) Brain Development and Behaviour. New Yor/~: Academic Press pp 265-
276 

[220] EVANS H.L., GHESELLI W.B. and PATTON R. (1973) Diurnal rhythm 
in behavioural effects of metamphetamine, p-chloromethamphetamine and 
scopolamine. J. Phal'macol. Exp. Therap. 186(1) pp 10-17 

514 



[221) FAGEN R. (1981) Animal play behaviour. Oxford: Oxford Univ. Press 

[222) FEINBERG I., BRAUN M. and SHULMAN E. (1969) EEG sleep patterns 
in mental retardation. Electroenceph. Clin. Ne1i1'ophysiol. 27 pp 128-141 

[223) FERCHMIN P.A., BENNETT E.L. and ROSENZWEIG M.R. (1975) Di
rect contact with enriched environment is required t.o alter cerebral weights 
in rats. J. Comp. Physiol. Psych. 88 pp 360-367 

[224) FERCHMIN P.A. and ETEROVIC V.A. (1977) Brain plasticity and en
vironmental complexity: Role of motor skills. Physiol. Behav. 18 pp 455-461 

[225) FERCHMIN P.A. and ETEROVIC V.A. (1980) Four hours of enriched 
experience are sufficient to increase cortical weight of rats. Soc. Neurosci. 
Abstr. 6 p 857 

[226) FERCHMIN P.A. and ETEROVIC V.A. (1986) Forty minutes of experi
ence increase the weight and RNA content of cerebral cortex in peri adolescent 
rats. Devel. Psychobiol. 19(6) JlJi /ill-519 

[227) FERCHMIN P.A., ETEROVIC V.A. and CAPUTTO R. (1970) Studies 
of brain weight and RNA content after short periods of exposure to environ
mental complexity. Bmin Res. 20 JiP 49-57 

[228) FERCHMIN P.A., ETEROVIC V.A. and LEVIN L.E. (1980) Genetic 
learning deficiency does not hinder environmental-dependant. brain growth. 
Physiol. Behav. 24(1) PP 45-50 

[229) FERREIRA A.J. (1965) Emotional factors in prenatal environment: A 
review. J. Nerv. Ment. Dis. 141 PP 108-118 

[230) FESSLER R. and BEATTY W. (1976) Variat.ions in postweaning environ
ment and sensitivity to electric shock in male and female rats. Behav. Biol. 
16 pp 535-538 

[231) FIALA B.A., JOYCE J.N. and GREENOUGH VV.T. (1978) Environmen
tal complexity modulates growth of granule cell dendrit.es in developing but 
not adult hippocampus of rats. Exp. Neurol. 59 pp 372-383 

[232) FIALA B., SNOW F. and GREENOUGH W.T. (1977) Impoverished rats 
weigh more because t.hey eat. more. Devel. Psych bioi. 10 pp 437-541 

[233) FIFKOVA E. (1970) Changes or axosomatic synapses in the visual cortex 
of monocularly deprived rilts . .I. Nenl'oiJiol. 2 pp (i /-71 

GI5 



[234] FILE S.E. (197Sa) The ont.ogeny of exploration in the rat: Habituation 
and effects of handling. Devel. Psycho bioi. 11 (4) ]I 321 

[235] FILE S.E. (197Sb) Exploration, distraction and habituation in rats reared 
in isolation. Devel. Psychobiol 11 (1) p73 

[236] FINGER S. (197S) Postweaning envirollmental stimulation and somaes
thetic performance in rats sust.aining cortica.l lesions at maturity. Devel. Psy
chobiol. 11 pp 5-11 

[237] FINGER S. and FOX M. W. (1971) Effects of early tactile enrichment on 
open field activity and tactile discriminative ability in the rat. Devel. Psy
chobiol. 4(3) pp 269-274 

[238] FLEMING D.E., ANDERSON R., RHEES R.W., KINGHORN E. and 
BAKAITIS B. (19S6) Effects of prenatal stress on sexually dimorphic asym
metries in the cerebral cortex of the male raL Brain Behav. Res. 16(3) pp 
395-398 

[239] FLICKER C. and GEYER M.A. (19S2) The hippocampus as a possible 
site of action for increased locomotion during intracerebral infusions of nore
pinephrine. Behav. NevI'. Bioi. 34 Pll 421-426 

[240] FORGAYS D.G. and FORGAYS J.W. (1952) The nature of the effect of 
free environmental experience on the rat. J. Comp. Physiol. Psych. 45 pp 
322-328 

[241] FORGAYS D.G. and READ J.M. (l962) Crucial periods for free environ
mental experience in the rat. J. Comp. Physiol. Psych. 55 pp 816-818 

[242] FORGUS R.H. (1954) The effects of early perceptual learning on the be
havioural organisation of adult rats. J. Comp. Physiol. Psych. 47 pp 331-336 

[243] FORGUS R.H. (19551.1) Influence of early experience on maze learning 
with and without visual cues. Can. J. Psych. 9 pp 207-214 

[244] FORGUS R.H. (l955b) Early visual and motor experience as determiners 
of complex maze learning abilities under rich and restricted stimulation. J. 
Comp. Physiol. Psych. 48 pp 215-220 

[245] FORGUS R.H. (1956) Advantage of early over late perceptual experience 
in improving form discrimination. Can. J. Physiol. 10 pp 147-155 

[246] FREEDMAN N.L. and VILLENEUVE D. (19S1) Drug-potentiated dif
ferential rearing effects on brain stimulat.ion rew'lI'd. Bull. Psychonom. Soc. 
17(6) pp 275-278 

fJl6 



[247) FREEMAN B.J. and RAY O.S. (1972) Strain, sex and environment effects 
on appetitively and aversively motivated learning t.asks. Devel. Psychobiol. 5 
pp 101-109 

[248) FRIDE E., DAN Y., FELDON J., HALEVY G. and WEINSTOCK M. 
(1986) Effects of prenatal st.ress on vulnerability to stress in prepubertal and 
adult rats. Physiol. Behav. 37(5) pp 681-687 

[249) FRIDE E., DAN Y., GAVISH \1. and WEINSTOCK M. (1985) Prenatal 
stress impairs maternal behaviour in a conflict situation and reduces hip
pocampal benzodiazepine receptors. Life Sci .. 36(22) pp 2103-2109 

[250] FRIDE E., SOREQ H. and WEINSTOCK M. (1986) Are the effects of 
gestational stress on motor development and cerebellar cholinesterase activity 
mediated prenatally? J. Devel. NeUI'OSc1:. 4(5) 407-413 

[251] FRIDE E. and WEINSTOCK M. (1984) The effects of prenatal exposure 
to predictable or unpredictable stress on early development in the rat. Devel. 
Psychobiol. 17(6) pp 651-660 

[252] FRIDE E. and WEINSTOCK M. (1987) Increased interhemisheric cou
pling of the dopamine systems induced by prenatal stress. Brain Res. Bull. 
18(3) pp 457-461 

[253] FRIDE E. and WEINSTOCK M. (1988) Prenatal stress increases anxiety 
related behaviour and alters cerebral lateralisatioll of dopamine activity. Life 
Sci. 42(10) 1059-1065 

[254] FRIDE E. and WEINSTOCK M. (1989) Alterations in behavioural 
and striatal dopamine asymmetries induced by prenatal stress. Phal'macol. 
Biochem. Behav. 32 pp 425-480 

[255] FRIEDLAND R.P. and WEINSTEIN E.A. (1977) Hemi-inattention and 
hemisphere specialisation: Introduction and historical review. In: Weinstein 
E.A. and FJ'iedland R.P. (Eds) Hemi-inaitention and hemisphere specialisa
tion. New York: Raven Press 

[256] FRIEDMAN A.H. and WALKER C.A. (1969) Rat brain amines, blood 
histamine and glucose levels in relat.ionship t.o circadian changes in sleep in
duced by pentobarbitol sodium. J. Physiol. 202 pp 133-146 

[257] FUEMM H. and DRISCOLL P. (1981) Litt.er size ma.nipulat.ions do not 
alter maternal behaviour traits in selected lines of rats. Anim. Behav. 29 pp 
1267-1269 

517 



[258] FULLER J .L. and CLARK L.D. (1966a) Effects of rearing with specific 
stimuli upon postisolation behaviour ill dogs . .I. Compo Physiol. Psych. 61 pp 
258-263 

[259] FULLER J.L. and CLARK L.D. (19()6b) Genetic and treatment factors 
modifying the post isolation syndrome on dogs. J. Camp. Physiol Psych. 61 
pp 251-257 

[260] GARDNER E.B., BOITANO J.J., MANCINO N.J. D'AMICO D.P. and 
GARDNER E.C. (1975) Environmental enrichment and deprivation: Effects 
on learning, memory and exploration. Physiol Bella.v. 14 pp 321-327 

[261] GAURON E.F. (1966) Effects of mother's shock traumatisation in infancy 
upon offspring behaviour. J. Genet .. Psych. 108 pp 221-224 

[262] GELLER E. (1971) Some observations on the effects of environmental 
complexity and isolation on biochemical ontogeny. In: Stemman M.B. et al 
(Eds) Brain development and behaviour. New York: Academic Press 

[263] GELLER E. and YUWILER A. (1968) Environmental effects on the bio
chemistry of developing rat brain. In: Jilek L. a.nd Trojan S. (Eds) Ontogen
esis of the Brain. Prague: Charles Univ. Pl'ess pp 277-284 

[264] GELLER E., YUWILERA. and ZOLMAN J.F. (1965) Effects of environ
mental complexity on constituents of brain and liver. J. NC1L1'ochcm. 12 pp 
949-955 

[265] GENTSCH C., LICHTSTEINER M. and FEER H. (1981) Individual 
housing of rats causes divergent changes in spontaneous and reactive activity. 
Experientia 37 pp 61-62 

[266] GESCHWIND N. and GALABURDA A.S. (1985) Cerebrallateralisation. 
Biological mechanism, association and pathology: A hypothesis and a pro
gram for research. I. Arch. Neu7'Ol. 42 pp 428-459 

[267] GIBSON E. and WALK R. (1960) The visual clift'. Scient. Amel'. 202(4) 
pp 64-71 

[268] GIBSON J.J. (1950) The perception of the visual world. Boston: 
Houghton Mifflin 

[269] GIBSON J.J. (1958) Visually cont.rolled locomotion and visual orientation 
in animals. Brit. J. Psych. 49 pp 182-194 

[270] GIBSON W., GILL J. and PORTER P. (l968) Effects of differential rear
ing and levels of motivation. Psych. Rep. 23 pp771-774 

518 



[271] GILL J., REID L. and PORT:~R P. (1966) Efl'ects of restricted rearing on 
Lashley stand performance. Psych. Rep. 1 9 pp 239-242 

[272] GLOBUS A., ROSENZWEIG M.R., BENNETT E.L. and DIAMOND 
M.C. (1973) Effects of differential experience on dendritic spine counts in rat 
cerebral cortex. J. Compo Physiol. Psych. 82 pp 175-181 

[273] GLOBUS A. and SCHEIBEL A. (1967) The effect of visual deprivation 
on cortical neurons: A golgi study. Exp. New·ol. 19 pp 331-345 

[274] GLUCK J.P., HARLOW H.P. and SCHILTZ K.A. (1973) Differential ef
fects of early enrichements and deprivation on learning in the Rhesus monkey 
(Macaca Mulatta). J. Compo Physiol. Psych. 84 pp 598-604 

[275] GLUCK J.P. and PEARCE H.E. (1977) Acquisition and extinction of an 
operant response in differentially reared rats. Devel. Psychobiol. 10(2) p 143 

[276] GOLDMAN A.S. (1980) Critical periods of prenatal toxic insult. In: 
Schwartz R.H. and Yaffe S.J. (Eds) Drug and chemical risks to the fetus 
and newborn. New York: A.R. L:83 

[277] GOLDMAN H., BERMAN R.P., GERSHON S., MURPHY S. and ALT
MAN H. (1987) Correlation of behavioural and cerebrovascular functions in 
the aging rat. Neurobiol. of Aging 8 pp 409-416 

[278] GONZALES L.M. and DAVENPORT J.W. (1972) Partial alleviation of 
learning deficit in hypothyroid rats by environmental enrichment. J. Compo 
Physiol. Psych. 85 pp 397-408 

[279] GOTZ F. and DORNER G. (1980) Homosexual behaviour in prenatally 
stressed male rats after castration and oestrogen treatment in adulthood. En
dokrinologie 76 pp 115-117 

[280] GRABOWSKI C.T. (1977) Atmospheric gases: Variations in concentra
tions and some common pollutants. In: Wilson J. G. and Fraser F. C. (Eds) 
Handbook of teratology Vol I: Geneml principles and atiology. New York: 
Plenum Press 

[281] GRAY E.G. (1959) Axo-soma',;: and axo-dendritic synapse of the cerebral 
cortex: An electron microscope study. J. Anal. 93 pp 420-432 

[282] GREENOUGH W.T. (1969) Pharmacological und biochemical studies on 
learning performance as a function of post-weaning environment in rats. Diss. 
Abstr. Int. (1377-B) 

519 



[283] GREENOUGH W.T. (1975) Experimental modification ofthe developing 
brain. Amer. Scientist 63 pp 37-46 

[284] GREENOUGH W.T. (1976) Enduring brain efIects of differential expe
rience and training. In: Rosenzweig M.R. and Bennett E.!,. (Eds) Neural 
mechanisms of leaming and memory. Cambl'idge Mass.: MIT Press 

[285] GREENOUGH W.T., FULCHER .1.K., YUWILER A. and GELLER E. 
(1970) Enriched rearing and chronic electroshock: Effects 011 brain and be
haviour in mice. Physiol. BehalJ. 5 pp 371-373 

[286] GREENOUGH W.T., HWANG H.M. and GORMAN C. (1985) Evidence 
for active synapse formation or altered post-synaptic metabolism in visual 
cortex of rats reared in complex environments. Proe. of the Nat. Aead. of 
Sciences 82 pp 4549-4552 

[287] GREENOUGH W.T., MADDEN T.C. and FLEISCHMANN T.B. (1972a) 
Effects of isolation, daily handling and enriched rearing on maze learning. Psy
chonom. Sci. 27 pp 279-280 

[288] GREENOUGH W.T. and VOLKMAR F.R. (1973) Pattern of dendritic 
branching in rat occipital cortex after rearing in complex environments. E;vp. 
Neural. 40 pp 491-504 

[289] GREENOUGH W.T., VOLKMAR F.R., and FLEISCHMANN T.B. 
(1976) Environmental effects on b,:Lin connectivity and behaviour. In: lVlosto/
sky D.I. (Ed) Behavioul' Control and Modification of Physiological Activity. 
New Jersey: Prentice Hall ch 8 

[290] GREENOUGH W.T., VOLKMAR F.R. and JURASKA J.M. (1973) Ef
fect of rearing complexity on dendritic branching in frontolateral and temporal 
cortex of the rat. E;vp. Ne1Lrol. 41 pp 371-378 

[291] GREENOUGH W.T., WEST R.W. and DeVOOGD T.J. (1978) Subsy
naptic plate perforations: Changes with age and experience in the rat. Science 
202 pp 1096-1098 

[292] GREENOUGH W.T., WOOD W.E. and MADDEN T.C (1972b) Possible 
memory storage differences among mice reared in envirollments varying in 
complexity. Behav. BioI. 7 pp 717-722 

[293] GREENOUGH W.T., YUWILER A. and DOLLINGER M. (1973) Effects 
of postnatal eserine administration on learning in enriched and impoverished 
rats. Behav. Biol. 8 pp 261-272 

520 



[294] GREER E.R., DIAMOND M.C. and MURPHY G.M. (1982) Increased 
branching of basal dendrites 011 pyramidal in the occipital cortex of homozy
gous Brattleboro rats in standard and enriched environmental conditions: A 
Golgi study. Exp. Neural. 76 pp 254-262 

[295] GREER E.R., DIAMOND lVI.C. and TANG J.lVI. (1981) Increase in thick
ness of cerebral cortex in response to environmental enrichment in Brattleboro 
rats deficient in vasopressin. Exp. Neural. 72 pp 366-378 

[296] GREER E.R., DIAMOND M.C. and TANG J.M. (1982) Environmental 
enrichment in Battleboro rats: Brain morphology. Annals of the New York 
Academy of Sciences 394 pp 749-"152 

[297] GRIFFIN G.A. and HARLOW H.F. (1966) EffecLs ofthree months of total 
social deprivation on social adjustment and learning in the Rhesus monkey. 
Child Devel. 37 pp 533-548 

[298] GRILLY D.M. (1977) Rat.e dependent. effects of amphet.amine result.ing 
from behavioural competition. Biobehav. Re'v. 1 pp 87-93 

[299] GRIMM V.E. and FRIEDER B. (1987) The effects of mild maternal stress 
during pregnancy on the behaviour of rat pups. Int. J. Neurosci. 35 pp 65-72 

[300] GROSS C.G. (1968) General activity. In: Weiskrantz L. (Ed) Analysis of 
behavioural change. New York: Harper and Row 

[301] GROSVENOR C.E., MAIWEG H. and MENA F (1970) A study of fac
tors involved in the development of the exteroceptive release of prolactin in 
the lactating rat. Harm. Behav. 1 pp 111-120 

[302] GROUSE L., SCHRIER B.I\., BENNETT E.L., ROSENZWEIG M.R. 
and NELSON P. (1978) Effects of environmental complexity on rat brain 
RNA diversity. J. Neu1'Ochem. 30 pp 191-203 

[303] GUILLEMIN R. and ROSENBERG R. (1955) Humoral hypothalamic 
control of anterior pituitary: Study with combined tissue cultures. En
docrinol. 57 pp 599-607 

[304] GUTWEIN B.M. and FISHBEIN W. (1980a) Paradoxical sleep and mem
ory I: Selective alternations following enriched and impoverished environmen
tal rearing. Brain Res. Bull. 5 pp 9-12 

[305] GUTWEIN B.M. and FISHBEIN W. (1980b) Paradoxical sleep and mem
ory II: Sleep circadian rythmicity following enriched and impoverished envi
ronmental rearing. Bmin Res. B1Lll. 5 pp 105-1M 



[306] HAHN W.W. (1965) Some effects of group size on behaviour and physi
ology of the rat. J. Psychonorn. Sci. 8 pp 455-465 

[307] HALL C.S. (1934) Emotional behaviour in the rat I: Defecation and uri
nation as measures of individual differences in emotionality. J. Camp. Psych. 
18 pp 385-403 

[308] HALL C.S (1936) Emotional behaviour in the raL 11: The relationship be
tween emotionality and ambulatory activity. J. Camp. Physiol Psych. 22 pp 
345-352 

[309] HALL E., PERLMUTTER M. and LAMB M. (1982) Child psychology 
today. New York: Random House 

[310] HAMILTON W.L., DIAMOND M.C., JOHNSON R.E. and INGHAM C. 
(1977) Effects of pregnancy and differential environments on rat cerebral cor
tical depth. Behav. BioI. 19 pp 333-340 

[311] HARI M. (1989) The human principle in conductive education. The Peto 
Institute Publ. 

[312] HARI M. and AKOS K. (1988) Conductive education. London: Routledge 

[313] HARLOW H.F. (1958) The nature oflove. Amer. Psychol. 13 pp 673-685 

[314] HARLOW H.F. (1960) Affectional behaviour in the infcll1t monkey. In: 
Brazier M.A. (Ed) The central nerV07iS system and beha:vi01Ll'. New Y01'k: 
Macey 

[315] HARLOW H.F. (1968) Development of affection in primates. In: Bliss 
E.L. (Ed) Roots of behavionr, genetics, instinct, and socialisation in animal 
behaviour. New York: Hafner 

[316] HARLOW H.F. and HARLOW M.K. (1965) The affectional systems. In: 
Schrier A.M. et al (Eds) Behaviour' of non-hu,man primates. New York: Aca
demic Press Vol 2 pp 287-334 

[317] HARLOW H.F., HARLOW M.I<. and HANSEN E.W. (1963) The mater
nal affectional system of Rheslls monkeys. In: Rheingold H. (Ed) Maternal 
behaviour in mammals. New York: Wiley 

[318] HARLOW H. F. and ZIlVIIvlERMAN R.R. (19,59) Affectional responses in 
the infant monkey. Science 136 liP 421-431 

522 



[319] HARRINGTON G.M. (1968) Genetic-environmental interaction in "intel
ligence" I: Biometric genetic allalysis of maze performance in Rattus N01'vegi
cus. Devel. Psychbiol. 1 pp 211-218 

[320] HARRIS D.B. (1971) The development of human behaviour: Theoretical 
considerations for future research. In: Tobach E., Aronson L.R. and Shaw 
E. (Eds) The biopsychology of development. New Y01'k: Academic Press pp 
473-501 

[321] HARRIS R.J. (1975) A primer of multivariate statistics. London: Aca
demic Press 

[322] HARVEY P.W. and CHEVINS P.F.D. (1984) Crowding or ACTH treat
ment of pregnant mice affects adult copulatory behaviour of male offspring. 
Horm. Behav, 18 pp 101-110 

[323] HARVEY P.W. and CHEVINS P.F.D. (1985) Crowding pregnant mice 
affects attack and threat behaviours in male offspring. [form. Behav. 19 pp 
86-97 

[324] HATCH A., BALAZS T., WEIBERG G. and GRICE H. (1963) Long term 
isolation stress in rats. Science 142 pp 507 

[325] HAYDEN A.H. and HARING N.G. (1984) The acceleration and main
tainance of developmental gains in school-aged Down's syndrome children. 
In: Jahiel R.I., Byrne J., Lubin R. and Gorelick J. (Eds) Handbook of pre
vention of mental retardation and developmental disabilities. New York: Van 
Nostrand Reinhold 

[326] HAYES K.J. (1960) Exploration and fear. Psych. Rep. 6 pp 91-93 

[327] HEATON M.B. and KLEIN S.L. (1981) Recovery from experimentally 
induced problem solving deficit.s in neonatal Peking ducklings as a function 
of environmental stimulation. Devel. Psychobiol. 14(1) pp 59-65 

[328] HEBB D.O. (1947) The effects of early experience 011 problem solving at 
maturity. Amer. Psychologist 2 pp 306-307 

[329] HEBB D.O. (1949) The organisation of behaviour. New York: Wiley 

[330] HEBB D.O. (1955) Drives and the C.N.S. (Conceptual Nervous System). 
Psych. Rev. 62 pp 243-254 

[331] HEBB D.O. and THOMPSON W.R. (1954) The social significance of ani
mal studies. In: Lindzey G. (Ed) Handbook of sociu} psychology. Cam. Mass.: 
Addison- Wesley pp 532-561 

523 



[332) HEBB D.O. and WILLIAMS K. (1946) A method of rating animal intel
ligence. J. Genet. Psychol. 31 PP 59-65 

[333) HEINROTH O. (1911) Beitrage zur biologie, nahmentlich ethologie und 
psychologie der anatiden. Vel'. 5 Int. Om. Kong. Berlin 1910 pp 589-702 

[334) HENDERSON N. (1968) The confounding effects of genetic variables in 
early experience research: Can we ignore them? Devel. Psycho bioi. 1 pp 146-

154 

[335) HENDERSON N. (1970) Brain weight increases resulting from environ
mental enrichment: A directional dominance in mice. Science 169 pp 776-778 

[336) HENDERSON N. (1972) Relative effects of early rearing environment and 
genotype on discrimination learning in house mice. J. Compo Physiol. Psych. 
79 pp 243-253 

[337) HENDERSON N. (1973) Brain weight changes resulting from enriched 
rearing conditions: A diallel analysis. Devel. Psycho bioi. 6 pp 367-376 

[338) HENDERSON N. (1977) The role of motor learning and cage size in the 
early enrichment effect in mice. Devel. Psychobiol. 10 pp 481-187 

[339) HENNESEY M.B. and KAPLAN J.N. (1982) Influence of the maternal 
surrogate on pituitary-adrenal activity and behaviour of infant squirrel mon
keys. Devel. Psychobiol. 15(5) PP 423-431 

[340) HENRY J.P. (1976) Understanciing the early pat.hophysiology of essential 
hypertension. Geriatr. 31 pp 59-72 

[341) HERON W. (1965) Cognitive and physiological efl'ects of perceptual iso
lation. In: Heron W. (Ed) Sensory deprivation. Cambridge: Harvard Univ. 
Press. 

[342) HERRENKOHL L.R. (1979a) Prenatal stress reduces fertility and fecun
dity in female offspring. Science 206 pp 1097-1 (]99 

[343) HERRENKOHL L.R. (1979b) Prenatal stress disrupts reproductive func
tions in female offspring as adults. Pape1' presented at the Anrwal Ame1'ican 
Psychological Association meeting, Toronto OntlLl'io May 1978: cited in Wilke 
et al (1982) see below /01' details 

[344) HERREN KOHL L.R. (l98:1) Prenatal stress mil)' a.lter sexual differentia
tion in male and female offspring. Monog)'. Neural Sci. 9 pp 176-183 

524 



[345] HERRENKOHL L.R. (1986) Prenatal stress disrupts reproductive be
haviour and physiology in offspring. Annals of the New York Acad. of Science 
474 pp 120-128 

[346] HERRENKOHL L.R. and GALA R.R. (1979) Serum prolact.in levels and 
maintenance of progeny by prenatally stressed female offspring. Experientia 
35 pp 329-334 

[347] HERRENKOHL L.R. and POLITCH J .A. (1978) Effects of prenatal stress 
on the estrous cycle of female offspring as adults. Experientia 34 pp 1240-1241 

[348] HERRENKOHL L.R. and SCOTT (1984) Prenatal stress and postnatal 
androgen: Effects on reproduction in female rats. Experientia 40 pp 101-103 

[349] HERRENKOHL L.R. and WHITNEY J.B. (1976) Effects of prepartal 
stress on postpartal nursing behaviour, litter development and adult sexual 
behaviour. Physiol. Behav. 17 pp 1019-1021 

[350] HINDE R.A (1970) Animal behaviour: A synt.hesis of et.hology and com
parative psychology. New York: McGraw Hill 

[351] HOCKMAN C.H. (1961) Prenatal maternal stress in the rat: Its effects 
on emotional behaviour in the offspring. J. Compo Physiol. Psych. 54 pp 679 

[352] HOFFMAN C.S. (1959) The effect of early environment restriction on 
subsequent behaviour in the rat. Psych. Rec. 9 pp 171-177 

[353] HOLDSTOCK T.L. and FRANKS P. E. (1971) Some aspects of paradox
ical sleep in the laboratory rat. Psychologia Afl'icana 14 pp 38-44 

[354] HOLLOWAY R.L. (1966) Dendritic branching: Some preliminary results 
of training and complexity in rat visual cortex. Brain Res. 2 pp 393-396 

[355] HOLSON R.R. (1986) Feeding neophobia: A possible explanation for the 
differential maze performance of rat.s reared in enriched or isolated environ
ments. Physiol. Behav. 38(2) 1)P 191-201 

[356] HONZIK M.P. (1984) Life span development. Ann. Rev. Psycho I. 35 pp 
309-331 

[357] HOOVER D.M. and DIAMOND M.C. (1976) The effects of norethynodrel 
on the visual cortex of rats exposed t.o differential environment.s: A prelimi
nary study of electrolytes and water. Brain Res. 103 pp 139-142 

525 



[358) HUCK V. and PRICE E. (19 1.)) Differential effects of environmental en
richment on the open field behaviour of wild and domestic Norway rats. J. 
Compo Physiol. Psych. 89 pp 892-898 

[359) HUDGENS G., CHILGREN J. and PALARDY D. (1972) Mother-infant 
interactions: Effects of early handling of offspring on rat mothers' open field 
behaviour. Devel. Psycho bioi. 5 pp 61-10 

[360) HUDGENS G., DENENBERG V.H. and ZARROW IvI.X. (1967) Mice 
reared with rats: Relations between mothers' activit.y level and offspring be
haviour. J. Compo Physiol. Psych. 63 pp 304-308 

[361) HUDGENS G., DENENBERG V.H. and ZARROW lVI.X. (1968) Mice 
reared with rats: Effects of pre weaning and postweaning social interactions 
upon adult behaviour. Behavio'lLl' 30 pp 259-214 

[362) HUGHES K.R. (1965) Dorsal and vent.ral hippocampus lesions and maze 
learning: Influence of pre-operative environment. Can. J. Psych. 23 pp 325-
332 

[363] HUTCHINGS D.E. and GIBBON J. (1970) Preliminary study of be
havioural and teratogenic effects of t.wo "stress" procedures administered dur
ing different periods of gestat.ion in the rat. Psych. Rep. 26 pp 239-246 

[364] HYDEN H. and RONNBACK L. (1979) Proteins S-100 and 14-3-2 in nerve 
cells of rats raised in enriched and impoverished environments: Distribution, 
quantification, and cell separation by surface antigens. Behav. Neur. Bioi. 25 
pp 311-319 

[365) HYMOVITCH B. (1952) The effects of experimental variations in early 
experience on problem solving in the rat. J. Compo Physiol. Psych. 45 pp 
313-321 

[366] INGLIS I. (1975) Enriched sensory experience in adulthood increases sub
sequent exploratory behaviour in the rat. Anim. Behav. 23 pp 932-940 

[367] INOUYE M., KIYONO S., SE~ M.L. and SHIBAKI .M. (1986) Effects 
of prenatal environments upon dendritic spines in rat offspring. NeuTosci. 
(Kobe) 12(4) pp 239-243 

[368] INSEL T.R., KINSLEY C.H., MANN P.E. and BRIDGES R.S. (1990) 
Prenatal stress has longterm effects on brain opiate recept.ors. Brain Res. 511 
pp 93-91 

[369] IVERSEN S.D. and CREESE I. (1975) Behavioural correlat.es of dopamin
ergic supersensitivty. In: Chase T.N. and lJa.},beau A. (Eds) Advances in neu
rology Vol 9 New YOTk: Raven pJ'ess 

G2G 



[370) IVINSKIS A. (1968) The reliability of behavioural measures in the open 
field. Aust. J. Psych. 20 pp 173-177 

[371) IVINSKIS A. (1970) A study of validity of open field measures. Aust. J. 
Psych. 22 pp 175-183 

[372) IVINSKIS A. and HOMEWOOD J. (1980) Effects of preweaning environ
mental enrichment on later problem solving behaviour in rats. Anim. Learn. 
Behav. 8(2) pp 336-340 

[373) IVINSKIS A. and IVINSKIS V. (1976) Effects of environmental change 
on problem solving ability in rats. Psych. Rep. 38(1) pp 19-22 

[374) JOFFE J.M. (1965a) Efl'eds of foster-mother;s strain and prenatal expe
rience on adult behaviour in rats. Nature 208 pp 815-816 

[375) JOFFE J.M. (1965b) Genotype and prenatal and premating stress inter
act to affect adult behaviour in rats. Science 150 pp 1844-1845 

[376) JOFFE J .M. (1965c) Emotiona.lity alld intelligence of offspring in relation 
to prenatal maternal conflict in albino rats. J. Genet. Psychol. 73 pI-Ii 

[377) JOFFE J.M. (1965d) The effects of prenatal maternal stress on emotion
ality and learning ability in rats selected for emotional reactivity. Unpubl. 
Doctoral Diss. Univ. of London 

[378) JOFFE J .M. (1969a) Perinatal determinants of emotionaliy. Ann. New 
York Acad. Sci. 159 pp 668 

[379) JOFFE J.M. (1969b) Prenatal determinant.s of behaviour. Oxford: 
Pergammon 

[380) JOFFE J.M. (1972) Postnatal experience and the detection of the effects 
of prenatal stress on behaviour: A reply to Archer and Blackman. Devel. 
Psycho bioI. 5(4) pp 389-390 

[381) JOFFE J .M. (1977) Modification of prenatal stress effects in rats by dex
amethasone and adrencorticotrophin. Physiol. Behav. 1.9 pp 601-606 

[382) JOFFE J.M. (1978) Hormonal mediation of the effects of prenatal stress 
on offspring behaviour. In: Gottlieb G. (Ed) Early Influences: Studies on the 
development of behaviour and the nervous system. Vol. 4. Academic Press pp 
107-144 

527 



[383] JOFFE J .M. (1982) Approaches to prevention of adverse developmental 
consequences of genetic and prenatal factors. In: Bond L.A. and Joffe J.Al. 
(Eds) Facilitating infant and early childhood development. Univ Press of New 
England: Hanover and London pp 121-155 

[384] JOFFE J.M., MULICK J.A., LEY K.F. and RAWSON R.A. (1978) Ef
fects of prenatal stress procedures on maternal corticosterone levels and be
haviour during gestation. Bull. Psychonom. Soc. 11(2) pp 93-96 

[385] JONES D.G. and SMITH B.J. (1980) Morphological analysis of the hip
pocampus following differential rearing in environments of varying social and 
physical complexity. Behav. Neu1'01. Bioi. 30 pp 135-141 

[386] JONES R.B.(1982) Effects of early environmental enrichment upon open 
field behaviour and timidity in the domestic chick. Devel. Psycho bioi. 15(2) 
pp 105-111 

[387] JORGENSEN O.S. and BOCK E. (1979) Brain specific proteins in the 
occipital cortex of rats housed in enriched and impoverished environments. 
Neurochem. Res. 4(2) pp 115·188 

[388] JORGENSEN O.S. and MEIER E. (1979) Microtubular proteins in the 
occipital cortex of rats housed in enriched and impoverished environments. 
J. Neurochem. 33 pp 381-382 

[389] JOSEPH R. (1979) Effects of rearing and sex on maze learning and com
petitive behaviour in rats. J. Psych. 101 pp 31-43 

[390] JOSEPH R. and GALLAGHER R.E. (1980) Gender and early environ
mental influences on activity, overresponsiveness and exploration. Devel. Psy
chobiol. 13(5) pp 521-544 

[391] JULIEN R.M. (1987) A primer of drug action. San Fmncisco: Freeman 
and Co. 3rd Ed. 

[392] JURASKA J.M., FITCH J.M., HENDERSON C. and RIVERS N. (1985) 
Sex differences in the dendritic branching of dentate granule cells following 
differential experience. Brain Res. 333(1) pp 13-80 

[393] JURASKA J.M. and GREENOUGH W.T. (1979) Effects of differential 
postweaning environments on dendritic fields of male and female rats. Soc. 
Neurosc. Abstr. 5 p 628 

[394] JURASKA J.M., GREENOUGH W.T. and CONLEE .J.W. (1983) Dif
ferential rearing affects responsiveness of ruts to depressant and convulsant 
drugs. Physiol. Behav. 31(5) ]11) 111-115 

G28 



[395) JURASKA J.M., GREENOUGH W.T., ELLIOT C., I\IACK K.J. and 
BERKOWITZ R. (1980) Plasticity in adult rats visual cortex: An examina
tion of several cell populations after differential rearing. Behav. Neural Bioi. 
29 pp 157-167 

[396) JURASKA J.M., HENDERSON C. and MULLER .1. (1984) Differential 
rearing experience, gender and radial maze performallce. Deuel. Psychobiol. 

17(3) pp 209-215 

[397) JURASKA J .M. and MEYER M. (1986) Behavioural interactions of post
weaning male and female rats with a complex environment. Deuel. Psychobiol. 

19(6) PP 493-500 

[398) KAGAN J. (1979) The growth of the child: Reflections on human devel
opment. London: Methuen and Co. Ltd. 

[399) KAPLAN A.R. (1957) Influence of prenatal maternal anxiety on emotion
ality in young rats. Science 126 pp 73-74 

[400) KASAMATU T., PETTIGREW J.D. and ARY M. (1981) Cortical recov
ery from effects of monocular deprivation: Acceleration with norepinephrine 
and suppression with 6-hydroxydopamine. J. Ne1J,rophysiol. 45 PP 254-266 

[401) KATZ H.B. and DAVIES C.A. (1983) The separate and combined effect 
of early undernutrition and environmental complexity at different ages on 
cerebral measures in rats. De'vel, Psychobiol. 16 pp 47-58 

[402) KATZ H.B. and DAVIES C.A, (1984) Effects of differential environments 
on the cerebral anatomy of raLs as a function of previous and subsequent 
housing conditions. Exp. Newl'ol. 83 PP 274-287 

[403) KAWI A.A. and PASAMANICK B. (1959) Prenatal and paranatal factors 
in the development of childhood reading disorders. Monogl'. Soc. Res. Child 

Devel. 24 No 4 

[404) KEELEY K. (1962) Prenatal influence on behaviour of offspring crowded 
mice. Science 135 pp 44-45 

[405) KELCHE C.R. and WILL B.E. (1978) Effets de l'environnement sur la 
restauration fontionelle apres lesions hippocampiques chez des rats adultes. 
Physiol. Behav. 21 PP 935-942 

[406) KELLEHER R.T and MORSE W.H. (1968) DeLerminants of the speci
ficity of behavioural effects of drugs. Manu.script obtained jrom Colin Latham, 
Goldsmiths' college, no j1J,1,the1' details 

529 



[407] KESSEN W. (1968) Comparative personalit.y development. In: Borgatta 
E.F. and Lambert W. VV. (Eds) Handbook of personality theory and research. 
Chicago: Rand McNally 

[408] KETY S.S. (1970) The biogenic amines in the central nervous system: 
Their possible roles in arousal, emotion and learning. The Neurosciences: 
Second study program pp 324-336, New York: Rockcrfeller Univ. Press 

[409] KINSLEY C. and BRIDGES R.S. (1986) Prenatal stress and maternal 
behaviour in virgin rats: Response latencies are decreased in males and in
creased in females. Soc. Neurosci. Ab.~tr. 12 p 841 

[410] KINSLEY C. and BRIDGES R.S. (1987) Prenatal stress reduces estradiol
induced prolactin release in male and female rats. Physiol. Behu11. 40 pp 647-
653 

[411] KINSLEY C. and BRIDGES R.S.(1988) Prenatal stress and maternal be
haviour in intact virgin rats: Response latencies are decreased in males and 
increased in females. Harm, Behav, 22 pp 76-89 

[412] KINSLEY C., MANN P,E, and BRIDGES R,S. (1988a) Prenatal stress 
alters morphine and stress-induced analgesia in male and female rats. Phar
macal. Biochem. Behav, 30 pp 12:1-128 

[413] KINSLEY C., MANN P.E. and BRIDGES R.S. (1988b) Prenatally 
stressed female rats and fertility and fecundity: Involvement of postcoital 
prolactin surges. Soc. Neurosci. Abstr. 14 p 281 

[414] KINSLEY C" MANN P.E. and BRIDGES R.S. (1989) Alterations 111 

stress-induced prolactin release in adult. female and male rats exposed to 
stress, in utero. Physiol, Behav, 45 pp 1078-1076 

[415] KINSLEY C, and SVARE B. (1986a) Prenatal st.ress reduces intermale 
aggression in mice. Physio/, Behav, 86(4) pp 788-786 

[416] KINSLEY C. and SVARE B, (1986b) Prenatal stress effects: Are they 
mediated by reductions in maternal food and water intake and body weight 
gain? Physiol, Behav. 37(1) pp 191-198 

[417] KINSLEY C, and SVARE B. (1987) Genotype modulates prenatal stress 
effects on aggression in male and female mice. Behav. Neural Bioi, 47(2) pp 
138-150 

[418] KINSLEY C. and SVARE B. (1988) Mice: Prenatal stress influences ma
ternal aggression in mice. Physiol, Behav, 42 pp 7-18 

530 



[419] KIRK R.E. (1968) Experimental design: Procedures for the behavioural 
sciences. Belmont, Calif.: Brooks Cole 

[420] KIRKBY R. (1970) Early environmental experience and avoidance learn
ing in the rat. Psychon. Sci. 1 9 pp 30-31 

[421] KIYONO S., SE~ M. and SHIBAGAKI M. (1980) Effects of enriched and 
isolated environments upon the sleep parameters in rats. Neurosci. (Kobe) 
1980 6 pp 188-191 

[422] KIYONO S., SE~ M. and SHIBAGAKI M. (198Ia) Effects of rearing 
environments upon sleep-waking parameters in rats. Physiol Behav. 26 pp 
391-394 

[423] KIYONO S., SE~ M. and SHIBAGAKI M. (1981b) Effects of environ men
tal enrichment upon maze performance in rats with microcephaly induced by 
prenatal X-radiation. Jpn. J. Physiol. 31 pp 769- 773 

[424] KIYONO S., SEO M. and SHIBAGAKI M. (1982) Effects of prenatal en
vironmental enrichment upon maze learning in rats. Neurosci. (Kobe) 8 pp 
144-145 

[425] KIYONO S., SEO M., SHIBAGAKI M. and INOUYE M. (1985) Facili
tative effects of maternal environmental enrichment on maze learning in rat 
offspring. Physiol. Behav. 34 /1]1 431-435 

[426] KLEIN (1968) cited in Bennett et al (1970), see abo've, no fU1,the1' details. 

[427] KLIPPEL J .A. (1978) Behavioural persistence following switch overs be
tween environmental enrichment and impoverishment in mice. Devel. Psy
chobiol. 11(6) pp 541 

[428] KOLB B. (1991) Mechanisms underlying recovery from cortical injury: 
Reflections on progress and directions for the future. In: Rose P,D. and 
Johnson D.A. (Eds) Reco'very of function following brain damage. London: 
Plenum P1'ess (forthcoming). 

[429] KONRAD K.W. and BAGSHAW M. (1970) The effects of novel stimuli 
on cats reared in a restricted environment. J. Camp. Pysiol. Psych. 70 pp 
157-164 

[430] KRECH D., ROSENZWEIG M.Il. and BENNETT E.L. (1960) Efl'ects of 
environmental complexity and training on brain chemistry. J. Camp. Physiol. 
Psych. 53 pp 509-519 

531 



[431] KRECH D., ROSENZWEIG M.R. and BENNETT E.L. (1962) Relations 
between brain chemistry and problem solving among rats raised in enriched 
and impoverished environments . .I. Compo Physiol. Psych. 55 pp 801-807 

[432] KRECH D., ROSENZWEIG M.R. and BENNETT E.L. (1966) Environ
mental impoverishment, social isolation, and changes in brain chemistry and 
anatomy. Physiol. Behav. 1 pp 99-104 

[433] KRECH D., ROSENZWEIG M.R., BENNETT E.L. and KRUECKEL B. 
(1954) Enzyme concentrations in the brain and adjustive behaviour patterns. 
Science 120 pp 994-996 

[434] KUBANIS P., ZORNETZER S. and FREUND G. (1982) Memory and 
post-synaptic cholinergic receptors in aging mice. Pharmacol. Biochem. Be
hav. 17 pp 313-322 

[435] KUENZLE C.C. and KNUSEL A. (1974) Mass training of rats in a su
perenriched environment. Physiol. Behav. 13 pp 205-210 

[436] LACEY J.I. (1967) Somatic response patterning and stress: Some revi
sions of activation theory. In: Appley M.H. and Trumball R. (Eds) Psycho
logical stress. New York: Appleton-Century-Cl'ofts 

[437] LAMBERT J.F. and TIWONG-NGOC A. (1976a) Influence de 
l'environment instrumental et social sur l'excitabilite nervcuse centrale de 
rat Wistar male: Misure de la reactivite de systeme reticulocortical. Agl'es
sologie 17 pp 13-18 

[438] LAMBERT J.F. and TRUONG-NGOC A. (1976b) Influence de 
I'environment instrument ale et sociale sur la structure d'un enchantillon du 
cycle veille-sommeil chez Ie rat Wistar male: Correlations avec Ies modifica
tions de I'excitabilite du systems reticulo-cortical. Agrcssologie 17 pp 19-25 

[439] LAMBERT M. (1987) The education of deaf-blind children, with specia1 
reference to approaches in Great 3ritain and the Soviet Union. MSc. (Edu
cat.) Thesis University of Birmingham, May 1987 

[440] LAMBERT M. (1988) Educating the deaf-blind. In: Riordan J. (Ed) So
viet education: The gifted and the handicapped. London: Routledge 

[441] LAMDEN P.J. (1985) Sensori-motor characterist.ics and behaviour ofrats 
reared in enriched and impoverished environments. Unpubl. Doctoral Diss. 
Univ. of London 

[442] LAMDEN P.J. and ROSE F.D. (1979) Sensorily reinforced learning in 
rats reared in enriched and impoverished environments. I.R. C.S. Med. Sci. 7 
pp 139-140 

532 



[443] LAMP R.E. (1967) The effells of maternal anxiety on the subsequent 
emotional and learning behaviuur of the offspring. Diss. Abstr. Int. 27{12-B) 
67-07041 

[444] LANDERS D.M. (1980) The arousal-performance relationship revisited. 
Res. Quart. Exercise Sport 51 pp 77-90 

[445] LANE E.A. and HYDE T.S. (1973) The effects of maternal stress on fer
tility and sex-ratio: A pilot study with rats. J. Abn01'm. Psych. 82 pp 78-80 

[446] LASHLEY K.A. (1929) Bra.in mechanisms and intelligence. Chicago: 
Univ. of Chicago Press 

[447] LaTORRE J.C. (1968) Effect of differential environmental enrichment on 
brain weight and on acetylcholinesterase and cholinesterase activities in mice. 
Exp. Neurol. 22 pp 493-503 

[448] LAUDER J.M. and KREBS H. (1978) Serotonin as a differentiation signal 
in early neurogenesis. Dev. Neumsci. 1 pp 15-30 

[449] LAVALLEE R.J. (1969) The effects of early visual and motor experience 
on adult problem solving in hooded and albino rats. Psychon. Sci. 17 pp 21. 
22 

[450] LAVALLEE R.J. (1970) Effects of visual form and distance experience 
before maturity on adult problem solving ability in the rat. Devel. Psych. 2 
pp 257-263 

[451] LEAH J., ALLARDYCE H. and CUMMINS R. (1985) Evoked cortical 
potential correlates of rearing environment in rats. Bioi. Psych. 20 pp 21-29 

[452] LeBOEUF B.J. and PEEKE H.V. (1969) The effect of strychnine admin
istration during development on adult maze learning in the rat. Psychopar
macologia (Berl.) 16 pp 49-53 

[453] LeCONTE M.P. and HENNEVIN E. (1971) Augmentation de la duree de 
"sommeil paradoxical" consecutive it un apprentisage chez Ie rat. C.R. Acad. 
Sci. (Paris) 273 pp 86-88 

[454] LEE M. and WILLIAMS D. (HJ'74) Infantile stimulation alld maternal be
haviour: A sceptic's integratioll. Paper presented to a symposiv.m on mother
infant relationships, Manchester Univ. 19th Ocl1974 

[455] LEPHART E.D., FLEMING D.E. and RHEES R.W. (1989) Fetal male 
masculinisation in control and prenatally stressed rats. Deuel. Psychobiol. 
2297) pp 707-716 

533 



[456] LEUBA C. (1955) Toward Home integration of learning theories: The con
cept of optimum stimulation. Psych. Rep. 1 pp 27-33 

[457] LEVINE S. (1956) A further study of infantile handling and adult avoid
ance learning. J. Personal. 25 pp 70-80 

[458] LEVINE S. (1962) The psychophysiological effects of infantile stimula
tion. In: Bliss E. (Ed) Roots of behaviour. New York: Paul IIoebel' and Co. 
pp 246-253 

[459] LEVINE S. (1967) Maternal and environmental influences on the adreno
cortical response to stress in weanling rats. Science 156 pp 258-260 

[460] LEVINE S. (1969a) An endocrine theory of infantile stimulation. In: Am
brose A. (Ed) Stimulation in early infancy. New York: Academic Press 

[461] LEVINE S. (1969b) Infantile stimulation: A perspective. In: Ambrose A. 
(Ed) Stimulation in early infancy. New York: Academic Press 

[462] LEVINE S. (1974) Differential response to early experience as a function 
of sex difference. In: Fl'iedman R.C., Richart R.M. and Vande R.L. (Eds) 
Sex differences in behaviour. New York: Wiley pp 87-98 

[463] LEVINE S. (1975) The potential influence of infantile stimulation on emo
tional disorders. In: Levi L. (Ed) Society, stress and disease Vol II: Childhood 
and adolescence. London: Oxf(J1'd Univ. Press pp 411-415 

[464] LEVITAN LB., MUSHYNSKI W.E. and RAMIREZ G. (1972a) Effects of 
environment on amino acid corporation into rat brain subcellular fractions in 
vivo. Brain Res. 41 pp 498-502 

[465] LEVITAN LB., MUSHYNSKI W.E. and RAlVlIREZ G. (1972b) Effects 
of environmental complexity Oll amino acid incorporation into rat cortex and 
hipocampus in vivo. J. Neurochem. 19 pp 2631-2636 

[466] LEVITSKY D. and BARNES R. (1972) Nutritional and environmental 
interactions in the behavioural development of the rat: Long term effects. 
Science (New York) 176 pp 68-71 

[467] LEYLAND M., ROBBINS T. and IVERSEN S. (1976) Locomotor activ
ity and exploration: The use of traditional manipulators to dissociate these 
two behaviours in the rat. Anim. Learn. Behav. 4 pp 261-265 

[468] LIEBERMAN M.W. (19G3) ~arly developmental stress and later be
haviour. Science 141 pp 824-825 

G34 



[469] LOCKE J. (1690) An essay concerning human underst.nnding. Oxford: 
Clarenden Press (1890) ol'iginally published 1690 

[470] LORE R.K. (1968) Activity-drive hypothesis: Effects of activity restrici
tion. Psych. Bull. 70 pp 566-574 

[471] LORE R.K. (1969) Pain avoidance behaviour of rats reared in restricted 
and enriched environments. Deuel. Psych. 1 pp 482-484 

[472] LORE R.K. and LEVOVITZ A. (1966) Differential rearing and free versus 
forced exploration. Psychonom. Sci. 5 P]1 421-422 

[473] LORENZ K. (1935) Der kumpan in der umwelt des vogels: Die artgenosse 
als auslosendes moment sozialer verhaltungsweisen. J. Ornithol. 83 PP 137-
213 and 289-413 

[474] LORENZ K. (1937) The companion in the bird's world. Auk 54 PP 245-
273 

[475] LOVELY R., PAGANO R. and PAOLINO R. (1972) Shuttle box avoid
ance performance and basal corticosterone levels as a function of duration of 
individual housing in rats. J. Camp. Physiol. Psych. 81 PP 331-335 

[476] LUCERNO M. (1970) Lengthening of REM sleep duration consecutive to 
learning in the rat. Brain Res. 20 pp 319-322 

[477] LUCIANO D. and LORE R. (1975) Aggression and social experience in 
domesticated rats. J. Camp. PhI/sial. Psych. 88 P]I .917-923 

[478] LUCHINS A.S and FORGUS R.H. (1955) The effect of differential post
weaning environments on the rit;:dity of an animal's behaviour. J. Genet. 
Psych. 86 pp51-58 

[479] LUDWIG A.M. and STARK L.H. (1973) Schizophrenia, sensory depriva
tion and sensory overload. J. Nel'u. Menial Diseases 157 pp 210-216 

[480] MacKINTOSH N.J. (1974) The psychology of animal learning. New York: 
Academic Press 

[481] McCALL R. and LESTER M. (1969) Difl'erential enrichment potential of 
visual experience with angles versus curves. J. Camp. Physiol. Psych. 69 pp 

644-648 

[482] McCALL R., LESTER M. and DOLAN C. (1969) Differential rearing and 
the exploration of stimuli in the open field. Deuel. PSI/ch. 1 pp 750-762 



[483] McGINTY D.J. (1971) Enccphalisatioll and t.he neural control of sleep. 
In: Sterman M., McGinty D. and Adinolfi A. {Eds} B1'Oin development and 
behaviour. New York: Academic P1'ess pp 335-358 

[484] McKIM M. and THOMPSON W.R. (1975) Prenatal maternal enrichment 
and restriction in rats: Effects on biological and foster offspring. Bull. Psy
chonom. Soc. 5 {3} pp 259-260 

[485] McLEOD P.J. and BROWN R.E. (1988) The effects of prenatal stress 
and postweaning housing conditions on parental and sexual behaviour of male 
Long-Evans rats. Psychobiol. 16{4} pp 372-380 

[486] MALKASIAN D.R. and DIAIvIOND M.C. (1971) The effects of environ
mental manipulation on the morphology of the neonate rat. brain. Int. J. 
Neurosci. 2 pp 161-170 

[487] MALMO R.B. (1959) Activation: A neuropsychological dimension. Psych 
Rev. 66 pp 367-386 

[488] MANDELL A.J., SEGAL D., KUCZENSKI R.T. and KNAPP S. (1973) 
Amphetamine-induced changes in the regulation of neurotransmitter biosyn
thetic and receptor functions in the brain. In: Pharmacology and the future of 
man. Proc. 5th Int. Congr. Pha1'macol. San Francisco {1972}. Karger Basel 
{1973} pp 95-105 

[489] MANOSEVITZ M. (1970) Early environmental enrichment and mouse be
haviour. J. Camp. Physiol. Psych. 71 pp 459-466 

[490] MANOSEVITZ M. and JOEL U. (1973) Behavioural environmental en
richment in rats and mice. J. Camp. Physiol. Psych. 85 pp 373-382 

[491] MANOSEVITZ M. and MONTEMAYOR R. (1972) Interaction of envi
ronmental enrichment and genotype. J. Camp. Physiol. Psych. 79 pp 67-76 

[492] MANOSEVITZ M. and PRYOR .1. (1975) Cage size as a factor in envi
ronmental enrichment. J. Camp. Physiol. Psych. 89 Pf! 648-654 

[493] MARKOWITZ H. (1982) Behavioural enrichment in the zoo. New Y01'k: 
Van Nostrand Reinhold 

[494] MARKOWITZ H. and SPINELLI J. (1986) The interface between re
search and environmental enrichment. Symposium paper presented at the An
nual meeting of the American Psychological Assoc. Washington, D.C. 

536 



[495] MARSDEN C.A. and KING B. (1979) The usc of doppler shift radar to 
monitor physiological and drug induced activity patterns in the rat. Pharma
col. Biochem. Behav. 10 pp 631-635 

[496] MASTERPASQUA F., CHAPMAN R. and LORE R. (1976) Effects of 
prenatal stress on offspring emotional reactivity and sexual behaviour in rats. 
Devel. Psycho bioi. 9(5) pp 403-411 

[497] MAYER J. (1968) Overweight: Causes, cost alld control. Englewood Cliffs, 
New Jersey: Prentice Hall 

[498] MEIER G.W and SCRUTZIVIAN L.R. (1968) Mother-infant interactions 
and experimental manipulation: Confounding or misidentification? Devel. 
Psycho bioi. 1 pp 141-145 

[499] MEISEL R.L. (1980) Effects of prenatal stress and uterine position on the 
sexual behaviour and morphological differentiation of male and female rats. 
MSc. Thesis, Villanova University, cited in Beckhardt and Ward (1983). 

[500] MEISEL R.L., DOHANICH G.P. and WARD 1.L. (1979) Effects of pre
natal stress on avoidance acquisition, open field performance and lordotic 
behaviour in male rats. Physiol. Behav. 22(3) pp 527-530 

[501] MELZACK R. and SCOTT T.H. (1957) The effects of early experience 
on the response to pain. J. Camp. Physiol. Psych. 50 pp 155-161 

[502] MENA F and GROSVENOR C.E. (1971) Release of prolactin in rats by 
exteroceptive stimulation: Sensory stimuli involved. Harm. Bchav. 2 pp 107-
116 

[503] MENDOZA S.P., SMOTHERMAN W.P., MINER M., KAPLAN J. and 
LEVINE S. (1978) Pituitary-adrenal response to separation in mother and 
infant squirrel monkeys. Devcl. Psychobiol. 11(2) p 169 

[504] MIEZEJESKI C., LAMON S., COLLIER G. and HAMILTON L.W. 
(1976) Partitioning of behavioural arousal. Physiol. Behav. 17 pp 581-586 

[505] MILEY W.M. (1983) Prenatal stress suppresses hunger induced rat pup 
killing in Long-Evans rats. B1kll. Psychonom. Soc. 21 (6') pp 495-497 

[506] MILEY W.M., BLUSTEIN J. and KENNEDY K. (1982) Prenatal stim
ulation and postnatal testosterone affecLs infanticide ill female rats. Physiol. 
Behav. 28(4) pp 627-629 

5:rr 



[507] MILEY W.M., FRANK M. and ROXTER A.L. (19S1) Rat-pup killing 
and maternal behaviour in male Long-Evans rat.s, prenatal stimulation and 
postnatal testosterone. B1Lll. Psychonorn. Soc. 17 pp 119-122 

[50S] MILKOVIC K., PAUNOVIC.1. and JOFFE J.M.([976) Effects of pre and 
postnatal littersize reduction on development and behaviour of rat offspring. 
Devel. Psychobiol. 9(4) pp .'165-.'175 

[509] MILLER N.E. (1957) Objecti'le techniques for studying motivational ef
fects of drugs on animals. In: Gamtiini S. and Ghetii V. (Eds) Proceedings 
of the Inernational Symposium on psychot1'Opic drugs. Amste1'dam: Elsevier 
Press 

[510] MIRMIRAN M., BRENNER E. and UYLINGS H.M. (19S3a) Nora
drenaline depletion during early development inhibits cortical response to 
environmental experience. Soc. Neurosci. Abst1'. 9 p 945 

[511] MIRMIRAN M., UYLINGS H.B. and CORNER M.A. (19S3b) Pharma
cological suppression of REM sleep prior to weaning counteracts the effec
tiveness of subsequent environmental enrichment on cortical growth in rats. 
Devel. Brain Res. 7(1) pp 102-105 

[512] MIRMIRAN M., VAN DEN DUNGEN H. and UYLINGS R.B. (19S2) 
Sleep patterns during rearing under different environmental conditions in ju
venile rats. Brain Res. 2.'1.'1(2) pp 287-298 

[513] MITANI K. (1975) Enhancement of general activity in the white rat 
through rearing in enriched environment. Ann. A nim. Psych. 24(2) pp 75-
85 

[514] MOLLGAARD K., DIAMOND M.C., BENNETT E.L., ROSENZWEIG 
M.R. and LINDNER B. (1971) Qualitative synaptic changes with differential 
experience in rat brain. Int. J. NC1Lrosci. 2 pp 113-128 

[515] MONTAGU M.F. (1962) Prenatal influences. Springfield, Illinois: 
Thomas 

[516] MONTGOMERY K.C. and ZIMBARDO P.G. (1957) Effect of sensory 
and behavioural deprivation upon exploratory behaviour in the rat. Pe1'cep. 
Mot. Skills 7 pp 223-229 

[517] MOORE C.L. (19S2) Maternal behaviour is affected by hormonal condi
tion of pups. J. Camp. Physiol. Psych. 96 pp 123-129 

[51S] MOORE C.L. (19S4) Maternal contributions to the development of mas
culine sexual behaviour in laboratory rats. Devel. Psycho bioi . .17 pp 347-.'156 

538 



[519) MOORE C.L. and IVIORELL G.A. (1979) Mother rats interact differently 
with male and female offspring. J. Camp. Physiol. Psychol. 93 pp 677-684 

[520) MOORE C.L. and POWER K.L. (1985) Effects of stress during pregnancy 
on mother-infant interactions in Norway rats. I.S.D.P. Abstr. 57 

[521) MOORE C.L. and POWER K.L. (1986) Prenatal stress affects mother
infant interaction in Norway rats. Devel. Psychobiol. 19(3) PP 235-245 

[522] MORGAN M.J. (1973) Effects of postweaning environment on learning in 
the rat. Anim. Behav. 21 pp429-442 

[523] MORGAN M.J. and EINON D.F. (1975) Incentive motivation and be
havioural inhibition in socially isc:1ated rats. Physi.ol. BelLa'v, 15 JlP 405-409 

[524] MORGAN M.J. and EINON D.F. (1976) Activity and exploration in the 
thyroid-deficient and socially isolated rats. Physiol. Behav. 16 JlP 107-110 

[525] MORGAN M.J., EINON D.P. and MORRIS R.G.M. (1977) Inhibition 
and isolation rearing in the rat: Extinction and satiation. Physiol. Behav. 1 
PP 8-15 

[526] MORGAN M.J., EINON D.F. and NICHOLAS D. (1975) The effects of 
isolation rearing on behavioural inhibition in the rat. Q. J. Exptal. Psych. 27 
pp 615-634 

[527] MORINAN A. and LEONARD B.E. (1980) Some anatomical and physi
ological correlates of social isolation in the young rat. Physiol. Behav. 24(3) 
pp 637-640 

[528] MORRA M. (1965a) Prenatal sound stimulation on postnatal rat offspring 
open-field behaviours. Psych. Rec. 15 pp 571-575 

[529] MORRA M. (1965b) Level of maternal stress during two pregnancy peri
ods on rat offspring behaviour. Psychonom. Sci. 3 pp 7-8 

[530) MORSE B.T. (1979) The postnatal behavioural transmission of emotional 
track to the young by rat mothers. DisseTt. Ab8il'. Int. 5B 2425/b 

[531] MOYER J.A., HERRENKOHL L.R. anclJACOBOVVITZ D.NI. (1977) Ef
fects of stress during pregnancy on calecholamines in discrete brain regions. 
Brain Res. 121 pp 385-393 



[532] MOYER J.A., HERRENKOllL L.R. and JACOnOWITZ D.M. (1978) 
Stress during pregnancy: EffecL on caLecholLlmines in discrete brain regions 
of offspring as adults. Brain Res. 144(1) pp 173-178 

[533] MOYER K. and KORN J. (1965) Behavioural effects of isolation in the 
rat. Psycho nom. Sci. 3 pp 500-504 

[534] MUIRJ.L., PFISTER H.P. and IVINSKIS A. (1985) EfFects of prepartum 
stress and postpartum enrichment on mother-infant interaction and offspring 
problem-solving ability in Rattus Norvegicus. J. Compo Psych. 99(4) pp 468-

478 

[535] MUNN N. (1950) Handbook of psychological research on the rat. Boston: 
Haughton Miffin 

[536] MUSHYNSKI W.E., LEVITAN LB. and RAMIREZ G. (1973) Competi
tion hybridization studies on brain ribonucleic acid from rats reared in en
riched and impoverished environments. J. Neurochem. 20 pp 307-317 

[537] MYERS A.K. and MILLER', .E. (1954) Failure to find a learned drive 
based on hunger: Evidence for learning motivated by exploration. J. Compo 
Physiol. Psych. 47 pp 428-436 

[538] MYERS R.D. and FOX J. (1963) Differences in maze performance of 
group versus isolation reared rats. Psych. Rep. 12 pp 1.99-202 

[539] NATIONAL CENTRE FOR HEALTH STUDIES (1967) Multiple births, 
U.S. Public health service publication N 1000, Series No 14, Washington D.C. 

[540] NAKAE K.A. (1983) A historical study of the thought of "Taikyo". Jpn. 
J. Educat. Res. 50 pp 343-352 

[541] NAU K.L., ELIAS J.W. and BELL R.W. (1981) Arousal and barpressing 
versus freeloading in Fischer 344 rats. J. Genet. Psych. 104(1) pp 125-132 

[542] NEISS R. (1988) Reconceptualising arousal: Psychobiological states 111 

motor performance. Psych. Bull. 103(3) pp 345-366 

[543] NEISS R. (1990) Ending arousal's reign of error: A reply to Anderson. 
Psych. Bull. 107(1) pp 101-105 

[544] NUMAN M. (1983) Brain l1lechanisl1ls of'maternal behaviour in the rat. 
In: Balthazart J., Prove E. and Gilles R. (Eds) Hormones and behaviour in 
higher vertebrates. pp 6.9-85 New Y01·k: Springel'- Vcrlag 



[545] NYMAN A.J. (1967) Problem solving in rat.s ilS a function of experience 
at different ages. J. Genet. Psych. 11 pp 31-3.9 

[546] OHKAWA T. (1987) Sexual dilTerentiation of social play and copulatory 
behaviour in the prenatally stressed male and female offspring of the rat: The 
influence of simultaneous treatment by tyrosine during exposure to prenatal 
stress. Nippon Naibunpi Gakkai 2tlsshi July 20 63(7) pp 823-835 

[547] ORTH J .M. and WEISZ J. (1980) Development ofb5-3,B-hydroysteroid de
hydrogenase and glucose-6-phosphate dehydrogenase activity in Leydig cells 
of the fetal rat testis: A quantitative cytochemical study. Biol. Reprod. 22 pp 
1201-1209 

[548] ORTH J.M., WEISZ J., WARD O.B. and WARD I.L. (1983) Environ
mental stress alters the developmental pattern of 15 5 -3,B-hydroxysteroid dehy
rogenase activity in Leydig cells of fetal rats: A quantitative cytochemical 
study. Biol. Reprod. 28 pp 625-631 

[549] O'SHEA L., SAARI M., PAPPAS B.A., INGS R. and STANGE K. (1983) 
Neonatal 6-hydroxydopamine attenuates the neural and behavioural effects 
of enriched rearing in the ral.. Soc. Ne1t/'Osci. Abatr. 9 p 558 

[550] OSWALD I. (1969) Human brain protein, drugs and dreams. Nature 
(Lond) 233 pp 893-897 

[551] OTTINGER D.R. and SIMlV:()NS J.E. (1963) Maternal anxiety during 
gestation and neonate behaviour. Recent Advances in Biological Psychiatry 
Vol 5 pp 7-12 New York: PlenlLm. P1'ess 

[552] OTTINGER D.R. and SIMMONS J.E. (1964) Behaviour of human 
neonates and prenatal matemal anxiety. Psych. Rep. 14 pp 391-394 

[553] OUGH B.R., BEATTY W.W. and KHALILI J. (1972) Effects of isolated 
and enriched rearing on response inhibition. Psychonom.. Sci. 27 pp 293-294 

[554] PACTEAU C., EINON D. and SINDEN J. (1989) Early rearing environ
ment and dorsal hippocampal ibotcnic acid lesions: Long-tcrm influences on 
spatial learning and alternation in the rat. Behav. Brain Res. 34 pp 79-96 

[555] PANKSEPP J. (1981) The ontogeny of play in rats. Deuel. Psychobiol. 14 
pp 327-332 

[556] PAPPAS C.T., DIAIVIOND M.C. ilnd JOHNSON R.E. (1978) Effects of 
ovariectomy and differential experience on rat cerebral cortical morphology. 
Brain Res. 154 pp 5.1-60 



[557] PAPPAS B.A., SAARI M., SMYTHE J., O'SHEA L. MURTHA S., 
STANGE K. and INGS R. (1984) Neonatal forebrain norepinephrine loss 
eliminates rearing effects in the rat. Soc. NeuT'osci. AbsiT'. 10 P 1174 

[558] PAPPAS B.A., SAARI M., SI'vIYTHE J., l'vIURTIIA S., STANGE K. and 
INGS R. (1987) Forebrain norepinephrine and neurobehavoiural plasticity: 
Neonatal 6-hydroxydopamine eliminates enriched-impoverished experience ef
fects on maze performance. Biochem Behav. 27 pp 153-158 

[559] PARE W. (1969) Age, sex, and strain differences in the aversive threshold 
to grid shock in the rat. J. Comp. Physiol. Psych. 69 pp 214-218 

[560) PARKER D.C., SASSIN J.F., MACE J.W., GOTLIN R.W. and ROSS
MAN L.G. (1969) Human growth hormone release during sleep: Electroen
cephalographic correlation. J. Clin. EndocT'inol. 2!J pp 871-874 

(561) PARSONS P. and SPEAR N. (1972) Longterm retention of avoidance 
learning in immature and adult rats as a function of environmental enrich
ment. J. Comp. Physiol. Psych. 80 pp 297-303 

(562) PASAMANICK B. and KAWI A.A. (1956) A study of the association of 
prenatal and paranatal factors with the development of tics in children: A 
preliminary investigation. J. Pediai. 48 pp 596-601 

(563) PASAMANICK B. and LILlENFELD A.M. (1955) Association of mater
nal and fetal factors with the development of mental deficiency 1: Abnormal
ities in the prenatal and paranat.al periods. J. Ame1'. Merl. Assoc. 159 pp 
155-160 

(564) PASAMANICK B., ROGERS M.E. and LILIENFELD A.M. (1956) Preg
nancy experience and the development of behaviour disorders in children. 
Amer J. Psychiatl'. 112 pp 613-618 

(565) PASCHKE R.E., DENENBERG V.H. and ZARROW M.X. (1970) Mice 
reared with rats: An interstrain comparison of mother and 'aunt' effects. Be
hav. cited in Denebel'g (1970) as "in pl'ess", no jltl'thel' rleta,ils. 

(566) PEEKE H.V.S., LeBOEUF B.J. and IIERZ M.J. (19'11) The effect of 
strychnine administration during development 011 aclult maze learning in the 
rat II: Drug administration from day 51 to day 70. PSllchophal'macologia 
(Berl.) 19 pp 262-265 

(567) PEREIRA F., ARDILA R. and FIGUEROA 1'vI. (1980) Effects of stress 
before pregnancy on exploration, defecation and body weight of the offspring 
of rats. Revista Latinoamel'icana de Psicologia 12(3) PP 487-494 

542 



[568] PETERS D.A. (1982) Prenatal stress: Effectil on brain biogenic amine 
and plasma corticosterone levels .. Phnrm. 13iochcm. Behnv. 17(4) pp 721-725 

[569] PETERS D.A. (1984) Prenatal stress: Effect on development of rat brain 
adrenergic receptors. Phnrm. Biochem. Behnv. 21 (.1) pp 417-422 

[570] PETERS D.A. (1986a) Prenatal stress: Effects on development of rat 
brain serotoneric neurons. Phnrm. Biochem. Behnv. 24(5) pp 1377-1382 

[571] PETERS D.A. (1986b) Prenatal stress increases t.he behavioural response 
to serotonin agonists and alters open field behaviour in the rat. Phnrm. 
Biochem. Behav. 25(4) pp 87.1-817 

[572] PETERS D.A. (1988a) Both prenatal and postnat.al factors contribute 
to the effects of maternal stress on offspring behaviour and central 5-
Hydroxytryptamine receptors in the rat. Pharamcol. Biochem. Behav. SO pp 
669-673 

[573] PETERS D.A. (1988b) Effects of maternal stress during different gesta
tional periods on the serotonergic system in adult rat offspring. Pha1'macol. 
Biochem. Behav. 31 pp 839-843 

[574] PETERS D.A. (1990) Maternal stress increases fetal brain and neonatal 
cerebral cortex 5-hydroxytryptamine synthesis in rats: A possible mechanism 
by which stress influences brain developmenL. Pharmacol. 13iochem. Behav. 
35 pp 943-947 

[575] PETROPOULOS E.A., LAU C. and LIAO C.L. (1972) Neurochemical 
changes in the offspring of rats subjected to stressful conditioins during ges
tation, Exptal. Neurol. 37 pp 86-99 

[576] PICKENS R. (1977) Behavioural pharmacology: A brief history. In: 
Thompson T. and Dews P.B. (Eds) Advances in behavioural pharmacology 
Vol 1 New York: Academic Press pp 229-257 

[577) PLATO The republic London: Penguin Classics 1975 Edn. 

[578) PLAUT S.M., GRAHAM C.W. and LEINER K.Y. (1972) Effects of pre
natal maternal handling and rearing with aunts on behaviour, brain weight 
and whole brain serotonin levels. Devel. Psychobiol. 5 pp 215-221 

[579) PLAUT S.M., GROTA L.J., ADER R. and GRAHAM C.W. (1970) Ef
fects of handling and the light-clark cycle on t.ime of parturition in the rat. 
Lab. Anim. Care 20 pp 447-45.1 



[580] POHORECKY L.A., ROBERTS P., COTLER S. and CARBONE J.J. 
(1989) Alteration of the effects of caffeine by prenata.l stress. Pharmacol. 
Biochem. Behav. 33 pp 55-62 

[581] POLITCH J.A. and HERRENKOHL L.R. (1979) Prenatal stress reduces 
maternal aggression by mice offspring. Physiol. Behav. 23(2} pp 415-418 

[582] POLITCH J.A. and HERRENKOHL L.R. (1984) Effects of prenatal stress 
on reproduction in male and female mice. Physiol. Behav. 32(1} pp 95-99 

[583] POLITCH J.A., HERREN KOHL L.R. and GALA R.R. (1978) Effects of 
ether stress on prolactin and corticosterone levels in prenatally stressed male 
rats as adults. Physiol. Behav. 20(1} pp 91-93 

[584] POLLARD 1. (1984) Effects of stress administered during pregnancy on 
reproductive capacity and subsequent development. of the offspring of rats: 
Prolonged effects on the litters of a second pregnancy. J. Endocrinol. 100 
301-306 

[585] POLLARD 1. and DYER S. (1985) Effect of stress administered during 
pregnancy on the development of fetal testes and their subsequent function 
in the adult rat. J. Endoc1'inol. 107 pp 241-245 

[586] POR S.B., BENNETT E.L. and BONDY S.C. (1982) Environmental en
richment and neurotransmitter receptors. Behav. NCliTal Bioi. 34 pp 132-140 

[587] PORTER R.H. and WEHMER F. (1969) Maternal and infantile influences 
upon exploratory behaviour and emotional reactivity ill the albino rat. Devel. 
Psychbiol. 2 pp 19-25 

[588] POWER K.L. and MOORE C.L. (1986) Prenatal stress eliminates differ
ential maternal attention to male offspring in Norway rats. Physiol. Behav. 
38(5} pp 667-671 

[589] PREMACK D. and PREMACK A . .1. (1963) Increased eating in rats de
prived of running. J. Exp. Anal. Behav. 6 pp 209-212 

[590] RABINOVITCH M.S. and ROSVOLD ILK (1951) A closed fi.eld intelli
gence test for rats. Can. J. Psych. 5(3} pp 122-128 

[591] RAMIREZ G., KARLSSON B. and PERRIN L. (I 974) I~frects of envi
ronmental complexity on glucosa::line incorporation into ral cerebral cortex 
and hippocampus in vivo. Brain Res. 79 pp 296-:JOO 

[,44 



[592] RANDRUP A. and lVIUNKVA D 1. (1970) Biochemical, anatomical 
and psychological investigations of stereot.yped behaviour induced by am
phetamines. In: Costa E. and GalYLttinin S. (Eds) Amphetamines and related 
compounds. Proc. for Pharmacol. Res. (Milan: Italy) New York: Raven Press 

[593] RAVIZZA R.J. and HERSCHBERGER A.C. (1966) The effect of pro
longed motor restricition upon later behaviour of the rat. Psych. Rec. 16 pp 
73-80 

[594] RAY O. and HOCHHAUSER S. (1969) Growth hormone and environ
mental complexity effects on behaviour in the rat. Devel. Psycho bioi. 1 pp 
311-317 

[595] REBEC G.V. and BASHORE T.R. (1984) Critical issues in assessing the 
behavioural effects of amphetamine. Neul'Osc. Biobehav. Rev. 8 pp 153-159 

[596] REED J.D. (1947) Spontaneolls activity of animals: A review of the lit
erature since 1929. Psych. Bull. pp 393-412 

[597] REID L.D., GILL J.H. and PORTER P.B. (1968) Isolated rearing and 
Hebb-Williams maze performance. Psych. Rep. 22 pp 1073-1077 

[598] RENNER M.J. (1984) A behavioural analysis of interactions with social 
and inanimate environments after differential experience in rodents. Diss. Ab
str. Int. 45 No 09 March p 3109-B 

[599] RENNER M.J. (1987) Experience-dependent changes in exploratory be
haviour in the adult rat (Rattus Norvegicus): Overall activity level and in
teractions with objects . .J. Compo Psych. 101(1) pp 94-100 

[600] RENNER M.J. (1988) Lea.rning during exploration: The role of be
havioural topography during exploration in determining Sll bsequent adaptive 
behaviour. Int . .J. Compo Psych. 2(1) pp 43-56 

[601] RENNER M.J., BLANK C.L., FREEI'dAN K. and LIN L. (1986) Envi
ronmental enrichment and monoamine metabolism: Gross levels, metabolites 
and regional specificity. Soc. Neul'osci. Abstmct.s 12 p 1136 

[602] RENNER M.J. and ROSENZWEIG lVI.R. (1986a) Object interactions in 
juvenile rats (Rattus Norvegicus): Effects of difI'erent experiential histories . 
.J. Compo Physiol. Psych. 100(3) pp 229-236 

[603] RENNER M.J. and ROSENZWEIG IVI.R. (1 D86b) Social interactions 
among rats housed in grouped and enriched conditions. Devel. Psycho bioi. 
19(4) pp 303-313 

SljS 



[604] RENNER M.J. and ROSENZWEIG lVLR. (1987) r'~nriched and impov
erished environments: Effects on brain and behaviour. New York: Springer 
Verlag 

[605] RENNER M.J., ROSENZWEIG M.R., BENNETT E.L. and ALBERTI 
M. (1981) Progressive increases in environmelltal complexity produce mono
tonic changes in brain and behaviour. Soc. Neuroscl:. Absir. 7 p 842 

[606] RESSLER R.H. (1966) Inheirited environmental influences on the operant 
behaviour of mice. J. Camp. Physiol. Psychol. 61 pp 264-267 

[607] RHEES R.W., BADGER D. S. and FLEMING D.l;;. (1983) Naloxone in
duces copulation in control but not in prenatally stressed male rats. Bull. 

Psychonom. Soc. 21(6) pp 498-500 

[608] RHEES R.W. and FLEMING D.E. (1981) Effects of malnutrition, mater
nal stress or ACTH injections during pregnancy Oil sexual behaviour of male 
offspring. Physiol. Behav. 27 PP 879-882 

[609] RICHARDS M. (1966) Infantile handling in rodents: A reassessment in 
the light of recent studies of maternal behaviour. Anim. Behav. 14 p 582 

[610] RIEGE W.H. (1971) Envirolllllental influences all brain and behaviour in 
year old rats. Devel. Psychbiol. 4 pp 157-167 

[611] RIEGE W.H. and MORIMOTO H. (1970) Effects of chronic stress and 
differential environments upon brain weights anc! biogenic amine levels in 
rats. J. Camp. Physiol. Psych. 71 JlP S96-404 

[612] ROBBINS T.W. (1977) A critique of the methods available for the mea
surement of spontaneous motor activity. In: Iver.Hm E.E.) Iversen S.D. and 
Snyder S.H. (Eds) Handbook of psychopha.1'1nacology Vol VII: Pl'inciples of 
behavioural pharmacology. London: Plenum Pl'CSS pp 37-82 

[613] ROBBINS T.W. (1981) Behavioural determinants of drug action: Rate
dependency revisited. In: Cooper S.J. (Ed) Thcol'y in psychopharmacology 
Vall London: Academic Press pp 1-6S 

[614] ROBINSON T.E. and BECKER J .B. (1986) I~llduring changes in brain 
and behaviour produced by chronic amphetamine ildministration: A review 
and evaluation of animalmoc!els of amphetamine psychosis. Brain Res. Rev. 

11 pp 157-198 

[615] ROBSON C. (1973 republ. 197!J) Experiment., design ilnd statistics in psy
chology. HaTmondsw01,th: Peng1Lin 



[616) ROEDERJ.J., CHETCUTI Y. and WILL B. (1980) Behaviour and length 
of survival of populations of enriched and impoverished raLs in the presence 
of a predator. Bioi. of Behav. 5 PP 361-369 

[617) ROHNER E.C. and WERBOFF .J. (1979) The efl'ects of prepmturient 
avoidance conditioning on postnaLal caretaker behaviour and offspring cate
cholamine levels and behavio\ll' in C57BL/6J mice. Dellel. Psychobiol. 12(1) 
p39 

[618) ROJO M., MARIN B., and IvIENENDl<;Z-PATTERSON A. (1985) Effects 
of low stress during pregnancy on certain parameters of the offspring. Physiol. 
Behav. 34 pp 895-899 

[619) ROSE F.D. (1988) Environmental enrichment and recovery of function 
following brain damage in the rat. Med. Sci. Res. 16(6) PP 257-263 

[620) ROSE F.D., DAVEY rvI..J., LOVE S. and DELL P.A. (1987) Environmen
tal enrichment and recovery from contralateral sensory neglect in rats with 
large unilateral neocortical lesions. Behav. B1'ain Res. 24 liP 195-202 

[621) ROSE F.D., DELL P.A. and LOVE S. (1985a) Behavioural consequences 
of different types of environmental enrichment in the rat. I.R. C.S. Med. Sci. 
13 pp 748-749 

[622) ROSE F.D., DELL P.A. and LOVE S. (1985b) Doppler shift radar mon
itoring of activity of rats in a behavioural test situation. Phy.9iol. Behav. 35 
pp 85-87 

[623) ROSE F.D., DELL P.A. and LOVE S. (1987) An analysis of reinforcement 
in rats reared in enriched and impoverished environments. Med. Sci. Res. 15 
pp 717-718 

[624) ROSE F.D., DELL P.A., LOVE S. and DAVEY M .. J. (1988) Environmen
tal enrichment and recovery from a complex GO/NO-GO reversal deficit in 
rats following large unilateral neocortical lesions. Beha·u. Brain Res. 31 pp 
37-45 

[625) ROSE F.D. and LAMDEN P.J. (1983) GO-NO-GO learning in rats reared 
in enriched and impoverished environments. I.R.C.S. Aled. Sci. 11 PP 433-434 

[626) ROSE F.D., LOVE S. and DELL P.A. (1986) Differential reinforcement 
effects in rats reared in enriched and impoverished environments. Physiol. 
Behav. 36 pp 1139-1145 

[627) ROSENBERG K.M., DENENBERG V.H. and ZARROW M.X. (1970) 
Mice (Mus musculus) reared with rat aunts: The role of rat-mouse contact in 
mediating behavioural and physiological changes in Lhe mouse. A nim. Behav. 

547 



18 pp 138-143 

[628] ROSENBERG K.M., DENENBERG V.H., ZARROW M.X. and FRANK 
B.L. (1971) Effects of neonatal castration and testosterone on the rats' pup
killing behaviour. Physiol. Behav. 7 pp 363-368 

[629] ROSENBLUM L.A. and ALPERT S. (1977) Response to mother and 
stranger: A first step in socialisation. In: Chevalier-SkolnikofJ S. and Poirier 
F.E. (Eds) Primate bio-social development: Biologica,l, social Q,nd ecological 
determinants. New Y01,k: GaTland pp 463-477 

[630] ROSENTHALL R. (1966) Experimenter efrects in behavioural research. 
New YOTk: Appleton Centul'Y Croft,s 

[631] ROSENZWEIG M.R. (1964) Effects of heredity and environment on brain 
chemistry, brain anatomy and learning ability in the rat. Kans. Stud. Educ. 
14 pp 3-34 

[632] ROSENZWEIG M.R. (1966) Environmental complexity: Cerebral change 
and behaviour. Amer. Psych. 21 pp 321-332 

[633] ROSENZWEIG M.R. (197 L) Effects of environment on development of 
brain and of behaviour. In: Tobach E., ATonson L.R. and Shaw E. (Eds) 
Biopsychology of development. New York: Aca,demic Press 

[634] ROSENZWEIG M.R. (1984) Experience, memory and the brain. Amer. 
Psychologist 4 pp 365-376 

[635] ROSENZWEIG M.R. and BENNETT E.L. (1968) Drugs modulate effects 
of environment on brain growth. Proceedings of the 761,h A nnnal Convention 
of the American Psychological Assoc. 3 p 269-270 

[636] ROSENZWEIG M.R. and BENNETT E.L. (1969) Effects of differential 
environments on brain weights and enzyme activities in gerbils, rats and mice. 
Devel. Psychobiol. 2 pp 87- 95 

[637] ROSENZWEIG M.R. and BENNETT E.L. (1972) Cerebral changes in 
rats exposed individually to an enriched environment. J. Compo Physiol. 
Psych. 80 (2) pp 304-313 

[638] ROSENZWEIG M.R. and BENNETT E.L. (1976) Enriched environments: 
Facts factors and fantasies. In: lI/cGct'Ugh J.E. and Pcll'inovich (Eds) Know
ing thinking and believing. New York: Plenum Pl'CSS 



[639] ROSENZWEIG M.R. ami BENNETT E.L. (1977) Effects of environmen
tal enrichment or impoverishment on learning and on brain values in rodents. 
In: Oliverio A. (Ed) Genetics, environment and intelligence. Elsevier North 
Holland: Biomedical Press ch 1 {] 

[640] ROSENZWEIG M.R. and BENNETT E.L. (1978) Experiential influences 
on brain anatomy and brain chemistry in rodents. In: Gottlieb G. (Ed) Stud
ies on the development of behaviour and the nervous system. Vol. 4 Early 
influences. Academic Press 

[641] ROSENZWEIG M.R. and BENNETT E.L. (1984) Basic processes and 
modulatory influences in the stages of memory formation. In: Lynch G., Mc
Gaugh J.L. and Weinberger N.M. ('Eds) Nenrobiology of learning and memory 
pp 263-288 

[642] ROSENZWEIG M.R., BENNETT E.L., ALBERTI M., MORIMOTO H. 
and RENNER M.J. (1982) Effects of differential environments and hiberna
tion on ground squirrel brain measures. Soc. Nenl'Osci. Abstr. 8 p 669 

[643] ROSENZWEIG M.R., BENNETT E.L. and DIAMOND M.C. (1967) Ef
fects of differential environments on brain anatomy and brain chemistry. In: 
Znbin J. and Jervis G. (Eds) Psychopathology oJ mental dcvelopmcnt New 
York: Grune and Stmtton pp 45-56 

[644] ROSENZWEIG M.R., BENNETT E.L. and DIAMOND M.C. (1972a) 
Cerebral changes in response to experience. Sci. Amer. 226 pp 22-29 

[645] ROSENZWEIG M.R., BENNETT E.L. and DIAMOND M.C. (1972b) 
Cerebral effects of differential environments occur in hypophysectomised rats. 
J. Compo Physiol. Psych. 79 pp 56-66 

[646] ROSENZWEIG M.R., BENl';";TT E.L. and DIAMOND M.C. (1972c) 
Chemical and anatomical plasticity of brain: Replications and extensions. In: 
Gaito J. (Ed) Macromolecnlcs and behavionr 2nd Edition New York: Apple
ton Centnry Crofts 

[647] ROSENZWEIG M.R., BENNETT E.L., DIAl'vlOND M.C., WU S., SLA
GLE R.W. and SAFFRAN E. (1969) Influences of environmental complexity 
and visual stimulation on developl1lent of occipital cortex in rat. Brain Res. 
14 pp 427-445 

[648] ROSENZWEIG M.R., BENNETT E.L., IrEBERT M. and MORIMOTO 
H. (1978) Social grouping cannot account for cerebral effects of enriched en
vironments. Brain Res. 153 pp 563-576 

[649] ROSENZWEIG M.R., BENNETT E.L., RENNER IVl.J. and ALBERTI 
M. (1987) Laboratory elll'iehment and the natural baseline: Efl'eets of dif
ferential environments on brain measures in two species of ground squirrel. 



Unpubl. Manuscript: Cited in Renner and Rosenzweig (1987) 

[650] ROSENZWEIG M.R., BENNETT E.L. and SHERMAN P.W. (1980) Ef
fects of hibernation and differential environments on weights and nucleic acids 
in brain of Beldin's ground squirrels. Soc Neurosci. Abstl'. 6 p 635 

[651] ROSENZWEIG M.R., KRECH D. and BENNETT E.L. (1958) Brain en
zymes and adaptive behaviour. Ill: Ciba Foundation symposium on neurolog
ical basis of behaviour. London: J and A Churchill pp 337-355 

[652] ROSENZWEIG M.R., KRECH D. and BENNETT E.L. (1960) A search 
for relations between brain chemistry and behaviom. Psych. BIIll. 57 pp 476-
492 

[653] ROSENZWEIG M.R., KRECH D., BENNETT E.L. and DIAMOND 
M.C. (1962) Effects of environmental complexity and training on brain chem
istry and anatomy. J. Compo PhY8iol. Psych. 55 pp 429-437 

[654] ROSENZWEIG M.R., KH.ECH D., BENNETT E.L. and DIAMOND 
M.C. (1968) Modifying brain chemistry and anatomy by enrichment or impov
erishment of experience. Ill: Newton G. and Levine S. (Eds) Early experience 
and behaviour: The psychobiology of development ch 9 

[655] ROSENZWEIG M.R., LOVE W. and BENNETT E.L. (1968) Effects of a 
few hours a day of enriched experience on brain chemistry and brain weights. 
Physiol. Behav. 3 pp 819-825 

[656] ROUTTENBERG A. and GLICKI'vlAN S. (1964) Supplimentary reports: 
Visual cliff behaviour in albino and hooded rats. J. Compo Physiol. Psych. 58 
pp 140-142 

[657] ROUSSEAU J-J. (1762) Emile. Translated by Fo;clcy B. (1966). London: 
Everyman Press 

[658] ROYCE J. (1977) On the construct validity of open field measures. Psych. 
Bull. 84 pp 1098-1106 

[659] RUSSELL J .1'. (1932) Depth discrimination in the rat. J. Genet. Psych. 
40 136-159 

[660] RUSSELL J. (1977) On the col1sLrucl val id i Ly of open field measures. 
Psych. Bull. 84 pp 1098-1106 

[661] RUSSELL P.A. (1971) InfallLile stimulation ill rodenLs: A consideration 
of possible mechanisms. Psych. lJnll. 75 PJI f 92-2112 

55U 



[662] RYKASZEWSKI I. M, (1985) The effects of prenatal st.ress on offspring of 
rats bred for good and poor avoidance behaviour. Disse1't, Abst1', Int, 45(10-
B} 3367 

[663] SAARI M,J" ARMSTRONG ,LN" NOBREGA J,N" PAPPAS B,A" and 
COSCINA D,V, (1990a) Neonatal 6-hydroxydopamine alters the behaviour 
of enriched-impoverished rats in a novel test environment., Behav, Neu1'osc, 
104(3} pp 430-437 

[664] SAARI M,J" FONG S" SHlVJI A, and ARMSTRONG J,N, (1990b) 
Enriched housing masks deficits in place navigat.ion induced by neonatal 
monosodium glutamate, Neul'otox, Teratol. 12 pp 29-32 

[665] SACHS B,D, and LUMIA A,R. (1981) Comment: Is stress due to ship
ment of animals a confounding variable in developmental research? Develop, 
Psycho bioi, 14 pp 169-171 

[666] SAHAKIAN B" BURDESS C" LUCKHURST H, and TRAYHURN p, 
(1982) Hyperactivity and obesity: The interaction of social isolation and 
cafeteria feeding, Physiol, Behav, 28 pp 117-124 

[667] SAHAKIAN B,J, and ROBBINS T,W, (1975) The effects of test envI
ronment and rearing condition (';, amphetamine-induced stereotypy in the 
guinea-pig, Psychophal'macol, (Berl.) 45 pp 115-117 

[668] SAHAKIAN B,J" ROBBINS T,W" MORGAN M,J, and IVERSEN S,D, 
(1975) The effects of psychomotor stimulants on stereotypy and locomotor 
activity in socially deprived and control rats, Brain Res, BlI,ll, 84 pp 195-205 

[669] SAHAKIAN B,J" ROBBINS T,W, and IVERSEN S,D, (1977) The effects 
of isolation rearing on exploration in the rat. Anim, Lea1'n, 5(2) pp 193-198 

[670] SALAMA A,A, and HUNT J, (1964) Fixation in t.he rat as a function of 
infantile shocking, handling and gentling, J, Gene/" Psych, 105 pp 131-162 

[671] SANDMAN C,A, and DONNELLY J, (1983) Age differences on P300 and 
its relationship to activity in the elderly, Psychophysiol, 20 p467 

[672] SANTROCK J,W, and BARTLETT J,e, (1986) Developmental psychol
ogy: A life cycle perspective, D1tbllg1te, Iowa: W,.i\J, C, BrOlon 

[673] SARA V,R" KING T,L, and ~AZARUS L, (1976) The influence of early 
nutrition and envirollmentalrearing on brain growth and behaviour, Expel'i
entia 32(12} pp 1538-1540 

55J 



[(74) SCHAEFFER T. (1968) SOllle methodological implicat.ions of the research 
on early handling in the rat. In: Newton G. and Levine S. (Eds) Early expe
rience and behaviour. Springfield, Illinois: Thomas 

[(75) SCHAEFFER T., WEINGARTEN F.S. and TOWNE J.C. (1962) Tem
perature change: The basic variable in the handling phenomenon? Science 
135 pp 41-42 

[(76) SCHALLERT T. and WHISHAW I.Q. (1984) Bilateral cutaneous stimu
lation of the somatosensory systelll in hemidecorticate rats. Bcha·v. Neul'osci. 
98 pp 518-54 

[(77) SCHAPIRO S. and VUKOVICH D.R. (1970) Early experience effects 
upon cortical dendrites. A proposed model for development. Science 167 pp 
292-294 

[(78) SCHLOSBERG H. (1954) Three dimensions of emotion. P8ych. Rev. 61 
pp 81-88 

[(79) SCHNEIRLA T.C. (1959) An evolutionary and developmental theory of 
biphasic processes underlying approach and withdrawal. In: Jones M.R. (Ed) 
Nebraska symposium on motivation (Vol 7) Lincoln: Univ. Nebraska Press 

[680) SCHWARTZ S. (1964) Effect of neonatal cortical lesions and early envi
ronmental factors on adult rat behaviour. J. Compo Physiol. Psych. 57 pp 
72-77 

[(81) SCHEIBEL M.E. and SCHEJBEL A.B. (1970) Of patLern and place in 
dendrites. Int. Rev. Nenrobiol. 1 pp 1-26 

[(82) SCHWEIKERT G.E. and COLLINS G. (1966) The effects of differential 
post weaning environments on later behaviour in the rat. J. Genet. Psych. 
109 pp 255-263 

[(83) SEIGEL R.A., CHOWERS I., CONFORTI N., FELDMAN S. and WEI
DENFELD J. (1982) Effects of naloxone on basal and st.ress-induced ACTH 
and corticosterone secretion in the male rat: Site and mechanism of action. 
Brain Res. 249 pp 103-109 

[(84) SEITZ P.F.D. (1954) The effects of infantile experience upon adult be
haviour in animal subjects I: Effects of littersize during infancy upon adult 
behaviour in the rat. Amer. J. Psychiat. 110 pp 916-927 

[(85) SEITZ P.F.D. (1958) The maternal instinct. ill animal subjects. Psycho
som. Med. 20 pp 215-226 



(686) SELYE H. (1950) The physiology and pat.hology of exposure to stress. 
Montreal: Acta 

(687) SEO M.L., INOUYE M., KIYONO S. and SHIBAGAKI M. (1982) Effects 
of environmentally differenLial rearing upon maze performance in prenatally 
irradiated microcephalic rats. Terat.ology 26 pp 2{21-227 

(688) SHAFFER D.R. (1985) DevelopmenLal psychology: Theory, research and 
applications. Monte1'ey: Brooks Colc 

(689) SHARRON H. (1987) Changing children's minds: Reuven Feuerstein's 
revolution in the teaching of intelligence. London: Souvenir Press 

[690) SHELLEY H. (1965) Eating l~,:haviour: Social facilitation or social inhi
bition? Psychonom. Sci. 3 pp /;21-522 

[691] SHIBAGAKI M., SEO M., ASANO T. and KIYONO S. (1981) Environ
mental enrichment alleviating maze performance deficits in rats with micro
cephaly induced by X-irradiation. Physiol. Behav. 27 pp 797-802 

[692] SHOLL D.A. (1956) The organization of the cerebral cortex. London: 
Methuen 

[693) SIMON N.G. and GANDI<;LMAN R. (1977) Decreased aggressive be
haviour in offspring of ACTH treated mice. Behav. Bioi. 21 PP 478-488 

[694) SIREVAAG A.M. and GREENOUGH W.T. (1985) Differential rearing 
effects on rat visual cortex synapses: II synaptic morphometry. Devel. Brain 
Res. 19 pp 215-226 

(695) SIREVAAG A.M. and GREENOUGH W.T. (1986) Multivariate analyses 
of morphological measurements can distinguish among rats reared in com
plex, social or individual environments. Soc. Neurosci. Abst.r. 12 P 1284 

(696) SJODEN P. and SODERBERG O. (1976) Effects of neonatal thyroid hor
mone stimulation and differential preweaning rearing on open field behaviour 
in the adult rat. Devel. Psycho bioi. g PP 418-424 

[697) SMITH C.J. (1956) Mass action ilnd early environlllcnt 111 thc rat. J. 
Compo Physiol. Psych. 52 PP 154-156 

[698) SMITH B.L., WILLS G. and NAYLOR D. (1981) The effects of prenatal 
stress on rat offsprings' learning ability. J. Psychol. 107(1) pp 45-51 

553 



[699) SMITH D.J., HESELTINE G.II. and CORSON .J.A. (l!l71) Pre-pregnancy 
and prenatal stress in five consequent pregnancies: Effects on female rats and 
their offspring. Life Sci. 10(21 part 1} pp 1233-1242 

[700) SMITH D.J., JOFFE J.M. and HESELTINE G.F. (19'75) Modification of 
prenatal stress effects in rats by adrenalectomy, dexameLhasone and chlorpro
mazine. Physiol. Behav. 15(5} pp 461-470 

[701) SMITH H.V. (1972) Effects of environmental enrichment on open field ac
tivity and Hebb Williams problem solving in rats. J. Compo Physiol. Psych. 
80 pp 163-168 

[702) SMOTHERMAN W.P. and BELL R.W. (1980) Maternal mediation of 
early experience. In: Bell R. W. and Smotherman W.P. (Eds) Maternal in
fluences and early behaviour. New York: Spectrum Pnbl. 

[703) SMOTHERMAN W.P., BELL R.W., HERSCHBERGER W.A. and 
COOVER G.D. (1978) Orientation to rat pup cues: Effects of maternal ex
periential history. Anim. Behav. 26 pp 265-273 

[704) SMOTHERMAN W.P., MENDOZA S.P. and LEVINE S.(1977) Ontoge
netic changes in pup-elicited maternal pituitary-adrenal activity: Pup age 
and stage of lactation efects. Devel. Psychbiol. 10 pp 365-371 

[705) SMOTHERMAN W.P. and ROBINSON S.R. (1986) Environmental de
terminants of behaviour in the rat fetus. Anim. Behav. 34 pp 1859-1973 

[706) SMOTHERMAN W., WEINER S., MENDOZA S. and LEVINE S. 
(1977a) Maternal pituitary-adrenal responsiveness to noxious and pup
produced stimuli. Ciba F01tndation Symposi'nm on H,'east feeding and the 
Mother. pp 5-25 

[707) SMOTHERMAN W" WEINER S., MENDOZA S. and LEVINE S. 
(1977b) Maternal pituitary-adrenal responsiveness as a function of differen
tial treatment of rat pups. Devel. Psycho bioi. 10(2} p 113 

[708) SOBRIAN S.K. (1976) Prenatal stress: Effects 011 somatic and behavioural 
ontogeny in the rat. Disseri. Absir. Int. 36(12-B pt 1} 6423 

[709) SOBRIAN S.K. (1977) Aversive prenatal stimulation: EfFects on be
havioural, biochemical and somatic ontogeny in the rat. Devel. Psycho bioI. 
10 PP 41-51 

[710) SOLETO C. and PALAY S,L. (1971) Altered ilXOllS and axon terminals 
in the lateral vestibular nucleus of the rat. Lab, fnvr.s, 25 pp 653-671 



[711J SOULAIRAC M.L. and SOULAlRAC A. (1975) Monoaminergic and 
cholinergic control of sexual behaviour in t,he male rat. In: Sandler M. and 
Gessa L.A. (Eds) Sexual beha'violL'l': Pha.l'Inacolo[lY and biochemist.ry. New 
York: Raven Press pp 99-116 

[712J SPALDING D.A. (1873) Instinct, with original observations on young an
imals. MacMillan's Magazine 2/ Pll 282-293. Reprinted in 1954 in Br. J. 
Anim. Behav. 2 pp 2-11 

[713J SPEAR L.P. and BRAKE S.C. (1983) Periiloolascence: Age-dependant 
behaviour and psychopharmacological responsibility in rats. Devel. Psy
chobiol. 16 pp 8-109 

[714J SPITZ R.A. (1945) Hospitalism: An inquiry int.o the genesis of psychiatric 
conditions in early childhood. Psyclwnal. Sind. Child. 1 pp 53-74 

[715J SPITZ R.A. (1946a) Anaclitic depression. Psychoanal. Stnd. Child 2 pp 
313-342 

[716J SPITZ R.A. (1946b) Hospit.alism: A follow-up report. Psychanal. Stud. 
Child. 2 pp 113-117 

[717J SPITZ R.A. (1951) The psychogenic diseases of infancy: An attempt at 
the etiological classification. Psychana.l. Siud. Child. 6 255-275 

[718J STERN J.M. and MacKINNC]\) D.A. (1978) Sellsory regulat.ion of mater
nal behaviour in rats: Effects of pup age. Devel. Psychobiol. 11 pp 579-586 

[719J STERN J.A., WINOKUR G., EISENSTERN A., TAYLOR R. and SLY 
M. (1960) The effect of group versus individual housing on behaviour and 
physiological responses to stress in the albino rat. J. Psychonom. Sci. 4 pp 
185-190 

[720J STOTT D.H. (1959) Evidence for prena.tal impairment of temperament 
in mentally retarded children. Vita. Hum. 2 pp 12.5-148 

['721J STUDELSKA D. and KEMBLE E. (1979) Eft'ects of briefly experienced 
environmental complexity on open field behaviollf in rats. IJehav. Ne1t7'. Bioi. 
26 pp 492-496 

[722J STURGEON R.D. and RETD L.D. (19'71) R{,;Hing variat.ions (lnd Hebb 
Williams maze performance. Psych. Rep. 29(2) pp 571-580 

[723J SUOMI S.J. and HARLUVV H.F. (19'77) Early separation (Iud behavioural 
maturation. In: Olivel'io A. (Ed) rJenetics, environment a.nd intelligence. El
.~evier: Biomedical Press, ch 11 

555 



(724) SUSSER E.R. and WALLACE R.B. (L982) 'J'he effects of environmental 
complexity on the hippocampal formation of t.lH' i1dult. rill,. Ado,. Neu7'abial. 

Exp. 42 pp 203-207 

(725) SYME L.A. (1973) Social isolation at weaning: Some effects on two mea
sures of activity. Anim. Learn. Behav. 1 pp 161-16:/ 

(726) SZELIGO F. and LEBLOND C.P. (1977) Response of the three main 
types of glial cells of cortex and corpus callosum in rats handled during suck
ling or exposed to enriched, control and impoverished environments following 
weaning. J. Camp. Neural. 172 pp 247-264 

(727) TAGNEY J. (1973) Sleep patterns related to rearing rat.s in enriched and 
impoverished environments. Brain Res. 5:/ pp 353-361 

(728) TAKAHASHI L.K., BAKER E.W. and KALIN N.H. (1990) Ontogeny of 
behavioural and hormonal responses Lo stress in prenatally stressed male rat 
pups. Physial Behav. 47 pp :/57-364 

(729) TAKAHASHI L.K., KALIN N.H., BARKSDALE C.M., VANDEN 
BURGT J.A. and BROWNFIELD M.S. (1988) Stressor controllability during 
pregnancy influences pituitary-adrenal hormone concentrations and analgesic 
responsiveness in offspring. Physial. Behav. 42 JlP 323-:/29 

[730) TANABE G. (1972) Remediating maze deficiencies by the use of environ
mental enrichment. Devel. Psych. 7 pp 224 

(731) TEES R.C. and MIDGELEY G. (1978) Extent of recovery of function 
after early sensory deprivation in the rat. J. Camp. Physial. Psych. 92(4) pp 
768-777 

(732) THIESSEN D., ZOLMAN J. and ROGERS D. (1962) Relation between 
adrenal weight, brain cholinesterase activity, and hole-in-the-wall behaviour 
of mice under different living conditions. J. Camp. Physial. Psych. 55 pp 186-
190 

(733) THOMAN E.B. and ARNOLD W.J. (1968a) Incubator rearing in infant 
rats without the mother: Effects 011 adult emotionality and learning. Devel. 
Psychobial. 1 pp 219-222 

(734) THOMAN E.B. and ARNOLD W.J. (1968b) Effects of incubator rearing 
with social deprivation on mat.ernal behaviolll' in rats. J. Camp. Physial. Psy

chol. 65 pp 441-446 

(735) THOMAN E., WETZEL A. and UNIN8 S. (19G8) Learning in the neona
tal rat. Anim. Behav. 16 pp 54-57 



[736] THOMAS R.M (1985) Comparing theories of child development. Belmont 
C.A.: Wadsworth Inc. Second Ed. 

[737] THOMPSON W.R. (1957a) Influence of prenatal maternal anxiety on 
emotionality in young rats. Sciencc 125 pp 6.98-6.9.9 

[738] THOMPSON W.R. (1957b) Reply to Kaplan 1957. Science 126 p 74 

[739] THOMPSON W.R. (1968) Development and the biophysical bases of per
sonality. In Borgatta E.P. and Lambe1't W. W. (Eds) Handbook of personality 
theory and research. Chicago: Rand McNally and Co. pp L{.9-214 

[740] THOMPSON W.R., WATSON J. and CHARLESWORTH W.R. (1962) 
The effects of prenatal maternal stress on offspring behaviour in rats. Psych. 
Monogr. 76(38) Whole No 557 

[741] THOMPSON W. R. and GRTJSEC J. (1970) Studies of early experience. 
In: Mussen P.H. (Ed) Carmichael's manual of child psychology 3rd Edition 
Vol 1 New York: Wiley 

[742] THOMPSON W. and SONTAG L. (1956) Behavioural efl'ects on the off
spring of rats subjected to audiogenic seizures during the gestation period. J. 
Compo Physiol. Psych. 4.9 pp 454-456 

[743] THOMPSON W. and QUINBY S. (HJ62) Prenatal maternal anxiety and 
offspring behaviour: Parental activit.y and levels of anxiety. Paper presented to 
Easter Psychological Association, April 1962, cited in Joffe 1.96.9b, see above 

[744] THOMPSON W. and QUINBY S. (1964) Prenat.almaternal anxiety and 
offspring behaviour: Parental activity and levels of anxiety . .I. Genet. Psy
chol. 105 pp 35.9-371 

[745] THORPE W.H. (1963) Learning and instinct in animals. Cambridge: Har
vard Press 

[746] TRYCHIN S. and WALK R. (1964) A st.ltely of the depth perception of 
monocular hooded rats on the visnal cliff. Psycho nom. Sci. 1 pp 53-54 

[747] TUCKER D.M. and WILLIAMSON P.A. (1984) Asymmetric neural con
trol in human self-regualtion. Psych. Rev . .91 pp 181-215 

[748] TURNER A.M. and GREJ.l;NOUGH W.T. (1985) Differential rearing ef
fects on rat visual cortex synapses. 1. Synaptic ,1I1e1 neuronal density and 
synapses per neuron. BTa'in Res. ,'12.9 pp 195-203 

55'7 



[749] TURPIN B. (1977) Variations of early social experience and environmen
tal preference in rats. J. Camp. Physiol. Psych. 91 pp 29-32 

[750] UPHOUSE L. (1978) In vitru RNA synthesis by chromatin from three 
brain regions of differentially reared rats. Bchau. Bioi. 22 pp 39-49 

[751] UPHOUSE L. (1980) Reevaluation of mechanisms that mediate brain dif
ferences between enriched and impoverished animals. Psych. Bull. 88(1) PP 
215-232 

[752] UPHOUSE L. and BONNER J. (1975) Preliminary evidence for the ef
fects of environmental complexity on hybridization of rat brain RNA to rat 
unique DNA. Deuel. Psychobiol. 8 pp 171-178 

[753) UP HOUSE L. and MOORE R. (1978) Effect of rearing condition on in 
vitro RNA synthesis by brain chromatin. Behau. Bioi. 22 pp 23-38 

[754) UPHOUSE L. and TEDESCHI B. (1979) Environmental enrichlllent and 
brain chromatin. Behau. Neur. Bioi. 25 pp 268-27U 

[755] UYLINGS H.B.M., KUYPERS K. and VELTMAN W.A.M. (1978) En
vironmental influences on the neocortex in later Ii fe. In: Cornel' M.A. et al 
(Eds) Matumtion of the NeruolLs System. P1'Ogr. JJmin Res. Vol 48 Amstel'
dam: Elsviel' Press PP 261-272 

[756] VAN GOOL W.A., PRONKER H.F., MIRMIRAN IV!. and UYLINGS 
H.B.M. (1987) Effect of housing in an enriched environment on the size of the 
cerebral cortex in young and old rats. EJ;p. Neural. 96 PP 225-232 

[757] VAN GOOL W.A., MIRMIRAN M. a.nd VAN HAAREN F. (1985) Spatial 
memory and visual evoked potentials in young and old rats after housing in 
an enriched environment. Behav. Neural Bioi. 44(3) PP 454-469 

[758] VAN HOF M.W. and MOHN G. (Eds) (1981) Functional recovery from 
brain damage. Amste1'dam: Els'vie'l' Press 

[759] VAN WOERDEN G.J. (1986) Effects of differential experience on brain 
and behaviour in the rat. Unpubl. Doc. Disse1't. Universiteit te Nijmegen, the 
N ethel'lands 

[760] VENABLE N., PINTO-HAMUY T., ARRAZTOA J.A., CONTADOR 
M.T., CHELLEW A., PERAN C and VALENZUELA X. (1988) Greater ef
ficacy of preweaning than postweaning environmental enrichment on maze 
learning in adult rats. Behav. Brain Res. 31 pp 89-92 



[761] VILLESCAS R., BELL R., WRIGHT L. and KUFNER N. (1977) Effect 
of handling on maternal behaviour following the return of the pups to the 
nest. Devel. Psychobiol. 10 pp 323-329 

[762] VOLKMAR F.R. and GREENOUGH W.T. (1972) Rearing complexity 
effects branching of dendrites in the visual cortex of the rat. Science 176 pp 

1445-1447 

[763] VOM SAAL F.S. (198:1) Variation in infanticide and parental behaviour in 
male mice due to prior intra uterine proximity to female fetuses: Elimination 
by prenatal stress. Physiol. Behav. 30 p 675 

[764] WALK R. (1978) Depth perception in a laughing heaven. In: Silverman 
P.(Ed) Animal behaviour in the laboratory. New York: Unive1'se Books ch 3 

[765] WALK R. and GIBSON E. (1961) A comparative and analytical study of 
visual depth perception. Psych. l\1onogl'. 75 (15, whole no: 519) 

[766] WALK R., GIBSON E. and TIGHE T. (1957) Behaviour of light and 
dark-reared rats on a visual cliff. Science (New Y01'k) 126 pp 80-81 

[767] WALK R.D. and WALTERS C.P. (1974) Importance of texture density 
preferences and motion parallax [or visual depth discrimination by rats and 
chicks. J. Compo Physiol. Psych. 86 pp 309-315 

[768] WALLACE G.S., BLACK J.E., RVVANG H.M. ilnd GREENOUGH W.T. 
(1986) Housing complexity ilfreds body and adrenal weight of adult rats 
within ten days exposure. Soc. Nenl'Osci. Absf1'. 12 P 1283 

[769] WALLER M.P., WALLER P.F. and BREWSTER L.A. (1960) A water 
maze for use in the studies of drive and learning. Psych. Rep. 7 pp 99-102 

[770] WALSH R.N. (1980) Effects of environmental complexity and deprivation 
on brain chemistry and physiology: A review. Int. J. Neurosci. 11 pp 77-89 

[771] WALSH R.N. (1981a) Effects of environment[d complexity and depriva
tion on brain anatomy and histology: A review. Inf. J. NClIl'osci. 12 pp3-51 

[772] WALSH R.N. (1981b) Towards an ecology of brain. Specir1L1n Publ. Inc. 

[773] WALSH R.N., BUDTZ-OLSEN O.E., PENNY .J.E. and CUMMINS R.A. 
(1969) The effects of environmental complexity on the hist.ology of the rat 
hippocampus. J. Compo Neul'Ol. 137 pp 361-,'165 



[774) WALSH R.N., BUDTZ-OLSEN O.E., TOROK A. and CUMMINS R.A. 
(1971) Environmentally induced changes in the dimensions of the rat cere
brum. Devel. Psycho bioi. 4 pp l1ti-122 

[775) WALSH R.N. and CUMMINS R.A. (1975) Mechanisms mediating the 
production of environmentally induced brain changes. Psych. Bull. 82 (6) pp 
985-1000 

[776) WALSH R.N. and CUMMINS R.A. (l976a) The open field test: A critical 
review. Psych. Bull. 83(3) pp 482-504 

[777) WALSH R.N. and CUMMINS R.A. (1976b) Electron microscopic obser
vations of occipital cortex in differentially reared rats. Neu-rosci. Abstr. 2 p 
839 

[778) WALSH R.N. and CUMMINS ILA. (1978) Caveats for future research on 
the open field test: Comment on Royce. Psych. Bnll. 3 pp 587-589 

[779) WALSH R.N., CUMMINS R.A. and BUDTZ-OLSEN O.E. (1973) En
vironmentally induced changes in the dimensions of the rat cerebrum: A 
replication and extension. Devel. Psychobiol. 6 pp 3-8 

[780) WALSH R.N., CUMMINS R.A., BUDTZ-OLSEN O.E. and TOROK A. 
(1972) Effects of environmental enrichment and deprivation on rat frontal 
cortex. Int. J. Neurosci. 4 pp 239-242 

[781) WARD B. (1976) Alteration of androgen-sensitive morphology in fetal 
males by prenatal stress. Papel' presented at the Eastern Conjel'ence on re
productive behaviour, Saratoga Spl'ings, New York 

[782) WARD I.L. (1972) PrenaLal stress feminizes and demasculinizes the be
haviour of males. Science 175(4017) pp 82-84 

[783) WARD I.L. (1974) Sexual beh aviour difl'erentiaLion: Prenatal hormonal 
and environmental control. In: Friedman R. C., Richart R.N. and Van de 
Weile R.L. (Eds) Se;r; dijJel'ences in behaviour. New YOl,k: Wiley pp 3-17 

[784) WARD I.L. (1977) Exogenous androgen activiates female behaviour in 
noncopulating prenatally stressed male rats. J. Compo Physiol. Psych. 91(3) 
PP 465-471 

[785) WARD I.L. (1984) The prenatal stress syndrome: Current status. Psych
neuroendocrin. 9(1) PP 3-11 

560 



[786) WARD O.B., MONAGHAN E.P. and WARD LL. (1986) Naltrexone 
blocks the effects of prenatal stress Oil sexual behaviour differentiation in 
male rats. Pharm. Biochem. Beho,v. 25(3) pp 573-576 

[787) WARD O.B., ORTH J.M. and WEISZ (1983) A possible role of opiates 
in modifying sexual differentiation. In: Schrumpf M. and Lichtensteiger W. 
(Eds) Drugs and hormones in brain development S Karger: Basel 

[788) WARD I.L. and REED J. (1985) Prenatal stress and prepuberal social 
rearing conditions interact to determine sexual behaviour in male rats. Be
hav. Neurosci. 99(2) pp 301-309 

[789) WARD I.L. and RENZ F..J. (1972) Consequences of perinatal hormone 
manipUlation on the adult sexual behaviour of female rats. J. Compo Physiol. 
Psych. 78 pp 349-355 

[790) WARD I.L. and WARD O.B. (HJ85) Sexual behaviour differentiation: Ef
fects of prenatal manipulation in rats. In: Adlel' N. T., Pfaft D. and Goy R. 
(Eds) Handbook of behavioural neurobiology Vol 7: Reproduction. New York: 
Plenum Press pp 77-98 

[791) WARD I.L. and WEISZ J. (1980) Maternal stress alters plasma testos
terone in fetal males. Science 207 pp 328-329 

[792) WARD I.L. and WEISZ J. (1984) Differential effects of maternal stress 
on circulating levels of corticosterone, progesterone and testosterone in male 
and female rat fetuses and their mothers. EndoC1'in. 114 pp 1635-1644 

[793) WARREN J.M. (1965) Comparative psychology of learning. Ann. Rev. 
Psych. 16 pp 95-118 

[794) WARREN J.M. (1985) Environmental enrichment and learning 111 

DBA/2J mice. Festschrift fOl' MM Sinha 

[795) WARREN J.M., ZERWECK C. and ANTHONY A. (1982) Effects of en
vironmental enrichment in old mice. Devel. Psycho bioi. 15(1) pp13-18 

[796] WATSON J.B. (1925) Behaviourism, New York: Nodon 

[797) WATSON J .S. and LIVESEY P.J. (1982) Early rearing conditions and 
within group behavioural variability. Behav. Neural Bioi. 36(1) pp 98-101 

[798) WEBB W.B. and FRIEDMAN J. (1971) Attempts to modify the sleep 
patterns of the rat. Physiol. Beh!Lv. 6 pp 459-460 

561 



[799] WEHMER F., PORTER R. and SCALES B. (1970) Prenatal and preg
nancy stress in rats affects behaviour of grandpuprl. Natul'e 227 p 622 

[800] WEINBERG J. (1987) Effects of early experience on responsiveness to 
ethanol: A preliminary report. Physiol. Behav. 40 pp 401-406 

[801] WEIR M.W. and DeFRIES J.D. (1964) Prenatal maternal influence on 
behaviour in mice: Evidence of a genetic basis. J. Compo Physiol. Psych. 58 
pp 412-417 

[802] WEISS J.M. (1968) Effects of coping responses on stress. J. Compo Phys
iol. Psych. 65 pp 251-260 

[803] WEISZ J., BROWN B.L. and WARD 1.L. (1982) Maternal stress decreases 
steroid aromatase activity in brains of male and female rat fetuses. Neuroen
docrin. 35 pp 374-379 

[804] WELCH A.S. and WELCH B.L. (1971) Isolation reactivity and agression: 
Evidence for an involvement of brain catecholamines and serotonin. In Eleft
heriou E. and Scott J.P. (Eds) The physiology of aggression and defeat. New 
York: Plenum Press pp 91-142 

[805] WELCH B.L., BROWN D.G., WELCH A.S. and LIN D.C. (1974) Isola
tion, restrictive confinement or crowding of rats for one year. Weight, nucleic 
acids and protein of brain regions. Bmin Res. 75 pp 71-84 

[806] WELCH B.L. and WELCH A.S. (1966) Graded effect of social stimulation 
on d-amphetamine toxicity. J. Pharmacol. Exp. Ther. 151 pp 331-338 

[807] WELKER W. (1957) Free versus forced exploration of novel situation in 
rats. Psych. Rep. 3 pp 95-108 

[808] WELLS A.M. (1971) The effect of dietary and environmental conditions 
on performance in rats in the Hebb Williams maze. Diss. Abstr. Int. 32 (l-B) 
pp 600-601 

[809] WELLS A., GEIST C.R. and ZIMMERMANN R.R. (1972) Influence of 
environmental and nutritional factors on problem solving in the rat. Percep. 
Mot. Skills 38(1) pp 235-244 

[810] WERBOFF J., ANDERSON A. and HAGGETT B. (1968) Handling of 
pregnant mice: Gestational and postnatal behavioural effects. Physiol. Be
hav. 3 pp 35-39 

562 



[811] WESA J.M., CHANG F.L., GREENOUGH W.T. and WEST R.N. (1982) 
Synaptic contact curvature: Effects of differential rearing on rat occipital cor
tex. Devel. Brain Res. 4 pp 253-257 

[812] WEST R.W. and GREENOUGH W.T. (1972) Effect of environmental 
complexity on cortical synapses of rats: Preliminary results. Behav. Bioi. 7 
pp 279-284 

[813] WHIMBEY A.E. and DENENBERG V.H. (1966) Programming life his
tories: Creating individual differences by the experimental control of early 
experiences. Multivar. Behav. Res. 1 pp 279-286 

[814] WHIMBEY A.E. and DENENBERG V.H. (1967a) Experimental pro
gramming of life histories: The factor structure underlying experimentally 
created individual differences. Behav. 29 pp 296-314 

[815] WHIMBEY A.E. and DENENBERG V.H. (1967b) Two independant be
havioural dimensions in open field performance. J. Compo Physiol. Psych. 63 
pp 500-504 

[816] WHISHAW I.Q., SUTHERLAND R.J. and KOLB B. (1986) Effects of 
neonatal forebrain noradrenaline depletion on recovery from brain damage: 
Performance on a spatial navigation task as a function of age of surgery and 
postsurgical housing. Behav. Neuml. Biol. 46 pp 285-307 

[817] WHITE L. (1975) Behavioural response of San Francisco zoo's orangutans 
to environmental enrichment. Pape1' presented at the meeting of the Western 
Psychological Association, San Francisco, cited in Renner and Rosenzweig 
(1987) 

[818] WHITNEY J.B. and HERRENKOHL L.R .. (1977) Effects of anterior hy
pothalamic lesions on the feminized sexual behaviour of prenatally stressed 
male rats. Physiol. Behav. 19(1) pp 167-169 

[819] WIDMAN D.R. and ROSELLINI R.A. (1990) Restricted daily exposure 
to environmental enrichment increases the diversity of exploration. Physiol. 
Behav. 47 pp 57-62 

[820] WIG GAM A.E. (1923) The new decalogue of science. Indianapolis: Bobbs
Merrill 

[821] WILKE D.L., TSEU S.R., RilEES R.W. and FLElVlING D.E. (1982) 
Effects of environmental stress or ACTH treatment during pregnancy on ma
ternal and fetal plasma androstenedione in the rat. Horm. Behav. 16(3) pp 
293-303 



[822] WILL B. and CHECCHINATO D. (1973) Effects of dramphetamine on 
operant behaviour in the rat. Psychophal'macol. (Berl.) 29 pp 141-149 

[823] WILL B. and KELCHE C. (1991) Environmental approaches to recovery 
of function from brain damage: A review of animal studies (1981 to 1991). 
In: Rose F.D. and Johnson D.A. (Eds) Recovery oj function Jollowing brain 
damage. London: Plenum Press. (forthcoming) 

[824] WILL B., PALLAUD B., UNGERER A. and ROPARTZ X. (1979) Effects 
of rearing in different environments on subsequent environmental preference 
in rats. Devel. Psychobiol. 12 pp 151-160 

[825] WILL B.E. and ROSENZWEIG M.R. (1976) Efl'ets de l'environnement sur 
la nkuperation fonctionelle apres les lesions cerebrales chez des rats adultes. 
Bioi. Behav. 1 pp 5-16 

[826] WILL B.E., ROSENZWEIG lVI.R. and BENNETT E.L. (1976) Effects of 
differential environments on recovery from neonatal brain lesions, measured 
by problem solving scores and brain dimensions. Physiol. Behav. 16 (5) pp 
603-611 

[827] WILL B.E., ROSENZWEIG M.R., BENNETT E.L., HEBERT M. and 
MORIMOTO H. (1977) Relatively brief environl1lental enrichment aids re
covery or learning capacity and alters brain measures after postweaning brain 
lesions in rats. J. Compo Physiol. Psych 91 pp 33-50 

[828] WILL B.E., SCHMITT P. and DALRYMPLE-ALFORD J.C. (1985) Brain 
plasticity, learning and memory. New Yo'rk: Plenum Press 

[829] WILL B., UNGERER A., RALLAUD B. and ROPARTZ P. (1977) Ac
tivite operante et locomotrice chez des rats Cleves dans des milieux differents. 
Behav. Proc. 2 pp 363-371 

[830] WILSON J.G. (1977a) Embrydoxicity of drugs in man. In: Wilson J.G. 
and Fraser F.C. (Eds) Handbook oj temtology Vol I: General principles and 
etiology. New York: Plenum Press 

[831] WILSON J.G. (1977b) Environmental chemicals. In: Wilson J. G. and 
Fraser F.C. (Eds) Handbook oj teratology Vol I: Gencml principles and eti
ology. New York: Plenum Press 

[832] WILSON M., WARREN J.M .. and ABBOT'T L. (H165) Infantile stimula
tion, activity and learning by cats. Child Dcvcl. :16 pp 843-853 

[833] WINER B.J. (1962) Statistical principles in experimental research. New 
York: McGmw Hill, First Edition 

564 



[834] WINER B.J. (1971) Statistical principles 111 experimental design. New 
York: McGraw Hill, Second edition 

[835] WINICK M. (1976) Maternal Nutrition. In: Brent R.L. and Harris M.I. 
(Eds) Prevention of embryonic fetal and perinatal disease. D.H.E. W. Publ. 
No (NIH) 76-853 Washington DC 

[836] WONG R. and WONG B. (1978) Infantile handling and learning: A crit
ical review. Amer. J. Psych. 91 PP 23-33 

[837] WOODS P.J. (1959) The effects offree and restricted environmental expe
rience on problem solving in the rat. J. Compo Physiol. Psych. 52 pp 399-402 

[838] WOODS P.J. (1962) Behaviour in a novel situation as influenced by the 
immediately preceeding environment.. J. Exp. Anal. Behav. 5 PlI 185-190 

[839] WOODS P. and DAVIDSON E. (1964) The behavioural effects of changes 
in environmental complexity. Can. J. Psych. 18 pp 23-27 

[840] WOODS P.J., FISKE A.S. and RUCKLESHAUS S.l. (1961) The effects 
of drives conflicting with exploration on the problem solving behaviour of rats 
reared in free and restricted environments. J. Compo Physiol. Psych. 54 pp 
167-169 

[841] WOODS P.J., RUCKLESHAUS S.l. and BOWLING D.M. (1960) Some 
effects of free and restricted environment rearing conditions upon adult be
haviour in the rat. Psych. Rep. 6 pp 191-200 

[842] WOOD-GUSH D., STOLBA A. and MILLER C. (1983) Exploration in 
farm animals and animal husbandry. In: Archc7' J. nnd Bil'/':e L. (Eds) Ex
ploration on animals and h?tmnns. Wohngham: linn Nostmnd Reinhold pp 
198-209 

[843] YAMAMOTO Y., NAKAYA T. and KATO S. (1988) Influences of early 
rearing environment on Hebb- Williams maze learning in the rat: A com
parison among group/imposed rich stimulation group/poor stimulation and 
isolation/poor stimulation. Ann. Anim. Psych. 37(2) pp 99-114 

[844] YERKES R.M. and DODSON J.D. (1908) The relation of strength of 
stimulus to rapidity of habit formation. J. Compo Ne?lrol. Psych. 18 pp 459-

482 

[845] ZAJONC R.B. (1965) Social facilitation. Science 149 pp 269-274 

5(]5 



[846] ZED C. and JAMES W.P.T. (1980) Postprandial thermogenesis (PPT) in 
obese subjects after either protein or carbohydrate. Aliment. Nutr. Metab. 1 
pp 385 

[847] ZIMBARDO P.G. and MONTGOMERY K.C. (1957) Effects offree envi
ronment rearing upon exploratory behaviour. Psych. Rep. 3 pp 589-594 

[848] ZOLMAN J.F. and MORIMOTO H. (1962) Effects of age of training on 
cholinesterase activity in the brains of maze-bright rats. J. Camp. Physiol. 
Psych. 55 pp 794-800 

[849] ZOLMAN J .F. and MORIMOTO H. (1965) Cerebral changes related to 
duration of environmental complexity and locomotor activity. J. Camp. Phys
iol. Psych. 60(3) pp 282-287 

1)66 



APPENDICES TO EXPERIMENTAL CHAPTERS 

567 



APPENDIX: CHAPTER c'IVE 

EXPERIMENT ONE 

OPEN FIELD 

SOURCE S.O.S D.F. 
BETWEEN SUBJECTS 
Sex 60406.9 1 
Environ 19813.2 2 
Sex by Environ 9893.96 2 
ERROR 157171.0 54 
WITHIN SUBJECTS 
Days 10810.8 4 
Days by Sex 1760.64 4 
Days by Environ 33522.7 8 
Days by Environ by Sex 11838.8 8 
ERROR 120578.0 216 
TOTAL 425796.0 299 

M.S. F RATIO PROBABILITY 

60406.9 20.75 0.00012 
9906.6 3.40 0.03937 
4946.98 1.70 0.19065 
2910.58 

2702.70 4.84 0.00125 
440.16 0.79 0.53591 
4190.34 7.51 0.00000 
1479.85 2.65 0.00873 
558.23 

Summary table of ANOVA of number of lines crossed over five days of open field testing. 

GROUP DAY 1 DAY? DAY 3 DAY 4 DAY 5 
SEC Male 105.40 97.50 88.30 68.70 87.80 
SEC Female 151.70 139.00 98.30 103.50 109.20 
IC Male 99.70 103.40 122.20 82.30 91.70 
IC Female 111.20 140.50 157.80 147.50 147.70 
SC Male 95.90 106.10 90.50 101.30 82.10 
SC Female 112.50 115.70 111.00 110.10 92.90 

Means of number of lines crossed over the five days of testing of the six experimental groups. 
(N=10 per group) 

MEANS SEC 104.00 
IC 120.47 
SC 101.81 

MS ERROR 2910.58 
D.F. 54 
N PER GROUP 100 
CRITICAL DIFFERENCE 1'=2 q(0.05)=15.26 

q(0.01)=20.28 
1'=3 q(0.05)= 18.34 

q(0.01)=23.09 
COMPARISON ~d<;C vs IC p<0.05 

SC vs IC p<0.05 
SEC vs SC NjS 

Summary of Newman Keuls carried out on lines crossed data for the three groups 
over all days of testing. 
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MEANS SEC 128.55 
IC 105.45 
SC 104.20 

MS ERROR 558.23 
D.F. 216 
N PER GROUP 20 
CRITICAL DIFFERENCE 1'=2 q(0.05)=14.63 

q(0.01)=19.23 
1'=3 q(0.05)=17.48 

q(0.01)=21.76 
COMPARISON SEC vs IC p<O.OI 

SEC vs SC p<O.OI 
SC vs IC N/S 

Summary table of Newman Keuls performed on the day one lines crossed data for the 
three groups, collapsed by sex. (N =20 per group) 

MEANS SEC FEMALES 120.34 
SEC MALES 89.54 
SC FEMALES 108.44 
SC MALES 95.18 
IC FEMALES 140.94 
IC MALES 99.86 

MS ERROR 2910.58 
D.F. 54 
N PER GROUP 50 
CRITICAL DIFFERENCE r=2 q(0.05)=20.77 

q(0.01)=27.60 
r.:c:3 q(0.05)=24.96 

q(0.01)=31.42 
r=4 q(0.05)=27.45 

q(0.01)=33.69 
1'=5 q(0.05)=29.21 

q(0.01)=35.38 
1'=6 q(0.05)=30.54 

q(0.01)=36.63 

Summary tables of Newman Keuls performed on the number of lines crossed 
by the six experimental groups over the five days of open field testing, 
comparisons to follow. 
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GROUP SEC SEC SC SC IC IC 
Female Male Female Male Female Male 

SEC 
Female 
SEC 0.05 
Male 
SC N/S N/S 
Female 
SC N/S N/S N/S 
Male 
IC N/S 0.01 om 0.01 
Female 
IC N/S N/S N/S N/S 0.01 
Male 

Summary table of Newman Keuls comparisons made between the 
six experimental groups over the five days of open field testing. 

SOURCE S.O.S D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Sex 836.67 1 836.67 7.63 
Environ 693.85 2 346.92 3.16 
Sex by Environ 199.87 2 99.93 0.91 
ERROR 5919.26 54 109.62 
WITHIN SUBJECTS 
Days 987.25 4 246.81 12.48 
Days by Sex 185.02 4 46.25 2.34 
Days by Environ 1032.49 8 129.06 6.53 
Days by Environ by Sex 104.00 8 13.00 0.66 
ERROR 4270.44 216 19.77 
TOTAL 14228.8 299 

PROBABILITY 

0.00776 
0.04877 
0.41053 

0.00000 
0.05535 
0.00001 
0.73013 

Summary table of ANOVA of number of rears over five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 10.50 11.10 9.90 9.60 14.90 
SEC Female 18.00 17.50 14.40 14.40 19.10 
IC Male 12.50 11.70 10.80 7.30 9.70 
IC Female 16.70 12.70 12.70 12.70 12.30 
SC Male 14.30 9.70 6.70 8.70 7.90 
SC Female 20.50 9.70 7.30 11.30 6.10 

Means of number of rears over the five days of testing of the six 
experimental groups. (N=10 per group) 
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MEANS SEC 13.94 
IC 11.91 
SC 10.22 

MS ERROR 109.62 
D.F. 54 
N PER GROUP 100 
CRITICAL DIFFERENCE r=2 q(0.05)=2.96 

q(0.01)=3.55 
r=3 q(0.05)=3.93 

q(0.01)=4A8 
COMPARISON SEC vs IC NjS 

SEC vs SC NjS 
IC vs SC NjS 

Summary table of Newman Keuls performed on the rearing data. 

SOURCE S.O.S. D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Sex 4.81 1 4.81 0.80 
Environ 17.o\l 2 8.84 1.47 
Sex by Environ 6.89 2 3.44 0.57 
ERROR 325.80 54 6.03 
WITHIN SUBJECTS 
Days 10.95 4 2.74 0.68 
Days by Sex 20.55 4 5.14 1.27 
Days by Environ 53.95 8 6.74 1.67 
Days by Environ by Sex 24.15 8 3.02 0.75 
ERROR 870.80 216 4.03 
TOTAL 1335.59 299 

Summary table of ANOVA of seconds spent in the centre 
circle of the open field over five days of testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Males 2.10 0.70 0.80 2.70 2.20 
SEC Females 1.90 2.20 lAO 1.30 1.20 
IC Males 1.50 1.10 2.50 1.20 1.50 
IC Females 1.10 2.20 3.20 1.60 2.90 
SC Males 1.70 0.60 1.10 1.50 1.00 
SC Females 2.50 0.90 1.50 0.70 lAO 

PROBABILITY 

0.37935 
0.23869 
0.57367 

0.61003 
0.28009 
0.10590 
0.65003 

Means of seconds spent in the centre of the open field over the five days of 
testing for the six experimental groups. (N=10 per group.) 
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SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 46.4133 1 46.4133 11.32 0.00177 
Environ 14.1267 2 7.06333 1.72 0.8638 
Sex by Environ 14.) ?67 2 7.06334 1.72 0.18638 
ERROR 221.320 54 4.09852 
WITHIN SUBJECTS 
Days 8.02000 4 2.00500 2.26 0.06311 
Days by Sex 8.02000 4 2.00500 2.26 0.06311 
Days by Environ 17.8400 8 2.23000 2.51 0.01259 
Days by Environ by Sex 17.8400 8 2.23000 2.51 0.01259 
ERROR 191.882 216 0.88834 
TOTAL 539.590 299 

Summary table of ANOVA of number of defecations over the five days of testing 
in the open field. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 1.60 2.80 0.50 1.60 0.50 
SEC Females 0.00 0.00 0.00 0.00 0.00 
IC Males 0.00 0.60 0.60 1.30 0.00 
IC Females 0.00 0.00 0.00 0.00 0.00 
SC Males 0.10 0.30 0.50 0.50 0.90 
SC Females 0.00 0.00 0.00 0.00 0.00 

Means of numbers of defeactions over the five days of testing, for the six 
experimental groups. (N = 10 per group.) 
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SKINNER BOX 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 692653 1 692653 15.46 
Environ 190920 2 95460.1 2.13 
Sex by Environ 40223.2 2 20111.6 0.45 
ERROR 2.42004E6 54 44815.6 
WITHIN SUBJECTS 
Days 4.27944E6 5 855888.0 94.99 
Days by Sex 434611 5 86922.2 9.65 
Days by Environ 152986 10 15298.6 1.70 
Days by Environ by Sex 206993 10 20699.3 2.30 
ERROR 2.43268E6 270 9009.92 
TOTAL 1.08505E7 359 

Summary table of ANOVA of numbers of bar presses over the 
six days of Skinner box testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Males 23.70 34.40 130.80 211.60 288.40 
SEC Females 32.70 3l.20 90.90 12l.00 127.30 
IC Males 36.00 83.50 185.90 265.70 342.00 
IC Females 34.40 43.00 79.20 132.00 274.20 
SC Males 20.60 64.60 149.50 267.80 313.50 
SC Females 44.60 42.60 80.60 115.50 186.40 

0.00047 
0.12675 
0.64643 

0.00000 
0.00000 
0.08066 
0.01333 

DAY 6 
332.30 
189.40 
454.40 
359.80 
524.10 
164.90 

Means of numbers of bar presses over the six days of Skinner box testing 
for the six experimental groups. (N = 1 0 per group) 
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MEANS SEC MALE 332.30 
SEC FEMALE 189.40 
IC MALE 454.40 
IC FEMALE 359.80 
SC MALE 524.10 
SC FEMALE 164.90 

MS ERROR 9009.92 
D.F. 270 
N PER GROUP 10 
CRITICAL DIFFERENCE r=2 q(0.05)=83.14 

q(0.01)=109.26 
1'=3 q(0.05)=99.35 

q(0.05)=123.66 
r=4 q(0.05)=108.96 

q(0.01)=132.07 
r=5 q(0.05)=115.86 

q(0.01)=138.07 
Ic~6 q(0.05)=120.96 

q(0.01)=142.87 

GROUP SEC SEC IC IC SC SC 
Male Female Male Female Male Female 

SEC 
Male 
SEC 0.01 
Female 
IC 0.05 0.01 
Male 
IC N/S 0.01 N/S 
Female 
SC 0.01 0.01 N/S 0.01 
Male 
SC 0.01 N/S 0.01 0.01 0.01 
Female 

Summary tables of a) Newman Keuls performed on the number of bar presses 
of the six experimental groups on the last day of Skinner box 
testing and b) comparisons made between the groups. 
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VISUAL CLIFF 

CHI SQUARE DISTRIBUTION 

DEPTH SEC SC IC 
SHALLOW 0=12 0=12 0=11 
DEEP 0=8 0=8 0=9 
X2 =0.13714 d.f.=2 p>0.05 N/S 

Table of observed (0) frequencies for choice made by the three 
groups (males and females combined N=20 per group) in the visual cliff 
when the deep side was set at one inch. The X2 distribution 
was not significant, that is there was no evidence of any association 
between environmental experiencce and shallow/deep choice preference 
when the cliff was set at 1 inch. 

DEPTH SEC SC I IC 
DEEP 0=13 0=16 10=18 
SHALLOW 0=7 0=4 10=2 
X"=3.73159 d.f.=2 p>0.05 I N/S 

Table of observed frequencies for choice made by the three groups 
(N =20 per group) in the visual cliff when the deep side was set at 
12 inches. The X2 distribution was not significant. 

LATENCY TO DESCEND DATA 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 42.01 1 42.01 0.22 0.64513 
Environ 1991.22 2 995.61 5.23 0.00848 
Sex by Environ 303.82 2 151.91 0.80 0.45903 
ERROR 10273.1 54 190.24 
WITHIN SUBJECTS 
Trials 33.08 1 33.08 0.29 0.59834 
Trials by Sex 15.41 ! 15.41 0.14 0.71364 
Trials by Environ 162.45 2 81.23 0.71 0.49842 
Trials by Environ by Sex 298.32 2 149.16 1.31 0.27711 
ERROR 6140.2L1~ 54 113.71 
TOTAL 19259.0 119 

Summary table of ANOVA of latency to descend onto the visual cliff, for both trials. 
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GROUP TRIAL 1 (1 INCH) TRIAL 2 (12 INCH) 
SEC Males 4.60 6.50 
SEC Females 4.00 5.70 
IC Males 8.60 12.40 
IC Females 15.90 10.00 
SC Males 21.00 14.30 
SC Females 12.90 11.80 

Means of the latencies to descend onto the visual cliff, for the two trials 
of the six experimental groups. (N=10 per group) 

MEANS SEC 5.20 
IC 11. 72 
SC 15.00 

MS ERROR 190.24 
D.F. 54 
N PER GROUP 40 
CRITICAL DIFFERENCE r=2 q(0.05)=6.17 

q(0.01)=8.19 
r=3 q(0.05 )=7.41 

q(0.01)=9.33 
COMPARISON SEC vs IC p<0.05 

SEC vs SC p<O.OI 
SC vs IC N/S 

Summary table of Newman Keuls performed on the latency to descend data. 
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EXPERIMENT TWO 

OPEN FIELD 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 65776.1 2 32888.1 15.53 0.00014 
ERROR 50820.0 24 2117.50 
WITHIN SUBJECTS 
Days 3050.18 4 762.54 2.37 0.05676 
Days by Environ 6517.43 8 814.68 2.54 0.01503 
ERROR 30849.9 96 321.35 
TOTAL 157014.0 134 

Summary table of ANOVA of number of lines crossed over five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Females 99.00 82.33 91.56 90.22 81.67 
IC Females 119.78 144.11 145.56 151.11 145.89 
SC Females 121.11 116.56 130.11 136.22 130.44 

Means of numbers of lines crossed over the five days of open field testing, 
for the three post partum groups. (N=9 per group) 

MEANS SEC 88.96 
IC 141.29 
SC 126.89 

MS ERROR 2117.5 
D.F. 24 
N PER GROUP 45 
CRITICAL DIFFERENCE r=2 q(0.05)=20.03 

q(0.01)=27.16 
r=3 q(0.05)=24.21 

q(O.Ol )=31.21 
COMPARISON ~iF,C vs SC p<O.Ol 

SEC vs IC p<O.Ol 
SC vs IC N/S 

Summary table of Newman Keuls performed on lines crossed data. 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
ENVIRON 3246.33 2 1623.16 12.75 0.00033 
ERROR 3056.27 24 127.34 
WITHIN SUBJECTS 
Days 291.66 4 72.91 1.80 0.13467 
Days by Environ 305.45 8 38.18 0.94 0.48760 
ERROR 3895.29 96 40.58 
TOTAL 10795.0 134 

Summary table of ANOVA of number of rears over five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Females 17.89 12.89 12.89 13.44 15.11 
IC Females 27.44 27.00 25.33 28.00 23.44 
SC Females 25.44 25.11 21.33 18.56 21.00 

Means of numbers of rears for the three post partum groups over the five 
days of open field testing. (N =9 ;oer group.) 

MEANS SEC 14.44 
IC 26.24 
SC 22.29 

MS ERROR 127.34 
D.F. 24 
N PER GROUP 45 
CRITICAL DIFFERENCE r=2 q(0.05)=4.91 

q(0.01)=6.66 
r=3 q(0.05)=5.94 

q(0.05)=7.65 
COMPARISON SEC vs IC p<O.Ol 

SEC vs SC p<O.Ol 
SC vs IC N/S 

Summary table of Newman Keuls performed OIl the rearing data. 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 224(14 2 112.02 3.29 0.05324 
ERROR 816.49 24 34.02 
WITHIN SUBJECTS 
Days 111.75 4 27.94 2.12 0.08323 
Days by Environ 195.59 8 24.45 1.86 0.07568 
ERROR 1265.07 96 13.18 
TOTAL 2612.93 134 

Summary table of ANOVA of time spent in the centre circle of the open field 
over five days of testing. 
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GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Females 7.33 4.11 5.44 4.33 2.44 
IC Females 7.44 7.3:~ 6.67 8.56 9.44 
SC Females 9.33 7.33 5.22 5.33 4.33 

Means of time spent in the centre circle of the open field for the three 
post partum groups. (N =9 per group) 

MEANS SEC 4.73 
IC 7.89 
SC 6.31 

MS ERROR 34.02 
D.F. 24 
N PER GROUP 45 
CRITICAL DIFFERENCE r=2 q(0.05)=2.53 

q(0.01)=3.44 
r=3 q(0.05)=3.06 

q(0.01)=3.95 
COMPARISON SEC vs IC p<0.05 

SEC vs SC N/S 
SC vs IC N/S 

Summary table of Newman Keuls performed on the time in centre data. 
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APPENDIX: CHAPTER SIX 

EXPERIMENT ONE 

LITTERSIZE 

SOURCE S.O.S. D.F. 
BETWEEN SUBJECTS 
Sex 0.01 1 
Environ 10.95 2 
Sex by Environ 0.02 2 
ERROR 889.95 114 
TOTAL 900.92 119 

~ 

M.S. F RATIO PROBABILITY 

0.01 0.00 0.92415 
5.48 0.70 0.50253 
0.01 0.00 0.99083 
7.81 

Summary table of ANOVA of the littersize of each subject employed in experiment one, 
by sex and experimental group. 

GROUP MEAN 
SEC Male 10.25 
SEC Female 10.30 
SC Male 10.20 
SC Female 10.20 
IC Male 9.60 
IC Female 9.60 

Means of the six offspring groups' littersizes. (N=20 per group) 

WEANING WEIGHTS 

SOURCE S.O.S. D.F. :vI.S. F RATIO PROBABILITY 
Sex 64.53 1 64.53 0.69 0.41286 
Environ 177.22 2 88.61 0.95 0.39275 
Sex by Environ 11.72 2 5.86 0.06 0.93000 
ERROR 10658.0 114 93.49 
TOTAL 10911.5 119 

Summary table of ANOVA of weaning weights of the six offspring groups, 
by sex and experimental background. 
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GROUP MEAN 
SEC Male 42.45 
SEC Female 41.85 
SC Male 43.55 
SC Female 41.80 
IC Male 40.90 
IC Female 38.85 

Means of the six offspring groups' weaning weights. (N=20 per group) 

OPEN FIELD 

LINES CROSSED 

SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 354.20 1 354.20 0.15 0.70036 
Environ 5836.52 2 2918.26 1.23 0.29445 
Sex by Environ 8239.0fl 2 4119.50 1.74 0.17775 
ERROR 269513.UO 114 2364.15 
WITHIN SUBJECTS 
Days 8673.91 4 2168.48 3.26 0.01196 
Days by Sex 3965.60 4 991.40 1.49 0.20309 
Days by Environ 19334.1 8 2416.77 3.63 0.00064 
Days by Environ by Sex 1302.58 8 162.82 0.24 0.98119 
ERROR 303557.00 456 665.69 
TOTAL 620776.00 599 

Summary table of ANOVA of number of lines crossed over five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 65.35 64.40 82.55 63.45 80.15 
SEC Female 63.35 85.00 80.90 71.00 93.60 
IC Male 78.65 80.50 78.60 72.40 83.80 
IC Female 77.05 91.80 81.15 81.25 92.30 
SC Male 91.85 92.80 88.70 82.15 73.85 
SC Female 78.15 86.95 80.20 73.50 66.05 

Means of number of lines crossed over the five days of testing of the six 
experimental groups. (N =20 pel 3roup) 
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MEANS SEC 64.35 
SC 85.00 
IC 77.85 

MS ERROR 665.69 
D.F. 4b6 
N PER GROUP 40 
CRITICAL DIFFERENCE r=2 q(0.05)=11.30 

q(0.01)=14.84 
r=3 q(0.05 )=13.50 

q(0.05)=16.80 
COMPARISON SEC vs IC p<0.05 

SEC vs SC p<O.Ol 
SC vs IC N/S 

Summary of Newman Keuls performed on the number of lines crossed 
on day one of open field testing for the three offspring groups. 

REARS 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 256.11 1 256.11 4.17 0.04097 
Environ 1020.81 2 510.41 8.30 0.00071 
Sex by Environ 95.04 2 47.52 0.77 0.46812 
ERROR 7008.84 114 61.48 
WITHIN SUBJECTS 
Days 746.13 4 186.53 9.92 0.00001 
Days by Sex 136.13 4 34.03 1.81 0.12446 
Days by Environ 575.96 8 71.99 3.83 0.00040 
Days by Sex by Environ 79.93 8 9.99 0.53 0.83374 
ERROR 8571.06 456 18.80 
TOTAL 18490.0 599 

Summary table of ANOVA of number of lines crossed by the six offspring groups 
(three environmental backgrounds, two sexes) over the five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 4.55 3.90 4.35 6.30 8.10 
SEC Female 4.05 5.60 6.25 6.40 10.05 
SC Male 7.15 6.40 5.45 5.05 7.35 
SC Female 6.75 6.80 6.70 6.35 6.35 
IC Male 7.45 5.50 8.20 6.80 10.70 
IC Female 6.75 8.90 11.65 9.80 13.50 

Mean number of rears for the six offspring groups over the five days of open field testing. 
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MEANS SEC 5.95 
SC 6.42 
IC 8.92 

MS ERROR 61.48 
D.F. 114 
N PER GROUP 200 
CRITICAL DIFFERENCE r=2 q(0.05)= 1.55 

q(0.01)=2.05 
r=3 q(0.05)=1.86 

q(0.01)=2.32 
COMPARISON SBC vs IC p<O.Ol 

SEC vs SC NIS 
SC vs IC p<0.01 

Summary table of Newman Keuls performed on the number of rears data. 

TIME IN CENTRE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 0.67 1 0.67 0.06 0.79714 
Environ 84.76 2 42.38 3.66 0.02793 
Sex by Environ 23.09 2 11.55 1.00 0.37355 
ERROR 1319.58 114 11.58 
WITHIN SUBJECTS 
Days 181.02 4 45.25 6.89 0.00009 
Days by Sex 22.32 4 5.58 0.85 0.49617 
Days by Environ 135.02 8 16.88 2.57 0.00958 
Days by Sex by Environ 50.42 8 6.30 0.96 0.46748 
ERROR 2993.63 456 6.56 
TOTAL 4810.51 599 

Summary table of ANOVA of time spent in the centre of the open field 
by the six offspring groups over the five days of testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 0.30 2.20 2.65 2.40 4.50 
SEC Female 1.20 1.95 3.25 2.45 3.30 
SC Male 1.70 2.95 3.60 3.10 1.95 
SC Female 0.85 2.00 2.35 2.70 2.50 
IC Male 0.60 2.15 1. 75 0.75 1.85 
IC Female 1.95 2.05 1.25 2.05 1.80 

Mean number of seconds spent in the centre of the open field by the six 
offspring groups over the five days of testing. (N =20 per group) 
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MEANS SEC 2.45 
SC 2.38 
IC 1.62 

MS ERROR 11.58 
D.F. 114 
N PER GROUP 200 
CRITICAL DIFFERENCE r=2 q(0.05)=0.67 

q(0.01)=0.89 
r=3 q(0.05)=0.80 

q(0.01)=1.01 
COMPARISON SEC vs IC p<0.05 

SEC vs SC N/S 
SC vs IC p<0.05 

Summary table of Newman Keuls performed on the time in centre data. 

DEFECATIONS 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 19.8016 1 19.8016 3.66 0.05498 
Environ 2.52334 2 1.26167 0.23 0.79399 
Sex by Environ 4.40337 2 2.20168 0.41 0.67216 
ERROR 616.390 114 5.40693 
WITHIN SUBJECTS 
Days 14.7767 4 3.69417 2.26 0.06131 
Days by Sex 3.65670 4 0.91417 0.56 0.69653 
Days by Environ 14.5933 8 1.82417 1.11 0.35190 
Days by Sex by Environ 7.01328 8 0.87666 0.54 0.83087 
ERROR 746.767 456 1.63765 
TOTAL 1429.93 599 

Summary table of AN OVA of the number of defecations in the open field 
by the six offspring groups over the five days of testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC Male 0.50 0.95 0.70 0.90 0.95 
SEC Female 0.20 0.45 1.10 0.35 0.65 
SC Male 0.70 1.30 0.85 0.65 0.45 
SC Female 0.65 0.80 0.60 0.50 0.40 
IC Male 0.70 1.10 1.25 0.95 1.25 
IC Female 0.35 0.35 0.80 0.65 0.35 

Mean number of defecations in the open field by the six offspring groups 
over the five days of testing. 
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VISUAL CLIFF 

CHI SQUARE DISTRIBUTION 

DEPTH SEC SC IC 
SHALLOW 0=13 0=12 0=9 

E=10 E=10 E=lO 
DEEP 0=7 0=8 0=11 

E=10 E=10 E=10 
)(2=1.7652 d.f.=2 p>0.05 N/S 

Table of observed (0) and expected (E) frequencies for choice made 
by the three offspring groups (N =20 per group) in the visual cliff 
when the "deep" side was set at 1 inch. The )(2 distribution 
was not significant, that is there was no evidence of any association 
between the environmental background of the offspring and their 
shallow / deep choice preference when the cliff was set at 1 inch. 

DEPTH SEC SC IC 
SHALLOW 0=13 0=11 0=6 

E=10 E=10 E=10 
DEEP 0=7 0=9 0=14 

E=10 E=lO E=10 
)(2=5.2 D.F.=2 p>0.05 N/S 

Table of observed (0) and expected (E) frequencies for choice 
made by the three offspring groups (N =20 per group) in the visual 
cliff when the "deep" side was set at 12 inches. The )(2 

distribution was not significant, that is there was no evidence 
of any association between the environmental background of the 
offspring and their shallow/deep choice preference when the cliff 
was set at 12 inches. 
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LATENCY TO DESCEND ONTO CLIFF 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 340.03 1 340.03 1.78 0.188 
Sex by Environ 611.67 2 305.83 1.60 0.211 
Environ 328.07 2 164.03 0.86 0.429 
ERROR 10313.70 54 190.99 
WITHIN SUBJECTS 
Cliff Depth 0.13 1 0.13 0.00 0.971 
Environ by Cliff Depth 906.47 2 453.23 4.41 0.017 
Sex by Cliff Depth 50.70 1 50.70 0.49 0.485 
Sex by Environ by Cliff 428.60 2 214.30 2.09 0.134 
ERROR 5546.10 54 102.71 
TOTAL 18625.47 119 

Summary of ANOVA table of time taken by the six offspring groups 
(males and females by three environmental backgrounds) to descend 
onto the visual cliff for the two cliff depths (1 and 12 inches). 

GROUP CLIFF DEPTH MEAN 
SEC 1 5.30 
SEC 12 11.20 
SC 1 15.65 
SC 12 8.60 
IC 1 8.90 
IC 12 10.50 

--

Mean latency to descend scores (in seconds) of the three 
offspring groups (males and females combined) when the 
visual cliff was set at both 1 and 12 inches. 
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SKINNER BOX 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Sex 114775.0 1 114775.0 5.33 0.02340 
Environ 152188.0 2 76094.2 3.53 0.03511 
Sex by Environ 7140.91 2 3570.45 0.17 0.84587 
ERROR 1.1632lE6 54 21541.0 
WITHIN SUBJECTS 
Days 785207.0 5 157041.0 37.71 0.00000 
Days by Sex 117532.0 5 23506.3 5.64 0.00016 
Days By Environ 123013.0 10 12301.3 2.95 0.00183 
Days by Sex by Environ 16984.", 10 1698.44 0.41 0.94221 
ERROR 1.12434E6 270 4164.20 
TOTAL 3.60439E6 359 

Summary of ANOVA of nember of bar presses for the six offspring groups, 
over the six days of training. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 
SEC Male 28.4 25.3 31.6 64.9 83.3 138.5 
SEC Female 21.9 27.7 17.0 30.0 44.1 57.1 
SC Male 35.4 30.1 60.4 87.0 203.1 249.0 
SC Female 27.7 24.0 41.5 83.1 149.5 160.4 
IC Male 25.2 18.5 29.7 71.7 158.8 199.8 
IC Female 17.5 17.5 24.3 35.0 54.4 65.2 

Mean number of bar presses of the six offspring groups over the six 
days of Skinner box training. 

MEANS SEC 47.48 
SC 95.93 
Ie 59.80 

MS ERROR 21541.0 
D.F. 54 
N PER GROUP 120 
CRITICAL DIFFERENCE r=2 q(0.05)=37.91 

q(O.Ol )=50.37 
r=3 q(0.05 )=45.55 

q(0.01)=57.34 
COMPARISON SEC vS IC NIS 

SEC vS SC p<0.05 
SC vS IC NIS 

Summary table of Newman Keuls performed 011 the Skinner box data. 
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EXPERIMENT TWO 

LITTERSIZE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 48.07 2 24.03 2.03 0.14939 
ERROR 319.80 27 11.84 
TOTAL 367.87 29 

Summary table of ANOVA of littersizes of the grandoffspring groups. (N=lO per group) 

GROUP MEAN 
SEC 8.50 
SC 11.40 
IC 10.90 

Mean littersize of the three grand offspring groups. (N =10 per group) 

WEANING WEIGHTS 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 87.80 2 43.90 0.853 0.437 
ERROR 1389.40 27 51.459 
TOTAL 1477.20 29 50.938 

Summary table of ANOVA of grandoffspring weaning weights. (N=10 per group) 

GROUP MEAN 
SEC 52.20 
SC 48.10 
IC 50.90 

Mean weaning weight of the three grandoffspring groups. (N=lO per group) 
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OPEN FIELD 

LINES CROSSED 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 14203.7 2 7101.86 2.67 0.08564 
ERROR 71722.7 27 2656.40 
WITHIN SUBJECTS 
Days 10412.0 4 2603.01 6.07 0.00037 
Environ by Days 3952.42 8 494.05 1.15 0.33411 
ERROR 46282.0 108 428.54 
TOTAL 146573.0 149 

Summary table of ANOVA of number of lines crossed by the three grandoffspring groups 
over the five days of open field testing. (N=10 per group) 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC 80.00 90.60 84.40 87.40 64.90 
SC 71.30 100.00 83.10 72.30 61.30 
IC 66.20 63.20 56.90 60.10 49.40 

Mean number of lines crossed in the open field of the three 
grandoffspring groups. (N=10 per group) 

REARS 

SOURCE S.O.S. D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Environ 335.05 2 167.53 5.44 
ERROR 830.82 27 30.77 
WITHIN SUBJECTS 
Days 204.37 4 51.09 5.72 
Days by Environ 211.15 8 26.39 2.95 
ERROR 965.28 108 8.94 
TOTAL 2546.67 149 

Summary table of ANOVA of number of rears for the three 
grandoffspring groups over the five days of open field testing. 
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GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC 7.70 4.90 7.80 11.40 5.20 
SC 2.50 4.10 5.00 6.00 3.40 
IC 3.60 3.70 2.80 5.20 6.00 

Mean number of rears over the five days of open field testing for the three 
grandoffspring groups. (N=10 per group) 

MEANS SEC 7.40 
sr; 4.20 
Ie 4.26 

MS ERROR 30.77 
D.F. 27 
N PER GROUP 50 
CRITICAL DIFFERENCE r=2 q(0.05)=2.26 

q(0.01)=3.05 
r=3 q(0.05)=2.73 

q(0.01)=3.49 
COMPARISON SEC vs IC p<O.Ol 

SEC vs SC p<0.05 
SC vs IC N/S 

Summary table of the Newman Keuls performed on the number of rears 
in the open field of the three grandoffspring groups. 

TIME IN CENTRE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 0.86333 2 0.43167 0.03 0.74976 
ERROR 39.41000 27 1.45963 
WITHIN SUBJECTS 
Days 13.5233 4 3.38083 2.39 0.05435 
Environ by Days 8.78666 8 1.09833 0.78 0.62528 
ERROR 152.690 108 1.41380 
TOTAL 215.274 149 

Summary table of ANOVA of time spent in the centre circle of the open field 
over the five days of testing by the three grandoffspring groups. (N=10 per group) 
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GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC 0.10 0.95 1.15 0.70 0.55 
SC 0.80 1.00 1.25 0.15 0.35 
IC 0.10 0.40 1.05 0.95 0.20 

Mean number of seconds spent in the centre of the open field by the three 
grandoffspring groups, over the five days of open field testing. (N =10 per group) 

DEFECATIONS 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 1.56000 2 0.78000 0.58 0.57393 
ERROR 36.580ltf, 27 1.35485 
WITHIN SUBJECTS 
Days 4.44000 4 l.11000 1.73 0.14766 
Days by Environ 5.84000 8 0.73000 1.14 0.34406 
ERROR 69.32000 108 0.64185 
TOTAL 117.740 149 

Summary table of AN OVA of number of defecations in the open field by the 
three grandoffspring groups over the five days of testing. (N=10 per group) 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC 0.40 0.00 0.00 0.30 0.90 
SC 0.80 0.00 0.30 0.00 0.20 
IC 0.20 0.00 0.00 0.20 0.00 

Mean number of defecations for the three grandoffspring groups over the 
five days of open field testing. (N=10 per group) 



SKINNER BOX 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 1.05524E6 2 527618.0 1.93 0.16332 
ERROR 7.38808E6 27 273633.0 
WITHIN SUBJECTS 
Days 1.52935E7 13 1.1762E6 59.49 0.00000 
Days by Environ 619734.0 26 23835.9 1.21 0.22688 
ERROR 6.94115E6 351 19775.4 
TOTAL 3.12977E7 419 

Summary table of ANOVA of number of bar presses for the three grandoffspring 
groups over the fourteen days of Skinner box training. (N=10 per group) 

DAY SCHEDULE SEC SC IC 
1 CRF 29.3 23.7 14.1 
2 CRF 47.5 23.7 16.2 
3 FR3 32.6 30.7 42.5 
4 FR3 55.3 765.4 48.1 
5 FR3 140.7 104.7 69.4 
6 AD LIB 
7 AD LIB 
8 FR3 198.3 142.7 71.4 
9 FR6 258.4 209.7 165.4 
10 FR6 321.6 277.4 196.3 
11 FR6 420.9 385.6 257.6 
12 FR6 478.7 470.5 302.6 
13 AD LIB 
14 AD LIB 
15 FR12 528.3 521.1 353.7 
16 FR12 515.6 497.7 338.0 
17 FR12 610.3 568.8 390.9 
18 FR12 631.3 635.0 377.8 

Mean number of bar presses over the eighteen days of Skinner box training 
for the three grandoffspring groups. (N =10 per group) 
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APPENDIX: CHAPTER SEVEN 

EXPERIMENT ONE 

HEBB-WILLIAMS: LITTERSIZE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 4.05 2 2.03 0.18 0.83715 
ERROR 411.69 36 11.44 
TOTAL 415.74 38 

Summary table of ANOVA of the littersize of each subject employed in the 
Hebb-Williams maze for the three offspring groups. 

GROUP MEAN 
SEC 9.08 
SC 9.62 
IC 9.85 

Means of the three offspring groups' littersizes of the 
animals used in the Hebb-Williams maze. (N=13 per group) 

HEBB-WILLIAMS: PRE-TRAINING 

SOURCE S.O.S. D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Environ 92354.09 2 46177.04 3.66 
ERROR 454753.15 36 12632.03 
WITHIN SUBJECTS 
Trials 673951.61 3 224650.54 59.43 
Trials by Environ 44731.91 6 7455.32 1.97 
ERROR 408248.23 108 3780.08 
TOTAL 1674039.0 155 

Summary table of ANOVA of time to eat pellets in the goal box 
over four trials in the first two days of pre-training. 

GROUP TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 
SEC 288.846 148.385 100.769 65.538 
SC 283.077 239.308 176.231 140.154 
IC 258.154 196.462 121.462 111.538 

PROBABILITY 

0.036 

0.000 
0.076 

Means of the three offspring groups' time to eat pellets in the goal box 
in the first two days of pretraining, that is over four trials. 
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MEANS SEC 150.8045 
IC 171.904 
SC 209.6925 

MS ERROR 12632.03 
D.F. 36 
N PER GROUP 52 
CRITICAL DIFFERENCE 1'=2 q(0.05)=45.04 

q(0.01)=60.62 
1'=3 q(0.05)=54.39 

q(0.01)=72.31 
COMPARISON SEC vs IC N/S 

SEC vs SC p<0.05 
SC vs IC N/S 

Summary table of Newman Keuls performed on the latency to eat pellets data. 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 608E2.83 2 30441.41 2.49 0.097 
ERROR 439297.10 36 12202.70 
WITHIN SUBJECTS 
Trials 52184.79 5 10436.96 3.68 0.003 
Trials by Environ 34435.17 10 3443.52 1.21 0.285 
ERROR 510549.21 180 2836.38 
TOTAL 5692749.1 233 

Summary table of ANOVA of time to leave the start box on days 3,4 and 5 of 
pre-training for the three offspring groups, each animal receiving two trials a day. 

GROUP TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 TRIAL 5 
SEC 4.15 24.00 3.84 20.53 3.15 
SC 9.46 30.76 24.38 22.15 13.30 
IC 41.00 61.61 57.92 16.46 33.69 

-" 

Mean latency to leave the start box for the three offspring groups 
over the six pre-training runway trials. 

SOURCE S.O.S. D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Environ 135456.10 2 67728.05 2.33 
ERROR 104{H37.23 36 29059.37 
WITHIN SUBJECTS 
Trials 537161.38 5 107432.28 19.56 
Trials by Environ 57096.36 10 5709.64 1.04 
ERROR 988462.92 180 5491.46 
TOTAL 2764314.0 233 

TRIAL 6 
9.92 
75.15 
91.76 

PROBABILITY 

0.112 

0.000 
0.412 

Summary table of ANOVA of time to reach the goal box on days 3, 4 and 5 
of pre-training for the three offspring groups, each animals having two trials per day. 
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GROUP TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 TRIAL 5 TRIAL 6 
SEC 142.23 105.54 43.30 27.76 5.61 12.00 
SC 154.76 144.23 85.46 36.69 28.30 105.61 
IC 185.08 155.93 98.76 51.15 48.46 147.08 

--

Mean latency to reach the goal box for the three offspring groups over the 
six pre-training runway trials (days 3, 4 and 5: two trials a day). 

HEBB-WILLIAMS: TRAINING 

SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 43.744 2 2l.872 2.775 0.076 
ERROR 283.692 36 7.880 
TOTAL 327.436 38 8.617 

Summary table of ANOVA of number of days to reach criterion in the training mazes. 

GROUP MEAN 
SEC OFFSPRING 4.77 
SC OFFSPRING 6.85 
IC OFFSPRING 7.15 

Mean number of days taken by the three offspring groups 
to reach criterion in the training mazes. (N=13 per group) 

SOURCE S.O.S. D.F. M.S. 
BETWEEN SUBJECTS 
Environ 1370.98 2 685.49 
ERROR 10511.66 36 291.99 
WITHIN SUBJECTS 
Trials 25516.60 8 3189.58 
Environ by Trials 2897.74 16 181.11 
ERROR 80841.88 288 280.70 
TOTAL 121138.86 350 

F RATIO PROBABILITY 

2.35 0.110 

11.36 0.000 
0.65 0.846 

Summary table of ANOVA of number of squares entered by the three offspring 
groups over the nine trials on the first practice maze. 
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TRIAL SEC SC IC 
1 43.46 54.00 50.31 
2 25.30 27.46 31.08 
3 29.23 25.38 31.30 
4 27.15 26.61 29.61 
5 24.00 21.61 24.00 
6 18.84 16.69 33.46 
7 18.15 23.23 24.07 
8 26.38 19.15 22.61 
9 16.38 16.76 21.15 

Mean number of squares entered for the three offspring groups, 
over the nine trials of Practice Maze A, day one of training. 

SOURCE S.O.S D.F. M.S. F RATIO 
BETWEEN SUBJECTS 
Environ 63288.55 2 31644.28 5.64 
ERROR 201853.40 36 5607.04 
WITHIN SUBJECTS 
Trials 189016.98 8 23627.12 11.56 
Environ by Trials 47518.01 16 2969.88 1.45 
ERROR 588709.68 288 2044.13 
TOTAL 1090386.6 350 

PROBABILITY 

0.007 

0.000 
0.117 

Summary table of ANOVA of time to reach the goal box in the first practice maze, 
over the nine trials for the three offspring groups. 

TRIAL SEC SC IC 
1 46.07 130.76 125.23 
2 22.00 63.84 82.07 
3 23.46 59.15 52.46 
4 22.00 43.61 38.38 
5 16.53 30.23 30.38 
6 18.15 26.92 29.23 
7 17.53 27.76 29.46 
8 22.30 48.76 25.53 
9 14.30 44.46 25.00 

Mean time to reach the goal box for the three offspring groups over the 
nine trials on Practice Maze A, first training day. 
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MEANS SEC 56.076 
SC 92.512 
IC 114.412 

MS ERROR 29059.37 
D.F. 36 
N PER GROUP 78 
CRITICAL DIFFERENCE r=2 q(0.05)=24.50 

q(0.01)=29.58 
r=3 q(0.05 )=32.98 

q(0.01)=39.34 
COMPARISON SEC vs IC p<O.Ol 

SEC vs SC p<O.Ol 
SC vs IC N/S 

Summary table of Newman Keuls performed on the time to reach goal box data. 

HEBB- WILLIAMS: TESTING 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 6.82 2 3.41 0.95 0.39756 
ERROR 128.92 36 3.58 
TOTAL 135.74 38 

Summary table of ANOVA of total number of retraces (added for each animal 
over the six test mazes and eight trials per maze, for the three groups). 

GROUP MEAN 
SEC 0.92 
SC 1.85 
IC 1.77 

Means of total number of retraces over the six test mazes, for eight trials 
per mazes, for the three offspring groups. 
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SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 48.12 2 24.06 0.99 0.38476 
ERROR 878.36 36 24.40 
WITHIN SUBJECTS 
Trials 1628.94 7 232.71 27.86 0.00000 
Trials by Environ 84.23 14 6.02 0.72 0.75415 
ERROR 2104.87 252 8.35 
Mazes 1189.21 5 237.84 18.33 0.00000 
Mazes by Environ 154.89 10 15.49 1.19 0.29724 
ERROR 2335.69 180 12.98 
Trials by Mazes 477.94 35 13.66 1.68 0.00859 
Trials by Mazes by Environ 624.04 70 8.91 1.09 0.28282 
ERROR 10271.2 1260 8.15 
TOTAL 19797.5 1871 

Summary table of ANOVA of number of errors made by the three offspring groups 
over the six test mazes with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 7 8 
SEC 1 2.92 1.31 1.00 0.54 1.77 0.15 0.23 0.15 
SEC 3 5.85 I 4.15 3.00 1.46 1.46 0.77 1.31 1.08 
SEC 5 6.54 7.54 4.77 3.23 2.69 3.46 3.54 3.54 
SEC 7 5.85 5.62 3.00 2.54 2.00 4.46 1.77 2.69 
SEC 9 3.23 3.00 2.85 1.92 2.08 2.23 2.23 2.77 
SEC 11 4.62 3.31 2.92 2.69 3.92 1.85 2.00 2.62 
SC 1 4.00 1.62 0.77 0.85 0.15 0.69 0.77 1.69 
SC 3 5.15 2.54 2.85 2.00 1.23 2.15 0.69 0.46 
SC 5 5.31 5.69 3.77 3.31 2.62 4.31 2.69 1.92 
SC 7 5.00 2.54 2.54 2.92 2.54 1.85 2.00 1.38 
SC 9 4.62 2.54 3.23 1.54 1.69 2.46 2.23 1.23 
SC 11 2.46 3.92 2.15 4.69 1.15 2.00 1.38 1.31 
IC 1 3.77 1.77 0.54 1.08 0.62 0.69 1.23 1.08 
IC 3 7.00 3.62 2.08 1.85 2.31 1.00 1.15 1.15 
IC 5 6.85 4.62 3.38 3.92 3.00 3.08 2.23 2.08 
IC 7 2.23 2.08 3.31 2.54 2.46 2.69 2.15 1.62 
IC 9 3.62 4.77 2.92 3.69 3.23 2.31 3.08 2.85 
IC 11 3.38 6.15 4.38 1.54 2.77 2.08 1.85 2.69 

Mean number of errors for the three offspring groups, over the six test mazes 
with eight trials on each maze. (N=13 per group) 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 9.96158 2 4.98079 0.64 0.53750 
ERROR 279.962 36 7.77671 
Trials 102.162 7 14.5946 4.59 0.00018 
Trials by Environ 35.0898 14 2.50641 0.79 0.68231 
ERROR 800.936 252 3.17832 
Mazes :ri8.774 5 31.7548 6.20 0.00009 
Mazes by Environ 19.4040 10 1.94040 0.38 0.95434 
ERROR 921.634 180 5.12019 
Trials by Mazes 120.726 35 3.44931 1.06 0.37831 
Trials by Mazes by Environ 231.647 70 3.30924 1.01 0.44611 
ERROR 4109 1260 3.26126 
TOTAL 6789.55 1871 

Summary table of ANOVA of number of rears made by the three offspring groups 
over the six mazes, with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 7 8 
SEC 1 0.54 0.38 0.08 0.23 1.38 0.08 0.15 0.00 
SEC 3 1.38 0.85 0.69 0.31 0.31 0.00 0.15 0.15 
SEC 5 1.77 2.31 1.62 0.85 0.46 0.54 1.08 0.46 
SEC 7 0.69 0.85 0.46 0.38 0.08 0.85 0.15 0.62 
SEC 9 0.46 1.23 1.38 0.46 0.54 0.69 1.23 1.23 
SEC 11 1.54 1.54 1.62 0.23 1.23 0.38 1.38 2.31 
SC 1 0.62 0.54 0.23 0.46 0.00 0.31 0.31 0.69 
SC 3 1.15 0.85 0.15 0.69 0.31 0.77 0.31 0.08 
SC 5 0.54 1.54 1.38 1.23 0.92 1.46 0.69 0.46 
SC 7 1.15 I 0.38 0.85 0.54 1.23 0.46 0.31 0.46 
SC 9 2.62 0.92 1.54 0.54 0.69 1.46 0.31 0.54 
SC 11 0.31 1.23 1.00 1.77 0.54 0.54 0.46 0.85 
IC 1 0.85 0.85 0.54 0.08 0.31 0.69 0.23 0.62 
IC 3 1.92 0.62 0.54 0.85 0.85 0.38 0.15 0.23 
IC 5 2.62 1.31 1.31 1.46 0.54 0.62 0.69 0.23 
IC 7 0.38 1.00 0.92 0.38 0.62 0.38 1.00 0.69 
IC 9 0.85 1.46 1.00 0.85 1.15 0.62 0.85 2.08 
IC 11 1.23 3.92 1.69 0.69 1.46 0.62 0.54 1.38 

Mean number of rears of the three offspring groups over the six test mazes, 
eight trials per maze. (N=13 per group) 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECT 
Environ 259.69 2 129.85 0.12 0.88550 
ERROR 40235.4 36 1117.65 
WITHIN SUBJECTS 
Trials 66594.0 7 9513.44 20.31 0.00000 
Trials by Environ 4573.43 14 326.67 0.70 0.77715 
ERROR 118062.0 252 468.50 
Mazes 43705.3 5 8741.06 11.83 0.00000 
Mazes by Environ 45507.1 10 4550.71 6.16 0.00000 
ERROR 133035.0 180 39.09 
Trials by Mazes 19708.7 35 563.11 1.34 0.08862 
Trials by Mazes by Environ 39963.7 70 570.91 1.36 0.02782 
ERROR 528449.0 1260 419.40 
TOTAL 1.04009E6 1871 

Summary table of ANOVA of number of squares entered by the three offspring groups 
over the six test mazes with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 
SEC 1 33.00 25.00 11.46 11.77 18.62 7.08 
SEC 3 36.46 26.85 24.15 15.85 18.00 14.23 
SEC 5 46.23 59.00 37.31 30.23 25.77 28.15 
SEC 7 43.15 32.46 21.38 20.92 18.92 31.31 
SEC 9 31.92 42.77 34.54 26.23 28.00 31.85 
SEC 11 38.62 23.62 30.69 24.38 33.08 18.77 
SC 1 39.23 21.00 22.23 20.46 15.69 20.92 
SC 3 50.69 48.69 32.85 31.54 22.54 33.31 
SC 5 38.85 22.77 25.23 20.69 22.92 18.62 
SC 7 56.38 33.31 35.69 24.54 29.54 42.00 
SC 9 28.69 38.77 25.00 45.31 19.31 23.54 
SC 11 29.00 13.54 10.85 10.00 7.38 12.00 
IC 1 54.62 33.85 23.77 21.46 18.77 20.15 
IC 3 44.54 29.15 32.31 34.92 35.15 24.85 
IC 5 28.00 25.31 26.38 21.85 21.08 21.77 
IC 7 28.54 66.31 38.00 31.54 37.46 29.77 
IC 9 32.23 33.15 26.62 18.46 23.23 21.92 
IC 11 32.85 16.00 10.54 13.46 12.69 11.08 

Mean number of squares entered by the three offspring groups over the 
six test mazes, eight trials on each maze. (N=13 per group) 
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7.77 6.85 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 3471.11 2 1735.55 1.76 0.18426 
ERROR 35424.7 36 984.02 
WITHIN SUBJ ECTS 
Trials 66012.9 7 9430.42 17.31 0.00000 
Trials by Environ 29059.4 14 2075.67 3.81 0.00004 
ERROR 137251.0 252 544.65 
Mazes 1602.89 5 320.58 0.98 0.43451 
Mazes by Environ 3121.84 10 312.18 0.95 0.48867 
ERROR 59090.0 180 328.28 
Trials by Mazes 7097.92 35 202.80 1.05 0.39006 
Trials by Mazes by Environ 10473.0 70 149.61 0.77 0.91355 
ERROR 243363.0 1260 193.15 
TOTAL 595967.0 1871 

Summary table of ANOVA of time taken by the three offspring groups to emerge from 
the start box, over the six test mazes with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 7 8 
SEC 1 2.00 0.62 0.23 0.08 0.15 0.00 0.77 0.31 
SEC 3 11.23 0.46 0.69 0.38 0.46 0.85 0.38 0.54 
SEC 5 9.38 0.77 0.54 1.54 0.15 0.00 0.23 1.77 
SEC 7 8.38 0.23 0.54 1.85 1.46 2.15 0.46 0.54 
SEC 9 2.62 2.23 1.54 5.31 13.46 17.31 1.31 1.38 
SEC 11 4.15 0.62 5.38 0.31 1.08 0.92 0.38 0.62 
SC 1 14.23 1.46 0.23 0.85 0.23 0.08 0.31 0.54 
SC 3 14.08 1.92 0.62 0.31 0.23 0.31 0.54 1.00 
SC 5 16.15 0.77 0.31 0.23 0.31 1.15 0.23 1.38 
SC 7 17.92 0.77 2.38 0.46 0.77 0.46 0.23 0.46 
SC 9 15.31 5.77 1.38 0.31 0.62 2.62 0.38 0.77 
SC 11 23.77 2.46 1.15 2.08 0.92 1.85 1.08 0.54 
IC 1 18.31 1.54 1.08 0.15 0.54 0.77 0.38 0.54 
IC 3 58.62 6.08 1.38 0.54 0.85 0.31 0.31 1.62 
IC 5 42.23 13.62 2.54 2.92 0.54 0.23 0.77 0.62 
IC 7 26.92 1.00 0.92 0.15 1.31 0.62 0.77 0.15 
IC 9 31.00 2.77 2.00 0.46 0.46 0.23 0.38 0.85 
IC 11 29.00 1.62 0.46 1.08 0.38 0.38 0.46 0.46 

Mean latency (in seconds) to emerge from the start box for the three offspring 
groups, over the six test mazes, eight trials per maze. (N=13 per group) 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 22558.60 2 711279.30 2.68 0.082 
ERROR 151490.58 36 4208.07 
WITHIN SUBJECTS 
Trials 474727.62 7 67818.23 34.05 0.000 
Trials by Environ 99939.13 14 7138.51 3.58 0.000 
ERROR 501961.06 252 1991.91 
Mazes 8229.00 5 1645.80 2.93 0.014 
Mazes by Environ 6830.03 10 683.00 1.22 0.284 
ERROR 101132.49 180 561.85 
Trials by Mazes 46591.34 35 1331.18 3.14 0.000 
Trials by Mazes by Envir 43378.49 70 619.69 1.46 0.009 
ERROR 533484.48 1260 423.40 
TOTAL 1990322.82 1871 

Summary table of ANOVA of subjects time to reach the goal box for the three offspring 
groups over the six mazes, with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 7 8 
SEC 1 23.84 3.69 3.38 3.46 3.15 2.30 2.23 2.15 
SEC 3 37.46 9.23 5.69 4.30 4.07 2.23 3.23 3.92 
SEC 5 36.69 15.38 11.53 9.07 6.76 8.00 6.30 6.15 
SEC 7 18.46 12.84 5.30 10.30 17.61 23.76 4.23 6.69 
SEC 9 24.23 10.76 14.15 6.07 7.07 7.46 9.15 8.15 
SEC 11 27.84 I 10.69 8.69 5.23 9.30 5.46 7.23 7.92 
SC 1 65.00 7.30 3.23 3.07 1.69 2.38 2.15 3.23 
SC 3 55.07 9.61 7.00 7.07 4.30 9.76 2.84 3.92 
SC 5 59.15 22.53 12.07 12.53 7.38 9.84 6.53 6.15 
SC 7 43.23 26.07 8.92 7.15 7.38 7.69 3.61 4.76 
SC 9 72.61 19.53 14.23 10.38 14.53 15.15 10.46 6.92 
SC 11 42.23 18.84 7.07 15.46 5.61 7.23 4.46 4.61 
IC 1 109.84 12.92 5.23 4.07 3.76 4.61 3.84 5.69 
IC 3 98.53 22.69 7.23 10.38 5.53 4.23 3.46 3.46 
IC 5 116.30 14.61 11.23 10.38 10.07 8.92 6.00 4.53 
IC 7 56.15 8.38 16.61 6.53 5.84 4.61 4.00 4.38 
IC 9 75.15 21.53 10.07 11.46 12.46 6.61 8.92 12.76 
IC 11 41.23 43.07 17.00 5.61 10.15 6.15 6.38 8.00 

Mean time to arrive at goal box for the three offspring groups over the six test mazes, 
eight trials per maze (timer started when animal placed in start box). 
(N=13 per group) 
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SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 18382.23 2 9191.11 1.55 0.226 
ERROR 213683.46 36 5935.65 
WITHIN SUBJECTS 
Trials 585131.56 7 83590.22 31.01 0.00000 
Trials by Environ 89175.80 14 6369.70 2.36 0.004 
ERROR 679279.10 252 2695.55 
Mazes 7219.02 5 1443.80 1.99 0.083 
Mazes by Environ 6840.55 10 684.06 0.94 0.497 
ERROR 13862.13 180 727.01 
Trials by Mazes 52610.08 35 1503.15 2.58 0.00001 
Trials by Mazes by Environ 46437.68 70 663.40 1.14 0.206 
ERROR 733276.53 1260 581.97 
TOTAL 2728398.1 1871 

Summary table of ANOVA of total time taken by the three offspring groups in 
the Hebb-Williams maze, over the six test mazes, with eight trials on each maze. 

GROUP MAZE TRIAL 1 2 3 4 5 6 7 8 
SEC 1 40.14 4.92 4.38 4.53 8.38 2.53 3.30 3.46 
SEC 3 45.69 35.38 6.69 5.30 5.07 3.53 7.76 4.84 
SEC 5 38.61 20.46 12.61 11.53 7.76 8.93 6.46 7.00 
SEC 7 24.07 13.92 8.23 13.07 18.61 26.07 5.07 7.76 
SEC 9 28.84 11.69 15.15 7.07 7.92 8.30 10.07 9.23 
SEC 11 32.07 11.46 9.30 6.00 10.15 6.07 7.84 8.76 
SC 1 71.07 8.69 4.46 4.23 2.69 5.23 4.84 13.00 
SC 3 73.07 10.84 8.15 8.15 5.38 10.92 3.92 4.92 
SC 5 72.53 23.84 13.30 16.53 8.38 10.84 7.53 7.38 
SC 7 54.69 27.30 11.07 8.53 8.38 8.84 4.76 5.84 
SC 9 79.07 23.92 15.61 12.38 15.84 18.00 11.46 8.07 
SC 11 46.76 ~ 19.92 8.00 16.38 6.15 7.84 6.30 6.07 
IC 1 112.23 16.15 6.23 6.23 6.00 9.69 4.84 7.15 
IC 3 91.15 24.53 8.69 11.53 8.38 5.38 4.46 4.53 
IC 5 126.15 20.53 12.23 12.30 11.07 9.15 5.46 5.46 
IC 7 64.92 9.53 17.76 7.38 8.84 5.46 7.53 5.23 
IC 9 79.92 21.92 10.92 12.38 13.30 7.53 9.69 13.61 
IC 11 43.38 44.00 17.84 6.07 11.07 6.69 7.23 9.46 

Mean total time taken to eat all food (timer started when animal placed in start box) 
for the three offspring groups, over the six test mazes, eight trials per maze. 
(N =13 per group) 
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EXPERIMENT TWO 

SKINNER BOX: LITTERSIZE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 127.82 2 63.91 12.76 0.00011 
ERROR 270.42 54 5.01 
TOTAL 398.25 56 

Summary table of ANOVA of littersize that the three offspring groups employed 
in the Skinner box experiment came from. 

GROUP MEANS 
SEC 9.16 
SC 12.79 
IC 10.53 

Means of the three offspring groups' littersizes of the animals used in 
the Skinner box experiment. (N=19 per group) 

SOURCE PROBABILITY 
BARTLETT-BOX F 0.129 

Test for homogeneity of variance between the three offspring groups' scores totalled 
over the fourteen days of testing, prior to carrying out the ANCOVA detailed below. 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN GROUPS 
Regression 3434.45 1 3434.45 0.10 0.751 
Environ 735387.37 2 367693.68 10.92 0.000 
ERROR 1784373.05 53 33667.42 
WITHIN SUBJECTS 
Days 49588J!0.36 13 381449.26 118.52 0.000 
Days by Environ 39188U.00 26 15072.31 4.68 0.000 
ERROR 2259280.29 702 3218.35 
TOTAL 

Summary table of ANCOVA carried out on the number of bar presses per animal over 
the fourteen days of Skinner box trials, with each subjects' littersize as 
the co-variate, for the three offspring groups (for means, see chapter seven Figure 7:7). 
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APPENDIX: CHAPTER EIGHT 

LITTERSIZE 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Drug Dose 21.49 4 5.37 0.35 0.84516 
Environ 16.96 2 8.48 0.55 0.58468 
Drug Dose by Environ 50.38 8 6.30 0.41 0.91229 
ERROR 1156.17 75 15.42 
TOTAL 1244.99 89 

Summary table of ANOVA of the littersize of each subject employed in chapter 
eight subdivided by drug dose and the three offspring groups. 

GROUP DOSE A DOSE B DOSE C DOSE D DOSE E 
SEC 8.50 11.17 11.33 8.17 9.67 
SC 10.83 10.17 10.17 10.00 9.17 
IC 9.67 11.17 10.67 11.00 11.50 

Means of the offspring groups' littersizes, N=6 per group of the fifteen groups of animals. 
(three offspring experimental backgrounds, five drug doses; N =6 per group) 

SKINNER BOX 

LAST PRE-DRUG DAY: DAY 15 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 13750.?R9 2 6875.144 0.526 0.593 
Drug Dose 46542.2ti9 4 11635.572 0.891 0.474 
Environ by Drug Dose 113345.711 8 14168.214 1.085 0.383 
ERROR 979539.00 75 13060.520 
TOTAL 1153177.289 89 12957.048 

Summary table of ANOVA of number of bar presses on day fifteen of training, 
that is the last pre-drug day. 
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GROUP DOSE A DOSE B DOSE C DOSE D DOSE E 
SEC 191.33 249.50 158.00 164.67 165.67 
SC 155.83 173.67 199.00 259.17 266.00 
IC 125.33 148.83 207.67 259.50 175.50 

Mean number of bar presses of the three offspring groups (divided up by future dose 
group) on the last day of Skinner box training prior to drug administration. 

INITIAL ELEVEN DAYS OF SKINNER BOX TRAINING 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 12999.59 2 6499.79 0.27 0.762 
Drug Dose 78734.31 4 19683.58 0.83 0.512 
Environ by Drug Dose 161848.04 8 20231.00 0.85 0.562 
ERROR 1783614.59 75 23781.53 
WITHIN SUBJECTS 
Trials 3688751.10 10 368875.11 141.47 0.000 
Trials by Environ 27745.65 20 1387.28 0.53 0.954 
Trials by Drug Dose 89946.47 40 2248.66 0.86 0.712 
Trials by Environ by Dose 20156.5.72 80 2519.57 0.97 0.562 
ERROR 1954201.24 750 2605.60 
TOTAL 7919406.71 989 

Summary table of ANOVA of number of bar presses over the initial eleven days of 
Skinner box training prior to administration of drug doses, for the 
three offspring groups. (Subdivided into future drug groups N=6 per group) 

DAY SCHEDULE SEC SC IC 
1 CRF 7.53 8.36 7.76 
2 CRF 10.30 9.40 9.86 
3 CRF 12.40 14.00 14.03 
4 CRF 18.90 21.00 17.63 
5 CRF 29.93 30.33 25.80 
8 FR3 58.56 60.63 62.86 
9 FR3 79.10 75.46 75.06 
10 FR6 102.70 101.96 92.66 
11 FR6 126.60 134.13 111.83 
12 FR6 149.20 171.33 139.23 
15 FR6 185.83 210.73 183.36 

Mean number of bar presses for the three offspring groups over the first eleven 
days of Skinner box training, prior to administration of the drug doses. 
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LAST THREE DAYS OF TESTING 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 76833.54 2 38416.77 0.63 0.535 
Drug Dose 702447.43 4 175611.86 2.89 0.028 
Environ by Drug Dose 7763690 8 9704.61 0.16 0.995 
ERROR 4562534.11 75 60833.79 
WITHIN SUBJECTS 
Trials 50132.81 2 25066.40 3.41 0.036 
Trials by Environ 22880.57 4 5720.14 0.78 0.541 
Trials by Dose 89608.30 8 11201.04 1.52 0.153 
Trials by Environ by Dose 74640.10 16 4665.01 0.63 0.852 
ERROR 1102076.22 150 7347.17 
TOTAL 6758790.08 269 

Summary table of ANOVA of number of bar presses over the last three days of Skinner 
box testing, for the three offspring groups' subdivided into their five drug dose groups. 

GROUP DAY 16 DAY 17 DAY 18 
SEC DOSE A 181.16 210.83 181.16 
SEC DOSE B 287.00 274.33 337.16 
SEC DOSE C 237.33 216.83 238.50 
SEC DOSE D 242.83 168.66 213.66 
SEC DOSE E 183.66 145.83 150.00 
SC DOSE A 206.00 194.00 215.16 
SC DOSE B 328.50 301.33 302.00 
SC DOSE C 256.33 2441)6 205.33 
SC DOSE D 294.50 224.83 198.83 
SC DOSE E 209.50 112.00 108.66 
IC DOSE A 164.66 181.50 229.16 
IC DOSE B 295.16 379.83 270.66 
IC DOSE C 355.50 304.00 311.83 
IC DOSE D 302.66 255.66 256.83 
IC DOSE E 254.33 152.33 145.50 

Mean number of bar presses for the three offspring groups, subdivided by drug dose groups, 
over the three days of amphetamine administration. (N=6 per group) 
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OPEN FIELD 

NUMBER OF LINES CROSSED 

SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 28070.2 2 14035.1 0.98 0.38206 
Drug Dose 71826.3 4 17956.6 1.25 0.29534 
Environ by Drug Dose 59772.7 8 7471.59 0.52 0.83745 
ERROR 1.07468E6 75 14329.0 
WITHIN SUBJECTS 
Days 32415.4 4 8103.85 10.90 0.00000 
Days by Environ 2876.80 8 359.60 0.48 0.86787 
Days by Drug Dose 13642.9 16 852.68 1.15 0.31024 
Days by Environ By Dose 18758.8 32 586.21 0.79 0.78868 
RESIDUAL 222979.0 300 743.26 
TOTAL 1.52502E6 449 

Summary table of ANOVA of number of lines crossed over the five days of testing for 
the three offspring groups, subdivided into their five drug dose groups. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC DOSE A 111.33 129.67 117.83 101.17 104.67 
SEC DOSE B 103.50 169.67 128.17 117.33 125.50 
SEC DOSE C 110.50 194.83 138.50 116.67 133.33 
SEC DOSE D 124.17 187.00 125.83 131.83 132.67 
SEC DOSE E 112.67 202.17 142.00 122.00 135.33 
SC DOSE A 97.83 123.83 101.50 101.50 92.33 
SC DOSE B 105.33 153.00 119.83 111.50 95.17 
SC DOSE C 115.83 157.67 151.50 109.50 90.83 
SC DOSE D 130.83 153.50 140.00 116.67 94.83 
SC DOSE E 115.83 137.83 151.50 134.00 94.67 
IC DOSE A 107.67 102.GO 100.33 100.33 112.00 
IC DOSE B 117.17 116.17 102.33 120.33 98.83 
IC DOSE C 130.67 113.67 128.17 115.50 95.50 
IC DOSE D 119.17 107.67 113.50 130.33 104.17 
IC DOSE E 131.50 115.33 139.00 119.00 103.83 

Mean number of lines crossed for the three offspring groups over the five days of 
open field testing, subdivided by their drug dose groups. (N =6 per group) 
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NUMBER OF REARS 

SOURCE S.O.S. D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 494.49 2 247.24 1.12 0.33325 
Drug Dose 2641.46 4 660.36 2.98 0.02390 
Environ by Drug Dose 1047.18 8 130.90 0.59 0.78335 
ERROR 16606.3 75 221.42 
WITHIN SUBJECTS 
Days 807.06 4 201.76 9.70 0.00001 
Days by Environ 175.85 8 21.98 1.06 0.39341 
Days by Drug Dose 505.03 16 31.56 1.52 0.09167 
Days by Environ by Dose 556.93 32 17.40 0.84 0.72224 
ERROR 6238.26 300 20.79 
TOTAL 29072.6 449 

Summary table of ANOVA of number of rears made by the three offspring groups subdivided 
into their five drug groups, over ~he five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC DOSE A 18.33 13.67 9.83 8.50 7.17 
SEC DOSE B 8.17 12.67 9.00 10.00 6.50 
SEC DOSE C 8.00 10.00 7.50 9.50 6.67 
SEC DOSE D 9.67 9.83 6.67 6.00 6.50 
SEC DOSE E 10.17 11.17 6.33 5.57 5.83 
SC DOSE A 16.00 16.17 10.83 7.33 10.17 
SC DOSE B 10.33 18.17 9.33 5.83 7.17 
SC DOSE C 13.17 14.17 8.83 7.00 7.50 
SC DOSE D 13.67 11.83 11.17 3.17 6.83 
SC DOSE E 10.33 20.50 12.33 5.33 8.33 
IC DOSE A 17.33 12.17 13.00 12.50 4.33 
IC DOSE B 11.33 6.83 8.83 4.67 2.17 
IC DOSE C 10.50 6.00 10.50 5.67 5.00 
IC DOSE D 11.33 6.00 6.67 5.67 4.67 
IC DOSE E 12.50 7.17 8.33 3.67 5.67 

Mean number of rears over the five days of open field testing for the three offspring 
groups, subdivided into their five drug groups. (N =6 per group) 



NUMBER OF DEFECATIONS 

SOURCE S.O.S D.F. M.S. F RATIO PROBABILITY 
BETWEEN SUBJECTS 
Environ 1.33333 2 0.66667 0.65 0.52997 
Drug Dose 3.'13554 4 0.85889 0.84 0.50814 
Environ by Drug Dose 8.7111 1 8 1.08889 1.06 0.39990 
ERROR 77.0001 75 1.02667 
WITHIN SUBJECTS 
Days 2.01333 4 0.50333 2.53 0.03993 
Days by Environ 1.000000 8 0.12500 0.63 0.75529 
Days by Drug Dose 3.'10891 16 0.21306 1.07 0.38203 
Days by Environ by Dose 5.51112 32 0.17222 0.87 0.67940 
ERROR 59.6673 300 0.19889 
TOTAL 162.081 449 

Summary table of ANOVA of number of defecations made by the three offspring groups 
(subdivided into their five drug groups) over the five days of open field testing. 

GROUP DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 
SEC DOSE A 0.17 0.00 0.50 0.50 0.17 
SEC DOSE B 0.83 0.00 0.00 0.17 0.00 
SEC DOSE C 0.00 0.00 0.00 0.00 0.00 
SEC DOSE D 0.00 0.00 0.00 0.00 0.00 
SEC DOSE E 0.00 0.00 0.00 0.00 0.00 
SC DOSE A 0.00 0.00 0.00 0.17 0.00 
SC DOSE B 0.00 0.50 0.00 0.00 0.00 
SC DOSE C 0.00 0.00 0.00 0.00 0.00 
SC DOSE D 0.00 0.00 0.00 0.00 0.00 
SC DOSE E 0.00 0.00 0.00 0.00 0.00 
IC DOSE A 0.00 0.50 0.00 0.00 0.50 
IC DOSE B 0.00 1.17 0.00 0.00 0.00 
IC DOSE C 0.00 0.67 0.00 0.00 0.00 
IC DOSE D 0.00 1.00 0.00 0.00 0.00 
IC DOSE E 0.00 0.17 0.00 0.00 0.00 

Mean number of defecations by the three offspring groups, subdivided by drug dose group, 
over the five days of open field testing. (N = 6 per group) 
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