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ABSTRACT

The rapid spread of interest and experimental work in early
experience has led to confused and contradictory claims. This
thesis reviews the literature to assess these claims and inves-
tigates certain hypotheses. Experiments were designed to test
(1) the effects of nconatal stimulation, (2) the effects of pre v
post-weaning environments, and (3) the effects of handling in
the golden hamster. This experimental animal was used to determine
cross-species applicability of infantile stimulation theory.

Experimental work consisted of submitting litters to early
 "burrow" or laboratory environments preweaning, and to laboratory
or free-enriched environments postweaning. Other litters were
subjected to various handling schedules - days 1-21, days 1-k,
days 5-21 and "non-handled" controls in order to understand the
contradictory results reported. Dependent variables included,
physiologically, growth observation, brain and adrenal weight
analysis, and plasma cortisol assay; and, behaviouraliy, open-~
field behaviour, response to novel objects and discrimination
learning ability: all variables typically used in this field.

" The data weve. subjected to analysis of variancee. ‘

Results show early stimulation in the golden hamster
to have none of the "beneficial" effects found in the rat;
rather it leads to increased emotionality, neophobia, impaired
learning and poor physical development. These effects cannot
solely be attributed to impaired hypothalamic maturation nor
alteration in maternal care, as demonstrated by the handling
conditions. Both early '"burrow" environments and later free-~
enriched experience effect clear adaptation in the subjects with
decreased emotionality, faster reactivity and good learning
ability; the early environment affected physiological changes
within the animal, whilst the enrichment produced its effect
via experiential factors.

" Wider usage of species, taking into account their known
natural history, and a more ethological experimental
approach appears necessary to gain a true understanding of
mediators and their consequences in this field. No extrapolation

to higher organisms is valid at this stagee.
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TI. P A 1TON

The recc.arch reported in this thesis was originally devised to clarify
ccrltain issues arising from the abundant literature available in the

ficld of early experience. The bcehaviour of any adult organism depends
upon both the experiences obtained from the environment during certain
periods of development and on some genetically preordained limitations

of plasticity, as well as the present conditions. The study area with'
which I am concerned is the former, which has been a rapidly expanding
arca of interest since the initial experimental procedures of Levine (1956)
and Denenberg (1959) highlighted just how dramatic the environment's

effect upon a developing organism could be.

It has long been believed that the environment influences one's
behaviour, personality and underlying physiology both directly (as in
'fight or flight' response) or indirectly (as in 'executive monkeys')
and that this relationship could be explored until every nuance was
understood. The usefulness of such an investigation is highly doubtful
but when one has a specific variable such as handling, that lends itself
to study, the rewards appear greater. The confusion that has arisen from
the resulting experiments, however, is as bad as one might have feared.
Such a vast range of dependent and iridependent variables have been
utilised that, together with the sweeping generalisations made in conclusion,
they have led to a bewildermentoner the numercus paradoxes, assertions
and counterassertions - at least on my part. The original surmise

zbout the technique - that one could bick up a young animal daily pre-
weaning, and so irrevocably alter its adult emotionality, intellectual
gbility and physiological growth by some common and presumcbly simple

pathway - seemed so clear.

Obvicusly the 'doing anything' explorative technique must be undertaken
crice started in order:that future workers may have a total picture; but
the present problems seem to have arisen from a lack of clear under-
standing by researchers as to why experiments are being conducted -

it's the early experience bandwagon and we all joined befcre rhyme

and reason cculd play their part.

An example of this lack of reasoning is contained in a paper by wyly,

Denenberg, Santis, Burns and Zarrow (1974) which detailed a study
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irdio ihe L ffects of hondling roilits in infincy in en ativcnpt to ¢iy are
thow with rats @#d thus ~kew...."a broad base for generali~ing
principles".  We have, then, two distinct species fiom diffexrent orders
2nd cre wishes to sce if the sane experimental principle, when applicd

to koth, pruduces comparaile results - the Lasis for any investigation

n

in comperative psychoiogy. The apparent principle under study i
basically: if a necnate is hendled daily until weaning is its behaviour
when adult affected. EHowever, the actual principle investigated may be
Letter stated as: if a neonaﬂe is handled for days 1-20 is its Leheviour
affected at 45-50 days of age - this being the actual temporal patterning
of the handling technigue cormonly employed, as in rats. The former
principle is obviously a more meaningful one to investigate as the latter
is strictly derivative from the laboratory procedure with little

established relevance to the world outside.

By ccmparing wyly et al's paper with cne dealing with the handling
procedure in rats oﬁe finds neither of these principles being tested.
The rabbits were subjected to daily handling days 1-20 (i.e. the
latter principle is apparently under investigation as rabbits are not
normally weaned until 30 days at the earliest); and then their
Lehaviour is tested when they are 30 days old, immediately postweaning
{neither waiting for sexual maturity nor testing at 45-50 days).
Although the results are in fact fairly comparable to those of rat
experiments - i.e.: decreased emotionality, increased activity and
grcater exploration due to an interest in novelty nothing is known of
the effects, if any, observed in the mature animal (whose behaviour is
almost certain to differ in some respects from that of the juvenile).

Without a proper experimental design a valid comparison cannot be made.

If even these experienced experimenters loose their grip on essentials
is it surprising that a situation has been reached in which few
experiments can be meaningfully compared because of the wide range of
strategies employed involving strain, stimulation intensity - both
relative and absolute, deveiopmental conditions within a species,
variation in normal laboratory conditions both during the experimental

stage and the testing stage of the research, apparent haphazard selection

of dependent variables and so forth. These hazards to correct inter-

Pretation are often corplicated by a failure to report both experimental

details and insignificant results (see Geller
Adinolphi, 1971).
Time,

1n sterman, McGinty and

and awareness of the rroblem, may resolve these inccnsistencies;
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in cne of the meny teviews now available, Paly (1973) makes the point
that the rozszoning behind these studies and their conclusions is
frequently at fault due to a nisplaced cnthropocentric orientztion.
Fearing in mind these remarks this research has atterpted to clarify
some of the general relationships between behavicur and physiology,
altcred by carly experience; and to test Daly's hypothesis concerning
variable levels of stimulation. An uncormon experimental enimal,
the golden hamster, was used in an effort to clarify the limits of

the alleged 'broad principles' at present accepted by many workers.

The thesis includes a review of the relevant literature together with
an appraisal of the usefulness of the golden hamster as an experimental

animal.
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1T, EAPLY EXPERIENCE

The tcrm early expericnce in this thesis is used in the nerrcow
sense, often refcrred to as 'infantile stimulation', rather than its
wide general sense. Infantile stimulation may itself scem an
unusual términology as many of the technigues used in this field

are not strictly stimulating, such as deprivation experiments.

However, they are all non-normal and in this sense they are there-
fore stimulating to the organism being studied. 2An inherent
problem in such research is that of defining and undzrstending the
" 'normal' so this, at present, will be taken to mean the standard
rearing conditions of the laboratory animal since the majority of
research and formulation of ideas is based on animals so reared.
The contention that in this sense 'normal' might not necessarily

mean the optimum must be recognised from the start.

Histcrically, ideas concerning infancy having any significant effect
on adult behaviour first began gaining credence during the 192z0's,
but it was not really until during the 1950's that any substantial
work was begun using experimental animals. Much of this early work,
such as effects of gentling, handling and restriction, was summarised
by Beach and Jaynes (1954) and there are now comprehensive reviewsof
many aspects of this field. The following sections do not attemﬁt

to emulate these reviews (see Denenberg; 1962b, 1964, 1967, 1972;
Levine 19€2b; Newton and Levine 1968; Ambrose 19692; Daly 1973;
Bindra 1957; Ader 1959, 1266) but simply state the present position

and to discuss those areas relevant to this research.

The field of study termed 'early experience' or 'early stimulation'
covers a wide range of experimental conditions including direct
preweaning manipulation (in the form of handling, shocking or other
physical interventioq), preweaning intervention mediated via
affected maternal or even grandmaternal behaviour(this can include
such variables as nutritive status and also prenatal condition),
and both pre- and post—wganing environmental manipulation. The
vast range of this field - which has been an extremely active
research area for the past two decades - has led to some confusion
and, in an attempt to define broad principles, the derivation of

somewhat controversial interxpretation. Indeed, even as early as



1958, King stated in his review that "....the cxperiments as a
whole recveal a lack of attontion to variables other than the one

being manipulated”.

It has becore widely accepted that cuch manipulation has adaptive
gonsequonceé for the organism, and that these are beneficial. The
benefits, produced via scme aspect of the physiological 'stress
response' mediated through the hypothalamic - pituitary - adrenal
axis, are generally accepted to be of four main classes: (i) the
promotion of growth and the acceleration of physiological and
behavioural development; (ii) the reduction of ecmotional
reactivity in the adult, especially to novel stimuli; (iii) the
improvement of performance in learning tasks, especially in
aversive situations; and (iv) the alteration of physiological
Iesponges to stresses in adulthood. These effects are accompanied

by normally permanent changes in the animals physiological make-up.

2 report made by Bernstein (1952) which stated that handling of the
laboratory rat by the experimenter for a few minutes daily led to
better performance on maze tasks in the adult could be éaid to have
initiated the investigation into early handling phenomena, althcugh
early workers, such as Weineger (1953), typically did not use
animals before weaning. However, their results were in many ways
similar to those obtained using younger experimental animals (such
as the improved learning found by Bernstein and the increased

weight gain, greater viabhility under food and water deprivation, and
decreased emotionality as measured by open-field ambulation found by

Weineger). The explanation given by Bernstein was based on a

combination of learning theory and personality theory which emphasised

the formation of a relationship between S and the experimenter, and
‘hence reinforcement during testing. Weineger, hcwever, more
influenced by Selye's stress theory (1950) and Hebb's theory of
brain mechanism development with regard to early experience (1949),
proposed handling to be a 'gentling' technique (analagous to the
importance of 'tender loving care' in human infancy) which affected
the maturation of developing emotional or 'stress' centres in the

hypothalamus;

013
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Ciher carly experiments Ly Levine (1296, 1357) utilised the handling
technigque in the same form as it is now used (although it was
vriginally designed as a sccondary control condition) with rats aged
1-20 days and found (i) increased kody weight and accclerated weight
gain; (ii) quicker and faster gross physiological response to
stress, as measured by adrenal steroids, with a faster decline,
accompanied by a smaller increase in overall adrrnal gland size in
response to a stressor in the form of a glucose injection; (iii)
improved survival when deprived of food and water; (iv) a raising
of the emctional reactivity threshold as shown by increased open-
field ambulaticn; and (v) imprcved adult conditioned avoidance
response learning to electric shock. Increased secretion of ACTH
znd ADH was implicated by this early work leading to Levine's
interpretation that the lower emotionality shown by these animals
in a 'trauma' situation was the result of a modified stress
reaction, produced by an alteration in the reactivity

threshold within the central nervous system as a result of previous

exposure to trauma, i.e. handling.

Superficially this appears to be the same position as accepted at
the present time, and much work was initially concerned with
replicating these findings and then extending the possible
dependent and independent variables that could be utilised.
However, a closer study of the facts - together with evidence from

other species - reveals nonsuppertive as well as supportive data.

When it was shown (Levine and Otis, 1958) that handling before
weaning was much more effective than postweaning handling many
workers attempted to define a critical period within that time for
handling effects to be maximal; see Schaefer, in Newton and Levine
(1°68); Denenberg (1972); and Scott (1968). Despite many results
ezphasising the impo;tance of the first week most workers now agree
that there are probably as many critical periods as there are
variables. 1In his review of the subject Denenberg (1268) concluded
that although the age of sfimulation was an important parameter there
weére other egually important parameters including the quantity of
stimulation; the quality of stimulation; the particular dependent
variable measured; the particular guantitative parameters of the

dependent variable; and the animals experiences between initial
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stimaletion ond testing., This indicaled that it was nore recazonable

to study the functional relationships betwcen the various classes of
indepondent and  dependent variables utilised between birth and

weaning than to design expeiriments which try to isolate critical periods

during the dcvelopmental period between kirth and wezning.

i

A point which must be remecmbered when making cross-species comparisons
is relevant at this stage, that is - that in the different species /
the maturation rates, both overall and for different processes
specifically, differ, which could result in the early stimulation

affecting these processes at different stages of development.

Many of the results from experiments designed to isolate critical
periods also revealed that there appeared to be an optimum level of
stimulation in that one often obtained an inverted U-shaped
relationship between the amount of stimulation received and the

change produced in the dependent variable under study, (Smith, 1267).

The other major area of study has been involved in determining how
these effects are wediated. Many experiments carried out showed
the wide generality of effect produced by an apparently unrelated
nurber of stimulative techniques - such as: handling, shocking,
temperature changes, physiological intervention, and environmental
changes. This diversity amongst the independent variables makes it
very difficult to arrive at a single'mechanism which is being
affected - as stated by Daly (1973) '....the stimulation effects can
be produced through various mechanisms, and most experimental
treatments probably act through more than one.' Russell (1971)
proposeé four major modes through which the effects are produced -

these being:

i) direct stimulative action -

This typically includes the tactile methods of stimulation and
may also, despite Russell's suggestion that they were ineffective,
include visual and auditory stimulation as well. A disadvantage with
experiments involving the visual modality is that they usually involve
prolonged treatment beyond weaning. Gibson, Walk and Tighe (1959),
Walk (1260) and Tees (1969) all found evidence of increased

emotionality in dark-reared rats whilst Lockard (1963) showed



voriation in adult Lody weight. Auditory stimulaticn also prodoces
typical 'handling' effects in rats although mice show variaticn in

effect due to strain, sce Lindzey, Winsten and Manosevitz (1963).

ii)  hypothermia -

For a time this was argued to be the important variable (Schaefer,
1963 and in Newton and Levine, 1968) but it has now been estahlished
as only one of the mechanisms by which the effects may be produced.
Indeed, éaggett and Werboff (1968), Hess et al (1969) and Thoman
and Levine (1269) have all shown handling effects with and without
actual handling by controlling temperature alone. Kcwever, as this is
a clear-cut measureable occurrence f{i.e. temperature loss) there has
been quite extensive work carried out allowing several parameters to
be investigated and delineated (see Chevillard, Porter and Cadot 1963;
Schaefer, 1963; 1968b; Hutchings, 1963, 1967; and McIver et al,
1968).

iii) maternal behaviour -

A vast literature shows maternal manipulation (whether during
her cwn youth, during pregnarncy or after parturition) produces
effects in offspring in many cf the variables considered functionally
related to early experience. However, the mediation of the female
in producing these effects has been gaining more support in recent
work (see Williams, Bailey and Lee, 1975). As well as being affected
herself by the procedure the female is responsive to subtle properties
of the offspring and alters her behaviour towards differentially

manipulated pups.

iv) early stress -

As one of the effects of early stimulation is to alter the
animals stress responses it is accepted that this is one mechanism
which is brought into play, and méy indeed underlie all the cther
mechanisms. The physiological chahges associated with early
stimulation have been well investigategd, wiﬁh many workers using

physiological measures rather than behaviocural ones.

In more recent literature the use of environmental and nutritional

variables {such as undernutrition, eg. Smart 19% ! enriched and
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restricted environments, Rosenzweig et al, 1972) is
favoured in experimentation to produce 'handling effects.
This aprears a step in the right direction as it is dealin
with the problem from a more reasorable positicn, in that
it is no lomnger a purely ranufactured laboratcry procedure
but one with relevance to the norzal life of rmaxny species,
ircluding man. One may slso in this way picz up the
stable, but no less important, parameters. A point to bear
in mind, however, is thzt, on rezding some papers one meetls

s

e . . K o T2 an : el L T
the csme problex ebulas;sed by King in 1958 (szee sghove),

xper enVing the importance cof varisbnles cther
than the specific one der investigation. For exanple,
in an experiment of envirornmental ranipulatiorn (licrgan 1G73)

the footnote saying "... all anirmels within this experiment
were handled to reduce effects from testirg and other variables
with no tearing on the cuestion unier investigation" is dis-
heartening. This rather narrow view should surely be lirited
grcsser sciences of medicire and physioloegy, rather

re illusive study of enimal psychology. This is

o
particularly true in such environzental studies where the
effects are often feirly subtle znd often greatly interrelated.
The fact that studies now show the contiruing nature of these

rmenipulations, in that the environmental condition has a
erential effect upon the snimzl between the experizental
evert and the test procedure, rather than assuming the rgan 1 sm

is static once remcved from that conditicn lends erphasis to
.\.1

the importance of placsticity on the part of the experimenters
(see Inglis, 1975; Essman, 1971).

There seem to be a greet many hypotheses chasing too few facts
in 311 of these studies. Quite arart from the rather hzaphazard
collection of experimental variables there is the additional
vrctlen that many of the dependent variables studied seem to
have been Just as randorly chosen because rno close knit body

of theory Jjoins together the hyvpotheses under investigation

and the observations made. The fact that the initial dis-
covery that 'handling' in infancy had such pronounced and long
term conseguences was itself almost accidental may have some-
thing to do with the lack of cohesion in subseguent work -
there 1s very little in the way of theory to direct th
observations.
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By contrast the more physiological work takes place
within a fairly tight theoretical framewcrk in which
there is a clear set of predictions to be made and
ockbeervations to be carried cut. The way in which
hormonal function may be studied is much more clearly
repped than the plan for belaviocural observetions.
Since the work of Selye on stress adrenal physiologzy

in particular can and does demonsirate the truth of
Miyado and Hisada (1975) observation trat "The hormonal
milieu in the neonatal period has profound irnfluences
cn the morpholegical, biochemiczal and functional develop-

ment of the brain'®.

This in essence sums up the physiological background to
the present study which is detailed in the next section.
The relevance of this work is more obvious than sore of
the psychological work btecause it is less speculative and
more inherently bound into an accepted scientific model.
It makes a backzround against which even scme of the more
arbitrarily chcsen behavioural variables could be seen to

be theoretically related to one author in a mearningful
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The (liyciolozical explanation that has been detcrnined to underlie

the production of behavioural effects by the handling teclinique involves
the neurcendocrine stress response of the pituitary-adrenal cortex
hemeostatic loop. This basic physiological reaction of mammals -

kxnown as the stress syndromwe, and originally described by Selye (1850) -
occurs whenever information concerning a stress (or 'stimulation')
whether somatic or psychological, is received by the CNS. Although
there is some disagreement over finer points of the pathways of this .
response, it is now generally accepted that the basic pathway consists
of the secretion of corticotropin releasing factor (CRF) from
neurcsecretary cells in the median eminence region of the hypothalamus,
as a result of CNS stimulation. The CRF is transmitted via a venous
network, known as the pituitary portal system, to the anterior

pituitary. As a result the pituitary secretes ACTH to stimulate the
adrenal cortex to increase synthesis and secretion of corticoid

hormones, which are responsible for the metabolic adjustments
necessitated by exertion or exhaustion as woull occur in a stressful
situvation. The portal capillaries appear essential for central
regulation of ACTE secretion in response, to changing body needs

although the pituitary alone is capable of maintaining basal levels of
ACTH (Schapiro 1968, in Newton and Levine). The steroid output to the
blood is monitored by a feedback system within the CNS until a functional
equilibrium is achieved. The feedback between the pituitary and its
target organs is affected via the level of circulating hormcnes which
reach ‘the CNS and the anterior pituitary via the superior hypophyseal
artery. The CNS control overall is highly complex involving various
limbic areas and only now beginning to be fully understood (Azmitia, 1975;
Bassett et al, 1973; Montgomery and Berkut, 1969; DeWied and Weijnen,1970).
This system was initially implicated by findings of altered adrenal

size and resistance to stress (Levine, 19262a) and it is now often

taken as the sole explanation for the phencmenon.

The time scale of the stress is important in producing the overall
result - with a single, short stress one gets a fairly clear-cut

—— . . . .
alarm reaction', whilst with chronic stressors the alarm reaction

Footnote: The responses discussed here are those occurring either

ge?erally, or specifically within the rat, as research has
mainly focused on using the rat as an experimental tool.

Whe?e there may be differences in other species they will be
detailed in the comparative section.
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gives wey to a stuge of resistance to the stress, followed

eventually by a stage of exhausticn with a catastrophic decline in
resistance to all forms of stress. This is known as Selye's QQ5Cﬁ geﬂafdd
adaptation system, or GAS. It does thercfore seem necessery to
differentiate between experimental tcchnigues that invelve a
discontinuous stimulation, such as handling, and those that invclve

a continuous stimulation, such as environmental manipulation.

It is interesting that whilst the activation of the sympathetic
nervous system is well-implicated in an alarm reaction it is

rarely considered in cornnection with early experience effects.
Seccndly, the fact that many alarm reactions are typically associated
with chemical or visual social signals (Altman, 1967) amongst

members of groups of many species also bears consideration. This

may be a possible explanation for the differential effects produced
by handled pups on maternal responsiveness.

The point which seems to be overlcoked by many psychologists is that
stress does not solely operate via a CRF-ACTH-corticosterone feed-
back system, but may also czuse the secretion of other heormones in
order to produce a total endocrine response (Sayers, 1950).
Similarly, in the activation of the adrenal gland many other steroids
which affect metabolism may be affected. Early evidence (Swann,
1240) suggests that the degree of pituitary control on adrenocortical

function is rarely complete.

The fact that there is a neural response via the splanchnic nerve
to the adrenal medulla, as well as an hormonal one, to émotional
disturbance has been known since first proposed by Cannon (1929)
although Edens and S%egel (1975) point out that the cverall
response in an individual species may depend on their different
abilities to maintain responsiveness to the imposed stress. 1In
addition to adrenal medullary and cortical responses, the hypo-
thalamus itself appears involved in variations in the electroyte
balance, which may be imbalanced for up to cne week in acutely

stressful situations.
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SFQUENCE OF EVENTS IN THE BODY'S REACTIONS TO STRESS
STIUATIONS SUCH AS DANGER OR (CDLD

Activation of the adrenal medulla precedes that of the cortex.

Stress Situation

l

Receptors

|

Cerebral Cortex

|

Hypothalamus
Pituitary via medulla & spinal cord to
V// N sympathetic system
ACTH l
Adrenal
{ i Medulla
Adrenal Cortex S 1nr Brain
Gut Adrenaline
glucocorticoids ute—— < — {(Supports
. . activation of
mineralcorticoids .
. sympathetic
Lung Muscle
Action system)
v
Heart
Lead to conservation activities Rapid mcbilisation of body
which give zdded ability rescurces to meet stress.

to withstand stress.

Figure teken from "The physiology of marmals and other

(9

vertebrates" br Marshall and Hushes (1967).
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Starting with the anterior pituitary, or adenchypcphysis, and locking
at the system in more detail, the impcrtance of this endocrine

gland is inescepable. Although there are three main sections the
major one is the pars distalis which is thought to secrete mcst, if
rot all, of the hormones so far isclated. These include the
scmatotrophic or growth hcrmone (STH), the corticotrcphic hormone
(ACTH), the thyrctrophic hormecne (TSH), the lactogenic hcormone or
prolactin (LTH), the follicle-stimulating hormone (FSH) and the
lutenizing hormone (LH). This gland is therefore involved in almeost
all vegetative processes, interacting complexly with virtually all
metarolic and reproductive hormcnes and its removal, particularly in
ycung animals, has drastic effects. These include an arrest in
grcwth due largely to the cessation of skeletal develcpment;

atrophy of the adrenal cortex and thyroid; serious disturbances

in carbohydrate protein and lipid metabolism; and, as a result, a
greatly shortened life expectancy. Specifically, with regard to the
stress response, both adrenal cholesterol and ascorbic acid (both
ccrticoid precursors) are unaffected by stress following adenchypcphysectony.

De

mn

pite having no direct nervous connections, the adenchypophysis is well
expcsed to CNS influerices via its portal system, sharing a vascular supply
with the neurchypcphysis {or pcstericor pituitary) and a commen fluid
space with the brazin. Although much of the role of the anterior
pituitary is concerned with homeostasis via negative feedback

systems there is alsoc evidence that it can modify the level of output

of other endocrine glands (Altman, 1967).

The anterior pituitary contains chromcphobe cells, which are thought
to be cells which have already discharged their hormones, and
chrcmophil cells, which contain granules of formed hormones ready
fcr releazse. These chremerhils may be subdivided into kasophils,
which secrete TSH, ACTH, FSH and LH; and ecsincphils, which

secrete STH and LTH. These hormones are released into venous
sinuses and then travel via the hypophyseal vein to their taréet

tissues.
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The 1ain target of the corticotrophin horincne (ACTH) is the cortex
of the adrenal gland where it stimulates cortical steroid secretion.
This may be demonstrated by an injection of ACTH which results in
the growth of adrenal cortical tissue and incrcased secretion of
hormones. This is reflected metabolically within the cortex by
depletion of cholesterol and AAA, tcgether with an increased
phosphorus turnover. Similarly, adrenalectomy is followed by an
increased output of pituitary ACTH deronstrating the homeostatic !
control in the system - a fall in corticoid secretion leading to a
rise in ACTH secreticn and vice versa. It is at this point that
most workers in the field have chosen to take measures to indicate
the state of the physiological system - e.g. levels of RAAA, levels
of adrenal cholesterol, plasma corticoid levels, etc. However,
although ARA levels are a relatively good indicator, decreasing

in concentration with stress, Pinchol et al (1949) state that the

concentration of 2AA "alone is not a reliable index of the
functional state of the adrenal which has been subjected toc a pro-
longed stress". As many early experience treatments are

prolonged (e.g. environmental treatments) this caution is not

totally irrelevant.

The hormones secreted by the adrenal cortex include glucocorticoids
(e.g. cortisone, cortisol and cérticosteronex responsible for
carbohydrate metabolism and mineralcorticoids (e.g. desoxycorticosterone
and aldostercne), responsible for the regulation of electrolyte and
water metabolism; as well as various sex hormones. 1In all, the
effects of the corticoid hormones are numerous and complex including
increasing the conversion of protein to carbohydrate {gluconeogenesis);
increasing the flow of gastric juice; potentiating autonomic
reactivity,; influencing the movement of sodium into and potassium

out of, the intracellular cocmpartment; mobilising calcium frcm bone;
inhibiting lymphatic ?issue and antibody production (e.g. total

mass of lymphoid tissué has been shown to be inversely proportional

to the activity of the adrenal cortex); affecting CNS excitability

and cell membrane permeability; inhibiting inflammatory reactions;
increasing the activity of certain tissue enzymes involved in

protein metabolism, as well as other enzymatic adaptations (see

Denyes and Horwood, 1960); controlling the levels of lymphocytes

and ecsinophils in blood; and generally decreasing resistance to

infection.
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It s.ems that the increased release of adronoccortical hormones

dooes not i1csult in an increased resistance to stress, as is generally
implied, but rather in an increased ability for restorative processes.
The most important salt-retaining mineralcorticoid, aldosterone, is
not under pituitary control at all but is produced in the zona
glomerulosa in response to sodium deprivation and reduced extra-

1
cellular fluid volume.

The adrenal gland shows a diurnal variation in activity and
responsiveness within this homeostatic loop, which may explain scme
of the differing results workers have found with regard to resting
levels of hormones, stress responses, etc.

Continued hyperactivity of the adrenal gland results in an increased
size proportional to the amount of ACTH released. In severe and
protracted stress the structure and appearance of the gland beccmes
altered - there is gross enlargement and a loss of cytoplasmic

lipid resulting in a colour change from yellow to reddish brown.

Under stress the activity of the pituitary-adrenal system is
negatively correlated with decreased activity of serotoninergic
systems in the limbic ;omplex {(especially the hypothalamus)

(Vermes and Telegdy, 1975). That is, stress leads to a decrease in
sexrotonin metabolism in the limbic system and an increase in
activity of the pituitary/adrenal system. This seems to reflect
the fact that much of the CNS control via the hypothalamus of the

pituitary is mediated via serotonin axons.

Although ACTH is generally thought of simply in connection with
activation of the adrenal cortex, particularly during stress responses,
it has a number of other effects. These include involyement in simple
orientation, habituation, extinction, acquisition of learning in both
aversive and appetitive situations, and learning of avoidance
responses. Much of this type of effect has been initially explained
by the 'stress' involved in such situations - indeed, the activity

of the pituitary/adrenal system has been shown to correlate with
facilitated avoidance learning (i.e. faster acquisition and longer
extinction occur with higher plasma corticosterone response to

Stress) and both basal and stress-induced plasma corticosterone

levels have been shown to correlate with learning (see Johnston,

Miya and Paolino, 1974).



The hormones of the pituitary/adrenal cortex axis were therefore
thought to influence fear-motivated behaviour such as avoidance
behaviour btut only under conditions of frustration and not in
general, EHowever, studies using analogues}or ACTH fractions
have found one can specifically obtain one response, e.ge.
éltered avoidance behaviour, without the other, i.e., cortic-
otrophic effect, Although many of the above behaviours may

be related to streesful situations it is interestiﬁg that

they may be separated.

One of the initial effects of ACTH within a stressful situation
is to produce arousal, For example, Delussi (1973) has shown
in cats and pigeons that direct injection of ACTH into the

CSF results in a typical yawning ard stretching behaviour
pattern, leading to ECG arousal. This arousal ability of ACTH
is also shown by MSH (melanocyte stimulating hormone - a
hormone with amino acids numbers 1-13 the same as ACTH, see

' Schally, Bowers and Locke, 1964) and an ACTH fraction amino
acids - numbers 6-10, It has therefore a narrow specificity -
to obtain corticesterone secre£ion one needs an ACTH fraction
with amino acids numbers 1-21, Similarly, it can be shown
that the ACTH fraction with amino acids numbers %9 leads to
increased avoidance-learning with virtually no endocriﬁe
activity (Witter and Verhoef, 1975). Different structures

of ACTH peptides therefore have different behavioural

activity and metabolic potency.

The manner in which ACTH, corticosteroids and behaviourally active
ACTH analogues influence exploratory and avoidance behaviours
involves mediation via brain catecholamines (i.e. noradrenaline,
NA). It is suggested (Wiegart and Gispen, 1975) that this

chauge in NA metabolism is via an elevation in the levels of
intracellar cyclic AMP directly influenced by ACTH resulting

in an increased release of NA from storage, although there is an
indirect effect via corticosteroid receptor sites to deplete

the CNS NA pool., Correlation has been shown between exploratory
activity, habituation of exploration and extinction of avoidance

with the uptake of corticosterone in the hippocampus (Endroczi and
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Nyalas, 1975). The involvement of the midbrain limbic

system in avoidance response has also been demonstrated by
using lesions effects of ACTH, and also vasopressin (Urban
and DeWied, 1975). Whilst vasopressin is involved with

ACTH (particularly the behaviourally active part rather

;than the total) in avoidance behaviour, removal of the
posterior lobe of the pituitary leads to a loss of avoid-
ance response which is only restored by vasopreesin (Thompson
and DeWied, 1973). The importance of the presence and
influence of vasopressin release is directly proportional to

the intensity of an aversive stimulus,.

The fact that vasopressin, ; neurchumour releasedby the

posterior pituitary which is under nervous control and influences
the sympathetic nervous system, is involved in facilitating
consolidation of avoidance behaviour and inhibiting the
extinction of active avoidance, emphasises the importance

of remembering tha% the body has several systems which are
activated by any particular stimuli and not simply a hypotkalamic -
anterior pituitary-adrenal cortex response to all situations.

It seems necessary to mention this due to the great deal of
attention paid to that system by workers in the field of

early experience., Indeed, it has been suggested that it

is the activation of the sympathetic nervous system and the
adrenal medulla that should be studied - particularly in
situations involving only mild stress. Long (1952) propcses

that this sympathetic activation leading to release of adrenaline
also achieves rapid adrenocortical activation when necessary.
Another link between corticosterone level and adrernal cortical
activity with monamine metabolism is by the rate limiting
activation to the cortical activity in monamine degredation,

That is, inectivation of the cortex, which normally controls the
activity of monamine oxidase and catechol-c-methyl transferase,
leads to increased monamine metabolism which may only be reversed

by glucocorticoid administration (Parvez and Farvez, 1975).

Overall, then, one has a set of interrelated effects which may
act as a whole or in part with some evidence that certain parts

of the ACTH molecule with no corticotrophic effect may inm fact

o
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lead to an increase in the impairment of an avoidance response
and delayed extinction (see DeWied et al, 1975). The fact that
many of these effects are seen behaviourally in anirals exposed
to various early stimulation treatments suggests the possibility
of different activation with different treatments rather than
one single overall picture, The effect on types of exploratery
énd avoidance behaviour cannot, from the evidence,‘be simply
related to variation in arousal (however measured) especially

as ACTH activation may be blocked without affecting avoidance
behaviour (Brain and Nowell, 1975).

As mentioned above, findings of altered adrenal size,
adrenocortical reactivity and resistance to stress initially
implicated fhe H-P-Adrenal cortex system in the physiological
explanation for infantile stimulation effects. This reasoning
was also employed in designating handling as 'stressful!

(Denenberg et al, 1967) due to the release of corticosterone

in 2-day old rats. The corticosterone, released from the
adrenal after handling, is transported via the plasma to the
brain and is especially concentrated in the hypothalamus
(Haltmeyer et al, 1966; Denenberg, 1968)., That finding led

to the hypothesis that the released corticosterone acts oﬂ\

LlLe Jeveloping brain to change many of the animals behavioural
and physiological activities.‘ This 'setting' of the animal's
responses is thought of in an adaptive manner -in that the

animal is adjusting to its environment, whether.that be

internal or external (Denenberg and Zarrow, 1971; Levine, 1969).
Dessi~Fulgheri, Lupo and Valeri (1975) have indeed shown the
central action of corticosterone to vary in animals with different
rearing experiences, due to modifications in the concentration

of corticosterone receptors in the brain.

Grota (1976) supports the view that there is a change in the
neural control of ACTH secretion in handled animals, resulting
in a reduced adrenocortical reactivity, rather than a change in
the rate of metabolism of corticosterone or the responsiveness
of cortical tissues to ACTH. However, earlier data (Grota,

1975) does not support the hypothesis that ACTH in either the




mother or the young mediates the effects of handling on
subsequent adrenocortical reactivity and he suggests instead

a neural mediation here also,

This may be cornected with the sympathetic activation via

the adrenal medulla involving the moramines, whose uptake

are in turn controlled by Na* and K balance (Bruinvels, 1975).
Torda (1975) has demorstrated a connection tetween stress,

the release of noradrernaline and the subseguent behaviour
displayed, i.e. external stiruli are able to nodify the
neuroendocrine factors that underlie temperamental qualities
as proposed by Levine and Alpert (1959). For example, changes
in the homeocstatic equilibrium of the neonate activates the
hypothalamus and results in a release of noradrenaline (NA).
This normally causes a distress call in the neonate as a
signal for help, the stress is reduced and NA is synthesised
to dopamine (DA) by tyrosine hydroxylase so relieving the
situation. If the stress is persistent, there is a persistent
release of NA which builds up in the CNS and, together with
the resulting dopamine leads to a predisposition.in the
organism for aggression, If, on the other hzrd, the stress

is intermittent, the release of NA is intermittent with some
tizusfer of NA to adrenaline. These two hormones lead to a
predisposition in the organism for anxiety. Alteration in

the activity of tyrosine hydroxylase has also been clearly
demonstrated as a result of early experience -~ with handling
causing>a significant reduction in activity of the enzyme

in the adrenal gland (Pfeifer, Denenberg and Zarrow, 1973).

The overall picture from all these studies appears to indicate
the importance of a wide, interdisciplinary study in order to
evaluate the importance of the various mediating systems in
behaviour - together with some attempt at interrelating

these separate findings to provide continuum and flow between
-them,
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7o return to the guestion in hand, it wes stated zbove that
there ic controversy and confusion due to the rapid expansicn
of in*terest in this field of study, the main points to be

32 e e 2
ciglugsea are.

2) is there a "typical" effect of herndling,

) are these efieccts beneficial, end

¢) what function do these efiects serve?
(a) In an extensive review into the four main classes of elfect -
thet is (i) the accelerstion of development and the facilitaztion
5f crowsh; (ii) the reduction in emotionality; (iii) the improve-
rent in learnineg ability; and (iv) “he alteration of tre prrzio-

-

lozicel stress response axis - Daly (1973) founé trat whils
csonme of the 'typical' results of early stimulation may b
sccepted, even if one confines one's studies to the rat - txe
sninral most commonly used for this research - resu

;s replicsable.
7

cntention that early svimulation accelerates develcopmens
established with a number of indices such as CKS cevelop-
evine and Alpert, 1959; Schapiro and Vukxovich, 1970),
pituitery-sdrenal axis developrent (Levirne, Alper‘ snd Lewis,
jer, 1S69), and sexual develcpment (licrton,

A
and Zarrow, 1965); althouzh early h"ﬂul;lg may &lso

Denenbersg y
reterd brain development (Altman, Das and Anderson, 19€8).
Dieterlen (1959), working with hamsters, showed that an olfactorily

restricted envircnment retarded physical maturation althous:

J_w

other responses were similar to that of controls. However, th
nclusion that early stimulation results in a facilitation in

growth appears based on an inadequave review of the data.

+

b3 (M
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iefly, both shocking and handling have been shown in the rat
evate weaning weight, (Mcliichael, 1961; Levine and Otis,

ct

,
£

), reduce weaning weight (Denenberg and Swith, 1%63) or %o
no effect at 2ll (Salama and Hunt, 1964; Denenberg, 1562a).
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at treatment tends to elevate weights whilst cold exposure has
en ireffective (Werboff and Havlena, 1963; King, 1969).
Similarly, handling of mice appears to have any one of these

oo
o O

possible effects (Daly, 1973), whilst handling in hamsters rz

ro effect (Scott, 1970). This confusion may be explained‘to a
certain extent by variation in treatment details such as shcck
intensity, age of treatment and litter effects - but there remains
the impression that there is no such thing as a typical effect
(nor a strong, easily replicated effect) with regard to growth
facilitation. )



Feduction in ecoticrality is gerersally a real effect although:
ofen-field zeasures are not always supportive. Cpen-field
gxbulation is & pocr messure unless trial lergth and nuzber of
trials sre teken into consiceration. Factorial studies suggest
that the factor lcsdings asre different when durstion of trisl and
repezted trisls zre included &s varisbles (Whicbey and

Tenenterg, 1967). The assurption that the internal processes
giving rise to oper-field tehaviour are also different in

sicrple or repested trisls, or charge with trial duration seeczs

fortified by these statistical ctservations., Tefecation,

at least in earlier trials, is a mcre reliable measure - in rats

rary workers have sheown defecation to decreasé with handling, although
in mice the effect is nearly always an increase (Eenderson, 19€4,
1967; Latartz, Fernandez, White and Stewart, 1974). That early
sticulation leads to mcre IapiiAhabituation of fearful respcnses to
ncvelty, and facilitates apprcach kehaviour (Wells, 1975),.15 the

most nearly uranimous general principle in this field cf research.
This occurs whatever the original direction of emoticnal charge
{Levine, Kaltmeyer, Xaras and Derenberg, 1367; Levine and

Brecadhorst, 1963; Salaza and Bunt, 192€4) which may indicate a

learnt decrezse in emctional beraviour folleowing initial expcsure.

to a ncvel situation, i.e. the open-field. Even very small acounts

of stimulation very early in life (such as an injection iﬁ thre

first week of life, as used by Swanscn 1967) have been shown to produce
ctanges in emotional Eehaviour (Eenderson, 19€4; Denenberg, Mcrton,

€2

Klin
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Zcain, as with crewth facilitztion, on examining the evidence
fcr effects on learning ability, many of the contradicticns in the

literature zay be due to litter and strain differences, but it

1]

eems that no typical effect can be demonstrated. Many of the

learning tasks investigated have been of an aversive or avoidarce
rature and inprcvezents in learning nay well be simply seccndary
to changes in emotionality (Denenberg, 19€4].
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The last category of effect - that of an altered stress
response - is in some ways difficult to assess behavicurally as the
response, such as consummatcry behavicur, of an adult handled animel,
in a stressful situation may be an exhibition of different reactivity
or emotionality rather than a differential resporse to stress
resisterice, (see Levine, 1957). Physiological measures have shcwn
early handling to influence the subseguent behaviocur of the rats'
adreral system, the handling itself provckes an adrenzal stress
respcnse (Denenberg et 3l, 1°967), the maturation of the stress
response is accelerated (Levine et al, 1858) and adrenal responses
of adult handled rats to mild stresscrs show an increased
efficiency in that the cverall resporse is shorter and faster than that
of a control. The reacticnto chrinic stresscrs cr resistance to
disease, hcwever, seerms no more likely to improve as a result of

early stimulation than to worsen.



(b) The guestion of whether these effccts of infentile stimulation
can really be ceonsidered beneficial arises due to the common error of
interpreting experimental results in terms of mans' own expecrience,
even when one is dealing with rats. For any such research to provide
benefit for the animal concerned it must allow the animal at least
equal or improved adaptiveness to its natural ecological niche.

This shows immediately that one must constantly bear in mind species
differences and that which may benefit one type may be harmful, or

disadvantageous, to another.

With regard to the acceleration of develcpment and facilitation
of growth, there is no reason to suppose that this could be adaptive
or beneficial to the organism - bigger is not necessarily better. As
King (1968) has stated "....If an adaptive response can be enhanced
by the acceleration of its development....such acceleration is
likely to occur", but there is no evidence that the normal
laboratory animal is necessarily retarded in its development as

compared with a wild equivalent.

Most of the arguments in interpretation towards a beneficial
influence of early stimulation imply that an animal exhibiting a fear
response in a'novel but not physically threatening' situation such
as the open-field (Levine and Mullins, 1968) is an emotionally
unétable (Hall and whiteman, 1951) or disturbed (Denenberg, 1963)
individual. These researchers are not looking at the situation from
the point of view of the animal - when one considers that most of
the animals used in this form of research are small rodents that
are naturally preyed upon in the wild, it is highly unlikely that a
reductigp in emotionality (and hence natural caution in novel
situations) can do anything but harm. For such an organism
exhibition of extreme wariness is highly adaptive, as Daly (1973) states
'...It should be obvious that any small rodent who unhesitantly
enters a brightly lit novel environment is pathologically fearless’.
More recently it has been accepted that such behaviour as freezing is
a natural'adaptive behaviour but the above interpretation is still

more conventional.

Changes in learning ability are clearly most likely to give
benefit and one could argue.that, together with a reduced fear of
novelty, which would enable the animal to experience greater

exploration and hence exploitation of the environment‘

()



(Drnerhorg 1268, 1269), these could put the animal at a greatcr
sdvantaze in an environment. As this is the only real benefit of
these effects - and, itself, is open to interpretation - thie ideca
that handling bestows advantages upon the animal is untenable.
The misinterpretation of these 'advantages' has been attributed by
Daly to an anthropocentric rescarch orientation which has led to the
ngtions of maladaptive emotional responses, 'impoverished'
laboratory environments and an increasing tendency to generalise
excessively. A cautionary quotation illustrates this unfortunate
situation....'If we cannot gencralise across strains within species
{(particularly, for example, with mice), it becomes very questionable
to generalise across species, and, personally, I am a bit disturbed
by the increasing number of references to very limited animal
studies in child-development textbooks and to the implications that
are sometimes drawn from this research' (i.e. early stimulation)

(Henderson, 1969, cited by Daly. 1973).

I do not intend this to mean that there can be no interplay
of ideas between animal studies and research with reference to man.
Indeed, it seems that man may well respond to early stimulation in
ways that may appear similar - for example; premature babies which
are swaddled and given a lot of personal attention from the nurses
appear to have a better survival rate than those kept in incubators
(Ambrose, 1969, page 97-105), handling increases giowth and motor
develcpment in low birth weight infants (Solkoff et al, 1969), the
practice of certain primitive tribes to stress their young
(suppcsedly traditionally to ensure good gfowth and ability) results
in increased growth (Landauer and Whiting, 1964); the usefulness
of nursery or playschools for young children may be in that %he
extra stimulation provided produces less timidity and hence greater
ability in them as in rats. The use of extra stimulation over and
above the normal threshold in an attempt to habilitate certain
brain damaged children appears to produce positive results.
It seems that what is lacking in the interpretatioﬁ of many of the
experimental results obtained is a basic biological understanding
of the animals used as subjects in this form of research. 2nimals
are not simply 'black boxes' for the benefit of experimental
psychologists, but respond variably and adaptively within a given
situation. Species differences are also valuable in understanding

the shaping by evolution of each species' individual behavioural



repertoire to deal with its own ecological niche, for exarple, sce
Dilger (1262) who demonstrated this by studying the bechavicural

diffcrences between the nine species of lovebirds.

(c) Lastly, what function do these effects serve in the context of
the animals' lifestyle - or is it just an interesting 'syndrome'

that may be produced within the research laboratory. A generally
accepted theory proposed by, amongst others, Levine (1962b), is that
infantile stimulation equates the laboratbry situaticn more nearly to
the natural environrment. The argument put forward is that preweaning
stimulation prcovides sudden and drastic changes within the environment
as might be expected in the ngtural situation. Implicit within this
explanation is the assumption that all the effects are beneficial and
therefore one might intimate that the situation was more normal,

as the natural environment would be expected to produce the most
adaptive animal. The question that immediately arises from this
theory is - is the natural environment of a preweaning rat (or most
other rodents for that matter) really subject to 'sudden and drastic'
change as suggested. This implies that the normal laboratory
environment is impoverished, which gives support to the view that the

handling effects would be beneficial. -

It is known, howe&er, that the animals used for research in
this field tend to be animals that rear their young in burrows
(see Lore and Flannelly, 1977 for rats; Hayward, 1965;
Stanley, 1971; Alcorn, 1940 and Ewer, 1967 for other examples) -
indeed, one of the responses to pregnancy in these rodents is an
increase in digging (Calhoun, 1962). It is unfortunate that little
field research has been carried out specifically on the typical
species used for study but the use, and attachment to, nest sites
is so widespread amongst this type of animal that it is likely to be
true in all cases. It is also extremely rare for these infant
rodents to be found outside their burrows until well aftef weaning
(see Rowell, 196la for the golden hamster) as found by most field
workers. We must therefore.examine the two environments - burrow
and laboratory - to determine their similarities and differences,

and their relative levels of stimulation for the neonate.

The typical burrow is virtually without light and any sounds
from outside would be greatly attenuated, ‘indeed, breeding burrows
are often found to be particularly deep and well buffered from

the outside world (see below).
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With relation to Lempcrature conditions and humidity levels these
are known to be extremely constant and the tempcrature of the

Lurrcw may often be mazintained as high as 30 degrees C, particularly
during the breeding scason. Even if a particular species lives
within a colony it is ccommon for the pregnant female to establish
her own nest site where she will have little interference from

cther members of the colony. The evidence therefore points to a
very constant, warm and guiet environment which may be described

as a 'postnatal womb'. The laboratory environment, by comparison,
exposes the neonate to light on a 24 hour schedule; sounds, often
extremely loud, from various sources including both the animals’

own and other species'; odours (those of conspecifics having been
shown to often exert strong influencés on other animals within their
sphere) again from varicus sources; and a temperature typically
below that of the burrow although fairly constant. For the neonate,
then, the laboratory can only be described as overstimulative and
many of the modalities in which the two environments differ have
been shown to be effective in producing handling effects themselves
(i.e. wvisual and aural stimulation, and hypothermia during maternal

absences).

However, what may be considered an overstimulative environment,
as compared with the natural surrouﬁding, for the neonate may be said
to become an impoverished environment for that same animal post-
weaning. In the normal course of events this change in the perception
of the environment would be a gradual one as the young animal's
locomotory ability improves, together with its decreasing dependence
on the mother for nourishment. These would both lead the animal to
leave the burrow and explore its surrounding environment at will.

The animal may then well encounter 'sudden and drastic' changes which
are totally lacking in the laboratory. Experimental evidence on

the differential effects of preweaning and postweaning stimulation
lends weight to this'theoretical position. That is, the early pre-
weaning environment is responsible for "priming” the animal in its
future responsiveness (see Essman, 1971) whilst postweaning experience
is more involved with specific learning capacities and responsiveness

(see Denenberg, Woodcock and Rosenberg, 1968).

One of the theories put forward in this research, then, is

concerned with the effects produced by subjecting a species, in this
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cuse the golden humster, to both a quiet early cnvironment and an
enriched postweaning environment as compared with the laloratory
rearing situation. Togetﬁer with the effects of handling the
results may be assessed in the light of the above hypothesis that
the preweaning laboratory environment is coverstimulative and ‘the
postweaning laboratory impoverished for a young rodent. The use of
the golden hamster as the experimental animal will hopefully provide
data towards understanding how general the effects of early '

experience are.
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THE GOLDEN HAMSTER
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17T, THE GOLUEN EAMSTER

Mosocricetus auratus(WaterhOUSQ: or Grarndfather Saddlelags, as it 1S

J.nown in Arabia, has beccme widely kncwn since the first specimens were
brought into this country in 1931, despite an almost total lack of
knowledge of its natural history. Interest now appears to be increasing,
Sue to its unusual sexu:al dimorphism and related physiclogy which
affects a wide range of tehavicurs, in the hecpe of elucidating many of

the paradcxes which appear in the literature.
This chapter catalogues the known literature on the golden hamster in

order to establish the background againstwhich the research was carried
out, because the hamster is much less familiar than the laboratory rat

as an experimental animal.

The golden hamster was originally described by Waterhouse in 1839 from an
_examination of a preserved female and a skin with skull. Be designated

it as a separate species as it differed from the ccmmon hamster on three

peints - its smaller size, shorter tail, and greater number of nipples.

Despite four further reports little definite was concluded about its

lifestyle or place in scientific classification - in 1834 Tristram reported

that he '.t.frequenfly saw a light-colcured hamster among the bushes

ard wild plants (in Palestine) but was unable to cbtain any specimens',

&znd it was not until 19232 that the first full descripticn of the

pecies was given, by Rraroni from evidence off the first litter to be

n

fcund in the wild.

%his litter was found in April, 1930, near Aleppo in Syria, in a burrcw
eight foot deep, and ccnsisted of a ferzale and her ycung -~ quoted as a
ferale and twelve pups (Bruce and Hindle, 1934; Walker, 1§68) or a
fezale and eight pups (Adler, 1948). The animals were taken to the
Departrment of Parasitclogy, Kebrew University, Jerusalem, where they
were used by Adler to study kala zzar, a tropical disease. Prior to
tris Chirese hazsters had been used but the new-found golden hamster
tad a great advantage - it bred readily in captivity. A stock was
built up frcm ore male and two females from the originallitter and in
1931 fwo pairs_were Ercught to England Ly Dr. Adler and presented to
Dr. Bindle. These were used to build up a stock at Glasgow -
University, from whence ell hamsters known today in England and the

United States, where they were first tzken in 1928, have originated.

It was assumed that these animals must have become extinct over the
past century, Lence the rare sightings, and although there was scome
advantage for research in having such a confined gene pool the

artificiality of tlie population szems cverwhelming.



It is probably for this rcacson that hamsters are used far more widely
in medical rescarch, where a ready supply of living animals is the
necessary requirement, rather than psychological research, where an
understanding of the organisms natural lifestyle, social structure and
mode of behaviocur is more important. However, this view has been
shattered by a report by Murphy (1971) that golden hamsters exist in
fairly plentiful numbers around Aleppo - to the extent of being

N
i

regarded as agricultural pests by farmers. It seems astonishing that
this should be so, after years of literature statements that only one

litter had ever been found - one wonders how closely they looked.

Pending the initiation of an adequate field study, what is known of
their natural habitat is as follows - The golden hamster has a very
restricted geographical distribution only having been recorded around
Aleppo, in north-west Syria, although possibly extending into the
West Bank, Jordan, Irag and the Turkish plateaus. It leads a solitary,
nocturnal existence in extensive burrow systems of its own making on
brushy slopes, partly vegetated slopes and in grain fields. Its major
source of diet is wheat, which it hoards in its burrows, although in
captivity is alwmost omniverous eating many kinds of green vegetation,
seeds, fruit and meat. The climatic conditions of its natural habitat
- are such that fresh vegetation is only available duringfall and winter
when there is increased rainfall and lower temperatures - a factor
which probably influenced'its evolution as a hoarder. As already
mentioned the golden hamster is a very solitary animal and readily
fights conspecifics - although it is possible that families, though
not living together, will live in close quarters within the burrow
' system. Both this question and that concerning the extent of their
territorialism must wait for further study in a natural surrounding.
Their main predators are the owl, jackal, snake and man; and
Murphy reports that their existence is now being threatened by
agricultural mechanisition and irrigation.
General references on this species include;-
Bruce and Hindle, 1934
Encyclopedia Britannica
Walker 'Mammals of the World' 1968
Hoffman, Robinson and Magalhaes, 1968
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A single attempt (Howard, 1959) has been made to study their survival

in the wild when 37 subjects were released in large rodent-proof pens

in Californian rangeland. Oniy one male survived longer than seven
weeks - probably due to the lack of suitable food and cover - and this
compared favourably with several native species. No record of behaviour
was made at this time as the object of the study was simply an
establishment of a feral population - which appears guite possible
under suitable conditions. -

J

The speciation originated in the Caucasus and radiated into three

major groups - in the east the Chinese hamster, in the west the
European and in the south the Syrian or golden hamster. The golden
hamster has a chromosome number almost double that of the other two
species - leading to the hypothesis that it arose via polyploidy (that is,
it is amphidiploid from two other surviving species). As well as
fhe evidence from the chromosome number there is some slight evidence
from some hibernation studies (Chaffee,1966) in which it was found
that some animals readily hibernate whilst others will not. From
fhese one may breed either pure hibernating-or non-hibernating stock
which also differ in certain physiological measures. Thisjgénetic
evidence led to two main views which explained the rare sightings of
this animal - (i) either it arose purely by chance now and again from
two existing species, or (ii) it was an.evolutionary experiment @hich
was not suited to its environment and could not maintain. However, as
these views were based on the assumption the animal was rare and all
but extinct they seem rather obsolete in view of the claim these animals
are in fact so common as to be regarded as pests. A suggestion by.
Richards (1966a) that this was a recent evolutionary species, still

possibly in a rather rudimentary form, seems more satisfactory.

In a study of maternal behaviour it was found that pups elicited the

maximum maternal behaviour from the female when they were about six

days old. This is contrary to evidence from, for example, mice where the
younger the pup the more maternal behaviour it elicits. It secems

likely then, that_the golden haméter has only recently reduced its
gestation period from the ancestral 20-21 days, as shown by both the
European and Chinese species, to 16 days, the shortest known period

fer a mammal - but that the behaviour of the female has not yet 'caught

up' with this short gestation. -



1t is significant that reports of cannibbelism by the female suggest

that it occurs within the first six days efter the litter is born

(s~e Daly, 1976} Scott, 1970). This reduction in gestation could

have been an evolutionary advantage in that it increascd reproductive
potential in an area of irregular food and rain supply. If this were
true the mechanisms in the reproductive behaviour of hamsters could be
very unusual and particular care must be taken when making cross-species

’

comparisons. '

Development

Both the prenatal and postnatal physiological develcpment of the

gclden hamster heve been well-documented. No attempt will be made to
cover it all here since reference to Hoffman, Robinscn and Macalhaes
(1968) will supply a ccmplete picture of the embryological develcpment
¢f this species, and Scott (1970) provides a detailed study of its
postnatal development. 2 summary of certzin relevant details is given-
belcw; and the cevelopment of behavioural repertoires is also given

in tebular form (see takles 1 - 4). P2 discussion of their importance

in relation to comparable species occurs later in the text.

Social  Rehavicur

Just as little is kncwn of the hansters social structure in its natural
hzkbitat, so little research has been carried cut into its social
belaviours - the main categories of study being maternal and sgenistic

behaviours.

1. MATERNAL BEEAVIOUR

A complete description of these behaviocurs may be found in Daly (1971).

Nestbuilding increases steadily during pregnancy from the normal level,
and this high level of nest maintenance is maintained for at least the
first two weeks postpartum when it declines, reaching the normal level
again abgut the 30th day postpartum. There is also a general improve-
ment in the type of nest built ~ often a deep nest with thick well-
formed high walls and at least a partial, occasionally complete,
covering of the litter (Scott, 1970). When the litter is'two weeks
©1d their homiothermic capacity is developing and the female begins to
lose interest in nestbuilding which appearslto be controlled by the

temperature of the pups to which she is very sensitive.



Brh:evioural Develcpinent in the golden hamster
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Source

10
10
10

10.5
11

11-12

11.5

Very limited movement - anplitude limb

movements very small, show unigque 'swimming'

motion on back; lie on backs in nest; little
movement; suckle; thermotropic; nipple-
seeking.

Yawning

Orientate to centre of nest, prefer Lelly or
side-down posture, right themselves if tipped.

Classifiable movements begin - e.g. fcrepaw

grooming
Self-righting

Start eating coecotrophia produced by female.

Start using pouches as stcres
Scratch with hindfoot

Eat hard food

Contactless scratching, mouth food
Locomote with head supported

Start to eat normal faeces

Pups begin foraging in food stores in nest.
Begin eating

Independent urination

Snout grooming

Leave nest for first time to locate food
and water

True walking appears
Cheekpouch'emptying

Independent defecatiocon

Head scratching

Eat sitting up

Exit from nest

Daly (1276)

Daly (1971)

Daly (1976).

Daly (1976).

Daly (1976)
Daly (1976)

Scott (1970)
Daly (1971)

Scott (1970)

Daly (1976)

Waterman (1948)
Daly (1971),
Scott (1970)

Daly (1976)
Daly (1971)

Daly (1876)
Dieterlen (13859)

Scott, (1970)
Daly (1976)
Dieterlen, (1959)

Dieterlen, (1959)

Scott (1970)
(1971)
(1976)
(1976)

Daly
Daly
Daly
Daly (1971)
Dieterlen

Daly (1976)

(1559)



Age

Source

Day

12

13

13.5
14-16

14

15-18

15

15-16

16

X7

18

Pups capable of grooming, feeding, using
urinating spot, removal owﬁ faeces (16 days -
Dieterlen) from nest,
attempts at refrieval.
Scratch with contact
Independent urination

Scratch with foot-licks; overhead grooming

1

Locomotive skills - good support of body,
control, steadiness and speed.
Begin to groom with mouth

Social behaviours begin between littermates
Chew nest material
Forepaw digging

Independent urination, carry food to nest,
swat playfights, shares and swaps food with

littermates.

Pups spend much longer off ﬁest, form groups
outside nest, eat from food pile, carry food
in pouches to nest and also carry bedding to
nest,

Fighting posture

Body grooming, forepaw digging

Nest care

Playfighting (full)

Complete digging AP seen

Rearing on hindlegs

Greatly improved motorability

great increase in variety movements,

' Hyperactive, adult periodicity not yet

Q)
apparent, DevelopmentAform discrimination
(i.e. visual sense increasing in importance)
Nest-building ability develops

-

Scott (1970)

Begin to resist females

Daly (1976)
Daly (1971)
Daly (1976)

Scott (1970)

Daly (1971)

Daly (1976)
Daly (1971)

(1976)
(1971)

Daly
Daly

Scott (1970)

Daly (1971)
Dieterlen (1959)
Daly (197¢6)

Daly (1971)
Dieterlen (1959)
Daly (1976)

Lowlov (&8 Gﬂ
Daly (1971)
Daly (1976)

Scott (1970)

Daly (1976)

gy
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Day 18.5

19

19.5

20

21

28

35

42

49

. Source
Mature yawning/stretching AP develops Daly (13976)
Climbing, shaking, hopping & jumping ; Daly (1976)

Complete digging AP seen - i.e. digging with Daly (1975)

and (1971)
hindkicks
Definite depth perception ~ Schiffman (1971)
Lateral scent-marking occurs Daly (1976)
Sniffing at lateral gland Daly (1971)
Hoarding truly seen and complete nest- Daly (1276)
building.

(Qeaned and isolated - adult threat postures seen)

‘Mature scent-marking Dieterlen (1959)

(depends on both maturation gland and of
behaviour AP to appear - therefore, very

variable depending on observer).

‘Sexually mature with complete adult Daly, (1971)

behavioural repertoire,

Males sexually active (marking)
Goldman &

Females sexually active Swanson (1975)

N N N s

Fighting beginning
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TRELE 2: Physical developmont in the yclden hamster
Rge Source
Birth Teeth present Waterman (1948)
Completely poikilothermic Hissa & Lagerspetz
. . (1964)
’ Completely naked with bright red somewhat Scott (1970)
transparent skin through which organs and
milk in stomach may be seen. Ear tags fixed ;
back against head, fingers and toes connected
by skin. Completely dependent on female for
milk diet. Tactile, thermal, olfactory senses
present,
Day 1 Pale pink due to thickening of skin, Scott (1970)
dorsal surface somewhat darker,
3 Ear tags separateifrom head; dorsal Scott (1970)
surface dusty grey colour due to developing
hair follicles; flank glands apparent as
whitish patches.
5 Dorsal surface dark grey with fine hairs Scott (1970)
£-6 Diet supplemented by special (coecotrophia)  Scott (1270)
Dal 1971
soft faeces from female (eaten until day 10). y )
Scott (1970)
8 Begins to eat solid food Waterman (1548)
of Daly (1971)
Gradual losgﬂthermotactic ability begins Leonard (1974)
Dorsal surface highly polished slate black Scott (1270)
Eyes begin to open Scott (1970)
10 Pups lose ectothermism (i.e. beginning of Leonard (1974)
temperature-regulating establishment) -
developnent ;homiothermism,
Increased basal heat production onset Hissa et al,
and intensity; shivering response matures.
Ccat has shaggy appearance and is pale beige; Scott (1970)
brought about by development of guard hairs
first.
12-14 BHearing develops Scott (1970)
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Day 14-15

1€-18

21

Week 6-8

Scurce

Eyes vpen

Rapid fur growth begins

Eyes open

Fur growth resembles adult but without

shininess of fur

Develops adult gold colour and shininess

of fur.,

Baler7in,4§948)

Scott (1970)
Schiffman (1971)

Scott (1970)

scott (1370)
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TRELE 3: Physiological development in the golden hamster (erkryological)
Rje Scurce
Days 0-9 Early ewbryological development Waterman, (1948)
Hoffman et al, (1968)
7-8 Head forming, some development gut and blood Boyer (1853)
Heart and eye development begins
i
9 Very fast development begins (end of Graves (1945)
embryonic period) Spector (1956)
10 Genital ridge visible Waterman (1948)
Anterior limb buds formed Waterman (1948)
12 (Male gonads) testes develop Waterman (1948)
13 (Female gonads) ovaries develop Waterman (1948)
12,5 Active adrenal cortical secretion begins Hillman & Seliger
(1975)
13.5 Metamorphosis ends (sic) Spector (1956)
15 Hair follicles prominent Boyer (1953)

Impediately prenatal

Genital folds fused
Cerebral hemisphere formed
Cerebellar rudiment thickened and folded

Large olfactory lobes

Numerous nuclei and fiber bundles throughout

brain stem.

16 Birth

Boyer (1953)



TRBLE 4: Physinlogical development in the golden hamster (postnatal)
Age Scurce
Birth Physinlogically immature; hypothalamus very 2aer (1951)
immature; No ECOG; brain cortex very immature Callison et al. (1373)
and undefined; densely packed neurons.
Day 1 Gradual lamination cortical tissue begins, and Callison EEﬁEl'(1973)
dispersion neurons.
Neurcoblasts of parietal cortex formed from deeper Shimada &
laminae of cortex; neuroblast production coming Langman (1370)
to an end though none yet in final differentiated
form. Structure cortex layered though not in adult
pattern: lumen
neuroepithelium (still some mitosis)
subependymal (DNA synthesis and cell
division occuring)
migratory zone (forms parietal white matter)
inner zone (not yet very develcped)
outer zone
thin fibrous zone
2 Discontinuous ECOG activ;ty begins Callison, Himwich
& Turner (1973)
.3 Neuroblasts migrate from periventricular Shimada & Langman
region to surface of parietal cortex. (1370)
5 Sustained cortical activity, low amp.; Shimada & Langman
rapidly differentiating pyramidal cells in (1370)
brain. '
Neuroblasts well developed and migrated to Shimada & Langman
surface of cerebral cortex. (1370)
Hypothalamic cell multiplicatiom (particularly Auer (1951)
in ependymal layer) ceases .
Week 1 Adrenal: 2 zones . Zieger, Lux &
glomerulose and fasciculata " Kubatsch (1974)
Déy 7 Amount of fast ECG activity increases with

highexr amplitudes.
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Day 9
H 10
Week 2
Veek 3
Week 4
Day 30
Week 5
Week 6-7

0o

Source

Neuroblasts have differentiated rapidly and

formed large mature neurons.

First displays of all mature ECG components
(amp. 20-100 uV).

Easilar dendrites develop
few collateral processes; apical dsndrites

thicken.

Huge bi-lobed thymus formed, also parathyroids.

Adrenals well-organised (epithelial cerds and

Shimada et al. (1970)

Callison et al,(1973)

Callison et al,(1973)

[

Boyer (1953)

islets of chromaffin tissue), permanent cortex

forming.

Pineal much reduced in size.

Hypothalamic median and bilateral nuclei

described, i.e., differentiation

complete (some by about 5 days).

Adrenal: medullary cells distinctly visible
Both cortical hemispheres synchronocus
ECG activity = adult though fast activity

still increasing to adult level,.

Thickening and branching, apical dendrites

already developed.

Adrenal: dark and light cells (mainly

at cortico-med. junction)

Neuronal density and ramifications brain
cortex = adult

3 main zones distinguished in adrenal

cortex. 0

Significant and lasting differences shown in

male and female

adrenals {(mainly due to
differences in reticularis cells, small in
female, large in mnale).

Maximum myelination caudal hypothalamus
attained and temperature regulation ability
established.

Onset of ocestrus cycles in females

ECG activity = adult (amp 50-150 AV)

Auer (1851)

and migration

Zieger et al. (1974)

Callison et al.(1973)

Callison et al. (1973)

Zieger et al.(1974)

Callison et.al, (1973)

Hoffman et al,
(1968)

Zieger et al. (1974)

Buchanan & Hill
(1949)

Waterman (1948)

Callison et al.(1973)
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There is an effect here of litter size - namely, the laiger the litter
the faster the decline in the females attachment to the nest. It is
also arcund this time that the pups are gaining independence from the

female (see developmental data above).

An'excellent paper by Rowell (196la) describes this break-up of the

family group. Between the second and third week postpartum the female
stops retrieving the young, begins to wean them, and stops rebuilding :
the old nest - indeed she may well build a smaller one elsewhere.
Possibly in the natural situation she would leave the litter at this
point. During the fifth week, the pups finally stop attempting to suckle
and to show contact behaviour; they begin to form small groups

on their own, make frequent escape attempts and may occasionally be
attacked by the female. This would seem to be the natural dispersal

stage of the family.

The position of the male in this group is in question. It seemed likely
that his presence was actively prevented by the female (Yaron, Chovers,
Locker and Groen, 1963; Eibl—EiBesfeld, 1953) but there.have'now

been several successful attempts at keeping breeding pairs together
(see, for example, Marques and Valenstein, 1977) and the participation
of the male in litter care may have survival value as has been shcwn
for other rodents maintained in pairs (Dudley, 1974; Elwood, 1977).
The response of adult hamsters to pups has been well-studied and

males will readily carry and nurse young pups; the males also show
less cannibalism than the females, with even pregnant females often
attacking pups (Rowell, 1961b; Richards, 1966b; Scott, 1970). These
results have beén explained using the females known greater
aggressivity and territorialism - however, no correlations have been
found between levels of aggression in females and their responses to
pups; although gonadal hormones, in particular progesterone which

is known to increase abgression, do play some part in the control of
this behaviour (Marques and Valenstein, 1976). 1In a colony situation
the females aggressive behaviour during Pregnancy appears territorial
and once a litter is born this aggression is solely used for the

defense of the young and nest site (Frey, 1966).
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2. AGGRESSIVE BEHAVIOUR

The establichment of dominance relaticnships in golden hamsters
has been shown to be a very simple arrangement based_on aggression
(Boice, Hughes and Cobb, 1969). Stable rank crders were established
in water competition rankings and these positively correlated with body
wéight, overt aggression and tunnel competition dominance. A further
study on these predictors of dominance was conducted by Drickamer et ;
al (1973a, 1973b) which showed that in males the outcome of a social
interaction was significantly related to body weight and to the size
and pigmentation of the flank gland. It is the state of this flank
gland, which is related to endogenous androgen levels, which is the true
prredictor of social rank. Despite the smaller, less-pigmented flank
glands in the female this relationship still holds true; with body
weight again clcsely related. However, the fluctuations in aggressive
behaviour associated with the cestrus cycle do not correspond to
fluctuations in dominance so it seems unlikely that aggression is the

only factor in the establishment of social oxrder.

Indeed, a study by Lawlor (1962) suggests that one must pay greater
attention to the range of behaviours, other than aggression, which are
involved in the expression and maintenance of dominance relationships.
The important difference of her study is in ﬁsing littermates, caged
together from birth, within a social group rather than strange animals
where obviously cvert aggression, as an exmperimental artifact, may
well be expected. {(This has already been shewn with mice (see Urich,
(1938) who used cage groups and Scott (1948) who used the typical round-
robin technique).) In this case, it was found that dominance was
correlated with activity, inter-animal contact béhaviours such as
ousting, stepping-on and barging-into and also escape from a 'paper-
box'. These measures, however, do not correlate with either biting
behaviour, competition in a runway test, nor body weight. These
measures were related'to a qualitative 'type' for both dominant and

submissive animals.

It seems likely, then, that in studies of dominance one must pay
attention to the integration of behaviour processes within the total
life pattern of the species, whilst aggression may be studied in

predictable and variable experimental situations.
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The IRM for aggression in this species in the black marking on the chest

Lt

D
-
which is displayed in the adult aggressive postures (Grant, Mackintosh

and Lerwill, 1970), intensification of which broduces increased flight
behaviour in the attacked animal. If paired animals, one with dyed

chest patch, are caged together the animal with the supranormal threat
stimulus quickly becomes dominant and more aggressiﬁe, and has a much

greater growth rate (Payne and Swanson, 1972a).

Although Drickamer attributed dominance order, and by correlation
aggressive levels, to the level of testosterone circulating in the animal,
Swanson (1971) showed that in the female aggression and dominance were
controlled by progesterone. Both sexes showed pronounced fighting
behaviour but the intact, sexﬁally unreceptive female is normally
dominant over, and more intense in fighting than! the male (Payne and
Swanson, 1970; Lerwill, 1968). Wise (1974) also attributed aggression
of the female t&wards the male to levels of female hormones, in this
case prolactin, due to the increase found in pregnant and lactating
females compared with normally cycling females. Whether these changes
in aggression were due to an hormonal e%fect on the females' behaviour
or to changes in the males' behaviour via olfactory cues is not yet

certain.

The control of aggressive behaviour by sex hormones is definitely
implicated by a number of studies by Payne and Swanson (1971a,b,c;
1972b,c¢) and Payne (1973) which show: castration leads to a reduction
in_the amount of aggression directed towards both sexes, which may be
restored by androgen replacement therapy and ovarian implantation;
spaying also leads to a reduction in aggression but the aggressive
behaviour is only restored by progesterone and not testosterone
treatment; an intact male treated with progesterone will show
increased aggression towards the female, whereas treatment with
testosterone increases aggression towards the male. Evans and Brain
(1974) found that the effects with 'the male were due to a decrease in
the 'attackability' of the animal when castrated, which was then increased
again by testosterone treatment. Progesterone treatment of a castrate
has also been shown té influence, by decfeasing,Athe level of aggression
in the opponent. However, ovariectomy does not lead to any

alteration in the attackability of the subject. : ST e



It scems likely then that progesterone controls the levels of aggression
shown by a direct hormonal action, whilst testostercne controls the
attzckability of the subject in an encounter, via olfactory cues. This
possibility may explain the great increase in aggression shown by males
in stressful situations (see Goldman and Swanson, 1975) as there is a
definite link between adrenal responses and testosterone levels (Gaskin
and Xitay, 1970, 1971; see also Brain and Evans, 1972) . Further
support for this possibility is that in pairs of golden hamsters it is
the female that determines the presence or absence of aggressive
behaviour (Margques and Valenstein, 1977). However, Payne (1973)
demonstrated that increased aggression occurs in males due to increased

anfrogen secretion, as would occur in stressful conditions.

3. SEXUAL BEHAVIOUR

Although the sexual behaviour of golden hamsters has been fairly
extpnsivelj covered it is with a physiological,’ rather than a
behavioural, approach - probably due to the interesting physiclogical
aspects afforded by the sexual dimorphism of this species. The
development of sexual behaviour has been described by Rabedeau (1963}
although this may be dramatically altered by neonatal intervention in
the form of hormonal administration or gonadectomy. Such interyention
affects both sexual behaviours and behaviours controlled by sex, such
as operrfield activity - for example, Payne (1979a) has demonstrated
neonatal females treated with androgens exhibit 'defeminised' adult
sexual behaviour together with an increased likelihood to demonstrate
male sexual behaviour. These effects are invariably enhanéed by the
additional treatment of hormones when adult (see also Johnson, 1975).
These findings compliment those of Swanson (1966, 1967) for both
androgen and ocestrogen treatment in 2-day old females leading to an
exhibition of male open-field behaviour, although gonadectomy was less
effective. Many of the results of gonadectomy in this species, such
as the loss of adrenal gland dimorphism and increased weight gain in
the male demonstrate the important activating role of the androgenic

hormones rather than the ovarian steroids in this species (Gaskin and
Kitay, 1970; WwWade, 1968).

For mechanisms regulating sexual behaviour in this species and on the
effects of hormones, such as progesterone, the reader is referred to

Lisk (1970), Lott (1962), Johnson W.(1974) Braun (1953) and Krehbiel (1952).
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Levels of activity in the female, together with changes in exploration
and distractability, are well-related to hormonal changes as a result

of the ocestrus cycle (Richards, 19C6¢; Birke, 1976). No effects on
mating behaviour are found in the male as a result of removal of seminal
vesicles, prostate ox testes (Pauker, 1248). The fact that ocestrus

fermale Turkish hamsters (Mesocricetus brandti) can avoid copulation

with non-preferred (i.e. Syrian rather than Turkish) males has been
accepted as support for the possibility that sexual preferences may '

serve as a species isolating mechanism in hamsters (Murphy, 1978).

The importance of olfaction in mediating sexual behaviour is well-
documented in many species and has also been shown to have importance
in this species. However, from studying the literature it appears
that olfactory cues are simply initiators of contact and that
behavioural cues are more important in the mediation of sexual
behaviour. Support for this comes from the finding that whilst
olfactory blockade (Devor and Murphy, 1973) or bulbectomy (Winans and
Powers, 1974) can affect male golden hamsters it does not»preyent

them from displaying normal sexual behaviour.

It has been demonstrated that the vaginal secretion of the female is
attractive to the male (Johnston and Lee, 1976) although neither

naive nor sexually-experienced males appear to discriminate between
receptive and non-receptive females (Landauer, Banks and Carter, 1978);
although an experienced male does attempt more mounting. The fact that
vaginal marking occurs maximally in the presence of males and on the

eve of oestrus suggests it has a 'sexual advertisement' function as

opposed to the flank-marking behaviour which has a territorial role,
possibly related to aggressivity (Johnston, 1977). The failure of males to
differentiate between samples of Harderian gland smears from receptive and non-
receptive females (Payne, 1979b) supports this claim that male hamsters
find female olfactory .cues generally attractive, unlike many other

manmals (rat, dog, monkey) where the male responds differentially to a
receptive female, Studies by Steel (1979, 1980) demonstrate that

changes in female behaviour, such as approach to a male, vary over

th? cestrus cycle as a result of the hormonal changes occurring (see

also Goldman and Sheridan, 1974), and that these changes result in

behavioural cues which regulate male/female interaction.
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4. SOCIAL BEHAVIOURS AND USE OF SPACE

The golden hamster exhibits a wide range of natural behaviours in
the laboratory and maintains its cage in a constant arrangement showing
both spatial and temporal organisation of behaviour (Johnson, R. 1974)

A specific sleeping spot is maintained at which most eating and grooming
éccurs, although there may be another regularly used féeding site.
Urination always occurs at a specific spot away from the sleeping

area, although faeces elimination occurs both throughout the cage and
at eating places. The cage is constantly marked and vigorously
defended if intruded upon (Murphy, 1970), whilst introduction to
anothers cage results in a great increase in digging resulting in total

disarray.

All the social postures displayed by other laboratory rodents are
commonly displayed (Grant and Mackintosh, 1963) although their
spatial organisation is species specific. In an encounter between
male pairs ;p a neutral environment (Gerritz, 1971) the animals spent
only 20% of their time in mutual physical contact whilst removal

of one of the pair had no effect on the others emotionality or

mobility.

Social behaviours within groups of any size are dependent on the area
and shape of the space available to that group - for example, in small
areas one gets a greater amount of biting which decreases rapidly with
larger areas whilst ousting behaviours increase slightly (Lawlor, 1963).
Shape, whether square or circular, is even more important due to the
preference for corners. The effects Of environmental size, complexity

and confinement on the temporal trends of escape and exploratory

behaviours are discussed by Johnston (1964).



General Plysiology

In gencral structure the hamster resembles other common laboratory rodents
excepting that its digestive and excretory/eliminatiye systemns are

those typical of desert species and aestivators, in that they are

adapted for water conservation.

With regard to the hamsters sense organs the primary sense of :
perception, as would be expected for this type of nocturnal species, is
olfaction and any loss of this functicn results in an alteration in
typical maintenance behaviours (Goodman and Firestone, 1973) although
rearing in olfactory isolation does not affect olfactorily related or

sexual behaviours (Dieterlen, 1959).

Sexual maturity of this species is reached very early by 5-8 weeks.

Although there is no distinct breeding season there is a marked

decrease in fertility during the winter months. The reproductive ability

is under both environmental and genetic control varying with season.

This variation seems controlled via the pineal (Hoffman, Hester and

Tcwns, 1965; Hoffman and Reiter, 1265) which responds to the length

of photoperiods, with the visual system providing some mediating

The results are a seasonal variation in the size of the testes, influence.
variations in the pituitary prolactin levels (Kirby, 1963)and an
alteration in the oestrus cycle with low light levels. 1In the male
sexual activity is maintained even after castration via fhe secretion

of androgens from the adrenal gland (Pauker, 1948).

An interesting feature of the hamster is that it is remarkably free

of disease and has a great immumological tolerance. This has led to

a unigue use in research due to the atypical immunogenetical
characteristics of the species. It is widely used in medical research
for the following reasons: having few spontaneous diseases (apart
from wet-tail); good sensitivity to viruses for virology research;
immunological tolerance leads to use in tissue and cell transplantation;
very useful in dental research; microcirculation techniques due to
accessibility of its blood vessels in the cheek pouches. However, it
does seem to have a high degree of spontaneous tumours aﬁd cancers,
especially adrenocortical hyperplasias and adenomas (Fortner, 1958).
It is difficult to draw conclusions from this high incidence although

only two surveys have denied its existence (Chesterman, 1962;
Schubik et al, 1962). .

o



Tt uscems likely, lLowcver, that, as with mice, there are great strain
differcnces in this phenomenon. Fortner SE_EE (1961) was led to conclude
this species to be 'endocrinclogically aberrant', an alternative
suggestion being that the tissues are abnormally sensitive to

endocrine stimulation, which may be a result of stress (Hoffman, et

al, 1968).

The pineal is closely associated with reproductive functions,
regulating them to be compatable with changing environmental corditions.
Short photoperiods activate the gland to inhibit gonadal function (in

the males at least this causes the hypothalamn-hypophyseal neuroendocrine
system which controls gonadotrophin release to become relatiyely
insensitive to gonadal steroid hormone feedback). This does not occur
in pinealectomised animals and it seems likely that in its natural
environment the golden hamster is a seasonal breeder and hibernator

(Hoffman et al, 19%5).

The pineal is also involved in thermoregulatory mechanisms (Beldmaier
and Hoffman, 1974) and thought to have interrelations with the zona
glcmerulcsa of the adrenal cortex. The gland has its maximum volume,
and therefore its prcobable maximum activity, when there is low

activity in the other endocrine glands.

In the adrenal gland the medulla is similar'to other species but the
cortex, although structurally and histologically typical of other
rodents and eutherian species, has certain importaﬁt variations
(Pecznick, 1942a; Koneff, Simpson and Evans, 1946; Keyes, 1949;
Bourne, 1949; Alpert, 1950; Holmes, 1955b). The major differences
from other laboratory rodents are in the histochemical nature of the
cortex {(for more detailed adrenal physiology see below). The hamster
possesses a 'lipid-poor' adrenal which has only small or negligible
amounts of checlesterol compared with the large amounts of cholesterol
and other lipids (such as sudanophilic lipids) found in 'lipid-rich'
adrenals of such species as men, dogs and rats. The patterns of
adrenal ascorbic acid (AAA) depletion are very different from other
rodents (see Elton, Zarrow and Zarrow, 1959), and it seems that

Secretions from the pituitary.are not required to maintain the zona

glomerulosa as would be expected.

64U



Bowever, with age (and also under the influence of certain stressoxs
such as X-ray iiradiation) senescent changes occur which cause an
increase in sudénophilia and in the deposition of cholesterol and so
giving the gland more of the expected attributes (Szhinen and Soderwall,

1965; Meyers, 1950).

The main adrenal steroid is cortisol, with no production of hydro-
cortiscone. Most labeoratory animals (i.e. wiph lipid-rich adrenals) /
use cholesterol as a precursor but in the hamster this does not appear
to be the case as (i) cold stress (5 degrees C) does not cause
accunulation of cholesterol levels as it does in the rat;

(ii) certicoid-blocking agents, such as amphencme B, do not cause
accumalation of cholesterol or any change in corticoid production.

This is supported by the fact that although free cholesterol levels are
the same in the hamster and the rat, the rat has at least nine times the
amcunt of esterified cholesterol present than in the hamster (Koffman
et al, 19¢8). There does also not seem to be any storage of steroids
in the cortex and that rapid synthesis occurs when rquired.. The
hamster has one of the lowest normal secretion rates known (approx.
0.S5mg/kg/day) but there can be a wide range of secretion depending

upon the living conditions (Schindler and Knigge, 1958a).

Under favourable conditions - such as dim light, short phofoperiods,
cool temperature, ample food and bedding - golden hamsters will
hibernate. As already mentioned, however (see abowve) this trait is
thought to have a geﬁetic basis as one may breed 'hibernating' and
'non-hibernating' stock - the rapidity with which this is obtained
indicating the control by only a few gene;}) The stock so obtained
also have differences in endocrine function which amounts to a
modification of the hypothalamo-hypophyseal link in the chain of
endocrine regulation. This is the major adaptive mechanism making
them, in some ways, '.i..similar to a stalk-sectioned homeotherm"

(Bof fman, in Dill, Adolph and Wilber, 1964). For example,. instead of
the increased thyroid activity associated with cold exposure, one gets

a blocking of thyroid activity, piimarily due to a direct effect of

low temperature on the thyroid gland and a reduced secretion of TSH.

(1) It is of interest to note that within these two populations thase

males that hibernate all have small testes whilst those that do
not have large. A
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Hivernation also results in a reduction of plasma cortisol
levels of 43%% which returns to normal within 6 hours of
arouczal (see Kayser, 1946; Chatfield and Lyman, 1950;

Loman and Chstfield, 1950; Roterts, lMocney and Martin,

o

1964 3 Gumma end South, 1970).

Growth in the golden hamster 1s mainly dependent on
nutrition, although also partly on season. Growth 1is
more rapid during autumn and winter than during spring
and surmer (a point that has been used to support the
theory that hamsters are naturally summer zestivators
rather than winter hibernators - although it is possibly
simply a reflection of the continuous food supply avail-
zble in the laboratory). It may also be noted that males
grow more than females during winter, spring and summer,

whilst females grow more than males during autumn.

Phrsiologically, then, these animals are well-suited *to
endocrinological research work - especially within the
fields of envircrmental, and age-related studies They
appear to retain seasonal modifications in bekaviour
(Gumma, South and Allen, 1967), reproductive physiclogy

and endocrine activity which together with their short

life span, extremely early pubertal age and short gestaticn
reriod maxe them ideal and amenable aninrals to work with.

Adrenzl Physiology and Stress Reactions

As well as being relatively larger in the hamster tran any
other species, and therefore possibly more important, the
ad

enal differs in a number of ways than those of other

-
B
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on laboratory rodents. The two basic points to remember
are that the sexual dimorphism is reversed in this species,
compared with the laboratory rat, and that the adrenals are
lipid-pcor. Dimorphism is defined as "the occurrence of two
forms in the same species (Biol.)" (Chambers Dictiorary,
1972 Edition) and sexual dimorphism obviously exists, there-
fore, in physiology and behaviour directly related to sex

characteristics. However, dimorphism may also occur between
the sexes in other aspects of their physiology and behaviour -
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such as, for instance, general activity levels. Iz the

present context a reversal in sexual dimorphism is said

to be demonstrated in the golcden hemster in comparison

with the rat in that the general 'male' attributes of the

rat are exhibited by the female golden hamster. Specifically,
these include greater body weight, smaller adrenals and higher
levels of aggressive behaviour. Both the above factors (i.e.
unusual sexual dimorphism and adrenal physiology for a laboratory
rodent) may be attributed to the fact that hamsters are, or at
least show the ability to be, hibernators whilst cther species

norrally under study are not.

1. LIPID-POOR ADRENA

Mammalian adrenals may be divided into two distinct groups,
i.e. lipid-poor and lipid-rich, by (i) the size, nuzber and
distribution of lipid droplets in the cortical cells and (ii)
hy the presence or absence of a positive reaction to the Schulz
test for cholesterol. The hamster adrenal gives a negative
reaction to the Schulz test showing no, or negligible amounts
of, cholesterol present (Verre and Herbert, 1951). There are
few, 1if ahy, lipid droplets observable and the histological
stailning reactions show those lipids present to be structural

rather than metabolic (Marks, Alpert and Kruger, 1958).

The morphological and histophysiolcogical differences in this

type of adrenal indicate basic differences in the functional
retabolic pathways. Despite contradictory evidence of steroid
procducticn in the adrenal cortex of this species (probably caused
by taking blocd from various sources and also differences arising
from in vivo and in vitro studies), the main steroid produced is
cortiscl with scme corticosterone. The normal precursor for

hese steroids is cholesterol but investigation, using drugs
known to affect steroidogenic pathways in lipid-rich adrenal
animals, has shown this not to be the case in the hamster.

Marks et al (1958) fed males daily with amphenone-B, known to
affect steroidogenesis by inhibiting the use of cholesterol,

and found no increases in adrenal weight, no increase in chcles-
terol nor any change in the lipids of their adrenals. They
concluded that this species probably synthesises steroids (021)
by condensing short-chain uvnits directly rather than using the
much larger chain (027) cholesterol. This is supported by
evidence from Schindler and Knigge (1959b) who concluded

the use of cholesterol was dependent |

»



upon its permeebility within a species. (In vitro studies of cell-

free adrenal homogenates readily converted cholesterol to steroid whilst
adrenal slices did not). They also slicwed that adrernal tissue cannot
produce steroids therefore demonstrating that there is little storage

of stercid precursor within the gland (1959a).

Lloyd (1972) found that there was very rapid synthesis compared with
other laboratory rodents, up to fourteen times as much, which he
attributed to different regulatory points such as membrane enzymes,
transport, etc. Despite this very rapid synthesising ability the
hamster also has an extremely low rate of steroid secretion
(Schindler and Knigge, 195%a) which varies widely normally - depending,
it seems, on housing conditions and other environmental variables,

although there are no differences between the sexes.

2. SEXUAL DIMORPHISM

The sexual differences shown start to appear by 30 days of age and
by 100 days the adrenal weights plateau. The male gland is both
absolutely and relatively heavier with a wider cortex than the female
(Peczenik,1942b, 1944) and this difference may be attributed to
different structure. The reticularis and fasciculata (the two inner
adrenal cortical zones) have larger cells with the appearance of
intercellular vacuoles in the male, whilst the female has decreased
cell size in the reticularis with no vacuoles and the other cells also
tend to be smallexr. The increase in size in the méle corresponds to
release of androgen at puberty although this dimorphism may also be
due to the inhibition of ACTH release by progesterone in the female
(Snyder and Wyman, 1951); these sexual differences are not apparent
if gonadectomy is performed before 30 days. This also results in some
adrenal weight loss which may be restored by testostercne (Gaskin and
Kitay, 1970), although as yet it is uncertain whether this increases
ACTH secretion or has a direct effect on the gland itsglf, Gonadectomy
after puberty also results in a loss of sexual differences, due to an
increase in the adrenal weight of the female and a decrease in the‘
male (Peczenik,1942b) - seeming to suggest both female ;nd male
hormone influence - a possible indication that aromatisation does

occur in this species.
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The male gland is also more active with a higher rate of steroid
secretion and. faster metabolism (Chester Jones, 1955; Zeiger, Lux and
Kubatsch, 1974). Gaskin and Kitay (1970) also reported the levels of
plasma cortisol to be higher in the male than the feméle, although
there seems to be no correlation between the blood cortisol

coricentration and the adrenal weight (Denyes and Horwood, 1969).

The sexes also show different responses to stimulation - for example,
Wexler (1951) showed a different pattern of adrenal ascorbic acid
depletion in response to a single injection of diethylstilbestrol (see
below). These different responses may explain in part why the female
is more hardy and aggressive than the male - i.e. the female adrenal
and/or pituitary is more responsive, therefore allowing the female

greater capacity for adaptation and resistance to stress.

3. STRESS REACTIONS

Studies in this field have followed accepted reactions of other
species, notably the rats such as flucﬁuations in adrenal ascorbic
acid, adrenal 1lipid and cholesterol levels related to ACTH output,
and also gross measures of adrenal and body weight, together with

histological changes. .

i) ACTH:

The direct action of this hormone causes increases in adrenal
.weight in both immature (slight) and young adult males with an associated
reduction in AAA (Elton et _al, 1959) and carbonyl lipids, which appear
related to the production, of cortical hormone (Alpert, 1950). The
pattern of these responses is interesting - the weight gains are
typical but in this species they reach a maximum within 3 hours rather
than the expected 38-40 hours as shown in the rat; the 2AA level is
reduced and then retu;ns to normal, as in the rat, but then decreases

again rather than exceeding the normal level as would be expected.

ACTH has also been shown to increase the secretory rate of the
gland so the general functional pathways appear normal within this

spécies although their thresholds and specific patterning of

responses is different.

]
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ii) FORMALIN:

This substance is often used by injecticn as a stressor, and
should cause the release of ACTH with associated édrenal changes.
Alpert (1950) found the response in young adult males to be the same

as with direct stimulation with ACTH.

iii) DESOXYCORTICOSTERONE ACETATE:

This drug is thought to have either a direct effect on the
adrenal cortex or to inhibit ACTH secretion in the anterior pituitary.
Iszacson (1949) describes this drug as having a progestétional effect
in the hamster. Alpert (1950) found that in all males injection
resulted in a decreased adrenal weight (with a noticeable thinning of
the zona glomerulosa), reduced body weight gain, changes in carbonyl

lipids and AAA depletion (especially in older animals).

iv) DIETHYLSTILBESTROL:

This is a partial pituitary inhibitor with an effect on the
gonadctrophic hormones, acting as a synthetic cestrogen. Injection
resulted in reduced body weight gain, decreased adrenal weight with
degenerative changes showing throughout the gland and atrophied
testes. In immature males the AAA increased by 36% whilst in older
animals the levels decreased by 10% (Alpert, 1950). Elton et al (13859),
however, reported, no reaction in malesAbut a rapid decrease in ARA in
females. This effect was also investigated by Wexler (1851) who found
the respcnse to be wmarked in females, whilst only moderate in males
with no indication of a sudden release in ACTH. The female gland also
showed histological changes corresponding to the curve of 2RA depletion
and repletion whilst the male gland did not. Chronic treatment with
this hormone results in renal tumours in all males and in some females
which are known to be secondary to adrenal cortical stimulation and
part of the GAS {(due to the secretion of mineralcorticoids as well as

t
'stress' hormones).

v) EPINEPHRINE:

~Deane and Lyman (1954) adminstered daily injections for 7 and

42 days in both males and females, and found no apparent body weight

adrenal size although after 42 days both male and.

female adrenals had increased slightly due to a widening of the cortex.

loss or change in



vi) HISTAMINE:

Hélmes (1955a) found significant depletion of AAA within 1 hour
of injection.

In general, then, the response to physiological stress in the
form of drug injection in this species is somewhat atypical -
compared with other common laboratory species (see Chapter 1IV). The
méles seem to respond less typically than the females, and this may
have highlighted the problem due to the sole use of males by many
experimenters. It is tempting to explain the results simply by
referring to the sexual dimorphism in this species but the fact that
the hamster is also a hibernator, a 'wild'-type and possesses the
lipid-poor adrenal - all factors deemed to influence adrenal

responsiveness by various workers - suggests a more unique physiology.

vii) GONADECTOMY:

As already mentioned gonadectomy affects the sexual dimorphism
of this species - whether performed before or after puberty. The
effects of this surgery are also important as they shed light on the
intimate relationship between the gonads and adrenal function. This
relationship appears particularly important in this species due to .
the overriding gonadal influence, particularly of progesterone, on the

pituitary adrenal system - a finding common in hibernating animals.

In adult males, castration leads to a reduction in adrenal
weight (Peczenik, 1942b; Keyes, 1949) which may be increased by
administration of testﬁéterone (Feczenik, 1944; Gaskin and Kitay, 1970)
which increases the output of ACTH and hence glucocorticoid secretion
(Gaskin and Kitay, 1971). 1In females the picture is not so clear
although spaying is usually reported to increase adrenal weight
(Peczenik ,1842b) with no reversion of the effect of oestrogen
administration (Peczenik, 1944) - the involvement of other physiological
systems, such as a stress response, may be implicated. Prepubertal
gonadectomy results in decreased adrenal weight in both sexes, and
recovery also occurs to normal with testosterone treatment in males
and oestradiol in females. Both the castrate and intact male adrenal

weights are greater than the spayed or intact females (Gaskin and
Kitay, 1970).

Castration also affects the metabolism of the adrenal gland -
for example, both the resting and stress-invoked levels of plasma

sterocids are decreased; hepatic metabolism of cortisol is decreased;
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the biological half-life of cortisol is increased; adrenal
steroidogenesis (in vitrm) and adrenal steroid secretion (in vivo)
are decreased - all of which may be restcred to normal levels by
testosterone. There is little effect on any of these functions by
ovariectomy in the female (Gaskin and Kitay, 1970). Wexler (1952)
showed that the AAA depletion pattern also alters in gonadectomised
animals - the male pattern closely following that of the female
although at a lower level. Both males and females have about twice

as much AAA as intact subjects.

viii) HIBERNATION:

Holmes (1955a) used AAA concentration as an index of
adrenocortical activity as animals went through the pre-hibernatory
period. The concentration of ARA increased rapidly to a maximum after
3 hours in the cold which was thought to reflect either decreased
cortical activity or general metabolic activity, and that this
concentration then decreased again so that after 48 hours the levels
were normal. BHowever, this response is in fact very similar to that
shown by Alpert (1950) as the response to ACTH. Hibernation may
therefore be triggered in this species by a stress response to cold
(see below) undexr appropriate environmental circumstances. Preparation
for hibernation is accompanied by decreased body weight and an inactive
reproductive system, although no changes occur in the adrenal weight.
(Hoffman, Hester and Towns, 1965). The typical increase in brown fat
tissue of hibernators is shown.

During hibernation both AAA concentration énd adrenal weight are
equivalent to that of control animals, although female adrenal

weight has been reported to decrease and become less variable (Deane
and Lyman, 1954). Lyman and Leduc (1953) also found that carbohydrate
metabolism was maintained by adrenal activity to near normal levels
during hibernation. The levels of cortical steroid drop dramatically,
as’ does body temperatdre and general metabolism (Deane and Lyman,

1954; Lyman, 1948) on entering hibernation.

On arcusal, there is rapid synthesis of adrenal cortical

steroids to a normal level within 6 hours. There is no storage of

these materials in the adrenals (Deane and Lyman, 1954) but there is

some storage of materials in the hypophysis. This suggests that

synthesis is under pituitary influence (see Soumalainen, 1959 cited

by Denyes and Horwood, 1960). The ability to hibernaté is lost

following adrenalectomy.



ix) COLD k> POSURE:

In this sprcies, which has the ability to hibernate, cold
exposure does not appear to constitute sufficient stimulus for the
pituitary to release adrenotropin nor thyrotropin, as no
hypertrophy is observed in either the adrenal or thyroid glands
(Dearie and Lyman, 1954). It is only when the animal actually

enters hibernation that metabolic changes occur, as menticned above.

4
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Bowever, there is a good deal of conflicting evidence in this
area which suggests that adrenal gland activity is dependent on a
number of factors including the duration of the cold exposure, the
actual temperature experienced and the nutritional state of the
animal. In many respects the cold-stressed hamster is similar to

one arousing from hibernation.

X) ADRENALECTOMY :

In both males and females this cperation results in at least a
25% loss of body weight (Snyder and Wyman, 1951) although the
females survive significantly longer than the males. Further
evidence fram older females, those in extended métestrus and those
that had been ovariectcmised in addition to the adrenalectomy has
indicated that some ovarian secretion may, to a degree, protect the
female from the effects of adrenal gland removal. This ovarian
secretion is now known to be progestercone and its administration
will maintdin an adrenalectomised hamster. This is also true for
the rat but the hamster is more responsive to progesterone

treatment (Emery and Greco, 1940).

Overall, then, one can conclude that differences between species,
ages and expression of sexual dimorphism is dependent on an hormonal
balance, unique to each species, within the pituitary adrenal tissue

axis that acts upon the tissue with varying sensitivity to hormonal

stimulation.



Psychological Studies

For exactly the various reasons stated above hamsters have found mcre use

07y

in medical and physiological research thon in psycholeogical ceseoftn aézm?%mz

recormendation by several workers (e.g. Pearl, 1963a). General measures
have been made using the open-field and exploratory situations, in which
significant species differences have been shown (Hughes, 1969),
illustrating the different patterning of behaviour appropriate to a
species. Typically in the open-field the golden hamster produces a
relatively high sccre on day 1 with subsequent days given lcwer and
similar scores dueto decreased mobility with increasing familiarity
(Gerritz, 1971), resulting in a J-shaped curve over a conventional
4-day open-field test. The reversal of the sexual dimorphism
normally expected in laboratory animals is demonstrated behaviourally
in thecpen~-field with the female being more active and less fearful,
as shown by lower emergence times, than the male - and this difference
increases with age (Swanson, 1969; Scott, 1970). Defecation in the
hamster, unlike the rat (where it is often used as an open-field
measure in itself) is rare, as is groaming. The low level of
defecation is unfortunate as the measure is more useful as an
emotionality index than ambulation, which is mainly exploratory.

(see Broadhurst, 1957), although this later may be greatly influenced
by the amount, and type, of handling the subject receives.

The actual manner of locomotion could probably be incorporated into a
reliable measure of emotionality by observing the amount of 'freezing'
occurring, the ease with which the animal crosses the open-field and
the closenessof the abdomen to the ground (this last indicator is
subjectively Convlnc.ina ). The 1evel§ of activity are also affected

by the time of day and physiological state of the animal.

Novelty has been shown to be reinforcing (see Sykes, 1962), as with
other species, but deprivation of novelty does not cause any increase

in incentive’(Schneidér and Gross, 1965).

A number of comparative learning studies have been completed using
both active (Pearl, 1963b; Babbini and Davis, 1967; BHussey, 1971) and

passive (Walters and Abel, 1971) avoidance learning, and mazelearning

(Bowland and Waters, 1955). The consensus of opinion appears

to be that golden hamsters are inferior in their learning ability to
the laboratory rat - however, several workers (Pearl, 1963a; Babbini

and Davis, 1967; Wwalters and 2Abel, 1971) have stated that
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the species differences were due Lo interactions of species

sprcific reactions and the particular behavioural task under study -
rats are invariably the 'best' learners when compared with hamsters,
mice, guinea pigs or gerbils and it must be remembered that these

tests are invariably designed with, and for, rats. The hamster appears
té have particular trouble in learning a oné—way locomotor avoidance
response with a visual CS rather than an auditory CS, compared with the
rat (Babbini and Davis, 1967). This finding well illustrates the ‘
dependence on experimental procedures in cross-species studies as
improved escape latencies demonstrated that there was no general
learning deficit. This point is emphasised by the mazelearning

studied by Bowland and Waters (1955) who found that, although the two
species showed no significant differences on conventional measures of
learning in this situation, incidental measures gave very different
results showing that some responses are more apt in one species than

another.

In a visual discrimination learning situation Sykes (1962) foundthat
brightness discrimination occurs rapidly but that form discrimination
learning was slow. Once achieved, however, transfer learning and
generalisation to rotated figures, outlines and size alterations
occurred though figure-ground reversal resulted in complete

breakdown in discriminafion. The results obtained, particularly

with regard to outlines, are at variénce with those known for rats
but this was again attributed to methodology rather than different

learning skills.
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Early Fypericnce in Hawmsters

i) LIVIFR S12E

This was one of the variables investigated by Scott (1970) using
litters with 1 or 8 pups, the single litter pup was female and only
females in the large litters were tested; they were also compared with
litters sized 2 and 8, containing both males and females, which had
been handled daily in the preweaning period. This handling was not i
carried out in the standard maﬁner (see, e.g. Wells, 1975) due to high
levels of cannibalism and, instead, involved handling the pups with
small spocns. Open-field testing (3-day) was carried out when pups

were aged 30-32 days.

Animals from smalllitters were significantly heavier (males more
so than females, although this sex difference was not significant)
whether they were handled or not. Pups from large litters were
significantly more active in the open-field, although small litter pups
were more active in the outer sections area on day 3. However, handling
caused these differences to be lost. There were no significant
differences between the groups regarding incidental behavioural measures

in the open-field.

These results appear to support the hypothesis that the larger
litters, obtaining more early stimulation, were more active and less
emotional in the open-field (as shown by day 1 data - see Whimbey and
Denenberg, 1967). However, to conform to the accepted response to
extra stimulation in rats, this should have corresponded with better
growth and faster development which was in fact shown by the small
litters in this species. The interaction of a nutritional factor
cannot be ignored as a possibility of interpretation - for example,
the smaller pups in the large litters may have, in fact, been under-

nourished - a condition known to increase activity levels in the rat.

ii) ISOLATION/DEPRIVATION STUDIES

Although preweaning isolation is reported to have little effect

. tselation
(Scott, 1970) postweaning,causes, at least in the female, increased

nervousness, excitability and reaction to novelty. This seems to be
effected by interference in the development of processes which reduce
inter-animal conflict and is supported by the numerous reports of

increased aggression in isolated females (Wise, 1974; Brain, 1972).



However this increased ajgression is not accompanied by any changes

in either adrenocortical activity or gonadal function(Brain, 1971).
In the male, toé,there are reportsof increased aggression and this is
accompanied by increased gonadal function as found in the house mcuse.
Although androgen levels are known to affect the producticn of ACTH
and hence glucocorticoid secretion (Gaskin and Kitay, 1971) no evidence
of increased adrenocortical activity was reflected in the placsma
cortisol levels although the isolated males had significantly heavier:
adrenals. This report contradicts earlier results suggesting that
isolated animals may secrete up to twice as much cortisol as grouped
animals (Hoffman et al, 1968). Variations may well be occurring in
this data due to differences in housing conditions as Brain and

Nowell (1970) have suggested that paired, rather than grocuped, animals
are in fact in a highly stressful situation due to the continual

deminant/subordinate relationship.

The effect on social behaviours in adult male hamsters of
isolation was shown to have no effect (Gerritz, 1971). The social
behaviours in preweaning olfactorily-isolated hamsters is also
unaffected, although the develcpment of fighting behaviour is somewhat
retarded (Dieterlen, 1859). These isolétes also tend to mature

more slowly physically than grouped animals.

iii) ENRICHED ENVIRONMENTS
No report could be found in the literature on the effects of a

free enriched environment in the golden hamster, so a pilot study was

(o)

cw

carried out in this department and is reported in full in Chagrer Vi, Sechonl,

One experiment, by Anton et al (1972), in which gclden hamsters were
given early experiencé in a visually enriched environment, showed that
later form discrimination was improved, although manipulation of the
shaped objects (in this case circles and triangles) during this time
gave no additional gain in perceptual learning. Another experiment
however, see Lawlor et al (1975), in which enrichment - in the form
of novel objects being introduced to the home cage daily, days 14-27 -
was used as one of the independent variables, seemed to counter this
finding. The enrichment led to improved viability, a decreased
embtionality as shown Ly the open-field, but an ipability to even
attain the standard level of correct responses in a simple
discrimination task. The enrichment variable was also combined with

handling in another experimental condition and this combination



"....cen only be regarded as a biological disaster" due to the poor
viahility and weight gain. It seems, therefore, that whilst specific
perception lecarning may occur in this species the overall inprocvement
due to general enrichment, which appearé related to the underlying
effect on "emotionality" of the continucus free-environment, at least

in the rat, does not occur.

:

There have been two studies, both socially orientated, on the |
effects of cglony living in the golden hamster (Goldman and Swanson,
1375; Frey, 19€6). Both reported difficulty in building up the
colonies due to greatly disrupted maternal behaviour and litter care.
Although marking occurred no territories were established and it was
only if females managed to isolate themselves within the environment
tﬁat pregnancies reached parturition. Rggression increased greatly
in the males and both sexes, though especially pregnant females,
showed escape behaviour. Goldman and Swanson also found that the
density of the population was controclled to a large extent by a

dominant pair in that other females had atrophied sexual organs.

It seems likely that these colony environments were too
artificial when compared with the probable natural habitat - both
with regard space and population density - and so produced
sberrations in behaviour and réprodpctive rhysiology which are
possibly stress-linked.

iv) HANDLII.QG

The first report of the effects of handling on hamsters were from
Yaron et al (1963) who used a postweaning gentling condition (in a
calm guiet environment) compared with stressful forceps handling (in
an aggressive noisy environment). He found that levels of aggression
decreased and maternal care was much better in the case of the
dentled animals indicgting that, at least in the adult animal, the
intensity of the stimdlation is an important variable in the effect
it produces. It has since been confirmed by several reports (Groen,
bPers. comm.) that handling an adult female results in a decrease in
aggression, allowing pairs to be kept togethex, and a vexy rare

neglect of young.

In an experiment on the effects of early administration (day 2)
of gonadal hormones on open-field activity Swanson (1967) found the

scores for ambulation in theopen—field of the control group higher

(v
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than in a previous experiment. This increace in activity occurred in
both scxes and was attributed to the handling received, both at the
time of hormonal-placeﬁo injection and during the following weeks
(twice weekly) for weighing. There was also a significant

interaction between sex and handling. The emergence times did not
give any significant differences although they decreased in the
handled female and increased slightly in the handled male. These
results were confirmed (Swanson, 1969) when handling animals at one '
week, together with weekly weighings, also produced higher ambulation

than controis when tested at 100 days.

Scott (1970}, who handled daily from days 3-30, reported no
elevated body weights as have been shown in many rodent experiments nor
any increased activity due to lowered emoticnality. " (The applicability
of relating activity in a test situation to emotionality in the golden
hamster is assumed although there is no direct evidence - see Sodetz,
Matalka and Bunnell, 1267). Unusually the activity scores in both sexes
increased over days of testing (males showing a more extreme gradient
than females) - it must be remembered, hcwever, that these anirals

were tested whilst still immature (days 30-32) immediately posthandling.

A further experiment by Lawlor, Wells and Weinberg(l1975) in which
the animals were handled daily days 0-21 gave very deleterious results.
The handled animals had impaired viability, poor physique and Body
weight gein with slightly increased ambulation in the open-field and
poor learning ability compared with the control groups. They concluded
that the handling procedure in this species was physiologically

damaging, possibly due to the early maturation of the stress response

in these animals.

The general picture of early experience in the hamster is not then very
clear, with the animal responding to the various treatments but not
always in the manner expected. The rearing condition of this animal
has also been shown to affect normal maintenance behayiours such as
hoarding (Bevan and Grodsky, 1958), dietary preferences and general

behavioural repertoire {Hoffman et al, 1968) and Riess (1954) respectivyely.

D

-3



Tt tlirrcfore scemed that as this species did not recessarily respond
in the same manner as the rat, although being sensitive to manipulation,

it was a useful subject for comparative study.

The apparent contradiction of the above researchers results into
effects of handling in the hamster are considered here in order to
formulate some hypothesis for investigation in this research. An '
obvious difference between the experimental conditions of Lawlor et al
(1975) with those of Swanson (1969) and Scott (1970) is that the former
workers initiated handling continually frcm day 1, Swanson handled
irregularly and Scott did not handle until day 3. This latter is
explained as an attempt to minimize cannibalism on the part of the
mothers but is rather a reflection of poor experimental technigue.
Prenatal stimulation in the form of increased illumination levels during
gestation, is, together with handling of the mother, normally thought
to increase emotionality’ (Morton, 1968) although it has been shown to
result in a decrease whilst auditory stimulation of females led to
increased emotionality in the offspring as expected in rats (Jolley

and Dreesman, 1973). This finding of prenatal stimulation effects

(see Morton, 1968 for a general discussion) may have some bearing on the

differences found between species in studies on early experience due to
a relation between onset of stimulation and the level of development

of the adrenal system or hypothalamusvat that time; these crgans
generally being attributed with vital roles in the production of the
effects of infantile stimulation. In some respects one may be
validated when attempting to delineéte equivalent periods of develop-
ment in ignoring birth and treating embryological and neonatal

development ‘as a continuum.

2s already mentioned, in the hamster there is real evidence that

the organism is born in a less mature state than the rat due to its
extremely short gestation period. Several workers have demonstrated
variation in development, as compared with other laboratory rodents,
of both behaviour and physiology which they attribute to this fact
(see Buchanan and Hill, 1949; Hissa and Lagerspetz, 1964; Smalley
and Smalley, 1967; Richards, 19662; Okon, 1971; and Daly, 1976).

It is therefore suggested that the contradictory results obtainea
from handling hamsters may be explained - by early handling occurring

during a period of development similar to that of a prenatal rat and



later handling cccurring during a period of development closer to that
of a postnatal rat. This makes a rough approximation to the effects
obtained by those workers who have handled hamsters - although the
possibility that the variation in result is simply due to strain
differences or, especially in the case of Swanson (1969), the actual

and overall parameters of the experimental technique, cannot be ignored.

J
!

Whilst studying the literature, several pointers seemed to indicate
that there was indeed a difference in the state of the newborn hamster
when compared with an older neonatal animal or with a newborn rat.

In a study on the postnatal maturation of the hypothalamus in the
hamster, Auer (1951) consistently found that in the first 3-5 days Post‘
qubﬂycell multiplication was still active with specific structuring
occurring only towards the end of this period. 1In the rat this

occurs predominantly prenatally, particularly cell multiplication
(Palkovits and Mitro, 1968). The fact that the hamster is still
experiencing cell multiplication postnatally, whilst the rat is

largely differentiated, makes this a particularly vulnerable period

of devélopment in which other factors may be effective (Dobbing and

Smart, 1974).

Himwich (1973) has used brain weights to equate the maturation of the
rat days 0-26.5 postnatal with days 3.3-17.4 postnatal in the golden

hamster.

Records of the electrocorticogram (ECoG) in the developing hamster
(Callison, Himwich énd Turner; 1973) do not show sustained cortical
activity until the fifth postnatal day. BAnatomically, the newbo&n
cortex is very immature in appearance with no clearly defined
morphological components except the densely packed neurons. During
the first § days poestpartum gradual lamination of the cortical layers
occurs. These findings confirm those of Shimada ana Langman (1970),
who described the primitive appearance of the hamster cerebral cortex
on the first postnatal day, noted that cell migration was still
proceeding and differentiation was not yet complete - but that by
the fifth postnatal day the 6 cortical layers were relaéively

distinct, neuroblast migration had ceased, and cell differentiation was

Proceeding rapidly.

,.-
-
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ECoG recordings have also been obtained for rats and mice showing

that sustained cortical activity is first apparent in these two species

at 5-6 days (eguivalent to 5 days in the hamster) and teccrmes adult in

type at 13-15 days in the hamster, 16-17 days in the mwouse (Kobayashi

et al, 1963) and at 21 days in the rat (Deza and Eidelberg, 1967).

The hamster, then, is not unique in having discontinuous cortical

activity immediately postnatally although as it matures more rapidly
experimental manipulation may well produce differential effects (see

Xing and Eleftheriou, 1959).

There is also evidence to suggest that the adrenal cortex in the newborn
rat, whilst responding to stressors (Denenberg et al, 1967), is less
responsive postnatally than prenatally (Josimovich et al, 1954) than
that of the newborn hamster (Hillman and Seliger, 1975) - yet another
factor that may influence the response to experimental manipulation;

and an important step in the suggested physiological mediation for

handling effects.

This thesis therefore attempts to elucidate the findings of "handling
effects in the hamster and to test the hypothesis that very early
handling in this species produces deleterious effects due to some
interruption or disruption in hypothalamic maturation. The critical
period for the handling to be effective in this respect was determined,
from the literature, to be days 0-4 in the neonatal organism. It is
necessary to propcse some physiological rationale to support theories
of critical periods, as arguments against such theories, pérticularly
in handling experiments, include the frequent lack of evidence in
observable detail to delineate such a period. There are in fact many
physiological changes with behaviourable consequences during
development, as described by Scotﬁ (1958) for the dog, that are related
~to maturational levels. Bearing in mind what has already Leen stated
above for prenatal stimulation, an example of a point in maturation
before which a stimulus will elicit one resp&nse whilst the same
stimulus later results in a different response is given by Feigley
(1974). Be found that administration of scopolamine disrupte&
- aversive learning in postweaning rats (aged 20-28 days) whilst having

no effect in immature rats (aged 16 days). This result was considered

consistent with the hypothesis that a cholinergic inhibitary system
which mediates passive avoidance develops in the rat 16-20 days
Postnatally.



Such ¢ystems are cbviocusly implicated in the handling phiencmenon
and the final outcome must result on the maturational level of the

organism involved.
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IV. CCMPARATIVE SURVEY

This section is concerned with the hamster in relation to
other species, mainly prodents, commonly used in tke laboratory,
as it seexs ~ apart from trhe differences in social behaviours
and lifestyle ~ that tkere is a common assumption that this
recies is basically similar to the rat in its responses.
Bearing in mind the kncwn differences already mentioned 1t is
hardly likely that they would be. I have therefcore surveryec
certein areas - basically those of development and rhysiolzzy,
in ac¢cition tc earl; experiences, in which these species me
differ. Tre survey of these two Tields is not exheustive, Ttut
stud

4o

outlires tre rmain points pertainirg to the present study.

Development

M- P -2 - 3 P - - -+ 1 3 — A aa
T-e besic printy to he rmsde 1n this context is thst, due to TSI
evtrerely cshoot gectaztion pericl, the golden hamster is lecs

leso develops much faster
station pericds erc develcp-
btelow (Tables 5,56,7,38 ans C),

a
znd the difference must be borze in mind whilst mskings compari
e

'3
|J
0

Q
s
]

1)

ign of experirerts which ztterpt

i
possible from studying development izta

TC eguate le re in the developzent of one species with
trhat of ancther, as Waterman (1948) and Hinwich (1973) have dorne
for certain rnezcures (see Appendix B for details of ecguivalent
zze periods) on a wider spectrum of species

Thme development of brain systems is well~documented (see Tiziras,

19725 Ausr, 1951; Altran, Das and Anderson, 1968; Caley and
Maxwell, 196&; Eayrs and Goochead, 1959) and shows that the
remster nas a longer postnatal differentistion period trhan the
ra2te ernd, at leszst in the early postnatal stages, there is =
large discrepancy in the amount of proli '

liferation trat has
m

cccurred within the cerebral cortex. This is demonstrated o~

o

The much longer time span required for mrelination within the
ypothalamus of the hamst

ster to occur (Hissa and Lagerspetz, 1064),
(the lgb mouse is more similar to the hamster in this respect).
Hcwever, the development of the caudal-rostrol sequence in the
brain is similar in the rat and hamster as demonstrated by pre-
weaning activity and arousal states (Campbell and Mabry, 1972;

Bronstein, Neiman, Wolkoff and ILevine, 1974) so a rigid con-
parable time seguence is not possible.
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TARLE 5: Comparative developmental data

(Spector, 1956; Denerberg, 19723 Farris, 1950)

. . . e o Onset of
Srecies Gestation Time Wezning age ferale puberty
Geclden hamster 16 days 21-20 days 38-50 days
Rat 21-23 days 21-30 dzays 50-60 days

(Mouse 12-20 days 21-30 days 37-54 days)
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Corparetive behavicural development

Source

14215

15
16

2

=4

ct

8]

=8
ot

Startle reflex

/

Swift cliff avoicance
(growth of vibriscae)

Self-licking
Righting reflex
Vertical activity

Normal walking
(on rough surfaces)

Horizontal activity

Running

Rearing responses

(hindlimbs functiorally

mature)
Rearing

Many locomotor skills

shown, though more complex

skills still maturing.

Altman & Sularshen,

(1975)
Altman & Suldarshan,
(19753
Altmzn & Sudarshan,
(1375
Svkes & Cherne, (1976)
Sykes & Chrevne, (1976)
Altmen & Sudarshzn,
(1975
Syvxes & Cheyne, (1978)
Altman & Sudarshan,
(19753

Altman & ESudarshan,

(4977)

Sykes & Cheyne, (19¢76)

Altman & Sudarshan,

(1975)
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TABLE 7, Comparative physical development

Age Species Source

Day

5 Rat Geotactic response Altman & Sudarshan
established {1975)

7-8 Rat Forelimb digits Altman & Sudarshan
separated (1975)

7-14 Rat Crawling Altman & Sudarshan

(1975)

9.5 Rat Teeth appear Sykes & Cheyne (1976)

10-11 Rat Hind limb digits Altman & Sudarshan
appear (1975)

14 Rat Hair growth complete Sykes & Cheyne (1976)

14-15 Rat Eyes open Altman & Sudarshan
Walking developed . (1975)

17 Rat Ears open Spector (1956)

17.5 Rat Eyes open Sykes & Cheyne (1976)

37-67 Rat Vaginal opening Spector (1956)

50-60 Rat Sexual maturity Farris (1950)
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TABLE 8: Comparative physiological development ({embryological)

Age Species Source
Day »
. 6-8 Mouse Primitive streak - Waterman (1948)
{
wWaterman (13548)
8-9 G, Hamster Primitive streak ,
8-9% Rat Primitive streak Waterman (1948)
10 lMouse Anterior limb buds appear waterman (1948)
12 Rat - Anterior limb buds appear Waterman (1948)
13 Rat Neural tube closed, formation of Tilney (1933)
- CNS begins
Rat General cortical differentiation Tilney (1933)
appears -
15-16 Rat Testes appear, sexually differentiated Willier (1224)
17-19 Rat Anterior pituitary developed Willier (1924)
ACTH active
18-19 Rat Thyroid developing Willier (1924)
17 Rat 1° migratory lamiration ends Tilney (1933)
o C
19 Rat 2 migratory lamination eq?s Tilney (1833)
21  Rat )

Birth



TABLEJ%:
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Comparalive physiological development (postnatal)

Scurce

wn
|
(o))

7-10

6-12

10

Rat

Rat

Rat

Rat
Mouse

Rat

Rat

Rat

Rat

Pat

Cortex undifferentiated, tightly packed
cells in columns. Deeper in cortex-
neuroblasts well differentiated, growth
of cell processes.

e} .
Cortex layered from 2 migratory

Caley & Maxwell
(1268)

]
'

Tilney (1933)

lamination, not very well differentiated.

Thalamic nuclei defined. 3° migratory
lamination begins - divisional cortical
differentiation. Cortex largely
undifferentiated cells.

Elementary cortical differentiation,
adult liminar arrangement not seen.
Neurones very closely packed throughout
cortex, few axons present.

Electric activity cortex irregular,
intermittent, low amp, "silent" periods

COIMMOTN o

Cortical layers 3 & 4 seen (due to
increased cell size & spacing) rapid

decrease cell/grey coefficient

Local cortical differentiation be§ins >

marked development in second week.

Sustained cortical activity

Trend towards regularity, rhythmicity
and.continuity in electrical

aétivity cortex, no silent periods

Sharp increase in volume and thickness

of cortex.

Cortical layer 5a seen, dendrites

appearing.

Critical period of biochemical

development in brain.

Intracortical myelinisation begins

Beckoff & Fox
(1972)

Eayrs and Goochead
(1959)

Crain (1952)

anfs & Goodhead
(1959)

Tilney (1933)

Callison et al
(1973)

Crain, (1952)

Sugita (1918)

Eayrs & Goodheéd
(1959)

Jacobson (1963)
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Vascular pattern, minimum extra-

cellular spaces % adult structure.

Age Species B Source
Day
10 Rat Many mature synapses in cortex, Caley & Taxwell
1268)
break between immaturity & adulthoeod.
10 Rat N° cortical neurones/unit vol.fadult. Sugita (1918)
, Nuclei of cortical neurons maximum size.
Nissl bodies rapidly becoming abundant.
12 Rat N® dendrites £ adult
12-18 Rat Rapid multiplication and growth dendrite
branch s : case in a Fayrs & Goodhead
ranches, maximum increase in axon (1959)
density.
14> Rat Blood vessels invade cortex, loss of Caley & Maxwell
ar
spaces, (19¢8)
14 Rat Amps larger in ECG Crain (1952)
Patterns basically similar to adult.
Cortical cells differentiated Beckocff & Fox
_ . . . (1972)
Thalmocortical fikres begin Jacchson(1963)
myelinating.
16-17 Mouse Adult ECG developed in cortex,. Czalison et al,
(1973)
17-23 Rat Develops forebrain cholinergic Bronstein et al.
mechanisms (1874)
18-30 Rat Maximum myelination hypothalamus - Hissa & Lagerspetz
maintain homeothermy. (1964)
18 Rat Cortical structure % adult Eayrs & Goodhead
qualitatively. (1959)
18-24 Rat Maximum increased dendrite density Eayrs & Gbodhead
) (1959)
1)
21 Rat Adult ECG developed in cortex Callison et al,

(1973)
Caley & Maxwell

(1968)



Rje Species Source
Day
44 Rat Myelin formation on bars axon complete Jaccbson, 1963

Myelin formation on thalamus complete

60 Rat  Adult stage myelinisation reached. Jacobson, 1963
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Sirilarly, the development of locomotor and hehavioural
action patterns shows variation in emphasis both between
species and between strains (see Daly, 1976 for the hamster;
Altman and Sudarshan, 1975 for the rat; and Elwood, 1975

for the gerbil); and these may generally be surmised to have
adaptive significance. For example, the Djungarian hamster
develops grooming rapidly postnatally and shows self-covering -
- which may reflect its extreme natural climate as compared
with the golden hamster. Explanations are not always immed-
iately apparent - the rat neonate grooms and self-rights much
garlier whilst rearing and eating later than the golden hamster
- but are usually dependent on factors relating to parental
care and environment. 8Simple relations with maturation or age

from conception are not apparent.

Physiclosy

e Tiy

Bl
"\

ks already nentioned in the section dealing with the golden
hamster, the hamster is similer to other laboratory rodents _
n general, although many of its organs heave been adapted for
esert living - possibly making comparisons with the gerbil
more obviously appropriate than with the rat. A unique
difference c¢oes exist between the zamster and other well
studied rodents with regard to the immunological tolerance of
the hamster and alsc with respect to its greater sensitivit:

to various natural hormones coupled with greater tolerance to
letlal coses of several drugs. One poisonous drug to which <he
Femster is very resistant, about 100X more than man, is colchi-
cine (Billinghem and Silvers, 1963), and this is thought to be
ed
on the autumn crocus (colchicum). Such an adaptation is typical

)

an sdaptation to its native Syrian desert where it probably

amongst desert rodents in order to feed from plants available,
even where those plants have evolved their own protective
mechanisms (Hanney, 1975). No such mechanism has been found
in the grey Norway rat whose natural habitat is much more
temporate and humid. 4

Sexually the hamster differs from the laboratory rat in its

very early puberty and seasonal variation in fertility. The
nale golden hamster also shows less rigid sexual differentiation
which is thought to lead to the reversed dimorphism in this
species. Sexual dimorphism is apparent in any species where

the male and female organisms are distinct - typically, with
with to both their physical and beravioural attributes.
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In the laboratory rodents the usual sexual dimorphism is reflected in
the males larger size, greater activity and increased aggression. 1In
the hamster these are characteristics of the female. 1In both the male
rat and mouse neural differentiation occurs within the first few days
of life to determine masculinity.

No such differentiation cccurs in the golden hamster and
if the male is castrated it will show female sexual behayiour (Payne
and Swanson, 1973). This results in both behavioural and physiologicai
reactions to stimuli being reversed in the golden hamstexr compared

with the rat (see, for example, Swanson, 1966).

Differences also exist within the endocrinological system - though
whether these are due to the environmental influences on the hamster
causing annual rhythms or to the reversed sexual dimorphism is
unclear. For example, in darkness the thyroid of the hamster shows
increased activity whilst t8a8t of the ratq does not.

Also this activity change is not reflected in morphology as it is in

other species,

The adrenal cortex differs histochemically and structurally between the
hamster and the rat. In the golden hamster sex differences occur in

the reticularis with the male having larger cells resulting in a broader,
heavier cortex associated with higher steroid secretion and faster
metabolism (Zieger,Lux and Kubatsch, 1974); whilst in the rat the sex
difference appears in the outer fasciculata and it is the female that

has the heavier gland and faster metabolism (Parkes, 1945).

'

(1) Wwhen rats Gnd mice)are referred to they are always laboratory
animals, unless specified otherwise. This is an important point
to remember as physiology and behaviour of wild animals secems
very different from that of laboratory animals of the same
species - see, for example, Woods, 1957. 1N many respects the

laboratory rat and mouse are more like each other than
either is like its 'wild' comnspecifics. What li*tle
evidence there is (Murphy, 1971) sugzests that such an
intraspecific difference is not present in the golden
hamster (see also Appendix G).



Adrenal Physiology Cj?l

Looking at this area of physiology in more detail it is

apparent that the golden hamster is very different from
other commonly used rodents - and this has particular
relevance due to the involvement of the pituitary-adrenal
axis in the field of early experience. The adrenal cortex
of the rat (together with man, guinea pig, dog and ra abbit)
is lipid-rich whilst that of the hamster (together with most
hibernators, mest ruminants and many ‘'wild' animals) is

lipid poor, e&s stated above.

istinction in adrenal type therefore dces not follow

“he lines of taxoncmic classification within the marzalian
r, or even beyond it; physioclogical processes c¢ften fail

ow taxonomy end thus makes any simple assuuption of

4

c foll
'likeness' based upon it untenable. " Since trhe rat anc the
™

hamegter differ so mar¥kedly in acrensl function, 1t has been
mecessary in this secticn to draw sttention toc those species
which hzve been classified eitrzer with the rat or the hamster
with respect to acdrenel physiclcgy.

Tipil-rich adrenszsls zccumulete lerge arounts of chelesterol
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(+7e m2ir steroid precursor) and other lipids - up tc 127

nely are slcwer at sinthesising

dsy and there 1s a close correlaztion
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ntent and functiozal activity
9; Llord, 1972). It is irportant to
ecponses seen to stressors, usine

ular specles 1s Cependent on the

~

n and depletiocn of adrenal nmetabolites.

Lipic-poor adrenzls, however, have small or negplicible amounts

-~ 1 1 o - R ks o~
¢ cholesterol - S5 wet weight of Lamster adrensl is lipid and
B - ~% P L s ~ S s 3 -
iz tze Been shown to be meinly structural 1lipid - stowing
e &
TTn-sToTrEeze lesterol zc e stercid precurscr. The blood

is eimiler in sll species bubt the
ion in the hamster is 4-10X less than
e of secretion in the hamster is 3-10X
2t in the mcnkey, dog, cat, ox, ferret and rabbi
ss than that of the leboratory rat (Schindler end
ne fact that amphrenone-3 produces increases in
uction and accumulation in the rat, dog, calf and
man dbut not in the hamster demonstrates the difference in adrenal
metabolism of these species (llarks, Alpert and Kruger, 1958).
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Snyder and Wyman (1951) propose that differences in adrenal Oqz
morpnelogy and physiology shown by sex, age and species are
dependent on differences in the homonal balance within the
pituitary-adrenal-ovarian~tissue cell axis acting on tissues
to vary the sensitivity to hormonal stimulation.
Tvpically, domestic animals show lower adrenal weights and lower
plasma corticosterone levels than their feral counterparts and
tris kas continually been demonstrated in the rat (Benedict and
Petrik, 1930; Woods, 1957). The wild rat tas an adrenal weight
2-3X that of an albino laboratory rat but this difference
decreases in captivity (Watson, 1910 in Beredict and Petrik,19230).
Further, the exposure of a feral species to stress (such as pro-
longed cold exposure) or ACTH dces not result in a metabolic dep-
letion of the adrenal cortex nor in eventual adrenal hypertrophy.
Indeed, in several cases (of which the goléen hamster is one) it
tiss been shown that the alarm reaction to stress does not include
an initial phasé of adrenal cortical metebolite depletion. This,
tozether with the lack of response to ACTH injection, 1mp11es
variation in metabolism and differences in threshcld to response.
An exexple of the apparent resistance to stress in wild rats wes
demonstrated by Weinstein and Driscoll (1972) who used the standarc
actice of immobilisation with food deprivation in an attexmpt to
prcduce gastric pathology in wild rats. Only after long food
Ceprivation and 24 hours immobilisation was there any increzase
in the spentaneous rave of gastric ulcer formation, with agein
1o change in the adrenals.

STRZSS REACTIONS
In an effort to demonstrate what the sexual dimorphism of the
golden hamster and its classification with 'wild' species* means
in the context of its reaction to stressors, those stress reactions
cescribed in the previous chapter are considered here for compsrisc
i) ACTH
The administration of this hormone zives a very different paitiern
£ LAA depletion and acdrenal weight gain in the male rat or

C)

guinea pig from that shown in the male hamster (Alpert, 1950).

In the rat and guinea pig one gets an initial fall in A4A followed
by a great increase and a maximum adrenal weight gain in 38 hours
corpared with the hamster which shows the initial drop followed

oy & second drop and & maximum adrenal weight gain in 3 hours.
This is thought to be a reflection of the different metabolic
pathways in these species.

The gh may be con81dered a 'wild-type' animal from the

avallable geuebrlc physiological and behavioural evidence
- see Murphy (1971) and Lawlor (pers. comm. Appendix GJ.



In a large survey Elton, Zarrcw and Zarrow (1959) showed that
ACTH led to a decrease in EAA in the rat, guinea pig, cpossum, female
mouse and the male golden hamster whilst having no effect in ducks,
gquails, frogs, toads, cats, female rabbits and male chicks. These
findings relating to AAA were in conjunction with findings relating
to cholesterol levels - these were shown to increase in the frog but
to show no alteration in toads, chickens, cpossums, rabbits, cats,
dogs or mice. It was suggested by these workers that comparison
with findings from other stressors would be wuseful in demonstrating
both the effectiveness of stresscrs and the pathways by which they

are effective.

It is unfortunate that neither of these workers observed the

effects in both sexes of the species studies,

ii) Formalin
No data was found for the effect of this substance as a stressor

in other species than the hamster.

iii) Desoxycorticcsterone

The response reported by Alpert (1950) to this hormone in male
golden hamsters is the exact opposite of what had been reported for
rats (Sarason, 1943; Greep and Deane, 1949) with regard to lipid
distribution ~ i.e., in the hamster the inner fasciculata and
reticularis are depleted of their Schiff-stainable material whilst in
the rat the hormone depletes the glomerulosa. Another variation in
the hamster is a decrease in the rate of body growth rathef than the
increase over the normal that has been reported in other species.
Despite these differences the overall finding of a slight decrease in

adrenal weight appears common to most species.

iv) Diethylstilbestrol,

The AAA concentration in response to a single injection of
diethylstilbestrol is similar in female golden hamsters
ond rats in that there is an initial decrease followed by a
compensatory increase (i.e. as with ACTH) whilst male or gonadectomised
haﬁsters show no such compensation (Wexlgr, 1851; Sayers and Sayers,
1948). Alpert (1950) showed male golden hamsters reflect their response
in a loss in adrenal weight whereas one would expect an increase in

&drenal weight in lipid-rich animals. These changes seem mainly due to

alteration in lipid content, as above.
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v) Epinepurine

A Cecrease in AAA occurs in response to epinephrine
in rats (Elton, Zarrow and Zarrow, 1959), but not in the
hamcter. Trerefore these findings are in accord with what

tas already been stated concerning the adrenals of these speci

Q
=
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vi) Histamine

There is a significant depletion in AAA within 1 hour
of injection in both rasts and golden hamsters (Homes, 1955z).
This is therefore a dissimilar reacticn from that given to
other stressors, such as above, indicating that trere must

irndeed be different effective pathways for indivicual stressors.

vii) Gonadectorny and the effects of gonadal hormones
Compariscn of the golden hamster and the rat in this
regard shows the very different hormonal organisation operzting
in these two species. Keyes (1949) reports that gonadectony
in the hamster results in an increase in the size of the zona
glomerulosa in the adrenal cortex whilst the same operation in
the rat results in a decrease in size of the zona glomerulosa. -
If gondadectomy is performed prepubertally opposite rescticns
gre then c¢btained 1r these two specles in respornse tc conaiczl

L

ormones - for example, weight loss may be reccvered in thre
tomised animsls by treaalng the rat with cecstradio

n
O
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the nsmster with testosterornie.

These types ¢f finfings have been ~eplicated oftern and show

“57 1r the ra® testisterorne leacs 1o decressed adrenal scoiviter
weflec ed in the small zdrenal of the male (Farkes, 1S45) w-ils:
oestradiol is very effective in promoting activity. The ferele
rat adrenal will also decrease with arndrogen aministration
(Fall, 1940). 1In thre golden hamster, hcwever, testostercre
increases activity whilst cestradiol has little response.

ne gh. responsiveness and larger adrenals (i.e. enhanced
pituitary-adrenal functicn) in the male golden hamster are
therefore explained by stimulative effects of testosterone in
this species, whilst in the rat the female has the more vizorous
pituitary-adrenal function due to the stimulative effects of
cestradiol. This may be demonstrated in an adrenalectomised

arnd oopherectomised rat preparetion (Kitay, Coyne, Newsom ard
Kelson, 1965) - the administration of ocestradiocl leads to
increased adrenal corticosterocne production, increased ACTH
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Firndings in this area irclude fluctuations in adrensal
cholesterol levels in the rat but not in the hamster; some
indications of decreased plasma cortisol in male golden
henmsters, although no changes are arﬂafent in the histe-

r

- of the adrenal; and an increese in plasms corti-

costerone in the rat - togetler with adrenal etropi; cdue
To increased size of the zorza glomerulosa, where most

d pr ductlon is thoucht to occur. The r
t S

S specific differences in enzimatic ection

(Derves and Horwood, 1960) under varicus conditions.

£lttouzh certein phrysiological responses may diff

in behaviour, such as increased nest building, oc

rcdents, such as golden hamsters, rats and nice, and sre
+

hermorezulatory needs.

957) showed that although latoretor;” rats responded

/‘
posure with an increase in acrensl weicat andéd iner
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although not relative, amounts of AAA in both males and females no
effects on either the adrenal weight nor the AAA were shown in wil@ rats.
This lack of adrenal response in wild rats was attributed to either a
decreased sensitivity or an increased pituitary threshold to stressors.
Other findings, such as those of Weinstein and Driscoll {(1972),
illustrate that this is a general finding in the wild species and not
simply attributable to environmental stressors that the animal might

naturally encounter.

The fact that hamsters typically show no adrenal response to cold
exposure may be attributed to their hibernatory ability -
most hibernators having the same type of adrenal chysiclogy as the
hamster, that is, the male adrenal is typically larger than the female and

androgens induce adrenal enlargement,

x) Adrenalectomy , )

The effect of adrenalectomy is dependent on the state of the
organism as periods of dormancy and low metabolism demonstrate (see
Britton, 1930). This was also shown by Verne and Herbert (13851) in
the increased survival rate of hibernatofs when cold-stressed
following adrenalectomy. Both rat and golden hamster females survyivye
longer following adrenalectomy than males due to the effect of
progesterone. Golden hamsters are also more sensitiye to progesterone
than rats which may explain their improved survival, or add to the
effect of being an hibernator.

Hypophysectomy, that is the removal of the pituitary, leads to
atrophy of the inner zones of the adrenal cortex in both the rat and

the golden hamster.

In conclusion to this section it may be stated that in the golden
hamster, and particularly in the male, the adrenal is less easily
stimulated by ACTH, and other stressors, than the adrenals of other
commenly encountered sbecies; and that under the influence of the

hormone the hamster adrenal responds in a different manner to that

of these other species.

Thig finding is common among'wild' animeX,hibernators and some
a@vian species and emphasises the need to study a representative

of these groups in the field of early experience - particularly when



that species (i.e. the golden hamster) is in use as a leboratory

redent and fairly general statements are made within the field of early
experience relating to the role of the adrenal system. It is thought
that this lack of adrenal responsiveness is due to a lower sensitiyity
to stress and/or ACTH togetlier with an increased responsivity to
gonadal and seasonal influences (see Deane and Lyman, 1954). Howevef,
this does not appear to cause these animals to be more sensitive to
environmental stimuli, rather than experimental manipulation, as !
demonstrated by the reaction of wild rats to cold exposure described

above.

It is interesting that the golden hamster does not manifest any sign
(HUVPh“l ' lo‘?'\

of domestication despite its long history of captivityAalthqugh it has

been argued that the high rate of spontaneous tumour formation

(Fortner, 1958) and the disease known as wet-tail may be manifestations

of the stress of captivity.

(o)
[



g}
D
o

piycholegical Studies

Rasic behavioural differences in test_;itgations have been shown

betwren the golden hamster and othe?Régggies, which may probably be

related to variations in basic activity cycles, for example, Aschoff

and Meyer-Lohmann (1954) demonstrated the golden hamster to have an
activity peak at the beginning of darkness, the rat showed two activity
peaks in the darkness, whilst the mouse showed one activity peak at the
beginning of darkness and one at the beginning of light. This was true’
whether using natural or artificial light although there is evidence

that different species are differentially affected by the different wave-
lengths (see Wurtman and Weiser, 1969). There is therefore a different basic
structuring to each species behaviour and, probably, underlying physiology.
Similarly, it has been commented on that there is no eliminative response
in the golden hamster to the open-field as shown with rats and mice (Tcbach
and Gold, 1962) - a response considered a useful measure by many
psychologists. When cne realises that the golden hamster is a desert
dwelling animal in the wild and an active hoarder this does not

appear so improbable, (Be2e also p.3kb).

Comparative psychological studies have been mainly concerned with
social behaviours and learﬁing. The social postures used by the common
laboratory rodents (i.e. rats, mice, guinea pigs and golden hamsters)
are basically similar (Grant and Mackintosh, 1963), and there is no
direct evidence that the golden hamster deliberately seeks to avoid its
conspecifics as may be implied by the proposed natural environment.
Gerritz (1971) used pairs of male albino rats, guinea pigs, golden
hamsters, gerbils and mice to demonstrate social responsiveness in
the open-field and found golden hamsters to seek mutual contact as
much as gerbils, twice és much as mice DUtonly half as much as rats )

and guinea pigs. The golden hamster did, however, appear the least

affected by changes in the experimental situation. The finding that
A . althousn less so Than the ratls
the golden hamsters were more gregarious than the mice pappears contrary

to the view that their behaviour, as a solitary animal, is different from
ﬁhat.of a cosmopolitan, social dwelling animal such as a mouse or rat.

It may well be that the use of males and the use of the animals in

palrs in this experimental design leads to false impressions. Also,

it is now apparent that the social organisation of social rodents is

not so loose and large as had been thought = rather that within a

given community there is an aggregation of smaller, separate social



units, using single burrows and not an interconnected burrow system
(Lore and Flannelly, 1977). Obvicusly, the combination of thoughtful
expcrimenﬁal design with fuller understanding of natural conditions
is ecsential in interpreting behaviours correctly. It must also be
remembered that the behaviour of the wild animal may be very different
from that of a laboratory specimen of the same species. Little
evidence is available for the golden hamster except a finding by Murphy
(1971) of no differences between the wild and lab-reared animals, v
although there is considerable evidence for behavioural and physiological
differénces between wild and laboratory rats and mice (Boice, 1973;
Richter, 1959; Zerbolio, 1974). These include differences in
activity, emotionality, response to novelty and in learning ability.
when caged in groups
All common rodents typically show stable rank ordersAénd these are
generally simple arrangements based on aggression (Boice, Hughes and
Cobb, 1969) but the manner in which this is attained and the underlying
hormonal 1nfluences are very different. For example, aggression is
typically controlleé}?y ggggggfcﬂéimones with a simple rule being
that androgens increase and oesirogens decrease the amount of aggress-
ion displayed (Johnson, Goy & Michels, 1%62). This is true in the
rat, .. " but not in the golden hamster, where it is
the female that fights more than the male due to the facilitating
effect of female hormones upon aggression in this species (Payne and
Swanson, 1973). Similarly, the expression of aggression may vary -
in golden hamsters there is overt aggression and rank ocrder is

positively correlated with body weight whilst in, for example, gerbils,

there is no overt aggression and no correlation of rank with body weight,

In exploratory and learning situations the common laboratory rodents
show significant species differences due to basic differences in the
patterning of their behaviour (Eughes, 1969; Bewland and Waters,
1955), Many specific 'learning tasks have been studied with the aim
of determining which species is cognitively 'best!' - and the results
are almost exc1u51vely explained by the interspecies variation in
behaviour and response patterns rather than demonstrable le rning
in a8y 0oxne ol more spec1e°
def1c1tshJPearl 1963a; Babbini and Davis, 1967; Walters and
Abel, 1971). Species differences also occur in the ontogen f
processes acsQciated with 1hessnY ©
memory A variation in maturity at birth (Campbell, Misanin,

White and Lytle, 1974) , and rates of subseguent develcprent.
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Farly Frperiences
This section only deals with thosefactors deemed relevant, and

already detailed for the golden hamster (see previous chapter).

i) LITTER SIZE
Although this may seem to be a fairly straightforward variable:
it masy also involve undernubrition of t=¥% pups in large litters;

and SO be used by some experimenters to produce undernutrition (UN)

effects. Experiments using variation in litter size have shown, in
rats - an increase in hoarding and in emotiocnality in pups from large
(12) litters, together with a decrease in maternal behaviour (Seitz,
1954); a decrease in plasma corticosterone levels and production of
corticosterone in the adrenal together with an increased stress
response in pups from small (4) litters compared with pups from

litters containing 8 or 14 offspring (Macho et al, 1975); and changes'
in the development pattern of brain glycoproteins in pups from litters
containing 3, 9@ or 18 young (Cioffi, De Luca, Sadile and Di Benedetta,
1975). 1In mice, Castellano and Oliverio (1976) have shown larger
litters (8 and 14 pups) to have delayed development of reflex
activities and ECG, stunted brain growth and'poor avoidance learning

as compared with g cqptrol Lifter dopupsles dhesetiieets ilesdBeses,

SV cheviaN oY Lo C
n

3
different strainsApossibly due to later develébment of brain functions.

' These variations in postnatal nutrition and social environment
therefore affect the animals' overall maturation resulting in changes
in many of the indices typically associated with early handling.
However, it is not the case that there is a simple relationship
between level of stimulation (i.e. the larger the litter the greater
the stimulation) and the affected dependent variable.

If we look at experiments involving the effect of undernutrition we
find that it is typically produced by one of two methods - either under-
nutrition of the female which is thus passed on to the pups or by
restricting the pups access to a lactating female. This latter type of
experimental design ofgen has a subsfitute female (non-lactating) for some
period in the circadian cycle in an effort to prevent disruption of
maternal - infant interactions (see Slob, Snow and deNatris-Mathot, 1973).
In rats the results obtained have shown an increase in activity,
especially in familiar, nonstressful situations (Smart, 1974;

Raaijmakers and Sennef, 1975); lowered arousal threshold indicatéd

by responses to shock and various learning situations = overall

“C1



cne may say there is an increzsed responsiveness to changes in the
internal state with a corresponding decrease in the responsiveness to
changes in the external environment; qreatly reduced body weights
and delay in growth, although this may improve gradually on an
improved diet (Lynch, 1976; Howard, Olton and Johnson, 1976); a
tendency for UN rats to be the active partners in social encounters
wgen adult; some evidence for an increase in emotionality although
this is not always the case (Levitsky and Barnes, 1970; Sykes and /
Cheyne, 1976; Raaijmakers and“Sennef 1975); and changes in CNS
development including retardation in acquisition of adult EEG,
depression of postnatal cell acquisition and rate of DNA formation,
reduction in both cerebral and cerebellar weights due to a permanent
reduction in cell number (although brain weights are less impaired
than body weights), and a decrease in cerebellar DNA (Gramsbergen,
1975; Balébzs, Lewis and Patel, 1975; Howard et al, 1976). These
effects show as learning deficits (Sykes and Cheyne, 1976) and in
certain impaired motor functions (Lynch, Smart and Dobbing, 1975).
The magnitude of these effects depends to a large extent on the
degree and duration of the dietary restriction with the early weeks

being critical.

Although Lynch (1976) shows that maternal care increases m rakg with
UN pups, Smart (1976} had previously shown that these females were in
fact less efficient mothers. He found that these mothers had a very
disturbed circadian rhythm of nest occupation and desertion, spending
less time overall on the nest; the nest building itself was unaffécted;
they took much longer to retrieve their pups and did not lick them as
much as control mothers; and they demonstrated a lot of other

behaviours such as rearing which competed with the maternal behaviours,

ii) HANDLING

Denenberg, in Hafez (1962b),summarises the effects of this
standard technique inithe rat as follows: (i) improved avocidance
learning; certain discrepancies which occurred in repeat experiments
combining critical periods with handling indicated a relationship
between the amount of stimulation and the learningikw¥m~wmﬁ0although
these have mainly been attributed to variations in the emotional
response to the learning situation, and also an effect of strain
difference due to the interaction between genotype and the infantile

stimulation; (ii) a decrease in emotionality as shown in the open-field
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which is reflected in the level of corticosterone in the blood (i.e.
highest in the control group and lowest in the most handled group,
Denenberg and Haltmeyer, 1967); (iii) increased exploratory

behaviour and response to novelty, see also Wells (1975); (iv) increased
weaning weights and adult body weights; (v) Thigher brain cholesterol
levels; (vi) earlier maturation of the adrenal cortical response

1

to stress as shown by ARA depleticn; (vii) faster adrenal response to
stress as shcwn by corticostercne levels in the plasma and '
(viii) smaller adrenals following stress.

An acceleration in develgpment ié often attributed to early experience -
for example an acceleration of sexual maturation - but this also seems
to depend on the intensity of stimulation as Mandl and Zuckerman

(1952) found rough handling resulted in delayed vaginal opening, whilst
Morton, Denenberg and Zarrow (l§63), found gentle handling to advance
the date of vaginal opening. The reduction in emctionality has also
been reported in wild rats (Hughes, 1975) whose behaviour following
handling was more like that of the domestic rat. Wachs (1974) has
suggested that handling provides a 'buffering' effect allowing the
animal to overcome fear in novel situations and so showing greater

activity, increased exploration, etc.

Many workers in attempting to determine the behavioural mediator
of the handling effect have studied aspects of mother/infant inter-
action and maternal behaviour. Bell, Nitschke, Bell and Zachman (1974)
showed that handled pups produced higher rates and freguencies,
together with longer duration, of vocalisations which resulted in
higher rates of maternal retrieval and manipulation. Investigations
along these lines have continued and show that not only are the
females' maternal behaviours differentially affected by pup-produced
stimuli - both auditory and olfactory - but also their adrenal-
corticoid responsiveness, i.e. the behavioural studies now have
physiological support (Smotherman, Wiener, Mendoza and Levine, 1977;
see also Lee and Willfams, 1874; Wright, Bell, Schreiber, Villescas

and Conely, 1977; Villescas, Bell, Wright and Kufner, 1977).

This evidence has not prevented others 4vom \ook$r%3 o
the alternative hypotheses despite the difficulties involved in
removing the influence of the mother. Williams, Bailey and Lee (1975)
tackled the problem by handling the rat pups after early weaning at

day 14 for eight days. They obtained long-term changes in
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W ht and behaviour normally associated with hendling
demonstrating that there 1s at least a component within the
rardling effect of a direct influexnce on the pups developrent.
An srgument egainst these findings is that Hofer (1975) has
shcwrn early weaning at two weeks to result in hyperactiviiy
due to the leoss of the female's rezulating influence on the
pﬁps level of behavioural arousal. This could be said to be
similar to the effects found of underrnutrition, which heas
“een shown to alter arcusal and emotionality, without the

detrimental effects of focd shortagze on body weight.

The total literature in this field ccovers a wide range of
technigues for producing infantile stirmulation effects,
cther than handling; such as shocking, sensory stimulation
ion. The time of applicetion, whether pre- or

post-weaning, has also been studied. Typicslly prenateal
lation is thought to produce 'tad' effects, on rats
esults for other species are not so constant (i.e.
Adezmes, 1975).

In the nmouse, as might be anticipated, the effects of the

o~

enfard handling technigue appear highly depexndent on the
tic disposition of the specific strain used. This weas

Tiret demonstrated by King and Eleftheriou (1959) who found
thet in one subspecies of deermouse handling significantly
rroved avoidance learning, whilst impairing it in a second
subsrecies. Similarly, Ginsburg (1960) showed handling to
either increase or decrease exploration - the direction of
the result being dependent upon strain. Daly (1973) found
no evidence that handling leads to a reduction in emotionalitj
as shown by defecation, although he notes several reports on
its elevation. Watson, Henry aid Haltmeyer (1974) report
significant increases in open-field ambulation following
handling in CBA mice, although no corresponding change in
their plasma corticosterone levels. A shorter latency to fight
in handled animzls was interpreted by Levine (1959) as indicative
of decreased emotionality, although I find little comnection
between increased aggression and lower emotionality. Indeed,
Svare and Leshner (1973) report a positive correlation between
aggression and reactivity to a novel enviromment in Sprague-
Dawley mice and Elias and Bell (1975) a significant correlation
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between activity and aggression in Swiss albino mice.

However, Brain and Nowell (1970), using albino laboratory

mice, report no relationships between activity, defecation

or coumpdosite aggression scores, although there does appear

to be a positive correlation between these aggression scores

and the plasma Na® concentration. Several experiments have
shown mice to be more sensitive to the level of stimulation
used than rats (for example, see Denerberg and Bell, 1960

who used electric shock, and Labarba, Fernandez, White and
Stewart, 1974 who used tactile stimulation), in that moderate
stimulation results in improved learning and lower emotionslity
respectively whilst higher levels of stimulation produce impaired
results. Overall the results of this species_are not really

in accord with those found in the rat - indeed when exposed

to total food and water deprivation or injection of a dangerous
virus the handled mouse is less able to survive than a non-
handled mouse, the opposite reaction from that found in the rat,
yet both rats and mice belong to the same suborder Myomorpha -
as does the golden hamster.

It was in mice that Bell, Nitschke, Gorry and Zachman (1971)
first demonstrated the alteration in ultresonic call emission
from the pups as a result of handling; and have shown this
emission to vary in accord with the level of stimulation to
produce either effective or excessive arousal in the female
(see Bell, et al, 1974). These changes in arousal lead to
significant alteration in the behaviour of the female directed
towards the pups, i.e. both Priestnall (1973) and Sherrod,
Connor and Meier (1974) have shown increases in maternal atten-
tiveness in CFLP and BALB mice. These effects however, which
lead to an increase in maternal stimulation of the pups, are
only transient with the long term effect being a disruption in
the females' normal activity pattern. Unfortunately neither of
these papers reports the effect of the handling procedure on
the pups - but it seems that in many ways the female's response
serves only to exaggerate the stimulative properties of the
procedure itself. The evidence generally indicates that
stimulated pups elicit more maternal attention than non-
stimulated pups, and it is interesting to note that variation
in the ability of pups to elicit stimulation from their dams
has been demonstrated for different subspecies of commonly used
laboratory mouse (Reading, 1966).



This may be a factor in the variation of handlirg results IOE
obtained in mice. Typically the mediation of the handling
effect, as demonstrated in both the rat and the mouse, via
maternal behaviour might be expected to have similar results
in the two species but it seems that differences in the
sensitivity of the pups to levels of stimulation and in the
developmental rate lead to the variation of effect - a theory
that has some support from Schaeffer (see Ambrose, 1989).
Within the order Rodentia results from infantile stimulation
are inconsistent; outside that order there is little, if any,
comparable data.

The only reported example of handling on a species from another
order than Rodentia is given by a series of experiments on the
domestic rabbit, which is of the order Lagomorpha, although
within the same general classification group (see Appendix Eb).
An initial experiment (Anderson, Denenberg and Zarrow, 1972)
showed that thirty days of handling resulted in a significant
decrease in timidity with consequent increase in exploratory
behaviour. In a replication experiment designed to eradicate
some poor features of the initial investigation Denenberg, Wyly,
Burns and Zarrow (1973) found that two subspecies of rabbit
responded to handling by being more active when adult; and one
species at least was more exploratory and spent more time near
a social stimulus (another rabbit). Moreover these results
were obtained independent of maternal interaction as the female
will naturally spend the greater part of the day away from the
nest. A final experiment showed that this twenty days of handling
did not demonstrate a definite critical period for results to
be obtaired, rather the stimulation appeared to be additive
with the second ten days being most effective in producing
increased activity and response to novel objects. The increase
in sociébility was not replicated (Wyly, Denenberg, De Santis,
Burns and Zarrow, 1974).

These data were deliberately obtained in order to demonstrate
the broad applicability of the handling procedure, as already
mentioned. However, due to the fundamental differences in the
experimental design and the acknowledged lack of importance of
maternal interaction it seems coincidence may be playing a part
in producing results.

Finally, an experiment reporting the effects of handling domestic
kittens (Wilson, Warren and Abbott, 1965) is worth mentioning as
they did find 'daily handling during infancy led to less



"fearfulness' in that they approached strange toys and ‘O?‘
humans more readily and required significantly more trials

to learn an active avoidance learning task than unstimulated
controls'. The main difficulty in evaluating this experiment

is that socialisation towards humans, normally occurring in

such a domestic species, may itself be a variable in the

experiment.

While possible that there is some general applicability of

fhe handling procedure - the raticnale of the technigues is
somewhat obscure. Further, the results obtained in a particular
instance will be dependent upon many factors including develop-
mental stage, sendtivity to stimuli, and previous experience

for the pups and the parent; and that with higher levels of
development these factors become increasingly numerous, corplex

znd interactive.

(iii) ISCLATION/DEPRIVATICN STUDIES

The effects of isolation as such are rather difficult to state
as these are in fact the 'control' conditions of many laboratory
experiments. In practice, data for isolate tehavicur comes fron
studies on the differences between animals raised in isolation
in a laboratory cage and animals raised in some form of enriched
envircnment. It 1s usual that these studies concentrate on

rerceptual and intellectual abilities rather than upon motor

i)
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kills, although these are often obviously affected. For example,
Baron, Antonitis and Schell (1262) reared mice under a-glass

plate so as to prevent them climbing until maturity. When

tested at 4-5 months of age, these mice were much worse at
climbing than controls, although this difference eventually
dicsappeared after 4 months of practice. With other animals the
loss of a motor skill in youth may be permsnent as in the examples
for the dog quoted by Scott (1968). This loss of motor skill

(to greater or lesser degree) may have scre relevarce in com-
narisons of asnimals reared in different environments when con-
fronted with certain types of learning tasks.

Another problem with this emphasis on intellectual competence

is a wish on the part of some researchers to remove any inter-
ection due to differences in emotionality, and so the animals

sre handled daily to minimise any differences in this respect
(see Morgan, 1973). If one is to accord handling the effect

of altering emotionality then one is also affecting that animal's
learning ability, and results from such experiments can only be

viewed with some caution due to the confusion of variables
within the experimental design.



Scxze of the effects of isolation have shown up the importance iCﬁ?
of the presence of other menbers of the species to the correct
developrent of the young. These may be termed 'social
facilitation' effects and would include such classic examples
as the Bruce effect and the Whitten effect (cf. Bruce, 1970).
Meny of the rcechanisas by which these effects are mediated

S

K ome evidernce

zre prcbably fheromcrnal although there is also

that fhey also are Cerexndent upon genstype. In the

following paragraphs examples of these phenomena are given.

a) The sex of littermates influences the subseguent raternal behaviour
in the Ncrwéy rat - it has been shown that unisexually reared
ferales are less efficient biologically. This appears to be a
pheromonal effect emwphasising the importance of the males' presence
and Tas also been shown in mice and gerbils - it is prokably cne of
the methods by which a colony's population is maintained with a

propex Sex ratio (Srarpe, 1975). !

b) The precence, and the strain, of the male mouse affects the develop-
mént of the litter with regard to social exploration, and in some

cases, aggression (Smith and Simmel, 1977).

c) The exhibition of aggression in both rats and mice - both inter and
intra species - is affected ﬁy whether it has been witnessed
previcusly in early life. This type of phencmenon, also exhibited
by cats, appears to relate intrinsic behaviour with learnt

compenents {see Lore and Flanelly, 1977).

d) It is known that in the rat maternal Geprivation (e.g. from day 13)

resuits in a 90% mortality within the litter although the cause of

Cis

eath is not-apparent from a post mortem. This high mortality
rate may be prevented to a large extent by the présence of
another adult animal, either male or female, even if a screen
.separates the adult from the litter., Touch has been found to be

an important variable in producing this effect,

Civicasly, then, species have much wider influences at work within treir

social structures than has generally been credited (particularly

when altering their environments to any extent,

In gereral it is fairly accepted that isolation leads to: (i) an
increase in aggression and/or emotionality; (ii) an increase in
activity; (iii) an increase in gregariousness; and (iv) an
increase in the size of the adrenal glands (Warren and Ivinskis,
197%2; Morgan, 1973; Masur and Struffaldi, 1974).

The problem of the consequences of héndling these animals, as already
discussed, are apparent in the paper by Morgan whose results for *

isolate rats are virtually identical to tﬁose of hzndled rats,



Trndeed, a study controlled for handling, temperature changes, shock
or transportation to a new location reports some centradictory evidence

for both defecation and exploraticn levels (Barrett and Stockholm, 1963).

walsh, Cummins and Budtz-Olsen, (1973), demonstrate increa;ed body and
aarenal weights in isolated rats and suggest that withinthis typical
finding the increased adrenal weight is secondary to increased body
weight., Fiala, Snow and Greenough (1977) demonstrate their p051tlon ;
by entitling their paper 'Impoverished rats weigh more than enriched
rats because they eat more '; and suggest that there is little reason
to propose metabolic differences in this species similar to those found
in isolate and complexity-group-reared animals, as shown by monkeys,
where a fundamental stress reaction is producing the effect. This

does appear to be the case as under a 'stressful' condition one would
expect an increase in adrenal weight to be associated with a decrease
in body weight as shcown by Gilbert and Bailey (1969). This has been
explained by the adrenal cortex producing secretions which can increase
activity, hence causing greater energy utilisation and resulting in
cverall weighthloss - in this case, then, the body weight alteration is
secondary to the adrenal weight change (see Richter and Uhlenhuth, 1954).
As isolation tends to be associated with increased activity the
suggestion that the adrenal changes are secopdary to body weight simply
due to increased food consumption may appéar erroneous; however,

the increased activity could result from many factors including
extrinsic forces as well as possible results of the increased adrenal
size, and secondly, Sackett, Bowman, Meyer, Tripp and Grady (1973), -
report that isolation is in fact associated with both high and low
levels of activity. Support for the view that isolate rats are not
under stress comes from the resting levels of plasma corticosterone

in these animals, which is slightly more than half that for grouped
animals with less daily fluctuations (Barrett and Stockholm, 1263).

It must be remembered, that these rats are not mainfained in total

isolation but simply caged singly.

As early as 1957 Bindra concluded that the most important yariable
in producing these effects was the age at which. the animals were
eiposed to the condition. This is normally post-weaning; an
experiment by Morgan (1975) using earlier isolation (days l7-25i
resulted in increased timidity, decreased activity in the open-

field, and increased object avoidance. In other words,



opposite changes than these cobtained with later, and

lenger, isolation - possibly as a result in part of scme of the factors
mentioned above. It seems that the social environment of rats determines
the central action of corticosterone by modifying the concentration of
corticostercone brain receptors - an effect which would have varying
results depending on the development of the CNS (Dessi-Fulgheri, Lupo

and valeri, 1975).

This effect of early isolation has alsoc been shown in gerbils (Berg,
Shanin and Hull, 1975) who found decreased territorial marking,
aggression and open-field activity together with increased adrenal
weight. ©No effect was found on body weight, gonadal function or
sociability. They concluded that early isolation disrupted sexual
behaviour at maturity, and that visual contact with others was

necessary for adult behaviour to appear.

The evidence for alterations in learning ability is relatively clear

in that most studies report a rigidity in the behaviour of isolates,
with a decreased ability to inhibit irrelevant responses (Morgan, 1973;
van Woerden and Raaijmakers, 1975); with the overall impact of the
experience being dependent on genetic endowment - as in strains of
maze-bright and maze-dull rats (Cooper and Zubeck, 1958)., This
intuitively appears correct as the isclates have had little occasion

in which to learn to be plastic, and conservative, in their behaviour.

In mice, the.results again show the importance of length of isclation
and the age at onset, with even more emphasis on the interaction with
genotype. For example, Anton (196%), using DUB/ICR mice, found no
significant differences attributable to the environment although Watson,
Henry and Haltmeyer (1974), using CBA mice, found significant changes

in social behaviour together with high systolic blood pressure and
plasma corticosterone. Most workers report a lower steroid level

in isolate mice Brain ,(1972) related to

the changes in androgen production which increases, resulting in the

(1)

widespread finding of greatly increased agonistic behaviour

(1) It is worth noting that changes in gonadal function in the isolate
mouse which result in increased agonistic behaviour, heavy ventral
© postate glands, greater production of androgens and lower levyels
of plasma glucocorticoids are similar to the effects of dominance
in this species; suggesting that submissive animals are 'damped
down' within a social context rather than dominance being attained.

-
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Essman (1971) has also shown an increase in locomotor
activity which correlates with the concentration and
metabolism of brain serotonin, and lowered norepinephrine

levels.

(iv) ENRICHED ENVIKCNMENTS

Studies on the effects of enriched environments have

teen carried out almost exclusively in the rat, although
examples of the effect of colony living may be found

in other rocent species., This emphasises the difficulty

in design of experiments which, by their nature, involve
both physical and social environmental enrichment. Indeed,
there is evidence to suggeét that tkese two interact in
procducing a social facilitation effect. Rosenzweig, Bennett
and Diamond (71972), found brain measures are upaffected if
the animals are either grouped in a non-enriched cege or
placed singly in a lerge cage with play objects. Such measures
ususlly show significant differences in overall size,
structure detail and metabolism in enriched grouped animals.

Farly studies into the effect of a free-ervirorment (i.e., a large

erclcsire for a group of weaning rats supplied with structural

t

variaticn and play okbjects) were inspired by Hebb (1248) and found
irncrezses in the adult rats' proklezm-solving ability (Fergays and
Fcrzaves, 19%2). The experience was fcurd to be mcst effective when
anizzls were expcsed imzmediately pcstweaning (Forgays and Read, 1362),
althouch prewearning experience also brings about a perzanent improve-
ment in prokrlem-solving (Benenterg, Woodcock and Recsenkerg, 1268).,
ority of studies have been ccncerned with learning
stility charces, and to a lesser degree social behaviours, with little

. . . = ') N .
zn the individ:al anizals kerzavicur., Eviderce sucgests that

(18]
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enrictment in fact increases activity ané explcratcry behaviour whilst
3 emcticrality (Luchins and Fdrgus, 1955; Dernernberg and

Mcrton, 13262, 12€4) - all factors which rmay underlie the improvesent

in perfcrzarice of learning tasks, to some extent. These effects are

also cttained with the enrichment preweaning (Morton, 1962;

It

crseys and Read, 19€2) so the change in activity and emctionality cannot

whao

—
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y account for the imprcved learning as postweaning is mcre
effective than preweaning as already menticned. 1In fact the maximum
effect from these environments ccincides with changes in emotional

and irvestigatiwver behaviour as shown by cpen-field testing at various
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ages‘éCandland and Campbell, 1962). This may have certain parallels

with the changes in physioclogy shown in dogs at various stages of

ial responsiveress in
eariy develcpzent {see Scot 1858 ) and that socla p

z paciti independern a
cats correlates with increased senscry capacities, indepentence an

mobility (Kelb and Norrnercan, 1875).

The ﬁajor conclusicn to draw is that there afe direct correlaticns
between the effects produced by an environmental change and the anirals
apparent stage of development as indicated by structural and behavicural
indices - with the timing of the envircnmental change affecting those
systems viatle at that time, Typically, it seems that the earlier
experiences affect more underlying attributes - such as levels of
emoticnality - so 'setting' the animal for future reactivity; whilst
later experiences can be more specific with the CNS and sensory systemé
maturing, For example, a ten-day o0ld rat with its eyes not yet open is
unlikely to benefit much from a visuzlly enriched environment that

would imprcve focrm discrizination in a visually mature animal.

The importance of perceptual learning in infancy, per se, has been
stressed and Jdemcnstrated many times - for example Gibson and Walk (1956),
Gitson, walk and Tighe (1959) - althcugh, again, prior experierce of the
stimuli must affect to scme extent the reactivity during testing. Some
studies suggest that in fact animals within different envircrnments lezrn
to use different cues for preotlem-solving and that the behavioural
differences found are not in fact due to an overall improvement in
intelligence. Beach and Jaynes (1954) conclude that although cne gets
izproved Hebb-williams maze performance in enriched rats due to the
increzsed ability to use visual distance orientation cues (as propcsed
by Forgays and Forgays, 1952), there is no improvement in simple tasks
such as simple alley maze learning or visual discrimination problems
where there is no use of such distance cues. (There does appear to be

a tendency for enriched anicals to do better on more difficult tasks,
Particularly when there is an element of survival in either the
environment or the task itself (see Hibscher, Knisel, Beidelberger and
¥uenzle, 1975)., This may be true to a degree but an animal with a wider
experience during development is also more able to deal within a novel
situation and its behaviour is more plastic - with the added advantage

of being atle to utilise a greater number of cues.



Physiological measures to correlate with improved cognitive
performance, as a result of environmental enrichment, are legion
and include increased cerebral length (Altman et al, 1968: Walsh
et al, 1971); increased ceretral cortex weights (Ferchmin et al,
1975); increased DNA polymerase activity in brain neuronal nuclei

(Etibscher et _al, 1975); changes in cortically-evoked brain

potentials (Mailloux et al, 1974) and many changes in brain
bio-chemistry (see Rosenzweig et al, 1968). However, many of,
these measures are only readily observable following long
periods of enrighment - for example, increased cerebral
lergth is a well-documented consequence of ernrichment for 80-
90 days but shorter periods (i.e. 30 days - more in line with
that required for early experience studies,) give unclear
results, Most reports show no significant increase in léngth
for 20 days (Walsh et al, 1971); although another report
(walsh et al, 1973) states that 30 days significantly increases
the cerebral length to within 50% of that found in rats
enriched for 80 days. This difference may be explained by
some variation in techhigue - and again demonstrates the
difficulty of drawing édequate conclusions from studies which

vary so wildly in their design.

Whilst there is this considerable body of evidence- to
suggest that 'enriched environments' have the effect
(especially in the immeadiate postweaning period) of
improving problem solving ability and decreasing emotion-
ality it is by no means clear how these should be evaluated.
The studies range from gross privation studies (such as
those of Melzack and Thompson with dogs) to those in which
laboratory rats are reared in quasi-natural environments
of substantial size - often, however, 'enrichment'ray
amount to no more than rearing the laboratory rat in
cages Zmetre square, possibly with a few moveable objects
in the cage. The difficulty arises over what may properly
be called‘enrichment’ and what ‘privation! Almost any animal

-~
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in its natural habitat would experience an environment

more varied and complex than that provided by the standard
laboratory rat cage; it would also enjoy a much greater
freedom to control its social environment in that it could
select or avoid its conspecifics. whether we should look
at'enrichment studies' as attempts to reduce the gross
privation of the small wire cage, or whether the enrichment
studies are better scen as attempts to select critical
variables (which might be features of a free-living animals
environment) which produce specific changes in problem
solving capacity or brain function is quite unclear.
'Enrichment', then, is a loosely used term, the social and
physical variables are all too often confounded and, in
general, the results suggest that almost any addition to
the space available to a growing (or even mature) rat or
the variety of objects it encounters has a generally
favourable effect.

It is even more difficult to determine what are the
mediating effects - whether it is the different behaviour
induced in the animal that is critical or the actual stimuli

hemselves (although Luchins, Forgus and others favour the
former hypothesis) it could well be that rats reared in
large cages find the open-field, for'example, less 'open'
than rats reared in smaller cages and hence respond to it
differently for this reason alone.

Few, if any, studies have carried the notion of enrichment
as far as to allow the subjects to become essentially
feral (surely the ultimate enrichment) and it is not at all
clear that such a 'matural' environment, which would
necessarily include many hazards as well as a gross increase
in complexity, would produce any of the same effects
as rather larger cages with more features than the standard
laboratory cages which are used to keep laboratory rats,
at least, in good health. Rats breed freely and grow well
in a minimum of space which is why they are so well adapted
to the laboratory - such small cages make no demands
on them and often provides few opportunities for learning.
The laboratory environment is, in addition, usually
extremely monotonous and predictable. Against this background
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it is obvious that almost any 'enrichment' will have
behavioural consequences. Whether the work with dogs and
monkeys can be seen in the same way seems doubtful as
neither species are normally bred or reared in conditions
of such extreme restrictions, or genetically selected

(as labtoratory rats have been) to tolerate such conditions
well. In these circumstances any cross-species comparisons,
let alcne inferences, are difficult and the effect of
‘enrichment' on the laboratory rat is best considered at
present as a separate phenomenon.

Even so, existing work provides few valid comparisons
because of the very diverse experimental strategies which
have been grouped together as environmental studies. The
safe conclusion is that space, complexity and social
facilitation have all bteen shown to affect behaviour in at
least csome strains of rat, and beyond that a great deal

remains to be discovered and elucidated.
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When assessing the overall results of early expe“’ence
studies 1t is difficult to know what to make of the con-
flicting reports in experiments using mice. The mousge has
proved a useful experimental animal in the laboratory not
hecause it i1s readily modified by experience but rathsr
Lecauce of its genetic lability. Armong the many pure
strains of laboratory stock a remarxable variety of
zutations have emerged and been preserved, zany of which
display phynological anomalies which are often associszted

with concommitant behaviocural variation.

By contrast laboratory rats of different strains are
much less veriable, althouzh (as already indicated)
laboratory stock differs in many notable respects from
wild stcck (whether free-living, trapped or laboratory-
bred) especially with respect to 'tameness' and adrenal
‘function. The rat has shown a remarkable capacity to adapt
to the laboratory environment without the dramatic geretic
variation shown by the mouse. It has also been the species
of crheoice for a multitude of psycholegical stucdies because
of its capacity for lesrning and for behavicurel mocdification
wrhen unfer the influernce of environmental factors. This

*Ccice ¢of cpecies as the mein subject in the field of earl:

i has allowed failures in replication b

be gscribed to variation in experizerntal Technicue ra*her

susceptibilityr. IHcwever, 1T has also led mans
e

at the rat is a good mocel for early
hence to suzgest That phenocmene Cemon-
ecies are likelr to have a wicde order
e Tew have pone as far as Levine (1C42%

he results are immed

effects are at least tecitls suppcsed to have

& Tairly hich corder cof gemerality, so that like phenorena

night reasonably be expectéd in other species. In fact, few
steratic attempts have been made to test this assumption

nd it is rather the choice of the rat as subject species

V)]

which has led to this erroneous conclusion - it may well be

rather that the response of the rat to early experiences is

4

tie reason it has succeeded so well as a laboratory sp90¢es.
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Although, as has been suggested earlier in this
introduction, variations in physiological process do not
always follow the lines of tsxonomy generally accepted,
the simplest assumption is that the draxatic effects of
egrly nandling and similar phenomena would hold true
within the order Rocentia at least. One purpose of this

study was therefore to test the validity of such an

gesurnption specifically using the golden hamster. The

harster is in scne wars ratlher remotely related to the
Lorway rat but is, within the genmersl taxonomy of mammels,

a mexber of the same suborcder. If, in hsemsters, roughly
the came patterns of behavicural seguelae follow early

Yerdling and envircnrentsl menipulation thern the assumption

tvet ceneralisetions within an orier or suborder are valid
woulc be grestly strengthened. TFurvher, the assumpiion

~2t what is true for 'rolents' mar be true for the whele
rermelian clzss would be more sufficiently tensble and a
seriousg, srystematic search for supportins evidence of a
renerel principle might Ye initiated which might eventually
Terars justify an arpliceticon in humen psichclogy.

tematic replication fails *o

s
Tindings so ampl; documented

} o) sautlon in making generalisec
sgegumptions would be proper. It cculd be that the producticn
of 'early; experience' prenocrena (i.e. elteration in acrenal
siress recsponse in sdult life due to early hendling) is
relaled to sdrenal type and function or social orgenisation
rether than followirngs conventicnal taxcnormic relations which
gTe indegenéent of such factors. Since the hazster snd rat
zurensl grstens ere different, confliciing findings nay de
eluciczted 27 exvencing the line of enquiry intoc species

g S Y j P, - —————
wlth comparsble adrenzl phrsiology.

However, by simplest aypothesis is that the rat and

~

The hemster will show a similar patitern of response to

3

rulzticn of the early environzent and it is this which

~
ISR

}J

eh
s tested here. Sirain differences exist in all laboratory

rocents, but the use of a first cross (F ) between stock of

[

¢
Two pure-bred varieties from different sources not onl



5 anirmals of a typical 'wild' ecauti coat-tipe
% (&1 v

o sufficiently genetically wvaried <

o
Tects observed are not attributable to some giypical

In overall terms, this study is an attempt tc
.

enerelity of the findings that in rats early experience
T

in gerecsl and early harcdlizg in particular has predictable

corngejuerces in adult physiology and behaviour DY a systematic
rerlication of the commonly used strategies with anotrer
T the same suborcder. The hypotheses under test are

C
mcore precisely defined in the epprepriste sections which
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V. EXPERIMENIAL CONDITIONS AND METHODOLOGY

Since all the studies reported in this thesis follow the same procedure
with regard to general methodology, this chapter details those procedures
together with details on the experimental conditions and the testing

techniques utilised.

Independent Variables ,
GEWERAL MAINTENENCE
i) Subjects ~

All subjects were an F. cross-bred,as reguired, in the department

of psychology, Bedford Collige, from commercially obtained pure-bred

agouti (M & B golden) and black-eared cream stock to produce hybrid

vigour and heterozygosity. (For further information about genetically
controlled characteristics see Lawlor, 1956; Robinson, 1958; and

Keeler, 1947). Females of both types were bred with males of the different
stock, and assigned at random to cne of the experimental conditions.

In alwmost all cases these were naive stock with no previous reproductive

or maternal experience. Three litters were assigned to each experi-
mental condition and the actual numbers of animals used are given -
in Tables 10a,b and c. No attempt was made
v "to control for litter size.

After mating, females were housed singly in stainless steel

ii) Housing and Feeding -

maternity cages (16cm x 35cm x 40cm) in the breeding room of the
animal laboratory. At least 3 days before parturition these cages
were placed in the appropriate preweaning experimental condition where
they remained until the litters were aged 21 days. The pups were then
weaned and - unless assigned to the 'desert' postweaning condition -
were housed in standard white plastic laboratory cages with wire mesh
tops holding food and water racks (12cm x 25cm x 40 cm or 18cm x 32cm
X 48cm - depending on litter size). At 6 weeks all litters were sexed
and caged according to sex and litter in standard cages, maintained

in the main room of the animal laboratory. This timing of weaning and
separation is thought 'to be comparable with what would occur under

natural cornditions (see Rowell, 196la).

The animal room was maintained at a constant temperature of

21 degrees C on natural supplemented daylight. The breeding room was

maintained at the same temperature but had a lower noise level and a 12L:

12D artificial light cycle.

Cages were provided with wood shavings and hay as bedding

material - pregnant females were provided with extra bedding.

"



Table 10a: Total Number of subjects used

Condition Female Male Total No. Ss
Burrow-Lab 9 12 21
Lab - Lab 15 11 26
Tab - Desert 14 13 27
Burrcw - Desert 13 7 20
Ho_21 13 16 29
He 29 12 12 24
Ho_y 1% 13 26
NH 15 6 21
z 104 90 194

Table 10b: Total Number of animals used in physiological szample

Condition Female Male Total No. Ss
B -1 6 5 11
L -1 6 7 13
L - D 5 5 10
B ~1D 4 2 6
H
0-21 8 8 '16
H5_21 5 5 10
Hoy 5 5 10
NH 6 2 8
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Table 10c: Size of groups and litters used

Condition Litter No. F. No. M. Total No.
B-L 175 3 3 6
176 3 5" 8
188 3 4 7
I-L 179 4 5 9
180 2 2 4
191 9 4 13
L-D 190 6 3 9
177 3 5 8
194 5 5 10
B-D 189 1 3 4
193 6 2 8
207 6 2 8
, HO-21 184 2 7 S
185 5 6 11
186 6 3 9
H5_2q 181 3 3 6
187 4 5 9
195 5 4 9
Ho_y 198 7 5 12
205 6 5 11
206 0 3 3
NH 199 6 4 10
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All cages were cleaned cut weekly after weaning, with handling being

kept to a minipum at all times.

All stock were fed ad 1ib hamster diet (Styles hamster diet) with

water constantly available, and daily feeding of fresh chopped carrot.

EXPERIMENTAL CONDITIONS i
These conditions wereudeveloped and used to give the basic conditions
already discussed (see Chapters 2 and 3), as being determined by the
varizbles under investigation: namely - a handling technique, an early
quiet environment (burrow), a standard laboratory (lab) and an enriched
postweaning environment (desert). All littexs were assigned at random

to a condition once the female was mated and found to be pregnant.
Throughout the running of the research subjective behavioural observations
were made on the experimental animals until maturity. The only objective
behavioural observations undertaken were on the maternal behaviour in

the preweaning conditions burrow and lab. Earlier evidence had

suggested better nest-building in the burrow condition and this was

taken to indicate a variation in maternal care within the conditions.

To study this a continual video time-lapse recording was made (for 21
dzys) of one litter in each of these pyxeweaning conditions. The time
scale was 48 hours:1 hour, and this was later crudely analysed for

amount of time spent off the nest by the female and the number of times
of leaving the nest.eﬁ 211 conditions were maintained at a constant
terperature of 21-24 degrees C. 1In all conditions handling was minimal,
with the animals being disturbed as little as possible, apart from the

daily feeding of carrot and absolutely essential cleaning.
i) Bandling -

This technigue described here had already been used in this
department (Lawlor, Wells and Weinberg, 1975) and is satisfactory for
use with hamsters with minimum loss of maternal care and cannikalism,

which has often been reported previéusly for this species.

The litters were normally born during the afternoon -~ the earliest

at 2.00 p.m. - so that day of birth was designated as day O and

animals were not handled on that day. Handling was carried out at

approximately 11.00 a.m._daily, this being a time of day when the

female is least reactive. To prevent anxiety on behalf of the females

* All of these behavioural Observations are detailed in
appendix A.
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during handling, small pieces of dog biscuit were scattered in the
caje on the opposite side from the nest and an aluminium barrier put

across the cage between the female and the litter.

For handling, a new pair of clean disposable surgical glcves were wcrn
(znd changed after each litter had been handled) and each pup was
removed individually frcm the nest by hand and placed in a plastic cup
(3cm diameter, 16.5cm height). Szall green cups (5.5cm diameter, '
3.Scm height) were used on day 1 but after this it was fcund the pups
could readily climb out so the larger cups had to ke used. When all the
pups had been placed in the cups they were then transferred back to the
nest in the same manrer and order in which they had been remcved. When
they were all back in the nest the barrier was removed and the female
allowed free access to the litter. The whole handling process took from
3-5 minutes per litter. No cup was used more than once a day and they
were all well washed in disinfectant detergent before being reused. At
no time were the pups in contact with anything that could leave a
residual, strange scent. In the handling experiment litters were
assigrned to the different conditions (i.e. handled days ©-21, HO-21,
handled days 0-4, HO-4; handled days 5-21, B5-21) at random and only
hardled@ on those days. In the NH (i.e. non-handled) condition .
everything was carried out exactly the same without actually handling
the pups - i.e. the cage was removed from the rack and the top
remcved; the ferale was enticed from the nest by dog biscuit and
separated thus from her litter for several minutes; the barrier was

then removed, the cage top replaced and the cage returred to the rack.

ii) Burrow - )

This condition was set up in a small semi-soundproofed test room close
to the main animal laboratory. The room was blacked cut and illumination
provided by a 6-8W night light, pointed at the ceiling, on a 12L:12D
schedule. The level of illumination in this rocm was 0-0.4 lurens/sq. ft.
There were usually only 3 cages in this rcom at a time, although they
were always females they were not always with litters and no males were
ever present. The night }ight was replaced with a 100W bulb du%ing the
la%t day of this condit?on before weaning to accustom the pups‘to a
brighter light level. This condition was a preweaning condition for

animals aged 0-3 weeks, and provided a very quiet, semi-dark early
environment.
iii) Lab -

Standard laboratory conditions were a constant temperature of 21-24
degrees C; a 12L:12D artificial light cycle prior to weaning, then
Supplemented natural daylight, giving a level of illumination of 2-10

lumens/sq.ft.; and a much greater variation in noise levels than the



other conditions. The soclal environment was also much richer here 'ZJ
due to the presence of hamsters of both sexes and all ages, and also

the presence of other species - namely mice, monkeys and ?epfha -

iv) Desert -

This was a postweaning enrichment environment for animals aged
3-6 weeks. The environment was constructed of wood (1l.3cm ply), lired
with planika (a plastic lawinate) , measuring 118cm x 130cm with walls
3§m:high. Food and water bottles were supplied in racks screwed to
two sides of the environment (see plates 1 - 3) at such a height that
the young pups could easily reach them. A hinged clear perspex 1lid
was placed on top with large ventilation holes. The environment
contained two metal nest boxes - one square (14.5cm x 14.5cm x 17.5cm)
and the other round (diameter 14.5cm x height 17.5cm). These had
hardbcard or dark blue plexiglass tops weighted with bricks and were
set in two adjacent corners. There was abundant wood chip, hay and .

food provided and various objects as listed in 2ppendix C.

Iighting was provided by two fluorescent strip lights
(65/80w), which hung over the environment at a height of 12%
cms above the floor. This provided an illumination level
of 52 luzens/sq.ft. on a 12L:12D schedule. The room in which
the enriched environzent was situated was rarely used except
for reason of this research - so0 the immediate noise level
and intrusion factor is low. cwever it was by a busy corridor
with plenty of background noise (e.g. 1lift). There were
usually two erriched environments in the room, together with
2-4 cages containing other postweaning litters. Mature
anirals were not present .

Dependent Variables

FEYSIOLOGICAL MEASURES
i) Body Weight -

All litters were weighed at weaning to obtain the mean pup weight,

M

nd when mature they were weighed individually befcre and after the
cpen-field testing. Animals were then weighed at approximately 3
months and occasionally thereafter if they had not been used in
physiclogical analysis.

1

ii) Organ alysis -

Wren a

({9}

ed epproximately 3 months a sample of at least five males

and five females were taken from each condition (none of which had been

used in discrimination learning). These animals were sacrificed by

Sturning and rapid decapitation to obtain a normal blood sample.

Brad " , .
T&ins, with optic tracts, train stem and cerebellum Yemoved, and

agd n s
renal glands were removed from each 2nimal, weinhed veina == ~Te .-a

s
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Plate 1; Overall view of enriched environment
(desert condition)#
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Plate 2a: Round nest box in enriched environment (top on).

1tSSI

Plate 2b: Round nest box in enriched environment (top off)
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Plate 2c: Square nest box in enriched environment (top on)

mmwin

Plate 2d: Square nest box in enriched environment (top off)



Plate 2e: Animal
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in square nest box in enriched environment

at square nest box in enriched environment
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Plate 5a: Food and water racks in enriched environment.

Plate 5h: Animals at food rack in enriched environment.
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Plate 5c¢: Animals in enriched environment.
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balznce and then preserved in 10% formal saline solution for later
histological examination.
iii) Cortisol Znalysis - )

A blood sample of at least 1.5 - 2.0 mls. was obtained from each
animal in order to perform analysis for résting plasma cortiscl level
as a stress indicator. The blood was collected in a chilled heparinised
beaker and transferred to a chilled test tube for separation by :
centrifugation at 3000 rpm for 10 minutes. The plasma was then
pipetted out, using a fresh pipette for each sample, and frozen
within 30 minutes of blood collection in plastic plasma tubes.

Cortisol estimation was obtained using a modification of Murphy's
competitive protein binding assay - this is a radioactive displace-
ment analysis method which utilises the specific cortisol binding
globulin present in plasma. Although this method (described in
Appendix D in full) is relatively simplg it is fairly specific.

This analysis was carried out under the supervision of the Physiology
Department, Bedford College with the advice of Prof. Broockes from

St. Thomas's Hospital, where the assay was performed.

BEHAVIOURAL TESTING PROCEDURES

All apparatus was washed thoroughly with Tego solution (an odour-
destroying disinfectant) both before and after use with each animal.
This is an important precaution due to the importance of the olfactory
sense in this, as with many,nocturnal species (see Durup, 1965 and other
references concerning odour sensitivity and marking behaviour such as
Payne, 1979b). All testing occurred within a constantly maintained
blacked-out test room with the room lights switched off.

Subjects were always handled with a plastic cup in order to minimize
handling and distress of subject {see Sykes, 1962). All subjects were
used in open—field anq novelty testing, whilst the other testing

brocedures were carried ocut with samples only.

1)  Open-Field Testing -

The open-field is an experimental testing procedure designed by
Ha}l (1934) to evaluate emotionality in a test animal and is widely
used by many experimenters as a 'base' measure. This test used
Broaghurst's (1960) restandardisation of Hall's open-field which has

been shown by Swanson (1966) to give standard, replicable responses

in the golden hamster.

bl
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This was the first test after maturity, occurring at 45-50 days, and
the animals were tested for four consecutive days (see Whimbey and
Denenberg, 1967). Males were always tested in the early afternoon
whilst females were tested later in the afterncon to avoid sex
differences appearing due to time of teéting (Lawlor, unpubl. data).
Agparatus: A small circulaxr field (diameter 82 cms) was used,
constructed of aluminium walls (height 30.5cm) with white painted
hardboard base (92cm sq.), marked off in 19 equal sections with !
black painted lines, so forming 3 concentric circles in the ratio
1:6:12. The field was illuminated with two overhead 100OW light bulbs
providing an illumination level of 120-140 lumens/sq. foot (see plate 4).

Procedure: Each subject was taken individually from the home cage
using a plastic cup to handle and introduced to the field for a 2 minute
test period. The autcmatic resetting timer was started and ambulation
and rearing scores taken. At the end of each subjects'first trial the
animal was removed from the field with the plastic cup and marked with
rgd eosin dye in alcohol soluti&n to allow individual recognition

before being placed in the spare cage. The scores.were noted along

with any other behaviours that had occurrea. When all animals within

a cage had been tested they were returned to the home cage from the

.

spare cage and then replaced in the main laboratory.

ii) Novelty Testing -

This procedure has been successfully used in this department to
differentiate between handled and non-handled rats (Wells, 1975). It
is an earlier technique developed by Berlyne (1955) and differs from
the standard Berlyne box in using a free-standing three-dimensional
Object, allowing manipulation and other contacts with the subject to
Occur rather than simple visual inspection. All animals were tested
when approximately 60 days of age. BAlthough there is no strong
evidence. for any sex difference in time of day of testing, it was

decided that males would be tested during the morning and femdles

during the afternoon.

Apparatus: The novelty box consists of a‘metal—sided box {(length 40cm,
width 26.5cm and height 23cm) with- a wooden base (43.5 cm x 28cm x 1.75cm)
which was covered in black plastic material, to facilitate cleaning,
Darked into four equal sections. The whole box was céyered with a 1lid

of clear perspex hlnoed at the back (see Plate 5) Illumination was

PIOVldEd by a single 100W bulb overhead, glvlng a light level of
1oo lumens/sq. foot.
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Plate 4$ Open“~fieXé Apparatus*



Plate 5a: Novelty box (external view).

Plate 5b: Novelty box (view of interior with novel adbjects).
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The novel objects consisted of two wooden cubes (2 cm) and one

cardboard hoop (diameter 4cm, height 1.5cm) for each animal.

procedure: Each subject was introduced into the froqt left-hand square
of the box from the home cage, using a plastic cup as described for the
cpen-field. The total test period was 6 minutes which was subdivided
as follows -
a) During the first 2 minutes testing the subject was allowed tq
adapt to the experimental situation, ambulation only being scored.
b) At the beginning of the second 2-minute period the box was
cpened and two wooden cubes (object 1) were placed in the box at
the end nearest the experimenter, equidistant from the sides of
the box and each other; the box was then closed. The subjects
latency to approach either cube (reaction time, R/T) and the total
contact time (time on object, T/O) during this period were recorded.
‘Contact' was defined as either immediate proximity of subject's
ncse, together with rhythmic mevements of the vibrissae, or as
touching or manipulation of the objects with forepaés or teeth.
c) For the final 2 minutes of the test period a cardboard hoop
was introduced and placed Letween the two wooden cubes. The

subject's R/T and T/0 were then scored for the hoop alone.

On ccmpletion of the total test period the subject was remcved
with the plastic mug and placed in a spare cage; a record was made
of the scores obtained and of any other behaviours observed. When
all cagemates had been tested they were returned to their home

cage and replaced in the main laboratory.

iii) Discrimination Learning -

The apparatus used in this test for brightness discrimination was
a modification of Fields Serial Multiple Visual Discrimination Apparatus
(sMvDa) (Fields,1953) which had been successfully used by Sykes (1962)
to show this, and more complex discrimination pgoblem solving, in
the golden hamster. It gives an expérimental situation in which the
animals exploratory drive provides sufficient motivation for learning
to occur, and, coupled with an almost exclusive focusing cf the
Subject's attention on the problem at hand, allows a maximisation of the
Subject's capacity and motivation to produce rapid learning. The simple
black-white discrimination was used to provide a relativyely quick
testing schedulé and Qas considered sufficiently @ifficult from

Previous results (see Lawlor et al, 1975) to give some differentiation

amOn s .
gst the various experimental conditions.
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ppparatus: The SMVDA wal constructed of hardboard and consistedof five
equidistant five-choice panels across a runway, which led to a large
goal-box containing toys, wood chip and a few peanuts (See Plate 6
and figure 1). The apparatus was lit by two 100W anglepoise lamps
positicried so that the reward area had a lcwer level of illumination
tﬁan the choice boxes, and so that the choice panels themselyes were

‘

brightly 1lit. The whole inside of the apparatus was rainted matt black.
Each choice ﬁanel contain&ifive doors (see figures 2 and 3) which open
from one choice box to the next at ground level. These doors werz hinged
at the top so that they were opened by a push from the apprcach side;
and they weve locked shut by means of a bar at one side of the door
which dﬁqyedacross the back of the door into a retaining cup-hook on the
opposite side. This locking bar waghidden from the approach side‘by a
baton of wood fixed across the back of the door so that one could not
tell which door waglocked (see figure 3). On the front of each door wag
a slide holder to hold the stimulus cards, and to allow easy insertion

and removal.

Procedure: The object was to construct learning curves for subjects
from different experimental conditions on a simple brightness
discrimination using white stimulus cards (4 cm x 6 cm) as pbsitive
stimuli and the black door with no card as a negative stimulus. Due to
the constraints of time, only 3 males, approximately 100 days of age,
were seleéted from each condition for this test - 3 1itter-mates being

used and caged together.

Adaptation to apparatus: Each cage of subjects was given 2 sets of
pretrials, with 3 trials per set, which was found to be enough training
to get animals running through the apparatus within one minute - the
criterion to reach before attemptiné any learning. This minimisation
of pretrials also prevented the animals from getting over-stimulated
with the situation - one of the advantages of this apparatus being

that in every trial tﬁe animal must make five responses (1 for each
panel) to attain the goal box. BAll doors were given positive white
stimulus cards and, starting with the doors fﬁlly open, on each

pretrial the doors were gradually shut down until they were fully

shut and the animals were quite capable of pushing them open without

distress. After each pretrial the animals were giyen 1 minute in the

gcal box. It had been found that subjects learnt to go through the

d ;
©°rs sooner if they were with other animals of the group -

3



, late ...

oal area of

ff-r



late

6c:

C'-"rall view

27



Figure 1.

Serial Multiple Visual Discrimination Apparatus (SMVDA):

diagrem of choice boxes and goal box with dimensions.
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Figure 2.

SMVDA:

single choice panel (front view)
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Figure 3.,

SMVDA:

rear view detail of single door
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Figure 3

E locking bar
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Scale: 0'1in represents lcm



Therefure all 3 males from any particular condition were given their
pretrials as a group before going on to individual learning. The two
sets of pretrials were normally given on two consecutive days, and then

there follcwed learning trials on the follewing four days.

Learning trials: One door in each panel was randomly assigned for each
trial to be positive, i.e. it had a white stimulus card, and all other
doors were locked; all doors being in the shut position. On the first
trial of day 1 all the doors on the first panel were assigned positivé.
Each subject was taken from its home cage in the test room using a plastic
cup and placed in the apparatus individually. The number of correct
responses (the number of panels for vhich the animal selected the white
door without attempting any other door on that panel) and the time taken
for each trial was noted, each animal being given 1 minute in the goal
box before being placed in a spare cage. The remaining two subjects
were then each given a trial befcre the second trial of the day was
~begun. All subjects had a total of four trials (i.e. 20 choices)

for four days to determine their simple learning ability.

All testing procedures were analyséed using analysis of variance, with
litter means being used where appropriate. In some cases a harmonic mean

had to be used due to uneven sample size in the physiological data,for

statistical reference see Winer (1962). In certain cases, 10% levels

of significance are quoted although this is not standard practice.
It was felt here, due to the few degrees of freedom and stringency
of the statistical tests, that such an action was appropriate -

at least in indicating possible areas of effect. In view of the
size of many of the F ratios it would have been more inappro-
priate to accept the null hypo%hesis than to reject it. Th

best one can do in these circumstances is to indicate (by

noting the 10% level of significance) which variables accounted
for rost of the variance and leave it to further research to

cl ) '

arify the issue.
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SECTION 1: Pilot study into effects of an enriched

envirornment in the golden hamster.
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SECTION 1: pilot study into effects of an enriched environment
AN |
in the golden hamster

Introduction

As stated in the text of this thesis no study has been carried out into
the effects of a free enriched environment in the golden hamster,
although the effects of such an independent variable in, for example,
the laboratory rat are well-documented (see Denenberg, 1972). Typically
these studies have concentrated on changes in cognitive ability with ;
tendency for an improvement in problem-solving ability, accompanied

by changes in brain physiology, as a result of enrichment (Forgays and
Read, 1962; Rosenzweig, Bennett and Diamond, 1972). More generally,
there seems to be an increase in activity and exploration with an
accompanying decrease in emotionality - all factors which may well
underlie the improvements in cognition. Although much of the literature
is concerned with the effects of enrichment experienced prior to
maturity this study was conducted using mature animals available in

the department.

Experimental design and methodology

INDEPENDENT VZRIABLES

i)  General Maintenance

(a) Subjects: Six pairs (3 pairs of each sex) of mature hamsters
(Wright strain, aged 14 monthé) were used. These animals had been
received, as pairs, in the department when aged 8 - 10 weeks and had a
known experimental history. Two paiis of each sex were used as controls,
with one pair of each sex experiencing the enriched environment. One
control male died of natural causes during the course of the experiment

and he has been omitted from the results data.

(b) Bousing and Feeding: Animals were caged in standard white
bPlastic laboratory cages (12 cm x 25cm x 40cm) with wire mesh tops
holding food and water racks. Both the animal room and the experimental
rocm were maintained at a constant temperature of 21-24 degrees C on
natural supplemented daylight, to provide a 12L:12D light cycle. Cages
¥ere provided with wood shavings and hay as bedding material, and were
cleaned out weekly. All stock were fed ad 1lib hamster diet with

water constantly ayailable, and fresh chopped carrot was provided daily.



ii) Experimental Conditions

The two experimental conditions consisted of the standard
lzboratory condition (described above) and the enriched environment
condition. The enriched environment consisted of a planika-lined
wooden enclosure (118 cm x 130 cm) with 38cm high walls. The floor was
wooden and covered with wood chip - hay also being provided for bedding.
A hinged clear perspex l1id was placed on top with large ventilation
holes. The environment contained two metal nest boxes - one sguare
{(14.5 cm x 14.5cm x 17.5cm) and the other round (diameter 14.5cm x
height 17.5cm). These had hardboard or dark blue plexiglass tops
weighted with bricks and were set in two adjacent corners. Food,
provided ad 1lib, and water bottles were supplied in racks screwed to
two sides of the enclosure and fresh carrot was fed daily. Various
objects, as listed in Appendix C, were also provided. (This is the
same environment as that used for the desert postweaning condition in

the main research = for further detail see pages 121-124).

The experimental subjects were placed in this environment for
3 weeks, with the control subjects in the same room, thus minimising

external environmental differences between the groups.

DEPENDENT VARIAELES
i) Body Weight

All animals were weighed immediately before being placed in the
experimental room, and were then reweighed after 21 days. These
animals had also been weighed 24 days previously so providing data for

normally expected growth during the experimental period.

ii) Open-field Testing

This standard testing procedure was carried out using a small
circular open-field (diameter 82cm), constructed of aluminium walls
(height 30.5cm) with a white painted hardboard base, marked off into
19 roughly equal sections with black painted lines to form three
Concentric circles in the ratio 1:6:12. Testing was carried out in an
°pén room under conditions of natural daylight. All animals were
tested before being placed in the experimental conditions and again

in i
mmediately after removal from that condition, before being returned

to the animal room.,
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The procedure for testing was constant for each animal: each
subject was taken individually from the home cage using a handler(l)
and introduced to the field. Latency to emerge from the handler was
recorded and the animal observed in the field for a 2 minute trial.
Bmbulation, scoring separately for inner and outer sections, and rearing
scores were taken. At the end of the trial the animal was removed

from the open-field and, on the pre-experimental trial, marked with

red eosin dye in alcohol soclution for identification before being

placed in a spare cage. When both subjects of a pair had been tested

they were returned to their home cage.

Some notes were also made on casual behavicural observation during

the experimental period and during open-field testing.

Fxperimental Results

Data were. analysed using a repeated measures analysis of variance

with harmonic mean. A simple examination of the data was also

carried out using the Mann-Whitney U-test on discrepancy scores (i.e. the
difference betﬁeen pre- and post-expérimental values) for the two

experimental conditions.

BEHAVIOURAL ORSERVATIONS

These observations were made casually on the animals in the enriched
environment during routine inspection and cleaning. No overall
preference was found for the sgquare or the round nest box in the
.environment although initially both experimental pairs had only used
the round box. The males built better nests and.hoarded less than

the females.

In each pair it was apparent that one animal was dominant and the
otrer subcrdinate. 1In the females, who seemed the more aggressive,
the dominant female was constantly hoarding and marking whilst the

. . (- s
submissive female was'virtually confined to the square nest box.

(1) The handler for hamsters (see Plate7) is frequently used in this
department in order to introduce an animal to a test situation with-
out direct manual handling. The two concentric plastic beakers
(h?ight l4cm , diameter 10cm )may be moved within each other,
using the metal bolt, in order that their openings are either aligned,
to allow the animal to emerge, Or non-aligned,'to provide a safe
gortable container for the hamster onto which a 1id may be attached
if required. The nut may be used to lock the beakers in position.



Plate 7:
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Hamster handler (designed by Dr.
Bedford College).

M. II. Lawlor,

/4do



Surprisingly, the dominant female appeared smaller and to
have fainter patches on the chest (see Fayne and Swanson,
1972). (1) During the course of the experiment they
gradually settled more and were occasionally found sleeping
together. In the females, then, dormirance apreared to be
maintained by aggression and intimidation on the part of

the dominant animal whilst in the males less overt behaviour
was apparent - rather that the submissive male was careful
to display submissive behaviour.

All animals manipulated the wooden and cardboard objects.
These were moved, chewed and often hoarded with the food
stores. In general, it seemed the males hoarded less

often than the females, and although both sexes made similar
nests those of the males were usually more orderly.

BODY WEIGHT

Analysis of these data shows a highly significant change

in body weight, over trials, due to condition. The trials
"also give a significant result due to the fact that growth
occurred over time in these mature anirals (see Table 11a).

The effect of condition is due to the great increase in

weight of both males and females as a result of being placed
in an enriched environment for 21 days (U = 28; 9,4; p < 0.01).

The females are more affected than the males but, this sexual
difference does not give any significant irteractiorns on
analysis. One would have expected the animals initial
weights to have approximated each other due to the similar
past histories - by chance, however,>the experimental females
weighed more than the experimental males whilst, unusually,
the control males weighed more than the control females.

This difference is exaggerated by the experimental procedure
but does not appear significantly in the analysis to either
given significant interactions nor to over-ride the main effect
(see figure 4).

(1) This may be due to the fact that these animals were caged
and observed as littermates who would naturally respond
differently to each other than strange animals.



Figure 4. Growth curves of animals over experimental period.
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rable Hat Repeated measures analysis of variance for body weight.

Source SS of mS F P
Conditions 389.82 1 389.82 1.46 n.s.
Séx 5.26 1 5.26 £1
Cx S 506.15 1 506.15 1.89 n.s.

Error 1894.73 7 267.82
Total Subjects 2825.88 10 '

Weighings 893.52 2 446.76 51.95 < 0.001
Wx C 296.44 2 148.22 17.23 &o0.001
WxsS $38.38 2 19.19  2.23 n.s.
WxCx S 38.38 2 139,19 2.23 n.s.

Errorxr 120.41 14 8.6
Total 4005.18 32
Table Ilb; Analysis for latency to emerge from the handler in the

open-field.
Source SS of mS F P
Conditions 6.96 ¢ 1 6.96 41
Sex 0.91 1 0.91 Z1
C xS 3.44 1 3.44 1

Exrror 135.08 7 19.3
Total Subjects 146.09 10
Trials 3.43 1 3.43 <1
TxC 10.24 1 10.24 1.7 n.s.
T xS _ , 8.86 1 8.86 1.47 n.s.
TxCx S 98.63 1 98.63 16.38 £.0.01

Error 42.12 7 6.02
Total 214.59 21
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OPEN-F1ELD OBSEKVATIONS

No difference in secondary open—field behaviours (such as urination,
defecation and washing) were observed betﬁeen the two groups.
Subjectively, the manner of those animals that had experienced the
eﬁriched environment was very 'free' in the test situation on the

post-experimental trial compared with that of the control animals.

i) Open-field emergence

hnalysis of these results only gives a significant higher order
interaction of trials x condition xsex (table ”@l A graphical
display (figurErS) shows that males normally have slower emergence
than females on the first trial, with faster emergence on the second.
The enriched environment quickens emergency in both sexes - so
exaggerating the normal male response to retesting and totally

altering that of the female.

ii) Open-field ambulation

Significant effects are found here due to the interactions
condition x sex and condition x trial (see tablelk). The latter
effect is explained by the control animals decreasing their level
of ambulation on the post-experimental trial whilst the enriched
animals (in particular the males) increased theirs (U = 2; 7,4; p 0.01).
Scores for total ambulation (that is, inner and outer sections) were
used for these analyses as the experimental effect was shown in
activity levels in the outer sections, where most open-field

ambulation occurs, and this is well reflected in the total scores

(see figures ba,bandc ).



Figure 5. Latency to emerge from handler in open-field.
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Figure ba: Open-field ambulation: total number of inner sections entered .
Figure 6b: Open-field ambulation: total number of outer sections entered

.Figure 6¢! Open-field ambulation: total number of sections entered
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Table lle: Analysis of variance for ambulation (total number of
sections entered) in the open-field during a 2 minute trial.

Source - 88 of mS F P

Conditions 819.30 1 819.30 2.96 n.s.
Sex 53.22 1 53.22 &1 - i
Cxs 1096.52 1 1096.52  3.96 £0.1
Error 1939.75 7 277.11
Total Subjects 3871.27 10
Trials 25.50 1 25.50 <1
T x C 637.89 1 637.89  6.32  <0.05
T x S 91.04 1 91.04 <1
TxC=x S 38.10 1 38.10 Z1
Error . 706.59 7 100.¢4
Total 5464.77 21

Table [ld: Analysis‘of variance for rearing occurring in the
open-field during a 2 minute trial.

Source ss of mS F P
Conditions 81.45 1 81.45 8.18 £0.025
Sex 17.34 1 17.34 1.74 n.s.
Cxs 0.115 1 0.115 <1

Error - 69.71 7 9.96
Total Subjects 175.09 10
Trials 3.69 1 3.69 <1
TxcC , 66.98 1 66.98 6.54 «£0.05
T xS 1.17 1 1.17 <1
TxCxs 20.52 1 20.52 2.01 n.s.
Exror 71.71 7 10.24
Total 331.09 . 21
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iii) Open-field recaring

The ﬁain effect here is cne of condition due to the increased
rearing shown on retesting in the experimental group, whilst the amount
of rearing decreases on retesting in the control group (see table ”dﬁ
This response is exaggerated greatly in the males (see figure 7).
In both of the last two analyses, the unexpected segregation of the
males and females in the experimental and control groups, as with the;
weight gains, explains why more interactive effects have failed to
reach significance - as may have been expected from the more pronounced

effects of testing and experimental condition in the males, as

illustrated graphically.

Overall then, the results obtained from the cpen-field test
demonstrating faster emergence, increased ambulation and increased
rearing as a result of enrichment fit the subjective impression of
animals less emotional and more exploratory és a result of their
experience. These alterations in behaviour are more apparent in the

male'animal than in the female.

Discussion

These results clearly demonstrate that even in a mature laboratory
animal a relatively short period of enrichment can dramatically alter
that animal'’s behaviour and physique. That is, enrichment in the
hamster produces quicker emergence, increased open-field ambulation
and rearing together with increased weight and a fuller expression
of social behaviour and organisation. It was unfortunate that the
groups as selected sh&uld have expressed their sexualldimorphism as
they did, as the opposite effect of sex in the two groups has
probably affected the analysis. Although it is generally accepted
that the femalé in this species is heavier and more active than the
male (Swanson, 1966) this finding is in fact dependent on strain

(Lawlor, pers. comm.) and time of testing.

It has been argued that hamsters given the opportunity to exercise
lose their ability to regulate their weight (Borer, 1974). This fact,
together with the greatex avéilability of food and the demonstrated,
and observed, increase in activity, may explain the physical effects

on the animal.



F_igure'!. Total amount of rearing occurring in the open-field.
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No attempt was made to determine the amount of food actually eaten

by these animals, although increases in hoarding behaviour were
apparent. A relation between hoarding, housing condition and

experience has already been demonstrated in this species (Bevan and
Grodsky, 1958). The typical finding in the laboratory rat is that an
'impoverished' rat will show greater weight gain than an 'enriched' rat;
and this has been attributed solely to an increased food and water
consumption rather than any metabolic alteration (Fiala, Snow and
Greenough, 1977). One explanation for such a result may be the generally
depressed level of activity in the isclates as Mayer (1968) has
demonstrated that an organism must reach scme minimal level of activity
before it begins to regulate its intake in accord with its needs.

The food intake in rats with very low levels of activity is greater than
in rats showing moderate levels of activity. This seems, therefore,

to be yet another paradoxical result from the hamster (see Marques and
Valenstein, 1976 and Gregory, 1975) in that enrichment leads to both

the increased weight gain and the increased activity. Such a

difference in the physiological effect of enrichment may simply be a
reflection of the differing physiology and 1ifesty1é of these two

species.

Generally, it may be stated that those animals from the enriched
environment were less emotional and more exploratory thanvthe control
animals. The fact that exploration increased seems as intuitive
expectation of enrichment in a species where novelty has been shown
to be rewarding (Sykes, 1962). Incfeased exploration and higher
levels of activity are found in rats exposed to similarly enriched
envircnments (Inglis, 1975). That these rats also commonly show
improved learning ability indicates that the hamsters in this study
would also probably have done so, as a general relationship across
species has been established between high levels of exploration

and good learning performance (Lester, 1974).

The fact that these alterations in behaviour were produced in mature
animals confirms the findings of Inglis (1975) with rats of a similar
age, thereby repudiating the suggestion that enrichment operates via
maturational changes in producing it's effects as proposed by earlier ‘
Workers in the field of early stimulation (e.g. McReynolds, 1962).

Such misinterpretation has arisen due to the tendency to study the

*nfluence of prolonged sensory experience solely in weanling or
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irmediately post-weaning animals. Although certaiﬁ types of.early
sensory environment may profoundly alter certain physiological
processes, such as sensory processing in the brain following sensory
restriction (Edward, Barry and Wyspianski, 1968; cited by Inglis,
1975), it is now becoming apparent that the adult animal is equally
capable of adaptive change as a result of it's environment as a

juvenile (see Rosenzweig, 1966).

In conclusion, then, it may be stated that the mature golden hamster
responds to a period of environmental enrichment in a similar manner
behavicurally as a mature rat, although the physiological response

to the experience, as reflected in body weight, is dissimilar. Such a
finding demonstrates the plasticity of an organism irrespective of

it's maturational stage.
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SECTION 2: TESTING THE EXPERIMENTAL HYPOTHESIS
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SECTION 2; TESTING THE EXPERIMENTAL HYPOTHESIS

The experiments reported in this section were an attempt to test

the experimental hypo;hesis,originally suggested by Daly (1973) and
discussed fully in Chapter II, that the laboratory is an overstimulating
environment for infant rodents and an understimulating one once the

young reach weaning age. The main hypothesis concerned the comparison
of "normal" laboratory rearing conditions pre- and post-weaning with
experimental rearing conditions designed to approximate more closely

to those the animal might encounter in its natural habitat. The

concept should therefore apply to all rodent species that naturally
raise their young in a burrow, although whether theg are solitary or
colonial may be an additional variable. Such a conceptualisation of

the study of early experience is more appropriate than the usually
accepted misinterpretation of the consequences of stimulating the

young organism as augmenting a deficient environment. Experimental
hypotheses were set up as follows, under three separate subheadings;

to allow both aspects of the hypothesis to be tested as well as the
overall interactive effect. Fcrmulated in this way it should be possible
to separate the contribution of the various components of the early
environment towards the adult organism's apparent emotionality, physiology
and behaviour. This section, however, cannot be as precise in the
predictions made as the rat, because a broad concept is under investigation
rather than a specific experimental hypothesis derived from known
experimental effects. Much of the background information and standard
data that might be useful is simply not available largely because the
golden hamster is the experimental animal and our knowledge of it is as

yet rather imperfect.

(i) Eﬁe preweaning conditions

These comprise three separate conditons - (a) simulated burrow, (b) normal
laboratory and (c) handling days 0-21. This should allow for a
stimulation continuum with handling in infancy providing stimulation in
excess of that normally encountered in the laboratory; and therefore may

be used as a contrast condition for the low-level stimulation pseudo-burrow.
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It was predicted that animals reared in the burrow would show least
signs of stress (i.e. would have better growth, smaller adrenals,and
lower resting plasma cortisol levels) when adult than those animals
reared in the laboratory or those in the handled group. The behavioural
measures would reflect this phsyiology in that the burrow reared

animals should be less emotional (in the open-field); less neophobic

and may learn more rapidly.

(ii) The postweaning conditions

These comprise two separate conditions - (a) normal laboratory and

(b) semi-natural free-enriched environment. This environment has been
shown by the pilot study to provide a degree of enrichment sufficient
to result in changes in physiology and behaviour, and is therefore
appropriate for the purposes of this test. Predictions were made

that those animals experiencing enrichment would be more active in

the open-field, less neophobic and learn more readily. Physiologically
they would have greater body growth and larger brains than those

animals reared in the laboratory condition.

(iii) To test the overall hypothesis

In this section it was necessary to look at the effect of both the
lower stimulation in infancy and the greater stimulation postweaning
in combination, compared‘with animals reared in "normal" laboratory
conditions. The hypothesis predicts that those animals experiencing
burrow preweaning and enrichment postweaning will show an effect on
all measures which follows Daly's prediction as it has been formulated

here.



SECTION 2(i)s PREWEANING CONDITIONS

The three experimental conditions relevant to this section are the
burrow (0-3 weeks) to lab (3-6 weeks) (B-L); the handled daily

(days 0-21) (HO—21) and the control group (L-L).

Behavioural cbservations were made during routine inspections of
the litters (3/conditon) and these are detailed in Appendix A.

It may briefly be stated that differential maternal behaviour is
thought to occur in these conditions and that those females in the
burrow condition give best care to their.young whilst those in the

handled condition do worst.

The average size of the litters in these three conditions was
burrows6.8, lab 8.8 and handled 9.7; and two of the handled litters
produced pups with mixed coat colour - two factors which may be
considered to attribute unanticipated independent variables. There
was no dramatic loss of young pups in the handled groups, as had been
expected, although over time they do not live so long. Those reared
in the burrow seem, in general, to live particularly long within

the range for laboratory hamsters.



Table 1Za: Repeated measures analysis of male body weight in
preweaning conditions (litter means)(%llHewS/condH10h\-

Souxce 5SS d.f. mS F p

Conditions 1,248.17 2 624.09 3.36 n.s.
error 1,114.33 6 185.72 H

Total subjects 2,362.50 8

Tests 22,049.44 3 7,349.81  319.84 £0.001

T x C 159.39 6 26.57 1.16 n.s.
erxor 413.67 18 22.98

Total 24,985.00 35

Table 12b: Repeated measures analysis of female body weight in

preweaning conditions (litter means)(3 L%evs/qud(HCy§.

Source SS d.f. mS F hs)

Conditions 1,066.89 2 533.45 1.24 n.s.
error 2,583.00 6 430.50

Total subjects 3,649.89 8

Tests 26,517.89 8,839.3 149.77 £0.001

T x C 181.78 6 30.30 <1
error 1,062.33 18 59.02

Total 31,417.89 35

(4



Table 13a:
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Body weights of males and females at 6 weeks (litter means)

Scurce SS 4, f. mS F p-
Conditions 320.11 2 160.06 1.83 n.s.
]

Sex 34.72 1 34.72 <]

C xS 8.78 2 4.39 <1 ’
Error 1,048.0 12 87.33

Total 1,411.61 17

Table 13b: Body weights of males and females at 12 weeks (litter means)

Source SS f. mS F p.
Conditions 241.77 2 470.89 2.58 n.s.
Sex 288.0 1 '288.0 1.58 n.s.
C xS 5.34 2 2.67 <1

Exror 2,191.33 12 182.61
Total 3,426.44 17
Table 13c: Body weights of mature males and females used in

pPhysiological sample (individual scores), (N = 40}.
Source SS . f. mS F j8
Conditions 3,466.42 2 . 1,733.21 14.09 <. 0.001
Sex 1,985.93 1 1,985.93 16.15 <0.001
Cxs 638.31 2 319.16 2.6 =0.1
~ Error 4,180.98 34 122.97
Total 39

10,463.10
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Growth

It is appropriate to consider the general health and growth of the
animals in these conditions. Although the only significant result

on analysis was between the weights of mature animal% (90+ days)

in the physiological sample (tables 12 and 13), the growth curves

of the three conditions are quite distinct (see figure 8). They

show that the handled animals grew least, the burrow-reared animals
had improved growth and that the control animals had the highest
growth rate. There is no significant difference in growth due to
sex, nor any differential effect from the experimental conditions due

to this varizable.

The fact that the results for younger animals were insignificant
whilst these for the maturé animals were highly significant (see
table 13) tempts one to emphasise the impcrtance of an animals®
experiential history bétween exposure to the experimental condition
and the testing procedure in determining the ultimate effect of the
early experience (see Essman, 1971). However, in this case, the
actual time between the final weighings of the "younger" animals
(12 weeks i.e. 84 days) and the commencement of sampling 'mature’
animals for physiological survey (90+ days) denies this argument.
Instead, one must be wary of interpreting sample data as true for
an entire population. The analysis result must largely be due to
the individual weights of the mature females from the B-L condition
beiné much greater (125 gms on average) than the average litter
means used as scores in the other analyses, whilst other values
remain similar (see table 1l4).

Table 14: Comparison of individual and population values obtained
for body weight

Ex ime . . -
paitiontal Mean litter weight (x) Individual weight (x)

Condition Sex

(Gays 0-21) (84 days) (90+ days)

Burrow - lab Male 101 gms. - 100 gms.
Female 110 gms. 125 gms.

Lab - lab (control) Male 109 gms. 107 gms.
Female 117 gms. 117 gms.

Handled Male 92 gms. 88 gms.

Female 99 gms. . 96 gms.



Figure 8. Growth curves of litters reared in neocnatal conditions:
(a) males (N = BQ),—
(b) females (N=37).
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Cpen-field behaviour

All animals from 3 litters in each condition were tested
and the results analysed using litter means. Standard
open-field techniques were used, scoring ambulation and
rearing as described on p.125.

In general, the females were more active in the field (as
would be expected, see Swanson 1966); the control animals
were more active than thcse resred in the burrow, at least
on day 1 of testing; and the handled animels had very low
embulation scores. The handling effect was not apparent

in the results for the females, nor was the ambulation of
*hcese females reared in the burrow significantly lcwer

than that of the other groups (see figures 9 énd 10).

The handled males were less active than any other group,
both ambulation and rearing in the field being minimal.

The hancled animals could on these criteria be Jjudzed more
emotional or nervous than the other groups. No surport can
e found for a theory that early handling in this species
decrezaces emotionality, insofar as this is measured by open-

field scores, as it mey c¢o in leboratory rats.

The lcw azhulation scores of the burrow reared anizzals on

day 1 (compared with lab-reared scores) should be interpreted
in the light of thkhe flat shepe of the graph; the behaviour
varied little cver the 4 days in novel surrocundings. The
rearing scores are not high in either the males or the femzles
in this condition. These results are possibly best understcod
as a response to the open-field which is characterised neitler
by excitement which habituates over days of testing ror in
activity craracteristic of fear. There is no evicdence froo
the literature (Schiffran, 1971) that low light lesds to
Cetericration of the visual system in nocturnal roceats and
observation cf these animals and their behaviour in the open-
field would not lead one to question this finding. A nocturnal
animal like the hemster should be as well-adapted to minimal
light levels in the neonatal period as the laboratory rat.

The burrow reasred animal's response to the open-field is
therefore unlikely to be attributable to any abnormality of
their visual system but rather is a matter of emotiomnal

adaptation.



Figure 9. Open-field ambulation of litters reared in neonatal conditions:
total sections entered (a) males (N =3ﬁ§.
(b) females (N =31) )
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Figure 10. Open-field rearing of litters reared in neonatal conditions:
(a) males (N =239). . '
(b) females (N = 3‘]) .
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‘The female results show little effect from any condition and this
could have been expected as they are usvally less susceptible to both
physioclogical and behavioural manipulation than the males, although
there are no significant S x C interactions. There is a significant
sex difference in cpen-field artulation and rearing due to the greateé
activity of the females (see tables i5a andiSb). The significant
{nteractions of Tx C and T x S in the analysis for arbulation must
largely be explained by the greate; effect of condition on the males'

and the differential respcrnse of the two sexes to the testing procedure.

Table 15a.! Open-field ambulation in males and females (with different
early environments) over a 4-day trial(%‘**@@/ibnd&ﬁan).

Source SS d.f. mS F. pP-
Within sukiects
Condition 1213.36 2 €06.68 2.3 n.s
Sex 2156.05 -1 2156,05 8.17 <0.025
S x C €97.86 2 248.93 1.32 n.s
errox 3165.17 12 263.76
Total subjects 7232.44 17
Between subjects
Trials 2560.5 3 853.5 24.05 <% 0.001
T x S 247.83 3 82.61 2.33 <0.1
T x C 512.41 6 85.4 2.41 <0.1
TxSxC 119.26 6 19.88 <1
errox 1277.5 36 35.49
Total variance 11849.94 71

Table 1Skt Open-field rearing in males and females (with different
early environments) over a 4-day trial (2 !'\H'evs/gnd}ﬁmq.

Source SS d.f. mS F. P-
Within subjects
Condition 352.53 2 176€.27 1.08 n.s.
Sex 539.02 1 539.02 3.31 <0.1
S x C 406,86 2 203.43 1.25 n.s
' error 1952.33 12 162.€9
Total subjects 3250.74 17
Between subjects
Trials 214.82 3 71.61 9.61 £ 0.001
T x S 22.82 3 7.61 1.02 n.s
Txc 24.47 6 4.08 <1
TxSxCcC 32.8 6 5.47 <]
error 268. 34 " 36 7.45
Total Variance 3813.99 71
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Novelty Testing

™

All animals from the three litte;s in each condition were tested; using

the procedure described on p.126, and scoring for latency.of response and
total time on object. The first mgasure; that of latency of response to

the objects: gives significant results by trial for both sexes and a
significant trials by condition interaction in the males (see table 16).

The second measurement; that of time on objects; however, gives no
significant results at all. It was decided that the results for this

measure were so variable in this species as to make it virtually useless

for interpretation. The results obtained: however, when displayed graphically,
(figure ll);are fairly consistent; in that: fewales spend more time on the
objects than malesj; both sexes spend less time on the second than the first
object; the experimental.conditions serve to eliminate the sex difference

by bringing the scores of the females down to the level of the males®

scores, and to greatly depress the amount of time spent on the first object -
handling depresses exploration of the objects more so than the early

burrow condition.

The analysis result for latency of response is explained by reference to the
graph of the results (see figure 12) - all latency times to the second
object increase except in the case of the handled males. This is surprising
as the female results closely follow those of the control group; again
demonstrating the same female indifference to experimental manipulation as
shown by the open-field behaviour. The explanation seems to be that the
handled males are very nervous of the first object when it is introduced
resulting in a very long latency time; and simply reacted sooner to the
second object as théy were more at ease. The control and burrow males respond
to the first object and then have a long latency to the second object as
they appear to find little of interest in the situation. Both the male and
female scores for the burrow condition are shorter than the control group

showing that they have quick and efficient responses in a novel situation.

The results from this test were disappointing after the very definite results
shown when used as a test to distinguish between.rats with different early
experience (Wells; 1975). It seems that it is not so suitable for this
species as the hamster spends a great deal of time in the corners of the

test box digging and seems to pay little attention to the test situation
after the first few minutes - to the extent of only noticing the second

object when they fell over it.
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Table 16a: Analysis of reaction time of males to novel cbjects <bJ:3é>.

)

Source

SS

ms F p-

Conditions 517.33 2 258.67 41

error 1849.67 6 308.28
Total subjects 2367.00 8 !
Trials 460.06 1 460.06 6.66 ~.0.05
Tx C 1223.11 2 611.56 8.86 < 0,025

errox 414.33 6 €69.06
Total 4464.50 17

Table 16b: Analysis of reaction time of females to novel cbjects OJ=31>3

Socurce

SS d.f. ms F p.

Conditions 124.00 2 62.00 <1

error 1549.00 6 258.17
Total subjects 1673.00 8
Trials 1334.72 1 1334.72 6.84 «<0.05
T x C 69.78 2 34.89 <1

error 1171.00 6 195.17
Total 17

4248.50




Figure 11, Total time spent on objects in novelty test by litters

reared in neonatal conditions: (a)

males (N=39).
_ : (b) females (I\J:g‘]),
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Figure 12. Latency of response to objects in novelty test of

reared in neonatal conditions:

(a) males

(b) females
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One intercsting result of this test was the differences in
anbulation levells, during the first two minutes of testing, between
the groups. The sex difference shown in the open-field is very
clear with the males ambulating less than the females; and the
handling accentuates this difference by depressing the male levels

dnd increasing the female - although the conditions are

insignificant in analysis (see table 17 and figure 13).

Table 17: Analysis of ambulation in the novelty box during
period of adaptation(N =397, 373)_

Source sS a.f. ms F P.
Conditions 1.44 2 0.72 L]
Sex 288.0 1 288.0 26.99 <«0.001
Sex x Conditions 39.0 2 19.5 1.83 n.s
error 128.0 12 10.67

Total variance 45¢.44 17




Figure 13, Novelty test ambulation of litters reared in neonatal
conditions: (a) males

(b) females
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biscrimination Learning

Looking at the analysis of these results (table 18) they show that
all animals learnt the ccrrect discrimination response within the
learning trials provided, with no significant differences between
the conditions at the 5% level. The value chtained for F is
siqnificant at the 10% level which, together with the small sample
size, indicates an effect. However, behavioural differences were

apparent in the acquisition of this response. !

An indication of this different behaviour is given by the times taken
within each group to complete the learning trials (table 19).

These animals reared in the burrow show efficient purposeful

behaviour with little prevaricationrresulting in short trial times,
they are calm throughout and make good use of the reinforcers available
in the goal box. The handled animals also show that they have good
learning ability but their extreme nervousness leads to longer trial
times and more erratic behaviour, they also make little use of the goal
box - seemingly afraid of their own shadow! The control group animals
were also gquite excited by the procedure but not in such a nervous
manner, more in the manner that they were in a novel environment that
could be explored, which led to much longer trial times. These three
types of behaviour seem reflected in the shape of the learning curves

obtained (figure 14).

Table 18: Analysis of number of correct responses made during
discrimination learning(Bmales only /c,ondt\-ion)

Source ss§ a.f. mS F. p.
Conditions 21.55 2 10.78 3.88 £0.1
erroxr 16.67 6 2.78
Total subjects 38.22 8
Trials 410.33 3 136.78 51.23 £ 0.001
TxcC 30.67 6 5.11 1.91 n.s
error 48.00 18 2.67

Total Variance  527.22 35




Figure 14. Discrimination learning curves of males reared in

neonatal conditions: total number of correct responses Cqu)
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Table 19: 2nalysis of trial times taken during discrimination
learning (wales only)

Source SS d.f. mS F. . p-
conditions 128.74 . 2. 64.37 10.64 £0.05
error 36.30 . 6 6.05
t
Total subjects 165.04 8
Trials 24.27 3  24.76 17.31 & o0.001
T x C 34.75 6 5.79 4.05 £0.01
error 25.70 18 1.43
Total Variance 299.76 35

From these behavicural tests we may therefore form a picture of the
type of animal produced by the manipulation of early environment

on a 'stimulation continuum'.

In the control condition, the typical laboratory hamster aﬁpears

to be an animal with a fairly high exploratory tendency which
possibly over-rides a more natural and adaptive reticence in a ncvel
situaticn. when reared in a mcre natural and less stimulating
ervironment, even in a first generation, the hamster immediately shows
a calmer, efficient nature which maximises the potential of an
environment whilst minimising the animal's emotional and physical
expenditure. The handling procedure, causing a high level of
riecnatal stress, produces an animal which, whilst being quite able
to react and learn within its environment, is often seemingly in a
state of continual nervous tension which must utilise a great deal

of energy resulting in depressed maintenance and social kehaviours

(see Appendix A).

These behavioural changes appear to have been initiated at a very
early age. The most likely hypothesis would be that they are mediated
by the maternal behaviour directed towards the pups together

with the general level of stimulation within the environment bearing
directly upon them. As Levine (1969) suggests, this may lead to a
'setting' of both physical and psychclogical status in the adult

animal.
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Physiological Data (analysed using harmonic mean)

i) Brain Weight
Tnese data gave a very definite conditions effect (table 2Ca)
showing improved growth in the burrow condition and impaired
growth, particularly in the males, in the handled condition.
Althouzh the females appear less affected by the handling
procedure there is no sex x conditions interaction. The result
would seem to indicate that those animals reared in a burrow
have a more efficient physiological system resulting in a larger
brain compared with the controls - the size of brain is not
related simply to body size (see growth curves figure 8 and
figure 15a) and is more an index of nutritional status,
1ysiologiceal efficiency and an adaptive responsiveress to

w3
[

the environment. This lack of relation between brain size
and body size is demonstrated by the results for the analysis
(Table 20b) and the graph (Figure 15b) of brain/body weight ratio.

The reletionship between brain growth, gerneral body growth and
cognitive ability is not a simple one. On all these messures
the three cornditions give vearying results but not a stable
continuum. For example, in the handled animals, both brain
welght and body weight are depressed but learning ability

(for a simple task) is at least as adeguate, if not improved on,
as in tre control condition. Conversely, the burrcw-reared

W

ninals show higher brain weight and improved learning ability

+
L

o’

ut lcwer gereral body weight.
Teble 2Ca: Analysis of brain weights in males and females with
different early experience. (N = 20 F, 19 M).

Source SS d.f. mS F P

Cocnditions 312.46 2 156.23 5.8 < 0.01

Sex 52.65 1 52.65 1.98 n.s.

Sex x Conditions 79.57 2 39.79 1.5 n.s.
Error 876.29 33 26.55

Total 1340.00 38

Table 20%: Analysis of brain/body weight ratios in mgles and
females with different early experience (i.e.
B-L, I-L, Hy 54 conditions) N = 20 F, 19 M).

Source SS d.f. oS F P

Conditions £80.68 2 340. 34 4.03% < 0.05

Sex 411.38 1 411.38 4,87 < 0.025

Sex x Conditicns 391.90 2 195.95 2.32 n.s.
Error 2786.33 33 84.43

Total 4259.59 38
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Figure l5a:; Brain weights of animals reared in neonatal conditions.

Figure 15b: Brain/body weight ratio of animals reared in neornatal

conditions.



( gms x 10%)

Brain weight

180e

Figure 153
80 —
78—
72~
88—
’\ @ y-\
l;? \'? {l i I\ Qvg
2 v 2| z z P
84
P
[ S B d| 9 | Q
B-L L-L Ho.24



|R0b

FIGURE 15b

HO—21

B-L

A
Q
4

(01 X)

76 -

OLLVH

L 1
w0
N °

LEDIAM  Adod \5:55 NVIW

64 ~



ii) 2drenal Weight and Plasma Cortisol Levels

The adrenal weights (table 21) show the expected sex difference
and this difference is differentially affected, and so exaggerated,
by the experimental conditions (figure 16). In the burrow condition
the male adrenal weight is increased, whilst in the handled condition
both adrenal weights are decreased although the female much more so.
It w;uld seem, therefore, that there may be a variable within the

experimental design that affects the two sexes differently.

Table 21: Pnalysis of adrenal weights in males and females with
different early experience (N=2C 9, 2C ).

Source SS d.f. mS F o)
Conditions 97.54 2 48.77 5.46 <0.01
Sex 272.34 1 272.34 30.5 “0.001
Sex x Conditions 14.54 2 7.27 <1l

eXrror 303.76 34 8.93
Total 689.10 39

The cortisol levels (table 22) give similar results in all
conditions for the males, whilst in the females the two experimental
conditions give much lower results, with the female control condition

Plasma cortisol level being comparable with the male yalues (figure 17).

Table 22: Analysis of plasma cortisol levels in males and females
with different early experience (N=23%,203Y).

Source SsS d.f. mS F P
Conditions 19.93 2 9.97 1.46 n.s
Sex 72.14 1 72.14  10.56 <0.01
Sex x Conditions 22.58 2 11.29 1.65 n.s

error 232.35 34 6.83
Total 353.10 39

Both these measures were taken in the hope of finding a variable
which reflected the supposed difference in stress levels of the various
experimental conditions, but neither really shows a continuum in the two

sexes, nor do they appear related to each other in any simple manner.



Figure 16. Adrenal weights of animals reared in neonatal conditionms.
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Figure 17,

Plasma cortisol levels of animals reared in neonatal
conditions.
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Discussion
We may now consider these results as a whole in order to obtain an
idea of the overall effects produced, and whether those effects were
expected in the light of the original hypothesis.‘ It seems useful to
consider the two sexes separately in view of the knowﬁ sexual
dimorphism in this species.

i
The male control animal has good body growth with medium brain growth
and adrenal weight, and lowest adrenal output. He is not necphobic ‘
in a novel situation, is reactive in the open-field without being
emotional and has modest learning ability. By comparison, the burrcw-
reared male has a medium body growth with high brain growth and heavy
adrenals, giving medium output. Again, he is not neophobic in a novel
situation, is moderately reactive in the open-field and has good
learning ability. This animal may therefore be considered well-
adapted to his environment and capable of operating in an optimum
" way to maximise environmental potential. The handled male, however,
has low body weight, small brain growth and small adrenals with high
output. He is extremely reactive in the open-field and neophobic
with fair learning ability. This male cculd therefore be considered
a neurotic over-reactive organism, whose normal physical and
psychological traits have thereby been impaired by the handling

procedure.

In the females there are few behavioural differences to be considered,
although physically they tend to shcw the same trends as the males.
That is, the burrow reared female has good body growth, large brain,
normal adrenals with low output coupled with short reaction times
whilst the handled female has low body weight, small brain and small

adrenals with a relatively high output.

All these results are basically what would be expected from the
experimental hypothesis - all three groups of animals under study

- showed obvious permanént changes in their adult emotionality,
behaviour and physiology as a result of ﬁheir early experience. All
the animals may be said to have adapted within their environment but
could not be said to be optimally effective. The advantage of the
early burrow is apparent although this may, in pagt, be due to the

Selection of this particular species.



Conclusion

The hypothesis predicted that burrow reared animals would show at
least signs of stress, less emotionality and improved learning
compared with the laboratory reared and handled groups. The
comparison between burrow reared and handled animals supports the
prediction, at least for this species, and allows one to accept

the initial hypothesis that the laboratory enviromment is over—
stimulative for the preweaning organism, and that handling dces not

make the laboratory more like the natural environment.

18
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SECTION 2 (ii): POSTWEANING CONDITIONS

This section is only presented in summary form as the
apprcpriate figures and alayses are included in section

2 (iii). The two conditions for comparison here are the
I-D group (enrichment postweaning, weeks-5—6) and the
control group (I-L). Three litters were used in each
condition and measures of the deperndent variables detailed
in chepter V taken. 3Behavioural observations are included

in Aprerndix A.

Growth:

Trere is no real difference in growth between the 2 groups
at sexuzl maturity (42 days), nor is there any significant
sex difference which would be expected at this age (Swanson,
1067). However, in mature animals there is a highly
significant effect for the postweaning condition in that
enrichment leads to a greatly increased body weight -
particulsrly in the females (see figure 18). This great
increase in body weight was also found in the animals used
in the pilot study (see section (i)), althoush there the
effect of body weight change was apparent immediately post-

enrichment.

Cpen-field behsviocur

There are no obvious effects on eitaer azbulation or
rearing aettributable to the enriched environment (see
figure 19) compared with the control condition. Increased
activity had been expected following the results from the
pilot study. However, the scores for ambulation in the
novelty box test do give a significant result in that those
anirals with postweaning ernrichment experiernce are more
active (see fizure 21 and table 26).

Novelty testing

The results here indicate thas enrichment increases reactivity
and/or decreases neophcbia in that latencies of response to
novel objects are decreased. In the males the latency of
response is halved for the enriched animals towards both the
first and second ocbjects, whilst in the females this increased
reactivity is only shown with respect to the first object.



The longer latency to respond to the second object ray
be a reflection of more rapid habituation to the test
cituation (figure 22).

Discrimiretion Learning

By referring to figures 23 and 24 it is obvicus that
enrichment postweaning allows the anirals to learn a
sirple black/white discrimination more readily, and to

coxplete this task mecre gquickly.

Fhysiolozical Data

i) Brain Weight

The enriched environment leads to a decrease in absolute

brain weight and in the brain/body ratio for animals reared
that condition postweaning (see figure 25), which is
significant on analysis This is an unexpected result in

<t

that normally in the laboratory rat, if an effect is shown,
errickment leads to an increase in brain development.

ii) Adrenal weight and ‘plasma cortisol levels
Trere is no effect of enrichment on the adrenal weichts

5

of these animals (figure 26), whilst the plasma cortisol
level is decreased, particularly in the males (figure 27).
As no correlation has been established in this species
between adrenal gland sige and function the real effect
of an enriched postweaning environment in this respect
rexains unclear. It may well bte that the wider, mcre
natural experience of the enriched animals results in a

lower resting level of hormene.



Discussion and Cornclusion:

Tiis section is the first repcrt of the effects of a
free-enrichred envircnment in the immeture golden hamster.
Results from the pilot study (section I) on mature animals
irdicated that increased grcowth and activity would be a
definite result; and the literature would lead ocne to
ccuple this with probable decreased emotionality, increased
lesrning and increased brain development.

Tre results, however, are scormewhat surprising. Incressed
growth cdoes occur, but is only aprarent in older animals.
Increased activity does occur, but again is not apparent
irmediately in that results for the open-field are insigni-
icant. Only in the later novelty test 1s the effect of

3 *—b
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t
s
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aning condition demonstrated. The one clear effect
of the enrichrent that is in accord with the expected
predicticns is that of improved, purposeful learning.
Prisiologically, however, the finding of smaller brain
ize in the enriched anirals is at varience with the
expected effect of enrictment, &as cemonstrated in the
lexoretory rat, ané is difficult to recorcile with this
le

)

rreatly improved lesrning shown by these exnimals. A closer
stoloricel arnd biocherical snaliysilis of these brains shculc

rrove interesting.

corclusicn, ther, we may say that en;ichment in this
species dces have defirite, if somewhat, surpriesing eflects.
effects may only be obgerved in more mature
rates the far-reaching consecguences of early
exnvircnrent, and sheds some light on the finding
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SECTION 2(iii): To test the overall hypothesis

In this section an attempt has been made to determine which dependent
variables are affected by which independent variable - that is, the
preweaning burrow condition and the postweaning desert condition. An
examination of the results shows what effects are produced and how

they interact. There is also the underlying proposition that one of
tﬁese environments should be optimal, in that it approximates the
natural condition, although the interpretation in this case must to a
degree be subjective. This proposition, which underlies the total
design of this research, is suggested by Daly's critical analysis of
the 1literature concerning early stimulation of rodents. the
conclusion drawn by this review is that typically a preweaning
envircnment should be less stimulating, and a postweaning environment
more stimulating, than that provided by a standard laboratory; and

that a lack of undérstanding of a particular species' unique bio-
behavioural repertoire has led to innappropriate interpretation of
data.

The results treated in this section were obtained in the manner already
described (see Section V) and fall into behavioural tests and physiological
meésures. Behavioural tests were carried out on all animals apart from
the discrimination 1earning; which was done on only a samplé of three
males from each condition. These data were then analysed using litter
means, apart from the learning; which used individual scores. The
physiological data (apart from body weight taken at 21; 42, and 90 days)
were based on a sample of animals both male and female; taken from each
condition and sacrificed at 90 days. They were analysed using raw
scores with harmonic means where appropriate. Behavioural observations

are detailed in Appendix A.
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Growtﬁ

Looking first for any effect due to sex, we find the analysis

(table 23) gives no significant sex difference at maturity (42 days)
although there is a highly significant effect in ma£ure animals

(90+ days). There is normally a difference in body weight in the
sexes with the female being the heavier, due to the reversal of the
normally expected sexual dimorphism, which would be expected to be
apparent by sexual maturity (Swanson, 1967) - although strain is
also an effective variable (Lawlor, pers.comm). No significant
difference is found in the weaning weights of animals in the two
preweaning conditions (F < 1, df = 1/10). A repeated measures

analysis of variance revealed little additional information.

‘Both analyses show significance for the postweaning condition due

to the larger growth of the animals in the desert. This increase in
weight occurs in both sexes but is particularly apparent in

mature females - aocounting for at least some of the highly significant

sex difference shown in this analysis.

There is no direct effect on body weight as a result of the pre-
weaning condition, although the first analysis shows a significant
interaction between pre- and post-weaning conditions - reflected in
the second analysis as sex x preweaning and sex x postweaning

interactions (see figure 18).



Table 23(a):

Znalysis of body weight of males and females from
different pre- and post-weaning experimental conditions

(at 6 weeks). (N2 &1 ¢ 43

SS

d.

f.

Scurce mS F P
Preweaning condition 0.04 1 0.04 <1
Pcstweaning condition 425.04 425.04 5.28 < 0.05
Pre x Post 425.04 425.04 5.28 <0.05
Sex 22.04 1 22.04 <1
S x Pre 7.04 1 7.04 <1
S x Post 15.04 1 15.04 <1
S x Pre x Post 0.05 1 0.05 <1

Erxor 1287.33 16
Total Variance 2181.62 23

Table 23(b) s

Analysis of body weight of males and females used in
physiological sample, from different pre and post-
weaning experimental conditions (at 90+ days). Cr\j 21 ? \C{J\)

Socurce SS d.f. mS F P
Preweaning condition 62.96 1 62.96 <1
Postweaning condition 6553.76 1 6553.76 59.79 «&0.001
Pre x Post 29.3 . 29.3 {1
Sex 7619.3 1 7619.3 69.51 <0.001
S x Pre 543.66 1 543.66 4.96 <0.05
S x Post 1199.48 Tl 1199.48 10.94 <o0.01
S x Pre x Post 0.00 1 o

Error 3507.64 32 109.61
Total Variance 20555.90 39
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Figure 18. Body weights of sexually mature (42 days) and mature
(90+ days) animals showing the influences of the

pre- and post-weaning environments.
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At maturity the effect of the descrt experience is not fully
expressed as it is affected by the underlying preveaning experience.
By 90 days the postweaning desert has led to a dramatic increase in
weight, accentuated by an early burrow environment in the females.

It seems unrealistic to attribute this increase to either a greater
availability of food or an increased activity ievel as has been
postulated (see Appendix A). Rather the preweaning condition of the
organism appears to prime the animal to react and develop within its '
future situation; and that the total pre-adult environment is

exerting an influence throughout the organism's lifespan.

Overall, the growth curves obtained fit standard data (i.e. Farris,
1950) well, with some variation that could be attributed to strain
and dietary differences with the females in conditions L-D and B-D

showing accelerated growth in particular (see figure 19).

Open-field Behaviour

The open-field testing was carried out on all subjects for four
consecutive days and the data for ambulation and rearing analysed

separately.

The analysis was carried out separately for males and females as
previous work, particularly that by Swanson, suggested that sex
differences are normally found in hamsters. The sex differences in
these results are not in fact very large (F 41,'d.f. = 1/5) - this
may be due to strain differences or the experimental conditions have
served to over-ride sex differences which may have othefwise
occurred. It is interesting to note that an experiment carried out
by Swanson (1969) to determine the effect of prior experience of the
test situation (this brior experience occurring whilst the animals
vwere still immature) also resulted in a loss of sex differences in
the mature animals. Possibly the early experiences in this research
have operated in a similar ﬁanner to alter the animals' response to a

novel situation.

In the females there is no significant result for ambulation in the
open-field other than the expected trials effect. The males, however,
do show a significant trials x pre-weaning condition effect due to

the difference in the scores of the burrow reared animals, particularly

at’ the beginning of the trials (see table 24 and figure 20).



Figure 19, Growth curves of litters reared in different

environmental conditions: (a) males (N’%&)..

(b) females ,(N'—'-S\}.'
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Table 24(a): Rcpealed measures analysis of variance of open-field

ambulation in males(3 hﬁfﬁslcawd(hbv:).

Source Ss a.f. nS = F P
Preweaning condition 46.02 1 46.02 <1
Postweaning condition 3.52 1 3.52 Z1
Pre x Post 1.69 1 1.69 21 '

error 2820.00 8 352.50
Total subjects 2871.23 11
Trials . 2362.40 3 787.47 32.25 £0.001
T x Pre 414.06 3 138.02 5.65 <0.01
T x Post 179.56 3 59.85 2.45 <o0.1
T x Pre x Post 97.73 3 32.58 1.33 n.s
error 586.00 24 24.42
Total 6510.98 47

Table 24(b): Repeated measures analysis of variance of open-field.
arbulation in females(® l?hs/@wdih&) .

Source SS 4d.f. mS F p
- Preweaning condition 357.52 1 357.52 2.30 n.s
Postweaning condition 180.19 1 180.19 1.16 n.s
Pre x Post 123.52 1 '123.52 <)
error © 1241.83 8 155.23 '
Total subjects 1903.06 11
Trials ) 4578.73 3 1526.24 33.6 p<0.001
1
T x Pre 58.23 3 19.41 <]
T x Post 35.56 3 11.85 <=1
T x Pre x Post 64.56 3 21.52 <1
errorxr 1090.17 24 45.42

Total 7730.31 47




s
cs;
-y
-

Figure 20, Open-field ambulation of litters reared in different
environmental conditions:

(a) males (N =43)
(b) females (M :.5\\
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This depression in scores, especially in the B-L group, on day 1 may

be interpreted_as an increased emotionality (see Whimbey and

Denenberg) followed by normal- levels of exploration. 1In this group, it
is more appropriate to attribute this decreased ambulation on day 1

as an adaptive response to a novel environment rather than reflecting
some disadvantage in emotional terms. Those animals reared in the
deserts postweaning tend to have lower levels of ambulation on later
trials, giving the trials x postweaning interaction significance at l

the 10% level - indicating their habituation and satiation with

the test situation.

The rearing scores give the expectea significant result for trials

on analysis in both sexes (see table 25) and also an interactive effect
of trials x preweaning condition in the males due, again, to the
depression of scores of the B-L group on day 1.

Table 25(a) : Repeated measures analysis of variancé of open-field

rearing in males(‘_’, (ara | condifion) .

Source SS d.f. mS - F p
-Preweaning condition 42.19 1 42.19 L]
Postweaning condition 9.19 1 9.19 <]
Pre x Post - 46.02 1 46.02 <1

_ error 1726.33 8 215.79

‘" Total subjects 1823.73 © - 11 '
Trials 291.73 3 97.24 13.64 <£0.001
T x Pre . 50.23 3 16.74 2.35 «0.1
T x Post 33.56 3 11.19 1.57 n.s
T X Pre X Post 30.73 3 10.24 1.44 n.s
error 171.00 24 7.13

Tot{;\l' Vériance 2400.98 47

Table 25(b): Repeated measures analysis of variance of open-field
rearing in females (3 l'\&b:s/c.end?ﬁw\ R

Source . SS d.f. mS . F P
Preweaning condition 114.09 1 114.09 <1
Postweaning condition  3.00 1 ' 3.00 <1
Pre x Post : 1.33 1 1.33 <1

error 1316.5 ) 8 . 164.56
Total subjects 1434.92 11
Trials ' 391.75 3 130.58 9.16 <£0.001
T x Pre .. 32.08 3 10.69 <1
T X Post 18.5 3 6.17 <1
T x Pre x Post 24.5 3 8.17 <1
error 342.17 24 14.24

Total Variance 2243.92 - 47
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The standard open-ficld test therefore failed to give much
information except with the males in the preweaning condition. There
was, however, a similar type of ambulation score taken during the
adaptation phase of the test for response to novel objects.
Although this is not a standard open-field test (it being a much
smaller field - see plates 4 and 5 for comparison) it does show the

females ambulated much more than the males and that both sexes from

~-

the desert postweaning condition showed higher ambulation (see

table 26 and figure 21).

Table 26: Analysis of male and female ambulation in hovelty box.
(3 litters fConclition)

Source SS d.f. mS F P
Preweaning condition 4.16 1 4.16 <1
Postweaning condition 42.66 -1 42.66 5.02 «£0.05

1 0.18 <]

Pre x Post 0.18

Sex 266.66 1 266.66 31.37 £0.001

S x Pre 1.51 1 1.51 <1

S x Post 2.68 1 2.68 21

S x Pre x Post 13.48 1 13.48. ° 1.59° n.s
error 136,0 - 16 8.5

Total Variance 467.33 23




Figure 21. Novelty test ambulation of litters reared in different
~environmental conditions: (a) males

. . (b) females
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Novelly Testing

This test had essentially two parts — the first the klhaKnyﬂa%xxtito

the novel objects, and the second the time spent investigating any of

the objects. This second measure of time on object was found to be

so varied as to be meaningless on analysis although the reaction time

(the time to respond to and approach the object) showed considerable

result (table 27).

{

Table 27(a): Latency to respond to novel objects,~ma1es(rd:‘E3)-

Source SS da.f. msS F p
Preweaning condition 450.67 1 450.67 7.32 <0.05
Postweaning condition 337.50 1 337.50 5.48 <0.05
Pre x Post 2.66 1 2.66 L1

errox 492.67 8 61.58
Total Subjects 1283.50 11
Trials 1320.17 1 1320.17 31.25 <0.001
T x Pre 352.66 1 352.66 8.35 <0.025
T x Post 280.16 1 280.16 6.63 <0.05
T x Pre x Post 150.01 1 150.01 3.55 n.s
error 338.00 8 42 .25
Total 3724.50 23
Table 27(b) : Latency to respond to novel objects, females(hI:ESD
Source ss d.f. mS F P
Preweaning condition 0.38 1 0.38 “<1
Postweaning condition 459.38 1 459.38 1.22 n.s
Pre x Post 198.37 1 198.37 <1
error . 3017.33 8 377.17
Total Subjects 3675.46 11
Trials 4030.04 1 - 4030.04 12.59 <0.01
T x Pre 5.04 1 5.04 <]
T x Post ~ 590.04 1 - 590.04 1.84 n.s
T x Pxe x Post ' 165.38 1 165.38 <1
error 2560.00 8 320.00
Total 11025.96 23




In the females the only significant result forlakenchorwﬁbmkwas a
trials effect reflecting the slower response to the second object
than the first, especially in those animals from the desert postweaning
condition. 1In the males there is an abundance of significant effects,
with the major one again being the trials effect of slower QEQSFoﬂse
to the second object than the first. Both the desert and the burrow
producé an effect of increased reactivity in the laboratory reared
animal to both the first and the second object. When these two
rearing conditions are combined (B-D) they do not affect the animals'
initial reactivity but do dramatically alter the reactivity to the
second object. This is a very different pattern of response
behaviour than that shown in any‘of the other three conditions, in
that these males respond more quickly to the second than the first
object, although they respond quickly to both. This result might be
explained by the action of the experimental conditions on separate
functional systems - that is, the desert seems to increase levels of

ambulation whilst the burrow may -increase arousal (figure 22).

With reference to the table of analysis of variance, if it were
not for this very conspicuous interaction it would be doubtful if
the other results would be significant although they do reach
criterion level. It is a case where the interaction may invalidate

the significant results for the main variables.

2

Discrimination Learning

Rgain we have a trials effect showing the largest source of variance,
indicating that the animals learnt the discrimination. This dramatic
effect is due to the fact that such a siﬁple discrimination was

used and the 'ceiling' for that learning ability was attained very
quickly. There is also a small straightfbrward effect from the post-
weaning desert condi?ion indicating that these animals can benefit
from an enriched environment with regard their learning ability

(table 28).
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Figure 22.Lokenc~{foresPor6e to objects in novelty test of litters . -
reared in different environmental conditions: )

, _ (a) males (N =43)
(b) females (N;'-’_Jn
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Table 28: Rnalysis of variance of correct number of responses made
in discrimination learning trials,{smales only/cC,(\d'\ho(\)

Source - ss d.f. . mS . F P

Within subjects

Preweaning condition  0.02 1 0.02 <1
Postweaning condition 9.19 1 9.19 3.44 =0.1
Pre x Post 42.19 1 42.19 15.8 <0.01,
Errxor 21.33 8 2.67 '
Total Subjects 72.73 11
Between subjects
Trials : 519.4 3 173.13 56.58 «0.001
T x Pre 0.06 3 0.02 <]
T x Post 10.22 3 3.41 1.11 n.s
T x Pre X Post 22.23 3 7.41 2.42 <0.1
Error 73.34 24 3.06
Total variance 697.98 47

The other significant result is the large interaction between the pre-
and post-weaning conditions, which is also reflected in the higher
order interaction, T x Pre x Post. The most efficient'learninglgroup
are those males in the L—D_éroup and the least efficient were the
control (L-L) group. Those in the burrow were slightly more efficient
than those in the lab, although those who subsequently went into the
desert (B-D) were less efficient than those who subsequently went

into the lab (B-L) condition (figure 23). This interaction suggests
that piior experience and early rearing conditions are important but
that the interaction, rather than any of the conditions on their own,
is the critical variable. In other words, a situation may be
beneficial or adverse.for any given animal but the overall effect
would be depéndent on that particulér animals' constitution and

experience.

' .
Trial times for ‘this discrimination learning show a dramatic

increase in the rate of acquisition as a result of both the early
burrow and the postweaning desert conditions (figure 24 and.table

29).
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Figure 23. Discrimination learning curves of males reared in -
different environmental conditions: . total number of.

correct responses. (N= 1.2) ‘
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Figure 24,

. Times taken for discrimination learning trials by

males reared in different environmental conaitions.(NZ \QD
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Table 29: Analysis of variance of discrimination learning
trial tlmeoxgmales OnIY/bD(KjﬁWOVq

Source S d. f. ms F o)

Within subjects

Preweaning conditions 12416.33 1 12416.33 5.78 £0.05
Postweaning conditions 14490.75 1 14490.75 6.75 «0.05
Pre x Post 38646.75 1 38646.75 18.00 «0.01
Error 17175.34 8 2146.92 !
Total subjects 82729.17 - 11
Between subjects
Trials 29931.17 3 9977.06 29.04 <£0.001
T x Pre _ 5519.83 3 1839.94 5.36 <0.01
T x Post 2703.75 3 901.25 2.62 «0.1
T x Pre x Post 10857.42 3 3619.14 10.53 <«£0.001
Error 8245.33 24 1343.56

Total Variance 139986.67 47

In sum, on the behavioural observations, there is little effect on the
females for open-field or response to novelty. Therefore one must
conclude there is litfle behavioural consequence in the females of
either the pre- or post-weaning conditions that we can demonstrate -
with these measures. This is not unusual as many early experience
experiments have shown effects in the male undemonstrated in the
female. It is difficult tp reconcile, however, with Swanson's

. statement '....that female hamsters are more susceptible than males

to environmental influences...' (1969).

In the males there aré behavioural effects on open-field ambulation,
response to novel objects and on discrimination learning which are,

in the main, interactive effects. The results are such that both the
pre- and post-weaning conditions affect the animals differentially
with respect to the pribr condition and experience. The preweaning
condition seems impogtant in the formation of an animafs responsi&eness
whilst the postweaning condition is more concerned with hhe effectivye

' consequence of that responsiveness.

Generally the postweaning enriched environment for the hamster had
similar effects as those attributed to an enrlched environment for
the rat; that is, there was increased ambulation, probable decreased

emotionality, increased reactivity and improved learning ability.




However, the only result that really allows for simple :2,L+
interpretation is that of discrimination learning where

it is obvious that the condition most favouring rapid
acquisition of a simple discrimination is the ordinary
laboratory condition followed by a free enriched environment
postweaning.

Physiological Data

i) Brain Weight

The effect on brain weight due to sex almost approaches the
10% level, due to the females having larger brains than the
males - an effect which is not simply due to the differences
in body weight, as verified by referring to the brain/body
weight ratios (Table 30b and Figure 25b).

There is a significant effect (Table 30a) due to the post-
weaning desert condition which decreases brain weight,
particularly in the males. The females tend to show an
increase in brain weight due to the preweaning burrow condition
(see figure 25a). There is absolutely no evidence that an
enriched environment leads to increased cerebral growth in
this species as has been demonstrated for the rat (Ferchmin,
Bennett and Rosenzweig, 1975).

Table 20a: Analysis of brain weights from males and females
reared in different early environmental conditions
(F = 2.87, d.f. = 1/32, p = 0.1). (W =21F, 19 M)

Source - S8 d.f. mS F D
Preweaning condition ' 35.2 1 35.2 <1
Postweaning condition 140.8 1 140.8 3.54 < 0.1
Pre x Post 8.8 1 8.8 <1
Sex - 107.8 1 107.8 2.71 n.s.
5 x Pre 55.0 1 55.0 1.38 n.s.
S x Post 107.8 1 107.8 2.71 n.s.
S x Pre x Post 19.8 1 19.8 < 1

Error 1271.44 32 39.73
Total Variance 1630.78 39

Table 20b: Analysis of brain/body weight ratio for males and
females reared in different early env;rgnmental
conditions (i.e. B-IL,I~L,B-D,L-D conditions)(N=21F,19M)

Source SS d.f. msS B D
" Preweaning condition 9.20 1 9.2 <1
Postweaning condition 2584.03 - 1 2584.03 47,27 < 0.001
Pre x Post 30.81 1 30.81 <1

Sex 979.64 1 979.64 17.92 < 0.001
Sex x Pre 19.07 1 19.07 <1

Sex x Post 0.06 1 0.06 <1

S x Pre x Post 51.55 1 51.55 <1

Error 1749.2 52 54.66

Total 5870.0 39




Figure 25a.

Figure 25b.

Brain weights of animals reared in different early

environmental conditions.

Brain/body weight ratios of animals reared in

different early environmental conditions.
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The results of the analysis can almost entirely be explained by
the dramatic rcduction in brain weight in those males reared in the
B-D condition. Again this is not reflected in body weight although
there is some indication of poorer cognitive ability.in this group,
despite the fact there is no demonstration of a simple relation
between brain weight and cognitive ability. It is thought that
the transition from the burrow condition to the desert condition
may have constituted a trauma for these animals which could be
reflected here and, may account for some of the interactive effects

already demonstrated.

ii) Adrenal weight and plasma cortisol levels

The analysis for adrenal weight (table 31) confirms the
expected sex difference in the size of the adrenal glands.
Although no other variables attained significance there is an
indication that the early burrow condition increases adrenal weight
in the male whilst decreasing it in the female - thus exaggerating
this normal sex difference. The'effect on the males is

substantially greater than the effect on the females (see figure 26).

Table 31: Analysis of adrenal weights from males and females reared
in different early environments(?ﬂ =4{9

 Source ss da.f. mS F p

Preweaning 4.93 1 4.93 . <41
Postweaning 0.04 1 0.04 <1
Pre x Post 0.00 1 0.00
Sex 211.51 1 211.51 16.93 <0.001
S x Pre .16.81 1 16.81 1.35 n.s
S X Post 0.35 1 0.35 <1
S x Pre x Post 0.09 1 0.09 <1

Error 399.59 32 " 12.49

Total £39.90 -39

’...‘.‘

L% ]
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Figure 26, Adrenal weights of animals reared in different

environmental conditions.
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The cortisol levels show no clear sex difference although the
value for F is close to the 10% significance level (table 32). The
main effect is a decrease in the level of plasma cortisol, in both
sexes, due to the postweaning condition. This appears at variance
with findings in the rat where it is the preweaning ‘enyironment that
is most effective in producing changes in the pituitary/adrenél axis.
These results support the previous finding (Denyes and Horwood, 1960)
of a lack of correlation between the size and activity of the adrenali
~gland in this species. (The difficulty in interpreting these data leads
to the realisation that there are only two basic levels of titre
obtained (see figure 27) - one group including all the female conditions
except the control group with the males in the B-D condition and the
second group, with higher levels, all the male conditions e#cept the
B-D group with the female control group).

Table 32: BAnalysis of plasma cortisol levels in males and females
from different early environments (F = 2.87, 4f = 1/32,

p = 0.1).

Source Ss d.f. ms ~ F. ' p
Preweaning 23.01 1 23.01 2.62
Postweaning 47.26 1 47.26 5.32 «0.05
Pre x Post 0.18 1 0.18 <l
Sex ' 23.89 1 23.89 2.72
S x Pre . 0.09 1 0.09 <1
S x Post 2.77 1 2.77 <1
S x Pre x Post 20.68 1 20.68 2.36

Exror 280.64 32 8.77
Total . 412.97 39

—_—

This finding is not easily explained by either yaried basal levels
due to eariy environm;nt, or response levels to stress. That all male
animéls, except those in the B-D group and females in the control
group should give titres indicative of greater stress appears
untenable. The difficulty in finding reliable indices and measure-

ment techniques for stress related phenomena has been repeated here.

.




Figure 27. Plasma cortisol levels of animals reared in

environmental conditions
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The females show more real effect from the experimental
conditions in these physiological measures than were demonstrated
behaviourally. The preweaning condition has 1it£1e direct effect
on either body growth or brain weight, whilst drémafically altering
adrenal weight in both sexes. However, there is again no
correlation with cortisol levels as these are lowered in the female
and unaffected in the male. The postweaning condition serves to
increase body weight, particularly in the females, decrease
brain weight and cortisol level in the males and not to affect
the adrenals. This seems to imply again that the postweanipg condition
servesto instruct and develop the organism whilst the preweaning
environment 'sets' the animals'emotional physiology for appropriate

situation response.

Discussion and Conclusion

A general assessment of the results verifies the supposition that a
quiet, early (more 'natural') environment does allow the development of
a more adaptive organism reflected in low ambulation in novel situations
together with faster reactivity to novelty and rapid learning. This
appears to be achieved by the setting of the animals'emotional

responses or arousal level physiologically in early life. &2n

enriched postweaning environment has similar overall effects achieved

not by a physiological parameter but by an experiential one.

The main interest in this study arises from the interaction of the
two environments which does not appear as beneficial as proposed.
This can be accounted for by the great contrast between the two
conditions of burrow'and‘desert which the organism would naturally
have greater control over, and so be able'to adapt gradually to .
the different experiences. It was felt in'this research that the
change in environment; was too sudden for the real benefit to be
demonstrated. An improved deéign for the conditions may provide
more information in this respect. Effects, unexplained by either
the burrow or the desert directly, may largely be explained by this

proposal.




In summary, Lthe main proposition has been verified demonstrating

a more natural environment, at least in this species, does provide
a more responsiQe, adaptive animal.bearing in mind the caution re
the interactive consequences. The fact that interaction has been
demonstrated repeatedly here serves to illustrate the care that .
must be taken in assessing an animals' total experience throughout

development and maturity before interpreting results.

2.0
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SECTION 3: THE EFFECTS OF HANDLING IN THE HAMSTER
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SECTION 3: THE EFFECTS OF HANDLING IN THE HAMSTER

The experimental data detailed’in this section werz obtained in order
to test a specific hypothesis; naﬁely that "handling days 0-21 in
the hamster produces deleterious effects by affecting physiolog;cai
brain differentiation and development dﬁring a critical period of
early life". The formulation of this hypothesis has been discu;sed
in full elsewheré (see Chapter III - The Golden Hamster). Such a
éeneral hypothesis, together W§th the argument. put forward in its
conception, leads on to a number of other statements which will be

critically assessed,

(1) Bandling in the hamster days 0-21 will be expected to produce
deleterious effects dissimilar, énd generally in the reverse direction,
from those effects (commonly termed 'beneficial') produced by handling
days 0-21 in the -laboratory rat.

(ii) Handling in the hamster days 5-21 will be expected to produce '_

effects commonly associated with handling in the laboratory. rat. .

! - (iii) Handling in the hamster days O-4 will be found to result in
deleterious effects, as expected in handling days 0-21; and that this
period (days 0O-4) may be a critical period in producing the effects
of handling days 0-21.

(iv) The non-handled (NH) group will be a second control group, no
' different from the first control group. ’

The approach in this section is of necessity different

from the previous sections in that a highly specific
experimental hypothesis has been formulated. This is
possibie as there is some evidence available in this

field (i.e. handling in hamsters) already, allowing previous
experimental results and background information to be
critically assessed and combined (see pp.74-79) so that

a very precise testable hypothesis (or series of hypotheses)

can be derived.
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Apart from the expérimental proéedure these animals were treated in
an identical manner to all other groups as already described, under-
going the same behavioural and physiological assessments. Results -
for all groﬁps were analysed by an analysis of variance (which
included all groups) using litter means as the unit éf analyéis.

The data wére also subjected to analysis with the g-statistic in an
‘effort to determine which groups were like, and which unlike, each

other. (Harmonic means were used when groups were of unequal size).
Behavioural observations are detailed in appendix A.

Growth
Using a repeated measures analysis of variance for mean litter body

weight at weaning, 55 days and 90 days, a significant trials effect

" was found for both sexes and a significant effect of condition in

the males only (Table 33). The sample taken at maturity for
,physiologicai measures gave a highly significant effect for both

sex and condition (Tabie 34) - although again there is some difference
between the values obtained from the sample and those obtained uéing

litter means in this case it only affects the strength of the

significance.” The growth curves reflect the result of the first
analysis by showing that the control group has the best growth,

whilst all forms of handling appear to depress body weight (see
figure 28). ‘

This is true of the females as well as the males, despite the lack of

significance. The NH and the H5_21 groups have similar curves with

the H 5y 9roup shewing the poorest growth, The HO—4 group have very
O- . )

low weaning weights which recover before maturity to exceed the

i catch on
weights achieved in the H0—2l group. This tendency to catch up

growth during maturity is shown by all the experimental conditions

with NH animals doing best to show increased weight at maturity and

the H doing least well; H5_21 do slightly better than 50_4

0-21
(see figure 29). : . ;'




) IS |

uU

Table 33a: Repeated analysis of variance for body weights of males
in the handling conditions(3 htvs/condilion).

a.f.

Source SS mS F P
Conditions 1529.86 4 382.47 2.95 £0.1
error 1167.11 9 129.68
Total subjects .2696.97 13
Trials 40083.24 2 120041.62 706.19  £0.001
T x C 334.54 8 41.82 1.47 n.s
error 510.89 18 28.38
Total Variance 43625.64

41

Table 33b: Repeated analysis of variance for body weights of females

40

Source ss d.f. mS F . p
‘Conditions 1497.91 374.48 1.54 n.s
error 1940.89 242.61
Total subjects  3438.80 12
’Trials “49756.13 24878.07 373.26 40,001
Tx C 360.09 8 45,01 21
error 1199.78 18 ' 66.65
Total Variance 54754.80

Table 34: BAnalysis of variance for mature animals (90+ days)
with early handling experiences (sample only) (N=<,32558<?‘).

Source . ss _ T a.f. mS F P
Conditions 11227.44 4 2806.86  18.19 <0.001
Sex 1913.87 1913.87 ) 12.4 =0.001
SxC .208.98 " 4 74.75 41

error 7254,15 47 154.34
Total Variance 23463.93 56




Figure 28. Growth curves of litters reared in the handling V

conditions: (a) males

(b) females
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The pattern that emerges from the mature weights is very interesting -

5-91 and Ho_4 are both similar to the

control gfoup, NH group has increased body weight and the Ho_

in the males: groups E
21

droup has a depressed body weight; in the females: a similar

pattern is repeated with groups H5—2l and HO-4 also having slightly
elevated body weight. This finding emphasises the permanent

cansequence of experimental manipulation which must obviously be -
having some effect throughout the animal's lifespan, as does the

.result from the analysis (table 34),-

The findings are verified by the g-statistic which groups the
controls (although overall distinct from the other groups) with

the NH and H and groups H and B together. As well as

5-21 0-21 0-4

having poor growth those animals which had received handling early in
life were also of very poor appearance generally. Overall, these
results bear out the hypothesis suggested well, supporting the

theory that there is some fundamental impairment in this species as

a result of early handling.

Open-field behaviour

This was measured using standard O/F technique (see P.125)
scoring ambulation as sections entered and rearing. Results
were analysed using litter means with 3 litters/condition.
Ambulation in the rwales is noticeably depressed by handling
days C-21 - both the control and the HO-21 groups being
significantly different from each other and all other
conditions. The analysis gives a significant conditions
effect as well (table 325a). In the other groups: NH mirrors

the control response to the open-field with slightly depressed
have similar, unusually

scores whilst both HO-4 and H5_21
shaped curves. The ferales analysis gives no significant

result other than a trials effect as would be expected,
with all groups ambulating more than the males (table 35b).
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Figure 29, Body weights of mature. (90+ days) animals from -

handling conditions.
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Table 35a: Repeated analysis of variance for open-field
ambulation in males from the handling conditions(PJ::33]

Source ss ' d.f. mS’ . F p.
Condition 1695.4 4 " 423.85  2.67 «0.1
erroxr 1367.0 -9 151.89 '
Total subjects °3062.4 13
Trials 1654.05 3 © 551,35 11,93  £0.001
T x C . 582.2 . 12 48.52  1.05 n.s
error . 1248.0 27 46.22

Total Variance 6546.65 55

‘Table 35b: Repeated analysis of variance for open~field

ambulation in females from the handling conditions(hJ:Qf)
| .

-

i Source -. Ss 4.f. . mS 'F .P.
Conditions 1156.83 4  289.21 <1
error 3542.50 8 442,81
Total subjects 4699.33 12
Trials _ 3395.80 , 3 1131.93 28.96 «£0.001
TxC 703.03 12 58.59 1.50 n.s

| error 938.17 - 24 39.09

Total Variance 9736.33 -
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In the females the tendency is for the groups NH and H5—21
to show a similar response to the control group, whilst HO_4

and H have similar flattened curves indicating somewhat

incregszé emotionality (day 1) followed by increased exploration
(days 3 and 4) 4Asee figure 30. This effect is similar to that found
by Lawlor et al (1975) using mean litter scores but.does not verif&
the finding of generally increased open-field ambulation as shown by
Swanson (1969). . '

) _ ‘
Rearing scores élso give a significant conditions effect for the
males and not the females (table 36). In this casé rearing .is

depressed in groups NH and H in both sexes, particularly the

5-21
males, and also HO—21 in the males. In the females the three
groups HO-4' H0—21 and control are very similar in response (see

figure-31). Animals that have been handled wash‘less in the open-field
especially the females, and the males, are less likely to cross the centre
of the field particularly auring the first day of testing. Although

some of these animals that have been handled méy attain fairly high
open-field scores their manner in doing so is not an easy relaxed

attitude as, for example, shown by some of the animals from the previous
experiﬁent, but an extremely nervous, frantic behaviour. (The ~
ambulation scores obtained from the novelty test give little information

ip this case other than the over-riding sex difference, which is apparent

from examination of the figure for open-field ambulation). -

These results may be summed up briefly as demonstiating a reduction

‘in ambulation and exploration in males handied'aays 0-21, due to an .
increased emotionality althpugh this effect is not obviously

occurring in tﬁe feméles. The other groups which have undergone

various degrees of handling show these effects to a lesser or

greater exteﬁt. The overall picture i; difficult to assess as

none of the conditions show any éonsistent_tendency to group

in the manner suggested in the formulation of the experimental hypothesis.



Figure 30. Open-field ambulation of litters from handling -
conditions: total sections entered (a) males

(b) females
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Table 36a: Répeated analysis of variance for open-field rearing
in males from the handling conditions(hi:ﬁ%).

Source SS da.f. mS F p.
Conditions 1099.10 4 274.78 4.12  <0.05
error 600. 83 9 66.76 .

"Total subjects 1699,93 13
Trials 80.73 3 26.91 3.84 £0.05
T xC 36.10 12 3.01 <1
erxor 189,17 27 7.01
Total Variance 2005.93 55

Repeated analysis of variance for open-field rearlng

. Total Variance

Taple 36b:
in females from the handllng condltlons(hl 58)
Source -8S d.f. mS ~ F P.
Conditions 374.43 93.61 <1
- error ©'2001.50 8 - 250.19
.Total subjects  2375,93 12
Trials 292,58 -3 97.53 10.3 <0.001
T x C 50.5 12 4,21 1 '
error 227.17 24 9.47
2946.18 51
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Figure 31, Open-field rearing of litters from héndling conditions:
(a) males '

(b) females
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Novelty Testing

All 3 litters from each condition were tested in the novelty
box (see p.126 for procedure) and their mean scores used in
analysis. Scores were recorded for latency to respond to
novel objects (referred to here as R/T) and total time épent
on objects (T/0).

Although neither of the analyses for latencies to response
in this test give significant effects other than for trials
(males: F = 5.38, d.f. = 1/9, p < 0.05; Females: F = 22.85,
d.f. = 1/8, p < 0.01), the results provide an interesting
graphical display (see figure 32).

In the males the normal response of longer latencies to
response to the second object than the first is shown, with
NH and control groups both giving classical data. Handling
days O-4 appears to decrease reactivity to the second object
whilst handling days 5-21 increases it. The group that
stands out is the HO-21 who show very slow initial latencies
to response. In the females all groups give the standard,
control response except HO—4 who again show decreased re-
activity to the second object.

Surprisingly the analysis for the males' time on object

gave significant results for both condition and trial x
conditions; the female analysis gave no significant results
at all - despite the fact one might expect an effect of
trial (see table 37). Although what has happened is not
very clear, and although there is no relation between the
animals R/T and T/0 it seems that the more early, extreme
handling a male animal receives the more neophobic he is,
although 'milder', possibly less damaging, forms of
stimulation (i;e. groups NH and H5_21) increase exploration
once initial emotionality has been overcome. In the females,
too, this initial low level of exploration of a novel object

is apparent (figure 33).



Figure 32.
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Latency to respond to obJjects in novelty test
of litters from the handling conditions:
(a) males

(b) females
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Table 37a: Repeated analysis of variance for time on objects in
novelty test of males from handling conditions(hh:SX)

Source Ss : da.f. - mS . F p.
Conditions 928.14 4 © 232.04 3.2 £0.05
error 652.33 -~ - 9 ' 72.48 '
Total subjects '1580.47 13
Trials 8.54 1 : 8.54 <1
T xC . 421.46 4 105.37 4.29  <0.01 -
error . 221.00 . 9 24,56
Total Variance 2231.47 27

Table 37b: Repeated analysis of variance for time on objects in
., novelty test of females from handlng conditions(hlsz).

Source E ss . d.f; . mS F .P.
Conditions 636.14 4  159.04 1.86 n.s
error 685,33 ° - - 8 85.67
Total subjects  1321.47 12
Trials , 64.54 1 64.54 2.31 n.s
T x C 105.46 4 26.37 <1

error . . 224,00 8 --28.00'

Total Variance 1715.47 25
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Figure 33.Total time spent on objects in novelty test of litters
from the handling conditions: (a) males

(b) females
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Discrimination Learning

The test showed that all groups were quite capable of learning a
SHnFW' discrimination although none of these experimental groups
reached the ceiling for learning (i.e. 60 correct responses). Indeed

groups Hy , and H, ., did worse on day 4 than day 3 - illustrating
their erratic approach to the test situation (figure 34). All
effects were significant in the analysis of variance with, by
faf,the major source of variance, coming from the trials effect
(table 38). No significant results could be obtained from the time
taken by the subjects to acquire learning although handling tends
to increase the speed of the funs. Probably a measure of the total
number of errors made would have iilustrated the different approach
of these groups to the acquisition of learning - often handled '
animals; particularly HO—2l and H5-2l'did not seem to understand ox
recall the task at all. Again, as in the open-field, although the

" various groups may attain similar scores, the style in which they‘

are gttained is very different - observation of behaviour rather than

mere scoring in these test situations could well have been more
‘enlightening, particularly when behavioural patterns might be
correlated into more meaningful indices of behaviour.

-

Table 38: Repeated analysis -‘of variance for correct number of
responses made in discrimination learning by males
from the handled conditions{M = 19).
(*r = 3.71, d.£f. = 4/10, p = 0.05).

Source Ss d.f. mS F - P.
Conditions ' 47.90 4 11.98 3.54 <0.,1*
error 33,83 " 10 3.38 '
Total subjects 81.73 . 14
‘Trials ) 792.18 .3 264.06 94.99 <0.001
TxC 7 69.57 12 5.80 2.09 =0.05
error 83.50 30 ‘ 2.78 ' ’

' Total Variance 1026.98 59

-

*-5 males from each condition were used in this test,

following the procedure described in detail on p.129,
for a simple black/white discrimination in the SMVDA.



Figure 34, Discrimination learning curves of males from the

handling conditions: total number of correct responses.
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Physiological Measures

(i) Brain Weight

Significant effects are found here for condition and
sex x condition (table 39a), mainly explained by the decrease
in brain weight in males HO—21' The other handling conditions
in the male are similar to the control group, although
handling in the female tends to depress brain weight with a
slight increase in the non-handled group (see figure 35a).
Again, there seems no relation with body weight and little
correlation in the males with cognitive performance,as found in
the previous sections (see table 39b and figure 35b).

Table %9a: Analysis of variance for brain weight of mature
animals from handling conditions (sample only).
(N = 30 F; 27 M).

Source SS d.f. mS F P
Conditions 178.15 4 44,54 2.34 < 0.1
© Bex 8.70 1 8.70 <1
Sx C ' 17734 4 qy,34 2.33 < 0.1
error 858.29 - 45 19.01

Total Variance 1%28.11 54

Table 39b: Analysis of variance for brain/body weight ratios
' of mature animals from handling conditions (sample

only).

Source ss d.f. mS F j9)
Conditions 2823.64 Y 705.91 11.55 <0.001 |
Sex 471.21 1 471.21  7.696 <0.01 1
SxC 318.13 4 79.53 1.299 n.s. :

error 2755.54 45 61.23 : N

Total 6818.55 o4
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Figure 35a: Brain weights of animéls from the handling
conditions.

Figure 3%5b: Brain/body weight ratios of animals from
the handling conditions.
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weight is also significantly affected by condition, with B

0

(11) Adrenal weight and plasma cortisol levels

In both these analyses (table 40 and 41) very significant-
effects due to sex were found, with female values being lower than'
those of the males in all cases (see figures 36 and 37). Adrenal
leading to depressed values in both sexes, although NH eleggi;s
the adrenal weight in the male;.

, o ;
' The cortisol levels show a significant interaction of sex x

condition which is explained by the fact that all experimental
conditions cause elevation of plasma cortisol in the males whilst
depressing it-in the females (see figure 37) - the most dramatic

effects being obtained in animals from the conditions Ho 4 and H5 21°

Thié reverse response appears to be a reflection of the
different stress reaction.
The size of the adrenal gland again appears unrelated to the level of
circulating cortisol (an indicator of activity‘in many species) as

found by Denyes and Horwood (1960).

Table 40: Analysis of variance for adrenal weights of mature
animals (Q0+ days) from handling conditions (sample only),

(N=30%; 218).

Source ss ~d.f. mS F p.
Conditions 109.00 4 27.25 2,74 £0,05
Sex . 302.74 1 302,74 30.49  40.001
SxC 33,12 4 8.28 <«

error 466.66 47 9.93

'fotal variance 926,32 56

Table 41: Analysis of variance for plasma cortisol levels of mature
animals from handling condltlons (sample only), (AI=3c>$

2387). T
Source . ss da.f. " mS F P.
Conditions 9.48 4 - 2.37 <1 )
Sex _ 188.03 1 188.(_)3 30.38 40,001
SxcC 65.76 4 16.44 . 2.66 <0.05
error 284.63 N 46 6.19 L )

Total Variance - 661.84 " 55



Figure 36. Adrenal weights of animals from the handling conditions.
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Figure 37, Plasma cortisol levels of animals from the handling

conditions.
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Figure 37
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In general terms it has again been shown that the females
are less affected, partcularly behaviourally, by the
experimental conditions than the males - as found in the
previous sections. Throughout the results the group
handled 0-21 days has generally been most affected in both
behaviour and physiology; and this cannot be said to be in
any way beneficial to the organism. The exact nature of
the mediation of this handling effect is discussed below,
together with an appraisal of the validity of the proposed
hypothesis. The other handling conditions have tended to
affect the animal to varying degrees, as expected, although
not necessarily in a uniform direction.

It is very interesting that many of the results - when
drawn as a function of the level of stimulation (assessed
from the experimental hypothesis as increasing in the
conditions control (I-IL —> NH —> Hs_oq = Hy_ = HO—21) -
produce a roughly U-shaped curve (see figures 29 and 35-37
for reference). Such a relationship between the level of
stimulation and experimental results has been demonstrated
in the literature on early experience, and is explained by
Denenberg (1964) in terms of the Yerkes-Dodson Law (see
also Smith, 1967).



piscussion ' 209
This discussion will review the findings with reference to the

hypothesis put forward at the beginning of the secﬁion. The first

question to be conside;ed is that of the effect of handling (days 0-21),

as such, in the hamster,

All the significant behavioural effects are found in the male animals
with a consequence of increased emotionality, neophobia and impaired
learning ability from the handling (see table 42)., This result is in
accord with the findings of Lawlor, Wells and Weinberg (1975),
Aalthoﬁgh the effects are not so dramatic. 2An explanation for this may
!be'that_the experimenter in this stﬁdy was always the same, giving the
animals a chance to habituate to E in some degree (see Bernstein in
Newton and Levine (1968), p. 106), whilst in the above study the
experimenter‘varied from day to déy. Another posgible cause for this
less dramatic effect is that Lawlor et al used inbred stock, rather
than an Fl cross, as here, which would.iend to'éccentuate any effécts.
The findings 'of increased ambulation have not been replicated here.
Physiologically these animals were of poor physique with loﬁ brain
weight - possibly indicating impaired brain development. Their
cognitive ability, however, was not thought a consequence of this but

rather a consequence of their general behavioural manner.

The decreased adrenal weights,. together with low body weight, spggest'
these animals have been experiencing a stressful situation which their
normal.system has failed to adapt to - it is similar to the response

" to. both desoxycorticosterone acetate and diethylstilbestrol (see p.66).
although in these cases the effects are brought'about by inhibition

of the pituitary/adrenal axis rather than, as we would expect here,

an increase in activation, Possibly handling leads to a general
inhibition of the pituitary in this species;

' In the case of handled rats that have beeq-examined without being

_ stressed there ére no differenceé in adrenal wgight within non- .
handled animals - decreased adrenal weight only occurring afterla'
stressful event. The very high cortisoi'lévels found seem to

reflect thislcontinual activity of the adrenal gland although there

is no evidence to suggest a direct relationship between blood cortisol

concentration and adrenal weight.



Table 42:

26U

Summary of effects of handling days 0-21 in the golden

hamster, compared with control.

Dependent Variable

Response to test procedure in

H0—21 animals
Males Females
i
1. Behavioural Tests )
i) Open-field significantly _decfeased day 1 and
ambulation decreased over increased days 3/4.
_ all days.
ii) Open-field significantly ‘ no effect
rearing decreased over
all days
iii) N/T R/T significant no effect
' increase R/T to )
first object.
significant
increase R/T to
. second object.
iv) N/T T/O significant decrease.T/O

v) - Discrimination
Learning

decrease T/obj. 1 both objects.
significant T x C -
effect due to erratic

later trials - good
learning day 1

Physiological Measures
i) Growth

ii)  Brain weight
iii) Adrenal weight

iv) Cortisol level

impaired impaired
impaired growth . no effect
" decreased’ decreased
-increased (x2). decreased
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It could be argued that these high levels are due to a very rapid
response to stress, as has been shown to occur in handled rats - even

within a minute of the stress occurring.

An interesting'aspect of the effect of handling in the hamster (i.e.
depressed body and adrenal weights) is ﬁhat it corresponds closéiy to
the effects of cortisol treatment in neonatal rats - resulting in
'corticoid runts' (Schapiro, 1968). The theory that handling in

rats enhances the general effegt of an early stress response may be
over-stepped in the hamster (which, in any case, hasva more
continuously active adrenal giand when a neonate than the rat) so

causing a high release of adrenocorticoids.

Overall, however, these handled hamsters - whilst not being in such.
bad condition as'might have been expected -~ are obviously very
"different animals from handled rats which have been described as
showing improved biobehavioural characterlstlcs. There is no

evidence here that handling decreases emotlonallty, promotes growth
-and behav1oura1 development, improves learning or increases the
resistance to stress in the hamster as has been claimed for the rat.
Further, this emphasises the importance of not assuming generalisation

of theory between species.

The possibility that handling days 5-21 in the hamster would give
similar results to handling in the rat appears unsubstantiated '
(see table 43). 1In the males this treatment results in low
activity and exploration due to increased emotionality, together

' with an incieased reactivity to.nOVelty. Learning is also depressed
and this is the only significéntly diffefent group on analysis.

‘The females ;re also behaviourally affected showing depressed
activity and.exﬁloration without the increase in reactivity. It is
interesting that these behavioural changes tend to be more uniform
over trials in thls group than in other conditions.. Oyerall, there
is little efféct on physiology in the mature anlmal although. growth

is somewhat depressed in young animals. Values for plasma cortisol

are greaﬁly altered, even more so than in the H0_21 groups though

in the same direction, which could lend support to the suggestion
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Table 43: Summary of effects of handling days 5-21 in the
golden hamster, compared to control.

Dependent Variable

Reépqnse to test procedure in

H5-21 animals
..... Males Females
1. Behavioural Tests M
i) Open-field .decreased ambulation ambulation
ambulation day 1 and day 4. _ depressed
: uniformally over
days.
ii) Open-field rearing very rearing depressed
rearing depressed. :
iii) N/T R/T very decreased R/T  no effect R/T
’ on obj. 1
iv) N/T T/O decreased T/obj.l1, decreased T/0 )
increased T/obj. 2 uniformally
v) Discrimination scores slightly , -
Learning lowered overall
2. Physiological Measures

i) Growth

ii) Brain weight

iii) Adrenal weight

iv) Cortisol level

both sexes show somewhat depressed
~growth throughout ~ midway between
control and Ho_21 groups.

Mature weights = .control in males,

slightly increased in females.

slightly
decreased

no effect

(slight increase) no effect

increased decreased -
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that these are not resting levels but stress-response levels due to a
‘greatly accelerated stress response. A rapid response to stress,
especially in the males who seem to show adaptation after some while
in a test situation, may help'to account for the effects on

ambulation and exploration in these aﬂimals;

Physiologically these animals are'unlike those handled days 0-21, nor
does their behav;ouf tend to follow the same pattern. Obviously,

a different effect has been produced by omitting very early handling
as it does not appear so damaging but this group still does not
approx1mate to what we would expect from handling in the rat. The
tendency to find more uniformity in the behavioural effects suggests
that the experience has sexrved to 'reset' the animals functioning
state, as Hypothesised for rats, without caﬁsing the apparent

(possible brain) damage of H « It may be fhat‘the overall amount

0-21
of handling a hamster receives is the critical factor, with. the

early days simply being more heavily loaded than later in life.

Both physiologically and behaviourally there is no evidence-thet
handling-days>0—4, in eithef sex, .produces very deleterious effects;
nor that it can account alone for the effects of handlihg days 0-21
(see table 44). Although body gro&th is_initially>depressed, as

in Ho 01? in the young animals this is being overcome by maturity and
is not evident in a mature animal. Thére is no effect on either
brain weight or adrenal weight, although. the eortisol leyels again
show a large increase in the male and a large decrease in the female.
This continual finding of altered plasma cortisol levels in the
experimental conditions, compared with the control, appears tq

‘ confirm an alteration in fhe resting levels rather than in

increaseé efficiency in the sﬁress response, as a result of the early
Panipulation; although this is not found in rats. Support for this
view comes frem.the faet that no evidence has been found in this
species for correlation between circulating cortisol 1evelsfand

- adrenal size, hence the lack of effect upon the adrenals in these
experimental conditions. Aiso there does eppear to be a correlation
between learning ability, which.is known to be dependent on ACTH,

and cortisol level, also dependent on ACTH, in the males (see .

flgure 38).
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Table 44: Summary of effects of handling days O-4 in the golden
: hamster, compared to control.

Dependent Variables

Response to test procedure in

.HO_4 aplmals
..... Males Females -
1. Behavioural Tests
. . )
i) Open-field least depressed both rearing and
- ambulation ambulation = g
. 0-21
least depressed .
. ie no effect on
rearing .
, rearing; )
decreased ambulation
day 1
increased ambulation
_ day 3
ii) N/T increased decreased
reactivity obj. 1 reactivity obj. 2
decreased {only group -
) reactivity obj. 2 different from
: control)
decreased T/O decreased T/0
iii)-Discrimination quick initial -
Learning learning thoiigh
erratic.
Physiological Measures

i) Growth

ii) Brain weight
iij) Adrenal weight

iv) Cortisol level

.

depressed growth in both sexes
initially (more so than HO—ZIL -
caught up by maturity.

(slight increase) decrease

--no effect _ no effect.'

largest increase large decrease




Figure 38, Correlation between plasma cortisol leVeis and
learning scores (both influenced by ACTH) in males

from the handling conditions.
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This may suggest an underlying alteration in the animals response
to, or basal level of, ACTH as has frequently been suggested as an

explanation of the hendling effects in the rat. The fact that the

 overall effect may be different is'immaterialt

Behaviourally, these animals all tend to show depressed scores
although there is an indication that they are not so phobic as
. There is little justification in these results for

0-21
determining this early period as a critical period for producing

males H

deleterious- effects of handling in hamsters. A few points do seem
to indicate that this may be a critical period in some respects of
development - for example, the general behaviour of the two groups

50_4 and H0—21 was similar in the test situations; both. these

~groups showed quick initial learning but erratic responses on later

trials; and the only groups from which any young'pups were lost

-were these. It would appear that handling in this early period

may well interfere with brain maturation and differentiation as

suggested, but the effects produced by handling cannot totally

‘be explained by this phenomenon.

. i

Finally, the'non-handled group provided some very interesting data

and obviously was not equivalent to a second control group. Although
none of the pups in this condition were actually handled, they were
subjected to the same interference involved in the handling procedure -
i.e. the cage was removed from the shelf and placed on a table, the

top was removed, dog biscuit given to the female and a barrier blaced
across the cage to prevent access to the litterlfor seyeral minutes;

the top was then replaced and the cage returned to the shelf.

* The most outstanding effects (see table 45). are shown by the severe

depression of rearing scores in the open;field together with increases

.in body and organ weights. The finding that this type of manipulation

results in very‘definite results is most interesting from the yiewpoint
of female/pup interaction. Almost definitely some effect must be
mediated via the mother as a result of separatlon from the pups

despite the apparent lack of interest on behalf of the females, or the
lack of communlcatlon with the pups. This must be concluded as all
animals in this laboratory are fed daily with fresh, chopped carrot -

a4 procedure that requires each ~cage to be moved and the top removed -



Table 45: Summary of effects in "non-handled" group, compared

with control.

Dependent Variables

Respbnse to test procedure in
NH animals. :

Be
i)

ii

ii

havioural Tests

Open-field
ambulation

) Open-field
rearing
i) N/T R/T

iy) N/T T/O

vl

Discrimination
.learning

Males Females

similar ambulation pattern over trials
to control group (in both sexes)
though somewhat depressed (in males
more than females).

very depressed very depressed
(patterning again the same as control)

no effect . no effect
_greatly slightly

increased decreased -

T/obj 2. T/obj. 1

_good, steady

learning

Physiological Measures

i)

ii
ii

Growth

) Mature weights

i) Brain weights

iv) Adrenal weights

9

Cbrtisol level

““slight increase

somewhat depressed in young animals
though rapidly catching up, post

- maturity.
increased increased'
no effect increased
increased no effec;

'slight decrease




therefore the main difference between the control L-L group and the NH

_group is the actual separation and the feeding of dog biscuit. The

fact that separation between a litter and the mother influences
subsequent interaction, such as contact; and that the type of
barrier (whether solid or perforated) influences the degree of this
effect has already been noted by Villescas et al (1977). Many early
handling effects have been found to be mediated in part by the
interaction of the female and the pups with fespect to care, maternal
behaviour and interchange of physiological substances during nursing.
This brings into view various'questiong relating to the mothering

of pups by the hamster as it has been shown that maternal care is
elicited maximally by pups aged 5-6 days, rather than newborn, and
that the behaviour of the females seems different over the first

few days (see data from video time lapse recording). Perhaps

the hamster has a physiological system designed to deal with
somewhat inadequate maternal care during very early life; and

it is this which is resulting in the upusual effects of manipulation

in this animal.

———— e
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Conclusion
Ltoncius_o7.

The findings in this section of the research lead one to accept that:-

(i) Handling in the hamster days 0-21 produces deleterious effects
dissimilar, and generally in the reverse direction, from the effects

produced by handling rats days 0—21;

(ii) Handling in the hamster days 5-21 does not produce effects
commonly found in handling rats, although the outcome of.this
procedure may be similar in its mode of ‘action and less damaging

than handling days 0-21.

(iii) Handling in the hamster, days O-4, is less damaging than
expected and cannot be designated as a critical period for the

production of handling effects in the hamster.

(iv) The non-handled group does not act as a second control group,

‘but rather provides evidence for the mediation of some of the effects

found in this research.
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SECTION 4: GENERAL DISCUSSION OF RESULTS AND TESTING

PROCEDURES
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SECTION 4: GENERAL DISCUSSION OF RESULTS AND TESTING PROCEDURIS.

Having detailed the experimental results by section, there

are several general points for discussion. Vhen designing

these experiments the decision to use the testing procedures
'utilised was made largely in view of the fact that these were
commonly used procedures, and to replicate results with the golden
hamster would (a) demonstrate the usefulness- of such procedures
across spec1es and (b) allow one to make certaln basic comparative
equations between species, their known behav1oura1 and physiological
dlfferences, and their responses in test situations. Repeatedly,
_however, as mentioned in the previous sections, there appeared
little continuity in the results obtained in the golden hamster -
nor anyleorrelations as might have been expected between results.
" This does appear to be at variance with results obtained in'similar
experiments with, for example, the laboratory rat where, again ‘
for example, the cendition of the adrenals may be used to reflect
the general condition of the animal (Jelinek, 1971) whilst such
neasures in the golden hamsfey_appear much less predictable

(Denyes & Horwood, 1960; Peczenik, 1942h). n .

In general, it is obvious that the females have been less

affected by the experimental conditidns than the males, pgrt-
icularly with regard to the behav1oural measures used. Tﬁis has
not always been reported for-this species (see Swanson, 1969)
although has generally been believed for many other experimental
species and so cannot be attributed to the golden hamsters sevual
dimorphism. It is thought that the female experimental subject

is better "buffered" against environmental variations due to the
presence of the female hormones - in particular progesterone. It
is interesting, however, that the golden ﬂamster is particularly
susceptible to the influence of this hormone (Hoffman et al, 1968)
although whether this makes them even less susceptible to behavioural
. change than, saﬁ, the female rat, is unclear. Sex differences were
shown throﬁghout jn (i) growth rate and body weight, with the
females showing faster growth and greater overall size, although
net as early as might have been expected (Swanson, 1966); (ii)

open-field ambulation and rearing, with the females giving the

- F
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higher scores, again as expected (swanson, 1967); and (iii)
adrenal gland size, with the females having the smaller glands
(Gaskin & Kitay, 1970). Although there is no evidence to suppose
any correlation between adrenal gland size and plasma cortisol
levels (see Denyes and Horwood, 1960), a fairly consistent sex
difference was also shown in the cortisol levels obtained, with
the Temales generally giving lower readings than the mgles. This
finding is contrary to the data given by Gaskin & Kitay '
(cited above) who demonstrate the resting plasma steroid levels
'to be similar in the two sexes although under stress the female
'gives lower readings than the male: This, thaf is, the level of
'stress' under normal laboratory conditions, may explain some of
the discrepancies found in the literature (see Chester Jdnes,
1955; Zeiger gi_gl, 1975 and Gaskin & Kitay, 1970 for compariéon).
There is very litle evidence from the analyses to suggest that
the sexes have respénded differentially to any of the experimental
conditions - the only S x C interaction attaining significance
being those for growth in mature animals in sections 1 & 2
and brain weights (p<0.1 ) and cortisol levels (p<0.05) in
section 3, the handiihgﬁgbnditions, The.finding‘;} no sex
‘difference‘in open-field behaviour following-environmental
manipulation (section 2) is the one clear example where the exper-
‘imental condition has influenced behaviour in fhe sexes differentially
(to the extent of losing the normal sex difference) and replicates
the finding of Swanson (1969) that early envirmmental exposure

can alter later open-field behaviour in this species.

- As stafed in the previous sections closer study of maintenance
and social behavioufs in a étudy of this nature may well provide
imporfant clues to the mediation of experimental effect. For
example, in the second sectim of these results the data on maternal
behaviouf? obtained from video time-lapse recordings demon-~
strated -~ even when énly crudely analysed - very clear and
significant differences in the behaviour of the female under

altered conditions. These differences were reflected in her

% deraled ond discwssed ‘.\V\ Appendix A,
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individual behaviour (such as use of cage space and responsiveness
to intrusion) as well as in her interaction with the litter.
There is some evidence that the females oestrusvcycle increases
activ%ty away from the nest on the day of oestrus - and that

there may indeed be an artificial cyﬁle in the 1&boratory animals
due to the 'weekend' effect (Richter, 1976). '

A secondary finding of these recordings was the reaction of
thgsé animals to the déily feeding of carrot - a very clear
demonstration of how something habituated ts by the experimen-
ter remains a dramatic disturbance to the experimental animal.
Such a response must be eventually reflected in the animal's
overall manner (as has been demonstrated by the 'non-handléd"
group of animals in section 3) and underlines thé need for
well-reported descriptions of'standard 1aborétory conditions.
Variab1é§ such as these - including whether animals are
caged randomly or by litter, whether grouped or isolated -
need careful consideration when assessing experimental design.

To return to the.manner ip which ethological approaches
may be useful - the fact thatﬁpups reared in an early burrow
or free enriched environment appear more light entrained could
only be assessed by such an approach. if the impression‘from

this study were verified it may explain the root of some
' of the infantile étimulatioq effects in that fundamental
physiological processes are governed by the circadian cycle.
That early priming in an organisms *running' cycle occurs
seems shown by the lack of evidence for any change in the
light entrainment of the adult hamsters in an identical free-

enriched environment (Section:l’).

The testing procedures used included the open-field, the
novelty box test (as used by Wells, 1975, for rats) and the
SLVDA in addition to physiological measures of growth, brain

51ze, adrenal gland size and plasma cortisol levels.



The open-field test is a standard testing procedure for
many species and is particularly used in the field of early
experience to determine the emotionality of the test '
animals. Standard data are therefore easily available for
comparative purposes. However, as has been mentioned in the
text, it was felt that the standard open-field measurement
technique did not adaquately demonstrate the behavioural differ-
ences of the ekperimental animals from differing conditions. -

Two workers (Sykes, 1970 & Swanson, 1966) have already
suggested>that interpretation of open-field behaviour in the
golden h;mster would be aided by obser&ing the total

‘range of behaviour within the field and this was attempted
crudely in this study by observing washing and the ease with
which an animal would.cross the centre of the field. Subject

to analyses these observations revealed handling-conditions to
depréss both activities in both sexes, whilst the environmental
conditions tend to increase washing in the males and the ease with
which females cross the field. There are therefore géod indica-
tions that these incidental measures do vary with sex and exper-
mental condition in such a way as to Justify their inclusion in
open-field technique. ' , _

A recent paper (Gallup & Suarez, 1980) supports the possibilities .
for ethological analysis of. open-field behaviour, with a view to
altering the traditional perspective on open-field behaviour as
an index of feér and/or general emotionality and so avoiding
some of the problems that have arisen in interpretation of data
(see Whimbey & Denenberg, 1967 & Aitken, 1974.) The suggestion
is that open-field movement is an interaction between tendencies
‘to evade predation and tb reinstate contast with conspecifics.
These ideas are well suited to the experimental animals (chicken)
used by Gallup & Suarez but may appear less appropriate in a
species such as the golden hamster where attachment to conspecifics
" is less obvious ~:territoria1 claims usually seeming more.imppftant.
However, such an interprétation =nﬁa¥=uckmﬂ€7 the behaviour of

certain animals in this study who attained high ambulation scores

vhilst subjectively appearing highly fearful."



The novelty testing was used in this study-following its
use by Wells (1975) in this department with handled rats
which produced highly significant.and replicable results.
"However, again as mentioned in the text, it appears somewhat
inappropriate for use with this species. Pfoblems that occur
are largely due to the hamsters passion for digging in
the corners of test fields and this may be averted by re-
designing this'test using a circular field. -

The discrimination used in the SMVDA (biack/ﬁhite) proved to
be a little too simple in some respects as the céiligghfdr
learning was reached easily, particularly in those group; that
had derived benefit from their experimental experience. The
data collected for trial times proved beneficial in determining
the differences in rate, in addition to aquisition, of learning.
At least in certain groups, such as the handling conditions, data
on number of error responses may have been useful but is more
difficult to obtain accurately. ) '

The general finding of improéed learning in these aniﬁgls
compared with other standard data obtained in this iaborétory
[see Lawlor et al, 1975 & Sykes, 1962), was ’;hougbt to be due
to diétary, and strain, differences. The stateménfibf.Tolman
(1954) n.....that agitation, or excessive emotibnal arousal,
disrupts the 1egrning process is supported by general observation
of golden hamsters" does not seem totally justified following
these résults.

The use of general growth is an obvious physiological measure
of the animals general well-being. However the use of adrenal fun-.
ction indicators in this study was 1arge1y_diétated by the need to
find some simple measures that would provide comparable data with
other species. The use of adrenal weight and plasma.steroid
level are therefore self-selecting although further measures,
such as brain DNA, could be useful. However, the use of brain
tissue weight is supported as a measure of cortical development,
probably reflecting other structural and chemical differences,

by Rosenzweig et al (in Newton & Levine, 1968). The physiological
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deta, as a vhole, may be simply indicating effects due to the

small sample size used. A further, more detailed, study could well
verify the finding that the early pre-wcaning experience is import-
ant in 'setting' the animal in behaviour and physiology.

A slight problem may have arisen with the results of adrenal
size due to taking no account of the stage of oestrus the females
were in. Peczenik (1944) found that the female adrenal varied
with the oestrus cycle and could'give great variation in results,
_often equalling the size of the male gland during metoestrus..

* Indeed the data obtained does give a wider fange for the female

' adrenal weights than the male weigﬁts, and this is verified by a
slightly larger standard deviation (S.D. female = 3.56; S.D. male
= 3.23). ‘

The cortisol assay relies on a number of separate materials
and on the radioactive counter to give results and although many
workers appear to ascribe the results with absolute value the
experience in this case was that they are at best approximate
indications rather than reblicable absolute values.

The technique used to acquire "stress-free" blood samples in

the éolden hamster does give values for plasma cortisol levels -

(see table 46) that accord with the given value in the literature
of 18 nmol/L (Westphal, 1971). The use of ether and stunning were
suggested by the staff of St. Thomas' Hospital, and these samples

were obtained there.
Table 46: Plasma cortisol levels in the golden hamster female

(with replications) obtained by various methods of

anaesthesia prior to obtaining plasma sample.

Anaesthesia Plasma cortisol (nmols/L)
1st Assay 2nd Assay 2rd Assay
Carbon dioxide 0] : 0 -
2.5 175 -
Ether 257.5 240 . 117.5
Stunning ~1h.25 0 . C-

The use of carbon dioxide was suggested later from another source

and does appear a reliable method of obtaining stress free samples

although not for all types of assay due to the possible interaction



of the gas with the blochemical properties of the blood. However,
the values obtained from the experimental animéls in the physiolog-
ical sample give much greater variance méking p@sitive statements |
about whether thesé are trﬁeresting 1evelé or are reflecting

some degree of stress response difficult (see appendix F for
individual results). The finding of Gaskin & Kitay (1970) that
resting plasma steroid levels in the golden hamster show no sex
 difference whilst 'stress' plasma steroid icvels show higher

male values than female values may encourage one to describe

some of the values obtained here as sfress values. lale titres
all tend to be higher than female titres and even when the females
givé high readings thej are novhere near as high as in the male.

It may be that the . males, who showed most experimental’
effect, may simply have been more reactive to the unavoidable -
disturbance associated with collecting experimental data (although
all animals were given time to adapt after being moved from the
animal room to the room where physiological data weve collected).

In effect, the methodological problems associated with collecting

-~

any stress-related data have been repeated.

With these reservations, thén, concerning the test procedures
themselves, the experimental conditions and the effects produced

are discussed in relation to other studies in the following chapter.
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VII: CrEHNERAL DISCUSSION

The ma2in points proposed in this research are answered
relatively simply from the results,\either positively or
negatively, although how these effects have been produced requires
more explanation. The initial propositions made in this thesis
(see Chapter II) were conGerned with the coﬁsequences of environ-
mental manipulation, pér Se, on an experimental animal. In the .
golden hamster it is demonstrated that such manipulatidns are

‘effective; that prewveaning experiences tend to determine the.
effects of later experiences; and that a quiet early environment
is advantageous whilst a more sfimulating environment disrupts the

"animal's development as a competent adaptive organism.

The finding that the preweaning experience is important in
"setting" the animal accords with most other findings in several
species although the latter, more specific, effects are at
variance with those for the rat. liany experiments gquoted in the
literature have studied the contribution of the animal's pre ve.
post-veaning experiences to its adult physique and personality - with
a high cbncordance in the predominant effect of the preweaning

“environment (see, for example, Schaeffer & Darbes (1972) and
Essman (1971)). . It was found here (see'secfion 2 of previous
chapter) that the preweaning environment - whilst being most
important in "setting" the animal's phy51ology and hence behavioural

re_sPons'Na\ess - was by no means alone in contributing to the adult
animal's make-up but rather acted interactively with the future
experiencés of that organism. It demonstrates the crucial

aspect of an individuals environment in that that early environment
may alter an apparantly inchoate neonate wlth regard its future
recept1v1ty and reactivity. A slight cautlon must be made concerning
the feeling that one may eventually understand all aspects of an
environmental force upon an organism, and so produce "clones!

using the environment as a mould (see Denenberg in Ambrose,;969’
"planned 1life histories"). This is in some ways an overall view
for idealistic debate but in practice interpretation of such
studies becormes too complex and cannot fruly accomodate variance

in the genetic pool and individual differences which are an

inherent aspect of every organism.



Looking for a moment at the consecquences of an enriched '
environment they were, behaviourallx similar to those of such an
environment in the rat - i.e. increased ambulation, probable
decreased emotionality, increased reactivity and improved
learning ability. Physiologically, however, the e}fects were
a decrease in brain weight, no effect on the adrenal and a-
decrease in plasma cortisol levels. The outstandingly
contradiétory result here is that of the reduction-in brain
weight, particularly in the males. The workrwith rats, which
invariably ohly uses malés, gives fairly‘consistent results
for increases in.this measure and this is taken to indicate-
.improved cortical development due to the correspondence between
cortical thickness and tissue weight (see Rosenzveig et al, in
Newton & Levine, 1968? p.266). This improved development may -
be considered the physiological consequence and mediator of
improved learning ability. Body weight was not also found to
decrease in the golden hamsters as a poﬁsequence of enrichment -~
the actual decrease in brain growth being in any case, an
absolute rather than é ratio v;iue. Nothing seems to ade-
quately explain this decrease in brain weight - although a
lack of effect may have been explained b& the constraints of
skeletal gfowth (male rats, as used.in enrichment studies,
being unusual in their capacity for post-pubertal skeletal growth
and hence, possibly, their cerebral growth). Although these
results may not be in accord with 'typical' results such a view is
governed largely by the view and interpretive stand taken by
the researcher. It ssems likely almost any efféct.may
be found due to the wide variation in-what constitut?s an enriched
environment in different laboratories. It is the feeling of |
this researcher that environmental enrichment effects are largely
concerned with cognitive psychology and, where general behavioural
effects are found, that these are a consequence of: (a) adaptation
of the organi=m to a total disruption of its normal behaviour as may
occur where toys and social groupings are being changed daily
(Van Yoerden & Raaijmakers, 1975). The fact that such daily
change may be harmful was adequately demonstrated by the effect

of enrichment, in the form of daily change of play objects, for
et al, 1975); or (b) advantageous social

golden hamsters (Lawlor



facilitation as may be exnected to occur within a free enriched

environment of weanling rats.,

To rpturn to the more specific, contrary effects demon-
strated in this research, the effect of a quiet eariy environment
in the golden hamster appeérs to have more advantageous consequen-

ces than such an environrient may have in the rat.

For inslance, although no references were found in the literature ‘
for the effects of a comparable quiet "burrow! rearing condition, ’
various effects of daqkérearing in rats are known. These studies
have mainly been concerned with invéstigation of visual perception
" (- the only impairment having been shown in pattern discrimination
due to the much longer training requiréd:' see Hebb, 1937 in Sluckin,

1971 pp 106-7). However, several reports conclude that the dark-

reared animal is more "emotionall d%e to M, eeesesa-a greater .

reluctance to eat in a novel environment.."(Gibéon et al,li959)

and ". A& tendency not to enter the arm of a novel maze completely,..

(Walk, 1960). Tees (1969) demonstrated greater defecation and

less ambulation: in the light in the open-field although Gibson

et ai (1959) showed ﬁo differences in this measure. Although the

data for open-field behaviour in the golden hamster reared in an

early quiet envlromen’c on day-1, show low act:LV:Lty th].s may

be better understood as caution rather than fear; together w1thdo~h
from the other behavioural testing procedures,this is in accord with
proposals suggested in chapter II. That is, in a small rodent,
some cautiousness when entering a novel environment is surely an
indicator of a well-adapted animal and, indeed, the above results
for the rét, may also be open todhis alternative interpretation.

One problem of comparison with this'study and the literature
is that the rearing of rats in darkness can be continued up to
90 days, and also the darkness is usually total. This does not
appear to affect visual development as both the rat .(Sluckin,
1971) and the golden hamster (Schlffman, 1971) have shoun visual
cliff response following such experience. Howeven if a rabbit
is so treated it suffers biochemical damage to the retinal
ganglion cells which only recovérs after some while (Beach &

Jzynes, 1954). In effect, this latter result shows the situation




of total darkness to be too artificial and is not what was

being aimed for in this design. The very low-light level used

here served to ensure there would be no visual damage and was

the closest approximation available to a true burrow where the

pups emerge for short periods in the light as soongas'they are
active (see Daly, 1971). Even very low levels,or short periods,

» of illumination may influence the animal's physiology and

adrenal gland activity in a similar manner as those influencing
the animals' biological clocks. This point ieads one back to

the appafent difference in light-entrainment of the two conditions.

Physiologically, a monotonic relationship has been demon-
strated in the rat between adult body weight and the level of
illumination in the rearing condition (Lockard, 1963) and a
dependency on light levels for sexual maturation (Fiske, 1941).
Fiske & Lambert (1962) also demonstrated the influence of
1igh£ on adrenal weight in rats and this also appears true
for the golden hamster - dark rearing leading to a significant
increase of adrenal size in the males: in the rat light reariﬁg
leads to a reduced adrenal sizédin the females. The fact that
. diurnal rhythms in plasma corticoids, 17 - ketostero;§ excretion,
the release of adrenocorticotrophin and fhe number of circulating .
eosinophils may be shifted by reversal of the photqpepiod strengthens
the case for light reguiéting adrenal gland activify. 'Indéed,
Mos_gg_él (1974) concluded that light rearing affects the .

" maturation of the hypothalamic - pituitary - adrenal axis and
the stress response in two strains of mice by similar results.

The fact that those animals reared in the burrow condition
appeared to display economic, adaptive behaviour, both in the
experimental condition and during testing;'gains support from
the finding that gerbils reared in a more natursl environment
display a simiiar adaptation in that the physical rearing environment
determines the behavioural repertoires and degree of domestication
shown (Clark & Bennett, 1977).

In summary to these results so far discussed it therefore
appears the proposals put forward earlier in the text are
substantiated. A caution before accepting the advantageous

aspects of quiet non-stimulating early environments and stimulating



post-ueaning environments is that these results have been obtained .
using a species, the golden hamster, known to differ in various
regards to other common laboratory animals, notably the rat, part-
icularly with regard to its response to infantile stimulation '
techniques. A comparative study utilizing a less £raumatic

experimental design seems appropriate.

The other contrary result obtained in this research is

that handling in the hamster has a disruptivé effect upon the
| organism. This fact may havg biased the above conclusion to some
degree although the proposition was put forward as one of general
applicebility to small rodents. The results obtaired from the
handling conditions as pyoposed in Chapter III are greatly at
variance with those accepted as typical in the rat.

From the summary of effects of the standard handliné
technique given by Dénenberg (1962b) all the measures replicated
here have given opposite results in the golden hamster - i.e.
impaired learning, increased emotionality, decreased exploratory
behaviour, lowered adult body Qeight &nd higher plasma cortisol
levels in the males. In the female golden hanster there is more
tendency for the results to approach those of the rat than in '
the male. It therefore seems that in the golden hamster the
effects of handling are, indeed, not in keeping ﬁith the 'typical!
effects described in the literature - so ruling out the possibility
of broad generalisations for this technique. ‘

The fact that Swanson (1969) in the first finding of handling
effects in the golden hamster only handled on a few brief
occasions durlng the preweaning period ellmlnates the only solid
contradictory evidence for this conclusion - due to the lack
of comparability in experimental design. That there is a strain
difference in the severity of the expression of the results
cannot be denied but it seems dif;icult to accept that one strain
would respond in the opposite manner.

The'generél conclusion of Levine, Haltmeyer, Karas &
Denenberg (1967) that stimulation in infancy results in a less

reactive animal, both behaviourally and physiologically, does not
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ko\d"\—me_éof‘ the golden hamster where infantile stimulation (i.e.
handling) resvlts in a highly reactive animal which appears almost

incapable of exhibiting "resting" levels of anything.

Having established this failure in cross-species replication
an explanation must be proposed. Various differences exist in
both the physiology (sce below) and lifestyle of the common
laboratory rodents vhich must be considered rather than attempting
to describe widely 'typical' effects.

For instance, a large area of study involves the early
environment of tﬁe pup with 'respect to the mother, .the litter
"and the general social environment. In lieu of proper field studies
into the natural history of these‘animals some assumptions must
be made from the evidence available. The first few days‘of
handling in the rat have been suggested by Denenberg to be the
most important and this is the very period proposed as a cri-
tical period in producing the deleterious effects of handling
in the golden hamster (see chapter III). An indicator of a
change in the females behaviodg toward the pups at this point
was found from~the video recordings in this study, igithat
the.fémale changes her paftern of time on nest - howe?er, this
also appeérs to occur in the rat (see Schaeffer, iq Newtoﬁ & -
Levine, p. 118) around the fourth day and therefore must be
interpreted as a nétural fundamental behaviour pattern in the
rodent mother. The fact that the responsiveness of the female
toward the pups at this age is different in the rat and the
golden hamster provides an independent variable. It was
concluded in chapter VI, section "3 that this eariy period
was not the critical beriod in producing the handling effects
in the golden hamster but may well be the most effective in
altering physiological development.

Further variation occurs between the rat and the golden
hamster in respect of the amount of hypothermia (at one time
considered to be the important variable for producing handling

effects) the pups may be.expected to incur and the results



thereof. The degree of hypothermia that may be expected in a
laboratory (usual temperature around 20°C) would be greater than
that would occur in a natural burrow (usual temperature around
3000)’50 the length of méternal absences may be important.
However, very pood nests are usually built by the haﬁsters,
compared with the rats, in these conditions so minimising
exposure of the pups. The fact that hypothermié produces
a specific ultrasonic call in pups; as distinct from the
call produced by unusual tactile stimulation (éee Noirot, 1972),
and that these calls develob at different rétes in the golden
hamster compared with the rat together wifh associated phy-
siblogical changes (see Okon, 1971) again provide a differential
medium through which the handling.may produce altered effects.
The fact that héndling pups alters the maternal behaviour
has been repeatedly demonstrated for both ratsrand mice
(see Priestnall, 1973) - one of the components of the maternal
behavioural reportoire that is affected being the amount of licking
that occurs. This licking of the pups is important in |
prompting the reflex of eliminati;nland has been shown to -
increase with handling. Assuming a fairly direct relationship
between the amount of licking and the amount of elimination, -
there may ultimately be some effect on the electrolte balance .
within the neonate. The golden hamster is particularly ;
susceptible fo bouts of diarrho;a and allvthe pups lost in this
. study showed signs of such a problem. The fact that the hamster
responds to cold stresé by altering its electrolyte balance has
been demonstrated (Denyes & Horwood, 1960) and is a consequence of
it being a hibernator, and appears irrespective of any adéptation'
{o uutural 'desert! conditions. The fact that studies of cold
stress in the golden hamster have also demonstrated changes in
enzymétié activity and adrenal medulla activation as implicated
in hahdling, stress and emotionality studies in the rat lends
support to the conclusion that thefoverali physiology of any
- given species must be considered effective in producing the

specific results of an experimental manipulation although certain

of the mediating channels may be similar.
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This brings the concentration on adrenal cortical function
in this field into some dispute and it is encouraging to note
some concentration on the activation of different physiological
cystems by various stressors - both physical and psychological,

The fact that changes in maternal behaviour are thought of
as a mediator in producing effects of infantile stimulation
prompted the inclusion of the "non-handled" condition in this
expérimcntél design. The supposition was that by comparing
the 3 groups Ho-21 (separated and handled), ﬁH (separated and
non-handled) and L-L (unfouched control) one may be able to
eliminate or determine certain variableé. That the NH group
.did not act as a second control group demonstrates that separation
per se, even vhen apparently undisturbing for the animals, does
provoke some result. ff was just such a "second control group"
that led Levine & Lewis (1959) to accord handling effects to
"any of several forms of extra stimulation". It was this
attitude that has led to much of the confusion in the field
with reviewers attempting to equate results from totally disparate
conditions. Rather one must é;ncéhtfgte on the small variationé
and'usé them to indicate why one'is not getting unifo;m '
results. Increésing numbers of,reports,in the literature on the
effects of maternal separafion together with technological
improvements in monitoriﬁg'procedures for all aspects of mother/
pup interaction should clarify this aspect of early handling
mediation.

A final point to make concerning the effects of 'non-
handling" is that this milder form of stimulation appears to
produce effects that are less rigid and more easily reversed;
in a similar way early experience effects become less permanent in

animals of an higher evolutionary status.

As mother-infant interaction has been found an important
mediator in producing many effects in this field it may be

useful to look more closely at the known social structure of

some rodents. The golden hamster has already been discussed in some
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detail in the previous sections and one may conclude, in general,
that the animal is sclitary in its natural surroundings and
that the family group disperses as soon as the young are
independent (Rowell, 1951a). The only lsboratory rodent that
comes from a similar environment to the hamster is the
mongoiian gerbil - and its family environment has recentlj
been under investigation. The males of various rodent species
" are known to partake in the care of young - examples being lNus
musculus, several Peromyscus species and others (sce Wariné:;‘
Perper, 1980 for full bibliography) - and this is also true of
“the gerbil., The presence of the male has been shown to
influence both the devélopmént of the.young ~_. (as is also
true in lus muscuius, Smith & Simmel, 1977), and the patterning
of maternal care (Dudley, 197%; Elwood, 1975), to the extent
that within a family group, the pups are rarely left unattended

in the nest for anj length of time. A recent controversy
over the effect of the male on pup mortality has shown the male
to be particularly sensitive to the effects of environmental
disturbance (Ahroon, 1979; Gerling & Yahr, 1979). Both parents
are also sensitive to litter s1ze - with deteriorating care
being a55001ated with larger 11tters (Elwood & Broom, 1978).
Although this species therefore differs greatly in the parental
care given to the pups compared with golden hamsters they appear
sensitive to similar disturbances, and might be expected to
provide one of the critical éxperiments required in the field of
early handling; i.e. one may expect some similarities in
physiology between the hamster and the gerbil, which may enable
the investigator to split the variables of parental care and
basic physiology as mediators in producing the effects of handling;:
In studies of colony living this paternal care of the
young has beeﬂ less obvious, at least in the mouse, with other
females of the colony aiding lactating females in their care
of the young (Gandelman et al, 1970). The manner in which a
colony population is built up varies with different species, and

this may reflect‘in turn on the social organisation and role-

playing within that community. Typically, mous€ colonies may be

quickly built up to a fairly high density which is well socially

*It has now 'been reported (Lown,1979) that handling gerbil
pups days 1-21 significantly decreases open-field ambulation.
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organised (Butler, 1930; Henry et al, 1975). Only if the
population becomes overcrowded and the social organisation

is 1nterfercd with (for example, by removing the:young), does
the colony break down, fighting breaks out and reproduction A
ceases. This ceszation in reproduction, together with poor
vability of the young, also occurs at peak population to

control density. In gerbils, who have a similarbfamily arrange-
ment to the mouse, a population is very difficult to build up
due to the founding pair(s) being dominant - this pair breeds
and sexual maturation is repressed in the young unless removed
from the presence of the parents (Goldman & Swanson, 1975; Payman
& Swanson, 1980). In golden hamsters, again, it is difficult

to build up a large population as the females show impaired

maternal behaviour in neglecting to isolate themselves and their
litter sufficiently L.so the young pups tend to be cannabilised.
The control of population density in this latter species is
therefore associated more with inadequate adaptation to a social
environment rather than a bl t-in stratégy for dealing with
such a situation. )

-The fact that colony living alters, spe01f1ca11y, Jevels
of aggression that are displayed may well be an underlylng
cause of these effects. . In gerbils little has yet been published
on thisbaspect but it wouid seem that aggression is controlled
due to the physiological dominance of the breeding pair. In
mice, cronlng does not increase aggression - rather, this
occurs in the mouse when isolated (Braln & Evans, 1973) -
and this appears reflected in the inverse relationship found
- by Svare & Leshner (1973) between aggression and fear. It is
interesting that the relationship found by these workers in the
mouse ( of inverse relation of fear, and drect relation of
reactivity, to aggression) is not the same as the relationship
found here in golden hamsters - i.e. the handled animals were
most aggressive, most fearful and most neophobic. In the golden

hamster, however, crowding leads to an unusvally high incidence
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of aggression in the males which must be effective in.
producing the severe disruption in maternal behaviour. It
has been suggested (Payne and Swanson, 1973) that the normal
lack of aggression in the male golden hamster is adaptive in
that the male is only interested in the female sexually and
is not aggressive (see also Steel, 1979 & 1980). This would
mean that the females were not being 'stressed! by the males
fighfing which would otherwise, as found in the iaboratory
colony, lead to impaired fertility, abortion and disrupted
maternal behaviour. ‘ o

Such studies serve to increase the details known concerning
specific species and the likely mechanisms activated and
effective within a given situation, in addition to emphasising
that behaviour, its regulation and consequences, is species

specifice '

The physiological effects of handling in the hamster
found here (i.e. depressed body and adrenal Qeight) are
those also found as a result of pituitary and adrenal bio~
" chemical inhibitors. In rats the handling process is thought
to lead to improved growth by énhancing the activation of the
pituita}y via the effects of an early stressArequnse;
However, this tearly stress response! isvbpcurring'late'in the
preweanling rat due to the 'stress—nén—respohsive' period
(S-N-R period) discussed by Schapiro in Newton & Levine (1968)
pe 214 which may last until day 1k. Variation in experimental
result therefore appears a consequence of the variation in
maturation of different central pathways or connections mediating
gualitatively different stresses. For example, various noxious
stimuli on groups of rats, days 0-21 resulted in no significant
differences in open~field behaviour or learning ability when
the rats were tested at 60 days (Griffiths & Stringer, 1952),
whereas Levine & Lewis (cited above) accord several forms
of extra stimulation with producing handling effects. Very
early administration of cortisol (the release of which is the-

consequence of a stress response in the rat) results in similar

effects to handling in hamsters (see above reference, p-22h).




Olton, Johnson & Howard (1975) also found that rats given
corticosterone in infancy had impaired active avoidance
ability together with interfered brain and body growth.

As data afe unavailable for the S-N-R period in the hamster

and the literature (see Hillman & Seliger, 1975) suggests

that this may not oc¢cur in this species the handling effects
may be simply due to a very early stress release of adreno-
corticoids which the neonatal homeostatic mechaﬁism is inade-~
quate to deal with. This m&& in turn lead to a general inhibition
of the pituitary or, as is suggésted to occur in the cortisol-
treated rats, an effect on thymus maturation and prOgramming.
The endocrinological interrelations between these systems
cannot be ignored. 4

Another endocrinological system known to differ phy-
siologically iﬁ the haﬁster, and shown to decrease its activity
as a function of handling in the rat (Ruegamer, Bernstein &
Benjamin, 1954), is the thyroid. The relationship between

" lower thyroid activity and better food utilisation is important
as the rats in the above study all had similar food ihtake
although only the handled animals showed improved growth.

This relationship also appears true in the human (Powell et al,
1967) and the chicken (Woodgush, pers. comm,.), 50" one may
tentétively assume the same relationship for the golden hamster.
To follow thréugh this argument, handling in the hamster would
have to activate the th&roid'so producing the impaired growth
seen- such an activation does not easily accord with the proposed
pltultanylnhlbltlon, suggested above.

It is not only the variation in maturatlonal tlme scale
that is important but also the fact that different "stresses"
may exert their effects to greater or lesser degrees
and/or upon differént physiological systems. Examples
demonstrating this point include: the finding that handling
and environmental complexity have differential effects on
behavimral and physiological development (Morton, 1963);

perceptual and social environmental enrichment have'different

b
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behavioural effects as a consequence of activating

different pbys%ological machanisms (Gardner_gi_gl, 1975);

the susceptibility of the female to different types of mater-
nal stressor in studies on prenatal stimulation effects
(Anderson, 1968); and the activation of the adrenocortical
steroid response and/or the adrenomedullary catecholamine
release in response to various social encounters (Fucklebridge
& Nowell, 1974). This latter study is interesting in that

it considers both aspects of the adrenal response to stimula-
tion rather than oply one in isolation,. '

That the variation in the maturation of both neurological
and endocrinological mechanisms must be assessed for the
various species and strains commonly employed in rezearch is
imperative before adequate interpretation of the consequences
of environmental manipulation may be made. Examples of ex-
perimental results which vary by strain are legion {particularly
in mice) - e.g.: the hypertrophy of the adrenal coftex as a
result of crowding in mice is dependent on strain (Bronson, -
1962); and the effects of undernutrition varies with different
strains of mice (Castellano & Oliverio, 1976). Both of these
effects tend to be thought of as typically consistent across
species. ' - »

Variation in postnatal development within a species has
been discussed by Milhlbock & Tengbergen (1971) and between
species by King (1968). That such effects have been less
apparent in rats may be due to the narrower variation in
rat strains commonly employed in this field of study. The
findings of variaﬁility both overall and in the severity in
the effects of handling in the golden hamster may be attributable
to a genetic variation.

This variation in experimental effect by strain is part
of a large pfoblém within the study of animal behaviour. The
compounding of experimental results are often attributed
to this variable and that of sex, as apart from experimental
design, and as Schell & Elliott (1967) state "....for the moment,




the point is clear that sex does make a difference in response
to stress. The direction and degree of difference varies with
the stress-and probab}y with the strain of animal employed,
although this latter point requires and deserves systematic
exploration". A comprchensive review of these asﬁects of
research appears long overdue, rather than each paper repeating

the nced for it.

' To return to aspects of adrénal corticai activity,
as such, it has been shown ?ﬁat héndling in the rat leads
to a feduction in plasma cbrticosterone; and that in the
rat there is a close correlation between behaviour parametefs,
levels of circulating hormone and adrenal responsiveness -
although Ader (1969) qﬁestions whether adrenal steroid levels
in 'novel! situations are truly related to behavioural
emotionality. Howe;er, there is little evidence for such
close correlation in mice or monkeys (Speirs and Meyer, 1949;
Sackett et al, 1973). In the male hamster handling has led to
an increase in plasma cortiSoi level, although the females
have shown a decreasej and there doesAnot appear to be
any correlation between these levels and the amount of open~field’
ambulation . occurring. This strengthens the similéritiest*
~ between the mouse, rather than the rat, and the hamster as
suggested previously due to the variability in handling
effects. Watson et al (197%), using CBA strain, showed no
difference in plasma corticosterone as a result of handling.
It is interesting that Samorajski et al (1971) found no effects
of stress on mouse behaviour despite obvious physiological
‘changes ~ as appears to have occurred here'in the female

hamster.

Aside from the obvious further questions posed by this
research and the need far more adequate ;e#iews of the various
aspects of this field of study - surely a possibility in this

computer age -~ the need for a more general overall view by

researchers must be emphasised. Blindness to the effective
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aspects of general care, housing and diet of laboratory animals
is inappropriate. General behavioural trends as a consequence
of each species circadian cycle must be noted together with
ethological analysis of testing procedures, to provide greater
detail on the actual consequences and variability ih experimen~
tal result. Conclusions:attributing results to species -
specific social organisation and/or endocrine organisation

(as suggested by Brain & Evans, 1973) demonstrate the inability
of workers to see animals as a whole’rather'tﬁan as unrelated
systems. It is indicative of this attitude that if one
compares the approaches to'in%estigations in animal behaviour
with those in human research their appeafénce of experimental
nethodology is reversed - i.e. pharmacological Oﬁtput being
investigated first in the animal studies, followed by physical
_insult, change in nonsocial sénsory'output and finally change
in social stimulation, ;hich is always considered primérily

in human research (see Richards et al, 1976).

-

Earlier in this thesis the éxtrapolation of infantile
stimulation theory to human infants has been mentioned and
the validity of such thinking questioned.. If nothing else
the research detailed here serves to emphésise that such
thinking is, at the least, premature. Difficult as it is
to resist the temptation to find immediate human analogies
in some of the dramatic effects which have been reported -
it is a temptation which must be resisted given the present
level of understanding. If the strategies employed in
studies on small rodents ére unclear in their result the
application of these strategies and concepts to organisms
of a much higher evolutionary class cannot in all conscience
be made. Rather than attempting to formulate broad concepts
the detailed study of specific physiélogical systems,
'SPecies-épecific behaviourél consequences and the mediating
channels of early experiential manipulation will serve to
provide more relevant channels of investigation, and

possible effectiveness, in primates and man.



The use of the golden hamster in this study as the
experimental animal has shed a different light on the
accepted view of infantile stimulation research. The
fact that this species represents an organism that is a
hibernator, adapted to desert living and possessing a
'wildrtype' of adrenal physiology sets it apart from the
fat and thé mouse. In addition, there is the reversal in the
sexual dimorphism coupled with the differenceé in social
and behavioural organisation and the suggestion that '
several physiological systems operate via different specific
fathways or with different metabolites.. This species :
therefore offers the possibilities of investigating other
variables within the study of early experience than avail=-
able using thé rat (the most commonly usea species) whilst
still adhering relatively closely to the original éxperimen-
tal technique, particularly with regard to the temporal
patterning of the procedure. The golden hamster is an easily
maihtained.animalAand, in the éxﬁerience of this worker,
tractable under experimental conditions. Ig‘should therefore
be possille to determine more closely mediators in this field -
although the final outcome of any specific activation may
vary with species - and so determine any general applicability

of the techniqueé.
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APPIENDIX A: Behavioural observations

These observations were made in a very general manner
during routine inspections of the litters. Such data are
too casual for inclusion in the main text although they
may be considered valuable indicators for future research.
Detailed examination of behavioural and physical development,
social and maintenance behaviours and maternal behaviour
shown in the various conditions could show significant
differences and so provide better indicators to the true
mediators of the experimental effects produced in this field
of study.

The only quantitative behavioural data obtained were
those on maternal behaviour - but due to the small sample
size these cannot be considered definitive.

ON GENERAL BEHAVIOUR-

In general the burrow-reared (B-L) ﬁups appeared much
guieter than those in the lab (I-L), both focally and
actively; and were also more responsive to intrusion and
disturbance. Those pups_which were handled became increasingly
nervous of intrusion and very difficult to handle. It is
difficult to say if there were ény'clearcut differences in
physical development with this causal observation although
it did seem that eye-opening, which has been used as a
measure of accelerated development in handled rats, was not
accelerated (indeed slightly delayed) in either the handled
or the burrow conditions as compared with the laboratory
control. Coat growth appeared to be differentially affected
with those animals in the burrow producing much better coats
quicker, whilst the handled pups were somewhat behind.

Burrow reared pups were gquieter than lab or handled whilst the
handled pups were always noisiest and began fighting émongst
themselves earlier. This fighting behaviour was particularly
noticeable in the handled group and continued throughout the
animals lifespan, often very viciouély. As these handled
groups matured there was much fighting - often causing physical
damage, including several animals that had bitten chests
suggesting that the natural submissive postures no longer
functioned in arresting aggression. Many of the animals had
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damaged feet due to being bitten whilst hanging in the

cage corners - an activity that seemed to occur frequently
to escape littermates. This aggressive behaviour was
accompanied by a great deal of vocalisation. Occasionally
cagemates had to be separated to prevent excessive overt
aggression - a problem not commonly found in this laboratory,
as a stable social relationship is normally built up within
a cage of littermates. It was difficult using these rough
observations to make any clear distinction between those
groups that received different handling treatments - again
a more vigorous study may prove useful in revealing
differences not demonstrated here.

ON MATERNAL BEHAVIOUR

Detailed observations was made, using time-lapse video
recording, of the maternal behaviour in two litters - one
raised in the lab and the other in the burrow condition -
during the 'light' period of the diurnal cycle. Both the
measures used showed significant differences between the
two conditions - the female in the lab condition came off
the nest fewer times, spent less time off the nest during
the day and also was away from the nest for shorter periods
(see figures a,b and c). As well as these quantitative
differences there were considerable qualitative differences
in the behaviour of the two females. The female in the
burrdw was more entrained to the light cycle - shown by the
fact her activity tended to occur in bunches, particularly
at the beginning and end of the day; she also followed
distinct 'routes' within her cage when active whilst the
lab female appeared to move in a totally haphazard fashion.
This could be interpreted as simply a stereotyping of behaviour,
but the impression was one of an animal 'checking' its
environment. Again, although both females characteristically
responded to the daily feeding of fresh carrot with an
activity burst, the female in the lab was far less reactive
— to this and to any other disturbances. ’
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In general, then, the behaviour of the two females was
felt to reflect the two environments in which they found
themselves - the burrow female appeared to approach the
adaptive behaviour of a nocturnal rodent in its wild state
whilst that of the lab female showed an adjustment of
behaviour to cope with the increased visual, auditory and
olfactory input of a typical animal roomn.

At first appearance the quantitative data indicate that

the lab female showed better maternal behaviour in that

she did not leave the pups as much as the burrow female.
Indeed, the burrow female was observed (particularly after
the first few days) to sleep off the nest for quite lengthy
periods (this may be a natural occurrence - see D' Souza

and Martin, 1974 on maternal behaviour in tree shrews),

- whilst the lab female was never seen to do this.
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Figure 0. Maternal behaviour: Ngmber of times female leaves the

nest in 12 hour light period.
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Figure b. Maternal behaviour: Total amount of time spent off

nest by female during 12 hour light period.
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Figure C. Maternal behaviour: Mean time spent off nest by female.
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However, observations on the state of the nests were
carried out (for nest ratings see Scott, 1970; see also
Daly, 1971) and these showed that litters reared in the
burrow had consistently better nests and that these nests
were maintained longer than those in the light. The

nests, and cages as a whole, -of the litters in the burrow
condition appeared cleaner and more organised than those

in the lab. Admittedly, the average size of the litters

in the lab was slightly greaver than in the burrow, but
this does not seem an adequate explanation, and the overall
lasting impression_was one of improved, purposeful maternal
behaviour in the burrow condition. -

From observation in the handled groups the females behaviour
was, in general, very similar to that of the lab female.
They appeared totally unbothered when handling was initiated
although invariably they reacted afterwards, but not
necessarily immediately. They suddenly seemed to realise
something had occurred - and would furiously nestbuild, to
the extent of disturbing the original nest completely and
pushing the pups about in the wood chips. Often a pup would
be picked up and carried out the cage until the female
settled again. This response died out once the pups all
became active themselves. This extreme type of behaviour
has been reported elsewhere in rats (Birke, pers. comm.)

and seems to indicate an effect on the female of the pups
handling, via some olfactory or auditory cue, to produce
exaggerated maternal behaviour. The nest ratings in this
group seem to give support to this theory in that initially
the nests are good and seem well maintained but after the
first week they decline rapidly. Agéin the pups' behaviour
has some bearing on this as they become more active and

boisterous.

The nest ratings are the only quantitative data obtained

in all conditions, and the differences amongst the experi-
mental conditions burrow, lab and handled days 0-21 are
demonstrated in figure d. An analysis of variance does not
however attain the 5% level in the main conditions effect
nor in the interaction (table a). It is interesting to note
here that the females in the handled group did seem to
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retrieve their pups longer and also to nurse them until
much older, whereas those in the burrow ceased both
activities sooner.

It is not possible to analyse the nest ratings from the
early handling conditions due to the separate time spans

of those conditions. In general, the females have relatively
good nests in all conditions, at least comparable to the
control group. Both the age of the pups, the siz of the
litter and the amount of handling occurring appear important
variables in the breakdown of the nest. It is interesting
that the group obtaining the highest nest ratings throughout
the experimental period, and the only group to show an
increase in nest rating during that period (in fact, over
the first four days), was the NH group. The suggestion

that mild interference may promote maternal care, whilst
excessive interference encourages inappropriate maternal
care cannot be ignored., It may therefore be stated that
differential maternal behaviour is produced in the three
basic early conditions (i.e. burrow, lab and handled -
which are considered to be on a 'stimulation continuun') -
and that those females in the burrow condition give best
care to their young whilst those in the handled condition,
do worst.

Table a: Analysis of nest ratings in the three experimental
conditions (burrow, laboratory and handled days
1-21); nests rated post parties days 2/3 and 11/12.

Source S8 d.f. mnsS F jo)

Conditions 2.11 2 1.06 2.37 n.s.-
Error 2.67 6 0.45

Total subjects 4,778 8

Trials 10.89 , 1 10.89 19.45 < 0.015

TXC 4.78 2 2.39 4,27 < 0.1
Error 3.33 6 0.56

Total variance 25%.78 17
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Figure d. Nest ratings in necnatal conditions. -
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ON POST-WEANING BEHAVIOUR

These observations were made on the animals in the
free-enriched environment, compared with those in the
laboratory postweaning. As already mentioned the two
groups did seem to differ pre-weaning with regard to
the amount of noise made, general activity levels and
responsiveness to intrusion. When put into their post-
weaning conditions (desert or lab) these differences
seemed to continue to a certain degree. In the deserts,
the burrow-reared pups usually settled more quickly when
first introduced and were alsé quieter once established -
at least during the day. This is possibly only a reflection
of the fact that they seemed more light entrained than
those pups that were reared in the lab.

The use made of the desert was very similar whatever the
initial environmental experience - full use of the space
available was made with several nests established and
usually one main urination spot. Faeces and food(l) and
often some of the objects in the environment, were fre-
quently stored in one of the nest boxes to the exclusion
of anything else.

(1) This storage of faeces - which is a positive active
behaviour on the part of the hamster, together with
the fact there seems to be a retention of faecal
matter in novel environments, such as the open-field,
suggests that there is some dietary significance for
this action, although the use as a territorial marker
cannot be ruled out. Bearing in mind their natural
diet and environment the fact that these stores grow
some form of fungal matter upon them, which might be
rich in forms of Vitamin B bears some thought. This
form of dietary supplementation has been shown in ants.
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Only the smaller, lighter objects wcre moved about -
obviously in the hope that they may prove edible at a
later time.(ii>
As the animals approached sexual maturity the level of
activity increased greatly, much more so than is apparent
among animals in standard cages. This seemed mainly due

to sexual precociousness on behalf of the males which
resulted in a lot of chasing and fighting. It is possible
that some of this behaviour, particularly in the last week
and in the females, was also related to attempts to establish
territory - especially in the case of several large,
aggressive females. When caged in standard cages at
maturity those animals, again particularly the females,
seemed to have more trouble settling in the cages than

those which had been caged throughout and often one animal
would establish dominance over the others.

Despite these rather aggressive tendencies - which may be
interpreted as a reversion to more natural, 'wild' patterns
of behaviour - all the animals reared in the deserts were
very healthy and good-looking animals - their differences
did not go so far as actuzal bloodshed. It was always the
females, particularly a pair of female littermates that had
escaped and lived free for a short period with one of the
females establishing complete dominance over the other,
rather than the males, that showed the most aggressive

tendencies.

(ii) It must be noted here that from the six litters reared in

~the desert post-weaning condition two litters had the opportunity

(unintentional) of escape. Most were recaptured fairly quickly
(within 24 hours) but two females from one litter were loose

for seven days during which time they demonstrated their ability
to orientate extremely well within a large complex, novel
environment - the basement of one of the college buildings.

They returned to the experimental room to obtain food but did
not inhabit this room preferring to establish themselves in far
flung corners of the geographers filing cabinets. It is not
clear whether the two animals stayed together throughout this
time although they were eventually trapped together in a rodent
field trap, and their subsequent behaviour towards each other
did indicate some past social history. None of the animals that
escaped were excluded from the testing procedures as they had
after all only experienced a somewhat more enriched environment
than intended and had not drastically altered the experimental
variables. -

i
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The feeling from these animals was that given the chance
of a larger environment with less human interference they
would revert to a much wilder type of behaviour and social
organisation, and that the laboratory situation is indeed
artificial and produces a partially domesticated animal.

This view may appear untenable after examination of results
from the standard type of experimental measure (see main
text) and also with reference to IMurphy (1971), who has
demonstrated no difference between laboratory bred and

wild caught hamsters.

In conclusion to this section it has therefore again been
indicated that the course for future experiments may well

be in studies of behaviour patterns and social organisation
exhibited under various experimental conditions. This type
of ethological approach appears more productive and insight-
full than standard procedures which are open to inter-
pretation.
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ON OPEN-FILLD BEHAVIOUR

Observations during testing suggest that measures
of open-field emotionality could usefully include, in
- addition to ambulation and rearing, measures of the
manner of locomotion, incorporating: (i) the amount of
freezing, (ii) the ease with which the animal crosses
the centre of the field; and (iii) the closeness of the
abdomen to the ground. All of these are easily observed
but hard to define in satisfactofy quantitative terms
(see also discussion in main text p.275).

An example of where such a measure may have been
useful is given by the open-field behaviour of the handled
groups of animals. These animals wash less in the open-
field and are less likely to cross the centre of the field,
particularly during the first day of testing. Although
some of these handled animals may attain fairly high open-—
field ambulation scores their manner in doing sa is not
easy and relexed, as shown, for example, by some of the
animals from the environmental study, but an extrenely
nervous, frantic behaviour. In particular, they ambulate
with their abdomens very close to the grouna.



APPEND1X B:
Watexman (1948)

1l rat fe
(Hamster

Himwich (1973)°

Human
Rat

Human
Monkey

Human
Cat

Rat
Rabbit

Rat
Hamster

Crain (1952)

g.pigs 4
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BEquivalent age periods of various spccies

Developmental Stages

tal day = 1.5 day fetal g. pig
2.5 day fetal dog/cag
3.3 day fetal sheep/goat
= opossum at birth) /

Physiological Stages

15.5 months after birth - 20 months after birth
13 days after birth ->17.5 days after birth

6.3 months fetal -2 1 month after birth
75 days fetal - 110 days fetal

7 months fetal > 5 months after birth
59 days fetal > 15 days after birth

9 days after birth ->20 days after birth
9.5 days after birth 18 days after birth

birth - 26.5 days aftexr birth
3.3 days after birth - 17.4 days after birth

1-46 days fetal = rat 7-10 days after birth



APPENDIX C:

Objects used in the enriched ('desert') environment

3
6
1
1
1
1
1
2
2
2
2
1
1
2
4

plastic golf balls (4cm diameter)

wooden cubes (2cm)

long wooden cylinder (2cm x 9cm)

short wooden cylinder (2cm x 4.5 cm)

thick metal cylinder (l.5cm x 3.75 cm)

thin metal cylinder (0.7 cm x 5.75cm) -
wooden block (2.5cm x 3.8cm x 1.5cm)

metal hoops (2cm diameter)

metal chains (45cm long)

(birdcage) ladders

cardboard rolls (7.6cm long)

cigarette box

animal handler (with doors open and no top)
cardboard hoops (4cm diameter)

egg box

various bricks, stones and twigs

37/
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APPENDIX D: Method for cortisol estimation

Add O.5ml plasmé to 4.5m1 ethanol. Mix on rotamix and then mix tubes
on blood cell suspension mixer for 5 minutes. Spin at 3000 rpm for 10
minutes. Transfer lml aliquots of supernatant into duplicate 7.5cm X
l.5cm plastic tubes. Dry at 45 degrees C with the aid of air for 50-60
minutes. When dry place tubes in an ice-water tray with standards and
controls. Add 1lml CBG (cortisol binding globulin) solution — made up ;
with 5uCi, O.7ml pregnancy plasma from third trimester and 100ml barbital
buffer with pH 7.4 - to each tube with a Cornwall syringe. Mix tubes
on rotamix for about 3 secdnds. Incubate for 10 minutes at 45 degrees
C and then place in ice-water tray for a further 10 minutes. Add
0.5ml charcoal solution (1% charcoal in buffer at pH 7.4 with added
bovine serum albumin)using a repette. Mix each tube gently on rotamix
and leave to stand for 10 minutes. Spin at O degrees C for 10 minutes
at 2000 rpm. (The centrifuge buckets should be precooled). Tié over
in counting pots and add 10ml scintillation fluid. Count (for
radioéctivity). Standard tubes are set up by diluting 1lml of working
standard to 250ml with ethanol. The solution in then used to set up
tubes confaining a known amount of cortisol - for example, 0.3ml of
above standard solution contains 12pg cortisol/100ml. The standaras
are dried at 45 degrees C for 20 minutes. Two control plasma tubes
afe set up with each assay. Control 'O' should read less than 1.0pg/
100 mls and control 'C' should read about 10pg/10Omls. The

' standard curve is plotted with count (in time) against pg cortisol.

The levels of samples may then be read of from the standard curve.

(for reference see Murphy, 1967).



APPENDIX E: A taxonomic classification of the golden hamster

Such a classification'appears uéeful iﬁ order to determine the
relationship between this species and other commonly encountered rodents.
For more detail the reader is referred to Fllerman (1941, 1949),

Simpson (1945) and Rothschild (1965), from which the ‘following
classifications (a-d) have been taken.

a. Classification of the hamsters

PHYLUM Chordata
; SUBPHYLUM Vertebrata
'CLASS Mammalia
SUBCLASS Theria
INFRACLASS Eutheria
ORDER Rodentia
SUBORDER Myomorpha
SUPERFAMILY Muroidea
FAMILY ) Cricetidae
SUBFAMILY Cricetinae
TRIBE Cricetini
GENERA Calomyscus (1)
Phodopus (2)
Cricetus  (2)
Cricetulus (2)
Mesocricetus (2)
Mystromys (3)
Notes

1) Ellerman (1941) states this éroup is closely allied to Peromyscus
2) Ellerman (1941) groups these together as the Palaeartic hamsters

3) Ellerman (1941) states that this group may be allied to the
Cricetus series. ' )

-



b, Simple classification of the mammalian class:

monotremes
(platypus).

Prototheria

primates (man)
pholidotans (scaly
anteaters)
edentates (sloths)
chiropterans (bats)
dermopterans (colugos)
insectivares (shrews)

1

- lagomarphs (rabbits

rodents (rats)

artiodactyls (pig,
. cattle)
perissodactyls (horses)

‘'sirenians (sea cows)

proboscoideans (elephants)
hyracoideans (coneys)

tubulidentates (aardrarks)
carnivores (cat, dog

& hares)

marsupials cetaceans
(kangaroo). (whales)
. Metatheria N : Eutheria

Theria

Mammalia
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c. Simple classification of Rodentia, with examples of
'better known' genera :

Ordexr RODENTIA
Sub-order SCIUROMORPHA
Sciurus (squirrel); Marmota (marmot, woodchuck);
Tamias (chipmunk); Castor (beaver); Aplodontia (sewellel,
mountain beaver); Xerus (African ground squirrel);
Citellus (American ground squirrel, gopher); Glaucomys
(American flying squirrel]; Geomys (pocket gopher);
Anomalurus (scale-tailed flying squirrel]; Pedetes -
(jumping hare) : :

; . Sub-order MYOMORPHA

Peromyscus (deexr mouse); Sigmodon (cotton rat); Cricetus
(hamster); Mesocricetus (golden hamster); Mystromys (white-
tailed rat); Lophiomys (maned rat); Lemmus (lemming);
Microtus (vole); Clethrionomys (bank vole); Arvicola (water
yole]; Ondatra (muskrat); Rattus (rat); Rattus (Mastomysl)
- (pultimangmate rat, coucha rat]; . Apodemus (wood mouse);

Mus: (house mouse);  Gerbillus (gerbil); Meriones (jird);
Spalax (mole rat); Glis Muscardinus (dormice];
ZapusA(jumping mouse)_; Jaculus'(jerboaL

Sub-order HYSTRICOMORPHA .
Cavia (guinea pig); Hydrochoerus (capybara); Chinchilla
(chinchilla); Myacastor (coypu); BHystrix (porcupine);
Cuniculus (paca)

.

1l.Mastomys-is a sub-genus of Rattus
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Detail of the genus Mesocricetus, Nehring -

List of named forms;

O unobdh N
L]

Mesocricetus auratus auratﬁs, Waterhouse
Mesocricetus auratus brandti, Nehring
Mesocricetus raddei raddei, Nehring
Mesocricetus raddei nigriculus, Nehring
Mesocricetus raddei avaricus, Ognev and Heptner

Mesocricetus newtoni, Nehring



APPENDIX F:

TABLES

1.
2.
5.
4.

Body weights for mature animals in pilot study .

Raw Data Tables

3+F

Open-field scores for mature animals in pilot study

Collective data for animals used in B-L condition

n

n

n

"

"

n

on

"

"

n

n

n

n

n

n

1]

1]

"

L-L
IL-D
B-D

By 29

Hg_oq

Ho_y

NH

"

"

n

1
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1. WEIGHTS
Condition Wei Weight Weight
(day X§(gm8) (day x + 24)  (day x + 45)

CONTROL M 100 109 ' 112
M 117 120 118
M 109 118 118
F 98 103 101
F 06 . 113 118
F 99 103 106
F 109 109 109

EXPERIMENTAL M 95 102 112
M 116 120 130
F 124 132 144
F 98 103 127
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2. Open-Field Scores

PRE-ENRICHMENT

AMBULATION
EMERGENCE  INNER OUTER ~ TOTAL
CONDITION TIME (secs) SECTIONS SECTIONS SECTIONS DEARING
CONTROL M 4 1 42 4% 9
n=23 3 3 57 60 5
8 0 37 37 7
F 2 0 51 51 5
6 0 37 27 5
4 0 21 21 2
EXPERIMENTAL M 4 3 41 44 10
n=2 v 2 16 18 1
F 4 9 3y 43 0
n=2 ’
3 3 65 68 12
POST-ENRICHMENT
AMBULATION
EMERGENCE  INNER OUTER  TOTAL
CONDITION TIME (secs) SECTIONS SECTIONS SECTIONS JEARING
CONTROL M K 3 24 27 0
n=3% ' 2 3 37 40 4
5 0 39 39 4
F 2 7 35 42 2
- 1 0 25 25 2
16 0 8 8 3
5 3 11 14 3
EXPERIMENTAL M 2 3 26 %9 12
n=2 3 4 50 54 13
F 2 6 38 44 2
N 2 12 59 71 9
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Litter Means and Individual Results used in Analyses

(Tables A - N).
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A Litter means used in analyses of variance for body

wt. in preweaning conditions (gms.)

Male Condition % wks. 6 wks. O wks. 12 wks.
B-L 38 82 100 102
39 78 9% 99
39 69 92 101
I-L 49 83 100 104
41 81 104 110
35 o4 112 113
0-21 22 63 75 83
29 90 99 104
36 72 81 89
Female B-L 38 79 108 129
39 77 99 107
: 39 66 87 oy
L-L 49 87 107 112
41 72 95 106
35 85 118 123 _
0-21 22 o4 75 78
39 86 106 120

26 Yl 85 98



B Litter means used in analyses of variance for body
weight in environmental (pre and post-weaning)
conditions (gms.)

Males Condition 3% wks. 6 wks.

B-L 38 82
39 78

39 69

I-L 49 83
41 A 81

35 o4

I-D 45 86
26 74

44 93

B-D 41 79
4% 101

45 95

Females B-L 38 79
39 77

39 66

I-L 49 87
41 72

35 85

L-D 45 90
26 69

44 920

B-D 47 o8
45 96

4 8%



C Litter means used in analyses of variance for body

weight in handling conditions (gms.)

Males

Females

Condition
1I-L

0-21

5-21

0-4

He_pq

Ho_y

21 days
48
41
35
22
39
36
39
38 -
28
27
31
24
26
33
X
48
41
35
22
39
36
39
38
28
27
31
24
26
35

X

55 days

99
101
112
92
97
77
92
%
87
77
91
89
82
92
X
105
- 50
113
74
99
78
o4
%
89
75
90
88
91
95

X

90 days
105
112
114

81
105
90
105
108
104
85
107
103
103
113
X
113
112
142
80
121
101
104
110
117
9%
126
118
116
121

X

39/



D Ambulation (Contd.)

Condition Sex Days 1

Ho_21

5-21

Male

Female

Male

Female

Male-

Female

Male

Female

14
2%
29
50
34
52
By

17

25
46
26
1y
33
41
21
57
26
44
29
34

X
20
o)

X

29
22
49
25
43
18
22
31
31
22
20
26
27
13
41
26
35
27
10

M1

26
16

|

13
17
16
43
21
41
15
21
34
29
22
17
29
14
29
47
20
55
24
13

Wi

35
18

1

10
16
19
33
21
41

17
22
26
22
27
24
21
18
39
18
50
28
15

. M

34
17

w1
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Litter means used in analyses on open-field ambulation

(sections entered)

Condition

B-L

Sex

Male

Female

Male

Female

Male

Female

Male

Female

Days 1

-

48
35
23
64
50
42

5.

42
56
3y
63
65
55
38
64
61
56
62
46
46
42
46
48
48

32
33
29
43
30
38
35
20
33
29
33
49
23
18
28
33
38
4y
26
44
24
26
28
31

55
29
25
49
27
34
36
18
27
36
2%
4
28
17
29
40
31
%2
25
42
29
15
34
21

42

29 .

25
29
33
13
42
21

30

43
22
57
24
17
52

29

22
33
17
39
14
25
25

b
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E Litter means used in analyses on open-field rearing

Condition Sex Days 1 2 3 4
B-L Male 18 15 11 15
12 13 7 8

7 5 4 7

Female 28 17 20 15

13 10 10 10

10 8 7 4

L-L Male 21 15 19 18
5. 7 9 8

26 14 11 13

Female 17 .13 18 16

13 6 3 4

28 27 19 21

L-D Male 15 6 7 6
11 5 3 7

29 20 21 25

Female 22 24 25 12

13 9 9 S

B 23 25 13 16

B-D Male 12 8 5 2
31 21 22 16

12 11 9 >

Female 24 5 4 8

15 10 14 9

19 20 15 11



E

Rearing (Contd.)

Condition

Ho-21

He_oq

Sex

Male

Female

Male

Female

Male

Female

Male

Female

Days 1

L]

19
11

]|

12

L |

\Y)
S W W W

N
o o

FLEN
O 0o\l ON] 0 F W

= n
0O W\

= W

2
n Xl

1

398

W oo F o

N
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F  Litter means used in analyses of latency to respond
to novel objects in novelty test (seconds)

Condition Sex R/T, R/T Condition Sex R/T, R/T,

2
B-L M 3 29 Hy_o4 M 61 29
7 13 7 12
6 31 34 12
F 8 11 F 2 16
2 27 4 27
2 9 | 2 31
L-L MM 37 He o4 M 14 26
5 35 _ 4 12
20 37 3 8
F 8 11 F 4 35
8 65 11 36
1 2 11 15
I-D M 7 59 Ho_y M 8 49
8 27 2 30
2 13 6 70
F 2 29 F 5 31
7 24 1% 52
3 48 X X
B-D M 16 3 NH M 15 14
13 11 2 53
2 3 X X
F 5 19 F 7 24
2 87 2 25
3 30 X X



G

Litter means used in analyses of total time on
objects in novelty test (seconds)

Condition Sex

B-L

M

T/0

14
11
17
28
7
8
24
17
20
45
22
18
6
10
-9
8
17
9
6
7
41
7

7
20

T/0

15

13
15
17
15
1
12
16
10
27
12
21

>
17

8
10
11

4

4
33

9

9
25
11

Ho_21

5-21

0-4

Condition Sex

M

T/0

13
11

15
22
12
16
25
15
11
1
16
17
12
24
21
27
16

E |

26
18

i

397

T/0

10
12
15
13

19
35
18
14
13

14
11
14
11
16
15
15
1y
21

X1

26
18

]|



H TLitter means used in analyses of novelty testing

ambulation (sections entered)

Rearing Conditions B-L L-L L-D
Males 16 15 16
15 14 13
10 13 22
Females 20 17 24
18 22 22
18 22 21
Handling Conditions HO-21 H5_21 HO—4
Males 9 7 15
16 16 20
7 11 12
Females 20 17 20
20 20 28
28 7 24

12
12
18
23
27
20

11

1

24
18

M



Individual results for males (3/condition) used in
discrimination learning trials (number of correct

responses)
Condition Trials 1 2 ) 4
B-L 11 14 20 20
15 20 19 20
11 18 20 20
I-L 6 14 19 20
11 14 18 19
8 .18 19 20
1-D 15 18 ~ 20 20
16 20 20 20
13 17 20 20
B-D 12 17 19 19
13 14 19 20
z 18 18 20
Hy_o1 13 14 19 18
1% 16 18 19
11 13 20 18
Hg_ o1 T 5 10 18 19
Vi 14 19 18
8 13 17 19
Ho_y 14 18 19 19
10 15 20 20
9 18 18 17
NH 10 16 18 17
1% 13 17 20

8 11 14 20



Individual results for males (3/condition) used in
discrimination learning trials (time taken for trial
in seconds)

Condition Trials 1 2 5 4
B-L 51 48 29 28
42 49 4y 42

57 26 29 30

I-L 252 178 33 o4
137 101 44 51

227 210 146 102

L-D 66 33 26 28
53 29 15 18

71 35 40 30

B-D 79 61 32 41
93 65 49 31

104 92 46 46

"Hy_oq 147 76 53 76
99 74 71 101

| 140 70 56 53
He_p 184 1M1 72 8
237 101 50 56

108 83 70 63

Ho_y 254 180 52 42
182 84 65 50

203 N ek 63

NH 234 112 72 49
200 102 109 86

218 109 65 47



K

Individual results of mature body weight (90+ days)
for all animals used in the physiological sample (gms.)

Rearing Conditions

Males

Females

Handling Conditions

Males

Females

L-L
119
101

105
108
106
103
104

124
103
115
110
114
133

Ho_y

101
121
105

9

114

129
105
103
143
125

B-L

100
106
101
o8
93

158

120

154
106
109
114

5-21
106
111
115
101
109

139
154
140
103
113

I-D

121
106
127
120
128

156
156
155
156
147

Ho_21
80
76
97
86
98
86
9%
88

68
g
103
100
105
107
93
98

B-D
118

116

161
156
162
185

127
141

126
126
164
151
160
137

Lol
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L Individual results of brain weights for all animals
used in the physiological sample (gms x 10?)

Rearing Conditions B-L L-L L-D B-D
Males 82 76 77 68
72 76 4 71
76 75 69
89 77 61
80 75 82
76
92
Females 83 08 82 77
77 81 84 82
79 78 82 - 85
81 81 69 81
78 67 63
88 81

Handling Conditions HO-21 H5_21 Hb_4 NH

Males 69 81 81 78
70 79 77 76
61 76 80
o4 78 - 76
79 75 &1
73
76

Females 78 68 72 81
75 75 72 80
77 75 75 80
78 81 82 82
76 78 78 84
76 '
75

78
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I Individual results of adrenal gland weights for all
animals used in the physiological sample (gms. x 103)

Rearing Conditions B-L L-L IL-D - B-D
Males 19 23 22 25
25 16 18 19
23 22 25
28 18 16
17 20 19
19
25
Females 16 15 15 22
17 16 15 13
15 10 16 16
14 14 21 15
18 20 16
15 24

Handling Conditions HO—21 H5_21 HO—4 NH

Males 21 17 17 20
- 19 25 22 27
19 21 24
19 25 19
20 20 19
15
17
16
. Females 9 18 17 15
12 17 15 16
2 1 14
14 . 21 15 14
12 17 25 18
14 18
14

14
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Individual results from plasma cortisol assay for

all animals used in the physiological sample (nmols/L)

Rearing Condition

Males

Females

Handling Conditions

Males

Females

I-L

40.0
57-5
12.5
10.0

2.5

12.5
10.0
62.5
15.0
775
20.0

Ho_y

57.0
27.5
90.0
155.0
82.0

~J] O \U

D-L I-D D-D
23.75 0 0
52.25 117.5 7.5
15.0  74.05
52.25 5.0
27.5 0
0 0 2.5
20 6.5 27.5
15 0 0
7.5 12.5 0
0 7.5
0.
Hs o1 Hoppq MH
122.5 33.25 10.0
95.0  23.75 102.6
15.0  17.5
17.5 575
92.5 87.5
52.5
35.0
104.5
0 22.5 72.5
22.5  62.5 22.5
12.5 %0 0
0 37.5
0 7

.OOO?\O



