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EARLY STIMULATION OF RODENTS: A CRITICAL REVIEW
OF PRESENT INTERPRETATIONS

By MARTIN DALY
Department of Psychology, University of Bristol

It is widely accepted that extra stimulation, when administered to infant laboratory rodents,
has adaptive consequences. Presumed benefits are: (1) accelerated growth and development,
(2) reduced emotional reactivity, (3) improved learning performance, and (4) more adaptive
physiological stress responses. Levine has explained these benefits by considering such stimula-
tion to compensate for the impoverished rearing conditions of the laboratory. However,
ecological studies of the natural microhabitats of rodents suggest that laboratory conditions are
over-stimulative for the very young. The presumed benefits are reviewed and the validity or
adaptiveness of each is concluded to be very questionable. The prevalent misinterpretation is
attributed to an anthropocentric research orientation.

Studies of the effects of early experience in rodents have become major occupa-
tion of experimental psychologists in the past two decades. As in any active research
area, reviewers have been eager to extract broad principles from the chaos. A danger
in this process is that myths may arise, whereby controversial interpretive notions
become unifying principles in the minds of researchers in related fields, writers of
introductory textbooks, and in the minds of not a few researchers in the original
field. Such a myth is this belief: that the provision of extra infantile stimulation to
laboratory rodents is widely beneficial by counteracting the effects of an impoverished
rearing environment.

CoNCEPTUAL FRAMEWORKS

Much of this research has been carried out with a frankly anthropocentric orienta-
tion. Denenberg (1967), for example, discussed part of his research programme in
these terms: ‘Our interest here has been to try to set up analogues to investigate
hypotheses derived from human observations in a clinical context.” Levine (1969a)
has credited ‘Freudian theory’ as his initial research inspiration. Other discussion
has not made this rationale explicit, but the use of such evaluative terms as ‘enrich-
ment’ and ‘impoverishment’, and the repeated imposition of visual tasks on animals
much more responsive to olfactory, auditory and tactile stimulation often betray a
similar orientation.

The use of other species as ‘infrahuman’ substitutes for Homo sapiens has, of
course, a long history of success in medicine and, to a lesser extent, in psychology.
But the analogy can be quite inappropriate: characteristics peculiar to the experi-
mental species may alter outcomes in important ways. It follows that an under-
standing of the rat qua rat, for example, may be crucial in avoiding such pitfalls.
In the study of early ‘handling’, in particular, I feel that such an understanding will
improve the prevalent interpretations of results.
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STIMULATION EFFECTS SUMMARIZED

The area in question has often been reviewed. Recent examples are the papers by
various authors in a symposium on early experience (Newton & Levine, 1968), by
Morton (1968), Thompson & Grusec (1970) and Russell (1971). Despite some contro-
versy, the most frequent outcomes have acquired some acceptance among the re-
viewers, and can be grouped into four broad classes as follows. Early stimulation
(1) promotes growth and accelerates physiological and behavioural development,
(2) leads to a (more or less) permanent reduction in emotional reactivity, especially
to novel stimuli, (3) leads to improved performance in learning tasks, especially in
aversive situations, (4) alters physiological responses to stresses experienced in
adulthood. I will later consider the experimental justification for each of these
claimed effects.

While a few authors (notably Ader, 1967; Denenberg, 1968) have stressed that the
adaptiveness or maladaptiveness of handling effects will depend on the tasks experi-
menters impose on their animals, most reviewers have not hesitated to characterize
these effects as beneficial. Thus Morton (1968) concluded that ‘prenatal stimulation
applied via the mother has a deleterious effect on the later behaviour of the organism,
whereas postnatal stimulation applied directly to the young has a beneficial effect’.
Schaefer (1968b) ventured that ‘benefits in health and vigour...seem characteristic
of “handled” rats’. Levine & Mullins (1968) wrote that the handled animal is ‘able
to make responses more appropriate to the demands of the environment’. According
to Thompson & Grusec (1970), ¢ Young rats and mice that are given extra stimulation
in moderate amount turn out to be healthier, less emotional, better motivated, and
faster learners than those left alone with their mothers’, facts which give ‘at least
indirect support’ to certain notions about human needs.

A PROBLEM FOR THE THEORIST

To psychologists treating Rattus or Mus as an experimental analogue of Homo,
this summary may comprise a satisfying whole. But from the viewpoint of biologic-
ally oriented behavioural scientists, or ethologists, this critically acclaimed battery
of effects of early handling must seem perplexing. Ethology has been very much con-
cerned with the adaptiveness of behaviour, but what is obvious is that species-typical
behaviour is adaptive. ‘All the characters of a species, behavioural and morpho-
logical, form an adaptive complex. Evolutionary change in any one may have rami-
fying consequences’ (Hinde, 1970).

Can it be, then, that an unnatural manipulation such as early handling can produce
a wide spectrum of beneficial effects? There is a real problem here. Biologists know
that, because organisms are complex adaptive systems, the probability that a major
genetic mutation with wide ramifications will be beneficial is vanishingly small (thus
evolution accumulates small changes acting late in development; see Waddington,
1966, p. 6); by exactly analogous reasoning, one can expect that an unnatural
postnatal manipulation with very wide effects must be harmful in sum.*

* Tt is no solution to this problem to note that such unnatural manipulations as those of medicine
are often beneficial. These are intelligently selected responses to diagnosed problems. The minute
likelihood that & random treatment with profound effects on a healthy organism would be of benefit is
a better analogy.
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Perhaps the simplest solution to this dilemma is to assume that handling and
functionally equivalent forms of early stimulation should not be seen as unnatural
manipulations; instead, cage-rearing with extra stimulation may provide a better
approximation to the species-typical rearing environment than does the cage ex-
perience alone. This is exactly the position taken by Levine (who has alone addressed
the problem, although the same notion is perhaps implicit in frequent references to
‘impoverished stimulation histories” and the like). A concise statement of the hypo-
thesis is provided by Levine (1962b): ‘Stimulation involves a sudden and drastic
change in the environment of the organism. Such sudden and drastic changes are
common in most natural situations and are lacking in most laboratory environments.’
This proposition was advanced in reference to the positive effects of handling rats
and mice before weaning on resistance to adult stress. The argument has been extended
to other benefits elsewhere (Levine, 1962¢, 19694, b; Levine & Mullins, 1968).

EARLY EXPERIENCE IN NATURE

Levine’s proposal makes an elegant solution to the problem. Unfortunately, it is
completely at odds with a large volume of ecological evidence concerning the natural
microhabitats of burrowing rodents.

It should first be pointed out that the infant is confined to the burrow. Tappe
(1941), for example, found that Tulare kangaroo rats (who resemble our more
popular laboratory rodents in that they are altricial, their eyes open at 15 days of
age, and they are completely weaned by about 25 days when reared in cages) never
leave their burrows until about six weeks old. Similar data showing that young
rodents do not emerge until well after weaning are available for Sciuridae (Alcorn,
1940; Rongstad, 1965), Heteromyidae (Holdenried, 1957) and Cricetidae (Ewer,
1967). Any field worker can confirm that infant rodents are virtually never trapped
moving about outside their nest chambers.

Accordingly, conditions within the breeding burrow are the important ones. There
is, of course, no light, and sounds from without are greatly attenuated. It is also well
established that burrows provide more favourable conditions of temperature and
humidity than prevail without, and maintain them virtually constant. Data to this
effect are available for Heteromyidae (Schmidt-Nielsen & Schmidt-Nielsen, 1950;
Carpenter, 1966; Brown & Bartholomew, 1969), for Cricetidae (Hayward, 1965;
Prakash ef al., 1965; Ruffer, 1965), for Geomyidae, Bathyergidae and Rhizomyidae
(McNab, 1966), Muridae (Stanley, 1971) and Castoridae (Stephenson, 1969). It is
unfortunate that the rat and mouse (Muridae) on which so much research has
been done have been little studied in nature. However, prolonged attachment
to the nest site and a stable microhabitat are so universally the findings of field
research (of which the above references provide by no means a comprehensive
review) that we can safely assume that similar circumstances apply to rats and
mice.

Furthermore, breeding burrows have often been found to be particularly deep and
well buffered from the outer world (e.g. Tappe, 1941; Strecker & Morrison, 1952;
Kirchshofer, 1958; Rongstad, 1965; Ruffer, 1965) and wild rats are one of many
species known to respond to pregnancy by digging (Calhoun, 1962). So far is the
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natural environment from a place where ‘sudden and drastic changes are common’
that it might be called a postnatal womb.

In the laboratory, on the other hand, caged infants are usually exposed from
birth not only to light, but to a 24 hr. light-dark cycle as well, and to sounds and
odours generated by both conspecific and alien mammals. Hypothermia during
maternal absences is likely to be more severe in a 20 °C animal room than in burrows
which are often maintained at 30 °C' or more during breeding seasons.

If it is at all reasonable to consider underlying dimensions of ‘handling”’ to be
equivalent to dimensions varying from natural to laboratory conditions, then these
considerations strongly suggest that the relationship is just the opposite of that
proposed by Levine. (The same point has been briefly noted by Hutchings, 1968.)
Rather than being ‘impoverished’, the usual laboratory environment is over-stimu-
lative for an infant rodent.

PRE-WEANING AND POST-WEANING STIMULATION

Tt is worth repeating that the above notion is advanced only with respect to infant
rodents. The laboratory, over-stimulative for a pre-weanling normally confined to the
postnatal womb of a hole or burrow, becomes an impoverished environment at that
stage when the young animal would become active over a wider range.

Many early studies of ‘infantile experience’ began manipulations after this age,
and King (1958) then proposed the identification of three stages: ‘infantile’ before
weaning, ‘juvenile’ before sexual maturity, and ‘adult’.

In this discussion I will distinguish only ‘infantile’ ». post-weaning. Where differ-
ential effects of juvenile and adult stimulation have been directly sought, only small
differences in magnitude have been found (Gertz, 1957; Baron et al., 1957; Ader,
1959; Brookshire ef al., 1961 ; Henderson, 1964, 1966; Doty & Doty, 1967). Likewise,
‘enriched experience’ has roughly similar effects on learning (Hymovitch, 1952;
Woods, 1959; Forgays & Read, 1962; Nyman, 1967; Brown, 1968) and on brain
weight and chemistry (Rosenzweig et al., 1964, 1968; Riege, 1971) in the juvenile
and adult periods. Thus there seems to be little justification for differentiating the
effects of juvenile and adult experience, at least in rats.

By contrast, there is considerable evidence of differential effects of pre-weaning and
post-weaning stimulation (Levine, 1956; Levine & Otis, 1958; Campbell & Campbell,
1962; Forgays & Read, 1962; Lindholm, 1962; Spence & Maher, 1962a; Gauron,
1964a; Doty & O’Hare, 1966). The experimental evidence accords well with the theo-
retical point that laboratory cages cease to be unnaturally over-stimulative and
become unnaturally barren at about the time of weaning,

Of course, the present distinction of two stages is an over-simplification on several
grounds. First, there is a great deal of evidence that early manipulations have different
effects at different ages within the pre-weaning period. Second, pre- and post-weaning
are only convenient labels for the changes in a young rodent’s independence of the
maternal nest and his increasing range of experience under natural conditions, which,
T haveargued, are basic to understanding the influence of laboratory conditions. Third,
weaning itself is not a discrete event; like the above-stressed transition in mobility,
the change from suckling to independent foraging is accomplished gradually. Yet
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with all these cautions expressed, it will remain useful in the following discussion to
draw a distinction between pre- and post-weaning manipulations.

WHAT CAUSES ‘HANDLING ' EFFECTS ?

The question of mechanism in ‘handling’ effects has often been raised, and is of
considerable interest in the present context, since we wish to know how laboratory
and natural environments compare along the critical dimension(s).

Russell (1971) has reviewed evidence on this question, and identified four major
hypotheses: (1) direct stimulative action (2), hypothermia, (3) maternal behaviour,
and (4) early stress.

Of these, hypothermia has been most seriously advanced as a crucial variable. An
early paper by Schaefer ef al. (1962) was provocatively entitled ‘Temperature change:
the basic variable in the early handling phenomenon?’, although the experiment
reported there demonstrated only a non-significant difference between cooled and
uncooled groups on a single dependent variable (see Ader, 1962). Subsequent experi-
mentation, however, has provided better evidence that early cooling can produce
some ‘handling’ effects (Hutchings, 1963, 1967; Schaefer, 1963; Mclver et al., 1968).
This research has, in fact, progressed to the stage of investigating parameters:
Hutchings (1967) concluded that rate and duration of heat loss were both important,
but that longer maintenance of a constant level of hypothermia was without addi-
tional effect. Schaefer (1963, 1968a), Hutchings (1967) and Mclver ef al. (1968) have
all provided evidence that early cooling has non-monotonic effects on emotionality ;
Schaefer in fact found increased emotionality (measured by the CER) as a result of
more serious cooling.

There seems little doubt that hypothermia is an important variable, but Schaefer
(1968b) has argued, on the basis of a lack of effects in uncooled control subjects, that
cooling is the cause of handling effects. This claim is directly contradicted by demon-
strations of identical ‘handling’ effects with or without cooling (Haggett & Werboff,
1968; Hess et al., 1969; Thoman & Levine, 1969) and by other findings of both common
and differential effects of handling with and without eooling (Caldwell & Kesner,
1966; Barnett & Burn, 1967; McIver et al., 1968). Furthermore, several experiments
have found that nest-removal controls differed significantly from both unmolested
controls and ‘treated’ subjects, suggesting that hypothermia and other mechanisms
may produce additive effects.

Russell (1971) limited the hypothesis of direct effects of stimulation to the tactile
modality because ‘there have been few studies using visual or auditory stimulation
as treatments, but the evidence available suggests that these are not effective’. The
same claim has been made by Levine (19625, ¢), but in fact, the few such studies have
regularly demonstrated effects similar to those produced by handling; however, these
have usually involved prolonged treatments continuing well beyond weaning.

Studies concerned with the role of experience in visual perception, for example,
have compared dark-reared and light-reared rats in various tests. Gibson ef al. ( 1959)
found rats reared in the dark to 90 days to weigh less than light-reared controls, and
to be more reluctant to eat in a novel environment, which effect might be called
greater fearfulness or slower habituation. Walk (1960) found that dark-reared rats
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showed ‘less tendency to enter an arm completely’ in exploring a novel maze, and
noted the generally ‘greater emotionality of the dark-reared’. Tees (1969) compared
rats reared to 65 days in dark or a light cycle on measures typical of other early
stimulation research. Light-reareds defecated less in an open field, and ambulated
more, the latter being significant only in the light, since light inhibited activity.
Further evidence is provided by Lockard (1963), who found a monotonic relationship
between adult body weights of rats and rearing illumination up to 116 ft.-c.

Auditory stimulation can almost certainly produce similar effects. Pre-weaning
light or sound exposure can elevate weaning weights in comparison with unstimu-
lated rats (Berkowitz, 1970). Lore & Avis (1969) treated rats with 0, 55 or 90 db
sound exposures before weaning. The subjects exposed to 55 db exhibited the greatest
activity in an open field in a first experiment, the most rapid habituation in a second,
and were interpreted as least ‘emotionally reactive’. Groups exposed to loud noise
and to silence behaved alike. Rats exposed by Miller & Levis (1971) to a tone from
birth to adulthood grew faster than unexposed controls. More specific effects of early
auditory experience have also been demonstrated; Tees (1967), for example, found
early auditory restriction to hinder pattern discrimination but not frequency
discrimination.

Much study of auditory manipulations has involved the controversial technique
of ‘traumatizing’ infant mice with loud noise. Both Hall & Whiteman (1951) and
Lindzey et al. (1960) found weak and not readily interpretable effects of such exposure
on days 4-7, and the latter authors were strongly criticized for overinterpreting their
results (Levine, 1961; Denenberg, 1961). However, much stronger subsequent
evidence was produced that mice exposed to early noise were more emotional as
measured by elimination, activity, emergence and aversive learning (Lindzey et al.,
1963; Winston, 1963, 1964). Nevertheless, Lindzey et al. (1960) actually demonstrated
that their ‘traumatic’ manipulation raised ‘stove-pipe test’ emotionality in one
strain, lowered it in a second, and had no effect in two others, but proceeded to
interpret a main effect rendered meaningless by this interaction (Denenberg,
1961).

At any rate, the possibility that this intense manipulation actually elevated
emotionality in some strains is not inconsistent with Lore & Avis’s (1969) finding of
non-monotonic effects of hypothermia described above.

Finally, two experiments have investigated interactive effects between extra
stimulation and the activity in the room where rats were reared. Interestingly,
McMichael (1966) and Denenberg et al. (1966) independently found handled subjects
to be heavier than controls if reared in a busily trafficked room until weaning, while
unhandleds were heavier if reared in special quiet rooms. The latter authors further
found quiet-room experience before or after weaning to reduce open field defecation,
and several complicated interactive effects; they conecluded that ‘surprisingly, the
lack of noise and irregular stimulus patterning appears to affect § in a manner
similar to handling during infancy’ (see also Levine & King, 1965).

A further complication when considering mechanisms is the possibility of maternal
mediation. Much research supports the contention that manipulations of the mother
after parturition (Denenberg, Ottinger & Stephens, 1962; LaBarba, 1967; Levine,
1967; Thoman & Levine, 1969), during pregnancy (Doyle & Yule, 1959; Thompson &
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Sontag, 1956; Thompson, 1957; Hockman, 1961; Ader & Belfer, 1962; Ader &
Conklin, 1963; Thompson et al., 1963; Young, 1963, 1964; DeFries ef al., 1967;
Werboff et al., 1968; Porter & Wehmer, 1969), in adulthood before pregnancy (Joffe,
19654, b), or in her own infancy (Denenberg & Whimbey, 1963a; Gauron, 1966 ;
Ressler, 1966; Denenberg, Karas, Rosenberg & Schell, 1968; Denenberg & Rosen-
berg, 1968; Porter & Wehmer, 1969) can produce effects in her offspring on many of
the variables which have been studied as functions of early experience. (Denenberg &
Rosenberg, 1967, found that infantile handling influenced grandpup behaviour.)

The suggestion has thus been raised that the effects of direct stimulative action
on the young may be mediated by influences of the manipulations upon maternal
behaviour. That mothers are responsive to subtle properties of offspring has been
demonstrated (e.g. Ressler, 1962), and in particular that maternal behaviour differs
to infants differentially manipulated (Barnett & Burn, 1967). Also logically demanded
by the maternal mediation hypothesis is the demonstration that variations in
maternal behaviour can in fact influence growth, emotionality, ete. Supportive are
cross-fostering studies in which separable influences of prenatal and postnatal
mothers have been found (Denenberg & Whimbey, 1963a; Ottinger et al., 1963;
Gauron, 1966). Hudgens (1970) has shown effects of handling a mother’s first, litter
in the behaviour of subsequent, unmanipulated offspring. The complete demonstra-
tion that the kinds of quantitative changes that can be induced in the behaviour of
mothers by manipulating their pups are of a type or magnitude sufficient to produce
those effects in the pups which have been attributed directly to the manipulation, is
not available, but this is certainly plausible,

If maternal behaviour is a mediator in early experience effects, we cen further
Inquire whether it is in turn influential by varying the tactile experience of the young
or by hypothermia, among other possibilities (Russell, 1971). Litter size effects, for
example, could be mediated by either mechanism. (See also Barnett & Burn, 1967;
Ressler, 1962, 1963, 1966.)

Little attention has been paid to the possibility that maternal absences allow
sufficient hypothermia to produce ‘handling’ effects. Removing the mother has
produced effects deemed to be surprising on the assumption that the greatest
exposure to her is equivalent to the greatest infantile stimulation (Newell, 1967;
LaBarba et aol., 1968), but if hypothermia is critical here, the least maternal contact
should be equated with maximal infantile stimulation.

It should be noted that maternal mediation may be implicated in ‘background
stimulation’ effects. Noise and illumination (both of which are influential as noted
above) are likely to influence the pattern of maternal departures from her brood, for
example. Effects could thus be produced in the young before they have the sensory
capacity to react directly to the stimuli. Denenberg, Woodeock & Rosenberg (1968)
found ‘surprising positive effects’ of pre-weaning maintenance in free-environment
boxes on Hebb-Williams maze performance, which likewise might be attributable to
maternal behaviour rather than more direct effects.

The best conclusion seems to be that ‘stimulation’ effects can be produced through
various mechanisms, and most experimental treatments probably act through more
than one. This multiplicity must now be related to the hypotheses presented in this
paper.
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How DO CAGES AND BURROWS DIFFER?

The natural environment of a burrow affords a much reduced variability of
stimulation in comparison to a laboratory cage.

In the visual modality, the early experience of cage-reared animals is definitely
much broader, and the evidence reviewed indicates that this modality may be able
to account for effects on growth and emotionality by itself. Hearing too is a modality
by which similar effects can be produced. Again, it is clearly true that a normal
burrow environment is one of much reduced sound intensity and variability com-
pared to a laboratory cage. The laboratory environment does not duplicate the high,
stable temperatures prevailing in natural burrows, and the hypothermia experienced
by laboratory-reared subjects during maternal absences is likely to be more severe
than any such experience of wild-reared animals. Thus hypothermia during ‘handling’
does not replace a natural input removed by laboratory conditions. Quite the
contrary.

This summary permits the general conclusion that although various specific
mechanisms may be implicated, laboratories expose young rodents to an artificially
enhanced variability and intensity of inputs. The several different manipulations which
produce ‘handling’ effects involve still greater departures from the quietude of the natural

environment.
From the biological view of adaptation, then, the ‘benefits’ of these manipulations

remain paradoxical. Are the typical effects of handling outlined in the introduction
real, and, if so, are they really beneficial?

Growth and acceleration of development

That early stimulation can accelerate development is well established with a
variety of indices (Levine et al., 1957, 1958; Levine & Alpert, 1959; Levine, 1959b;
Morton et al., 1963; Cowley & Widdowson, 1965; Barnett & Burn, 1967; Ader, 1969;
Schapiro & Vukovich, 1970), although early handling can, surprisingly, retard brain
development (Altman et al., 1968). Conversely, isolated rearing can seriously retard
behavioural and physiological development (Dieterlen, 1959).

Weight gain has often been studied as a function of pre-weaning stimulation. To
decide what effect is ‘typical’, it seems necessary to list the many conflicting results.

Shocking rats has been found to elevate weaning weights (McMichael, 1961; Ader
& Friedman, 1965; Henderson, 1968a) and to reduce them (Denenberg & Smith,
1963; Ader & Friedman, 1965); it may also fail to influence them (Denenberg,
Carlson & Stephens, 1962; Lindholm, 1962; Gauron, 1964a; Goldman, 1964; Hale,
1964 ; Salama & Hunt, 1964; Ader & Friedman, 1965). Heating infant rats on day 3
until they exhibited a febrile convulsion was found to elevate weaning weights
(Werboff & Havlena, 1963). Rotating the infants may influence weaning weights
negatively (Thoman & Levine, 1970) or not at all (Thoman & Korner, 1971). Cold-
exposure has been ineffective (King, 1969).

‘Handling’ rats likewise may elevate weaning weights (Levine, 1957, 1968;
Levine & Otis, 1958; McMichael, 1961, 1966; Ader & Friedman, 1965; Altman et al.,
1968; Henderson, 1968a), may reduce them (Denenberg & Karas, 1961; Denenberg &
Smith, 1963; Ader & Friedman, 1965; Denenberg et al., 1966; McMichael, 1966;
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Thoman & Levine, 1970), and has often been ineffective (Denenberg & Karas, 1961;
Denenberg, 1962; Denenberg & Whimbey, 1963b; Levine & Broadhurst, 1963;
Werboff & Havlena, 1963; DuPreez, 1964; Goldman, 1964; Hale, 1964; Salama &
Hunt, 1964; Ader & Friedman, 1965; Cowley & Widdowson, 1965; Newton, 1965;
King, 1969; Porter & Wehmer, 1969; Thoman & Korner, 1971).

Few mouse studies have reported weaning weights. Ressler (1963) found handling
for the first 20 days reduced them. Denenberg & Karas (1959) found handling for the
first 20 days (or first or second 10) increased juvenile weights. Neither Haggett &
Werboff (1968) nor Barnett & Burn (1967) found any effects of a variety of treat-
ments.

Scott (1970) handled golden hamsters from day 3 to 30 without influence on
weaning weights.

Much of the variability in results within species is attributable to variations in
such details of treatment as shock intensity. However, ‘handling’ has been a
standardized procedure in the great majority of studies, and contradictions remain.
The age of treatment accounts for only a part of this variability, and the effect of
handling may interact with other treatments (e.g. Denenberg & Karas, 1961;
McMichael, 1966). Several ‘effects’ have undoubtedly been spurious results of the
ignoring of litter effects (see King, 1969).

However, although several factors may be invoked in explaining away the dis-
similar results of these studies, this much is very clear: there is no ‘typical’ effect of
extra early stimulation, and the common assertion that it facilitates growth has been
based on an inadequate review of the data.

While the acceleration of development is better established than the growth
effect, its adaptiveness is questionable. In a paper remarkable for a discussion of
natural selection and its capacity to adjust susceptibility to environmental influences,
King (1968) wrote: ‘If an adaptive response can be enhanced by the acceleration of
its development...such acceleration is likely to occur.” This is a specific instance of
the position taken by our hypothetical biologist: that whatever consequences of
early experience are adaptive (in a broad, non-idiosyncratic fashion) will tend to be
the consequences of species-typical early experience as a result of natural selection.
Such propositional conviction may seem anti-empirical to the experimental psycho-
logist, but the burden of proof rests with the claim that the acceleration benefits the
organism, and no supportive evidence is available.

Thus the conclusion is that there seems to be mo good reason to consider either
accelerated development or quicker growth an adaptive consequence of early “handling’.

Reduced emotional reactivity

The claim that early stimulation leads to reduced emotional reactivity has been
founded mainly on measures of open-field activity, elimination in novel environ-
ments, and emergence latencies.

Evidence on open-field ambulation is difficult to interpret and will not be reviewed
in detail here. Several considerations make the measure a poor one. For example,
in a factor analytic study, Whimbey & Denenberg (1967) found that the causation
of movement changes in successive open-field trials; that is, the major factor loadings
changed. This suggests that trial length may be an important neglected variable. In
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view of this and other problems with this measure (see also Candland & Nagy, 1969;
Hinde, 1970, p. 535), it should not be surprising that increments, decrements
and lacks of difference in activity have all been frequent results of early stimula-
tion.

At first glance, elimination seems a better index of a fearful reaction to novelty.
The assumption that defecation is monotonically related to emotionality (e.g. Denen-
berg, 1964) is too general (Tobach & Schneirla, 1962). Nevertheless, in those instances
where rodents defecate early in the exposure to a novel environment, it seems reason-
able to interpret the various quantities as indicative of fear.

Handling rats before weaning has often resulted in reduced defecation in response
to novelty (Levine, 1956, 1958, 1959b; Denenberg & Morton, 1962a; Denenberg,
Morton, Kline & Grota, 1962; Denenberg & Smith, 1963; Hunt & Otis, 1963; Levine
& Broadhurst, 1963; Salama & Hunt, 1964; Henderson & Eisner, 1966; DeNelsky &
Denenberg, 1967a; Doty & Doty, 1967; Levine ef al., 1967; Goldman et al., cited by
Goldman, 1969). Often no effect has been obtained (Hunt & Otis, 1955; Denenberg,
Morton, Kline & Grota, 1962; Denenberg & Whimbey, 19635; Levine & Broadhurst,
1963; Schaefer, 1963; Denenberg & Grota, 1964 ; Denenberg & Morton, 1964 ; Denen-
berg et al., 1964; DuPreez, 1964; Cowley & Widdowson, 1965; Goldman, 1965;
Gray et al., 1965; Denenberg et al., 1966; Denenberg, Karas, Rosenberg & Schell,
1968; Henderson, 1968a; Porter & Wehmer, 1969; Hudgens, 1970), and an elevation
of defecation as a result of handling has turned up occasionally (Caldwell & Kesner,
1966; Porter & Wehmer, 1969).

Much has been made of the similarity of the effects of early handling and more
intense stimulation such as electric shock. Thus Levine (1958), Denenberg & Smith
(1963) and Salama & Hunt (1964) found early shock to reduce defecation in rats just
as handling did, and Levine (195956) found shaking to be likewise effective. However,
Goldman et al. (cited in Goldman, 1969) found shock ineffective whereas handling
was; Goldman (1965) and Henderson (1968a) found shock and handling similarly
ineffective, Denenberg, Carlson & Stephens (1962), Lindholm (1962), Gauron (1964b)
and Henderson (1966) all obtained no effects of early shock on later defecation by
rats, and Gauron (1964a) found an elevation. Early noise exposure had nc effect in
one experiment (Lore & Avis, 1969). A single needle jab on day 5 elevated later
defecation in one strain and was ineffective in another (Gray ef al., 1965). Finally,
Henderson (1967b) found early exposure to a bell elevated defecation in one novel
test environment and reduced it in another.

Again, there may be some spurious results here (King, 1969), but these could be
considered as extra ‘noise’ in the review. The preponderance of effects in a single
direction suggests that handling (if not shock) may indeed reduce later emotional
responses, although the effect is clearly not an overpowering one. Nor is it readily
generalized to mouse studies. In this species, early handling has elevated defecation
(Henderson, 1964, 1967a; Haggett & Werboff, 1968) or proved ineffective (Levine,
1959a; Henderson, 1967a; Haggett & Werboff, 1968; Deutsch & Roberts, 1971).
Early shock has elevated defecation (Henderson, 1964, 1967a) or been ineffective
(Stanley & Monkman, 1956; Henderson, 1967a). A ‘traumatic’ exposure to a bell
may increase it (Hall & Whiteman, 1951; Lindzey ef al., 1960, 1963). I have found
no demonstration of any early treatment’s reducing defecation in mice. In a
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single experiment with golden hamsters (Scott, 1970), early handling was without
effect.

The defecation evidence is only weakly supportive of the claim that extra early
stimulation mitigates later emotionality. '

Measures which better uphold this claimed effect are the habituation of fearful
responses to novel environments and approach. Levine & Broadhurst (1963) found
a reduction in freezing after the first trial in an open field in handled rats but not in
controls. Salama & Hunt (1964) likewise found that rats stimulated by early shock
or handling froze more than controls on their first exposure to a novel maze, but
less on subsequent trials. Essentially the same phenomenon has been described as
a quicker ‘habituation’ of fearful freezing in the handled group by Levine ef al. (1967).
Denenberg (1969) has remarked that the use of a series of trials is standard practice
in his laboratory, because differences related to early experience often manifest
themselves only after the first trial or are directionally different in first and sub-
sequent trials. A single contrary instance has been afforded by Hall & Whiteman’s
(1951) finding that early ‘trauma’ (confinement in a metal tub with a loudly rung
bell) retards the later habituation of fear in mice; other evidence, however, suggests
that this particular manipulation generally elevates emotional reactivity in this
species (Lindzey et al., 1963; Winston, 1963, 1964). That early stimulation leads to
more rapid habituation of fearful responses to novelty is probably the most nearly
unanimous general principle in this field of research (see also Levine, 1962a, b;
Smith, 1967).

When the latency to emerge from a dark or familiar area into a bright or strange
one is measured, the most common result of pre-weaning stimulation has been
accelerated emergence (Hunt & Otis, 1955, 1963; Levine, 1959a; Meyers, 1962),
although Henderson (19674, b) obtained no effect shocking and handling mice and
ringing bells at rats. (Lindzey ef al., 1963, found that the ‘infantile trauma’ manipula-
tion mentioned above slowed emergence.) Other observed effects of early stimulation
(notable in ‘water consumption’ and ‘aggression’ tests) are explicable in terms of
quicker approach by stimulated animals.

In sum, the evidence seems to warrant some confidence that early ‘handling’
facilitates approach behaviour, at least in rats (or strengthens ‘variation-seeking’;
Denenberg & Grota, 1964 ; DeNelsky & Denenberg, 1967a, b).

The possibility has often been raised that differences in ‘emotionality” might
actually be less general effects, such as a specific effect on brightness avoidance or,
more commonly, a specific habituation of fearful reactions to human handling or
simply human presence. Several demonstrations of such specificity have been made
(Ader, 1965; Goldman, 1965; Abel, 1971). Negative effects of ‘trauma’ may also be
specific (Gauron, 19645, 1965).

However, in each of these experiments interpreted as specific conditioning, the
treatment was continued until at least day 20. If one then wished to suggest that
handling effects are typically artifacts of such specific transfer, a question is raised :
How does such conditionability develop over days? Campbell & Campbell (1962)
found that ‘rats conditioned at 18 days of age showed little or no retention of fear
21 days after conditioning’, and this result is frequently cited as evidence that adults
could not retain aversive associations from the pre-weaning period. But, as mentioned
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previously, weaning is a rather arbitrary point, and other evidence does not support
such a claim (e.g. Brookshire ef al., 1961). Certainly rats can learn some things even
as early as 3 days of age (Thoman ef al., 1968).

If the possibility of highly specific aversive conditioning is rejected in the very
youngest rodents, evidence of general effects of early experience on emotional
behaviour remains. Henderson (1964) found that a single handling or shock experi-
ence at one day of age improved avoidance learning in mice (and elevated open-field
defecation). Denenberg, Carlson & Stephens (1962) found shocking rats on only days 1
and 2 sufficient to increase ambulation and speed up emergence. Several other
examples of effective treatments in the first five days of life could be cited.

In sum, there is considerable substantiation of the influence of early stimulation
on adult emotional behaviour, particularly as regards the hesitancy of approach.
That the influence is beneficial, however, is again quite another proposition. The
following brief quotations are representative of the rationale for this interpretation.
Hinde (1970) wrote that ‘the non-stimulated animal’s response to unpleasant situa-
tions seems maladaptive’ because of his greater emotional reaction ‘to relatively
non-noxious situations like the open field’. Levine & Mullins (1968) described an
open field as ‘novel but not physically threatening’, adding that a fear response was
therefore ‘inappropriate’. Quicker emergence has been called ‘better emotional
adjustment’ (Eells, 1961). A relatively slow habituation of fear has been called
‘emotional instability’ (Hall & Whiteman, 1951).

What is overlooked in all this interpretive accord is any recognition of the adaptive
value of the extreme wariness of the preyed upon (in contrast to predators, cf. Wilson
et al., 1965). It should be obvious that any small rodent who unhesitatingly enters a
brightly lit novel environment is pathologically fearless. Yet even in explicitly arguing
that early stimulation effects are sometimes adaptive and sometimes maladaptive,
Denenberg (1968) offered this reduced fear of novelty as illustrative of adaptive out-
comes.*

The conclusion about reduced emotionality is the same as that reached in discussing
developmental acceleration ; the effect is probably real, but there is no reason to label it

‘beneficial’.

EFFECTS ON LEARNING TASKS

In assessing the effects of early stimulation upon learning, it is again worth while
to note the many conflicting results.

In rats, positive effects of early handling on subsequent shock avoidance learning
have been obtained many times (Chevalier & Levine, 1955; Levine, 1956; Levine e al.,
1956 ; Denenberg & Karas, 1960; Denenberg, 1962; Denenberg & Smith, 1963; Levine
& Wetzel, 1963; DuPreez, 1964; Doty & O’Hare, 1966), no effect is also a frequent
outcome (Denenberg & Karas, 1960; Denenberg, 1962; Denenberg & Smith, 1963;
Levine & Broadhurst, 1963; Levine & Wetzel, 1963; Tapp & Markowitz, 1963;
Goldman, 1965; Denenberg, Karas, Rosenberg & Schell, 1968), and negative effects
of handling have also been reported regularly (Levine & Broadhurst, 1963; Ader,

* More recently, Denenberg (1969) has recognized that the freezing behaviour of rats in the open field

represents an adaptive bit of natural behaviour, but his earlier interpretation of it as indicative of ‘an
emotionally disturbed rat’ (Denenberg, 1963) has remained the more conventional one.
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1965; Doty & O’Hare, 1966; Henderson, 1968 @). Handling until weaning accelerated
avoidance extinction in one experiment (DuPreez, 1964), and retarded it in another
(Ader & Schaefer, 1968). Karas & Denenberg (1961) obtained negative effects in
water maze learning. Early shock has facilitated (Chevalier & Levine, 1955; Levine
et al., 1956), impeded (Denenberg & Smith, 1963; Gauron, 1964a, b; Ader, 1965;
Henderson, 1968a) or failed to influence (Griffiths & Stringer, 1952 Denenberg &
Kline, 1964; Gauron, 1964b) later aversive learning.

In mice, early handling may impair aversive learning (Bell & Denenberg, 1963;
Henderson, 1964), facilitate it (Haggett & Werboff, 1968) or be ineffective (Tobach &
Schneirla, 1962; Henderson, 19674 Haggett & Werboff, 1968). Likewise early shock
may have negative (Denenberg & Bell, 1960; Henderson, 1964), neutral (Stanley &
Monkman, 1956; Henderson, 1967a) or positive effects (Stanley & Monkman, 1956;
Denenberg & Bell, 1960; Bell & Denenberg, 1963; Smith, 1967 )

Early handling improved Sidman avoidance in one subspecies of deermouse and
impaired it in another (King & Eleftheriou, 1959).

Again, many of the apparent contradictions may depend on spurious ‘effects’
resulting from assignment of whole litters to treatment groups, and strain differences
certainly explain much of the variability (King & Eleftheriou, 1959; Levine &
Broadhurst, 1963; Levine & Wetzel, 1963; Winston, 1963, 1964). But, again, it is
evident that no ‘typical’ effect of early stimulation can be identified.

It has generally been conceded that such effects as occur are not specifically related
to learning, but follow secondarily from emotionality differences (see Denenberg,
1964). Strain differences, non-monotonic effects of intensity, and opposite effects of
qualitatively different manipulations have all been common, and all seem more
readily interpretable in terms of emotional reactivity than learning ability.

It has also been theorized that an emotionality account leads to the prediction
that early stimulation will be without effect on tasks lacking a major aversive com-
ponent. Thus Denenberg & Morton (1962 b) found early handling to be without effects
on Hebb-Williams maze performance, which they attributed to the test’s being ‘not
directly affected by emotional factors’. (A single handling effect in their several
experiments involved an increase in errors.) Other tests of ‘intelligence’ ». ‘emotion-
ality’ as mediators have likewise found appetitive tasks to not reveal effects analogous
to those in aversive tests (Spence & Maher, 19625; Gauron, 1964a; Goldman, 1965).
Further experiments using appetitive learning tasks have most commonly turned up
no effects of differential pre-weaning stimulation (Griffiths & Stringer, 1952; Hymo-
vitch, 1952; Schaefer, 1963; Salama & Hunt, 1964; Wong, 1966).

In contrast to the above results, Wong & Jamieson ( 1968) found that handled rats
ran faster and learned a reversal more readily in appetitive T-maze testing, and inter-
preted these as effects on learning ; however, the handled and control rats did not
differ in successful choice behaviour during acquisition. Wong (1969) then found a
reduced tendency to exhibit spontaneous alternation as a function of hunger in
handled rats but not in unhandleds, and suggested that handleds did not shift goal
boxes because they alone were beginning to form an association after two forced
choices to the same side. Wong (1972) found quicker learning of an appetitive task
in handled rats, and more persistent avoidance of the Ppositive goal box after a single
shock there, calling this ‘superior associative learning’. Haggett & Werboff (1968)
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likewise attributed a difference in water-maze errors to better ‘cognitive ability’ in
handled mice, but neither in their work nor in Wong’s is there any compelling reason
to favour this explanation. In view of the many negative results reviewed above, it
seems more plausible that these positive effects represent emotional differences, either
general or specific to the handling which took place at testing.

In sum, the experimental evidence does not justify the belief that extra pre-weaning
stimulation bestows the benefit of improved learning capacity or intelligence.

REACTION TO ADULT STRESS

The final proposed benefit of early stimulation to be considered is the widely
accepted belief that such experience leads to more adaptive responses to stress in
adulthood. Much behavioural and physiological evidence has been invoked in support
of this argument, and a number of methods of gradually killing rats have been
invented in order to provide quantitative indices of resistance (i.e. time required to
die).

That handled and control rats exhibit a differential behavioural response to adult
stress is rather the same proposition as that they differ in ‘emotionality’, and this
has not gone unrecognized. By considering emotional reactions to be disruptive of
adaptive responses to stress, however, supporters of this position have interpreted
such reactions as emotional freezing as pathologies.

The research most often cited in this context is Levine’s (1957a, b, 1958) on
drinking in stressed rats varying in early experience. After exposure to stressors such
as glucose injections and electric shock, handled water-deprived rats managed to
drink more in a fixed period of water availability than their unhandled controls. In
each study, the unstimulated group was considered to be more susceptible to a dis-
ruption of optimal behaviour by stress. The nature of the effect has been shown by
Lindholm (1962) to be entirely a difference in latencies of initial approach. The effect
may furthermore be a case of specific conditioning (Goldman, 1964), but in a sense
it is immaterial in the present context whether the control rat specifically fears
handling or differs from the experimentals in reactivity to a more general class of
stressors. The assumption to be attacked from the biological viewpoint is that the
facilitatory effect of early handling upon approach is an ‘adaptive’ one just because
our laboratory contingencies have made it so.

This claim is exactly the same as that attacked in the discussion of emotionality
above. The control rat is reputed to respond less adaptively to the stress of thirst
(in the first instance) because he does not approach water more readily. But it requires
little imagination to reverse this evaluation and say that mere thirst is no justification
for abandoning the wary behaviour typical of rats. And recent pain (shock) or other
discomfort (stressful glucose injections) may be good justification for behaving more
warily still,

Tt should be clear that any laboratory-task-dependent definition of ‘adaptive
behaviour’ is subject to this kind of quibble. Accordingly, further attention will be
turned to more physiological measures of ‘resistance to stress .

The modern physiological concept of ‘stress’ is, of course, principally due to Selye
(1950). The ‘general adaptation syndrome’ (G:AS) which he described constitutes a
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complex, physiological, whole-organism response, a syndrome consisting of three
stages called ‘alarm reaction’, ‘resistance’ and ‘exhaustion’.

The aspect of this GAS that has received the greatest attention in rodent studies of
early experience is elevated adrenal function; this is reflected in higher levels of
ACTH and corticosteroids in the blood, in heavier adrenal glands, and in greater
depletion of adrenal ascorbic acid (AAA). That the GAS constitutes an adaptive
response to stress is not controversial; however, the functions served by the adrenal
aspect of the syndrome remain a subject for debate (Schapiro, 1968).

Experimental evidence for heightened resistance to stress as a result of handling
was first presented by Weininger (who used only post-weaning handling). Weininger
(1953) reported that six of six handled rats survived a period of starvation that killed
four of four unhandleds. In later experiments (Weininger, 1954, 1956), he stressed
rats as adults by immobilizing them on their backs without food or water for 48 hr.
and found that handled rats (which were heavier before the stress) suffered less damage
to their cardiovascular and gastrointestinal systems. Handled rats also had smaller
adrenals after stress although there were no effects of handling in unstressed animals.
A higher threshold of stress response and lower ACTH output as a function of handling
were thus invoked as explanation.

While Ader (1959) was unable to replicate any of Weininger’s results with post-
weaning handling, evidence of like effects of pre-weaning stimulation was soon
forthcoming. Levine (1957b) found rats handled on days 1-20 to have smaller
adrenals after an adult stress than controls, although handling made no difference
in unstressed animals. Levine & Otis (1958) found rats handled before weaning
survived 120 hr. of food deprivation better than unhandleds or animals handled after
weaning. (The latter groups did not differ, again failing to replicate Weininger.)
Denenberg & Karas (1959) found 10 days of early handling led to longer survival
when all food and water were withdrawn in both rats and mice.

Before the proposed explanations of these effects are discussed, it bears mention
that poor replicability has plagued these results too. While Denenberg & Karas (1959)
found handling on days 1-10 or 11-20 to benefit adult survival of starvation, 20 days’
handling was ineffective; then Denenberg & Karas (1961) found negative effects of
handling if an avoidance training procedure was omitted. McMichael (1961) was
unable to find any ‘differential resistance to later stress’ as a function of pre-weaning
shock or handling, although he weighed adrenals and checked for ulcer formation.
Ader (1965) found early shock to elevate gastric erosions after adult immobilization
stress, but handled and control groups did not differ. These experiments involved
stimulation for 20 days, and thus might be interpreted as replicating Denenberg &
Karas (1959), but the same treatment was effective for Levine (1957b) and Levine &
Otis (1958). Furthermore, Hale (1964) stimulated rats for only the first 10 days with
five levels of stimulation ‘ranging from no handling to handling plus 1-0 ma. shock
for 60 sec.” and found no effects on survival under the ‘terminal stress’ of food and
water deprivation. All these results make the proposition that early stimulation leads
to better resistance to thirst and starvation (with or without immobilization) a
doubtful one. Other sorts of ‘resistance’ will be discussed further below.

The explanatory notion initially adopted by Levine was one of ‘emotional immu-
nization’, whereby the threshold for adult stress reactions was elevated. and whereby
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handled animals were generally less emotional. The explanation differed from
Weininger’s in that this ‘immunization’ was attributed to early stress responses to
the early handling. Early handling certainly does influence the subsequent behaviour
of the rat’s adrenal system, and the handling does itself provoke an adrenal stress
response (Haltmeyer et al., 1966; Denenberg ef al., 1967). Such stimulation further-
more accelerates the maturation of the stress response (Levine & Lewis, 1959q, b;
Levine et al., 1957, 1958). As adults, the handled rats show a reduced adrenal response
in comparison to controls when subjected to mild stressors such as glucose injections
(Levine, 1957b), exposure to a novel environment (Denenberg & Haltmeyer, 1967;
Levine et al., 1967; Ader & Grota, 1969; Hess et al., 1969) or being picked up (Ader,
1968). These findings are neatly explained by the ‘immunization’ hypothesis.

However, more profound stresses, such as immobilization (McMichael, 1961),
shock (Denenberg & Haltmeyer, 1967; Ader et al., 1968) and prolonged cold (Schaefer
et al., 1962) have led to non-significant group differences. Haltmeyer et al. (1967)
actually found a greater immediate adrenal response to shock in handled rats,
followed by a more rapid habituation. To account for such findings, the earlier notion
of ‘emotional immunization’ has been modified (Levine, 1960, 1962a; Levine &
Mullins, 1966, 1968; Haltmeyer et al., 1967 ; Treiman et al., 1970) into a much stronger
claim for the adaptiveness of the consequences of early experience.

According to Levine & Mullins (1968), the early hypothesis that handling simply
reduces reactions to stress was based on ‘relatively chronic situations leading to a
prolonged stress response. These sustained responses can and often do lead to patho-
logical changes in the organism.’ Instead (as Haltmeyer et al., 1967, and Ader, 1970,
confirmed), handling leads to a more rapid initial response followed by more rapid
habituation. ‘The speed and short duration of the response in the stimulated animal
obviously serves the useful purpose of mobilizing the resources of the organism at
the moment when it is under stress. The delay in the endocrine response of the
unstimulated animal is thus, by contrast, maladaptive’ (Levine, 1960).

The claim that the difference is adaptive, however, once again rests with an evalua-
tion of the ‘appropriateness’ of stress responses to laboratory contingencies. For
example, Weininger (1956) noted rather perplexedly that the stress response is
known to be ‘adaptive’, so ‘handleds should have succumbed more readily to the
stress’. But an adaptive response is an adapted response, and the question of utmost
significance in evaluating experimental results is to what kinds of stress is the GAS
adapted? Prolonged immobilization is hardly a circumstance to which a rat can be
expected to have evolved an adaptive response, and as Selye (1950) noted, ‘ Adaptation
to one agent (e.g. immobilization) is acquired ““at the expense of ” resistance to other
agents (e.g. starvation)’. Levine’s attribution of adaptiveness is similarly shaky: it
is difficult to estimate what are optimal time courses of stress reactions to real-life
threats. And to argue that a rat ought not to exhibit a major adrenal response to
confinement in an open field is the same as to argue that he ought not to exhibit
emotional behaviour, and is fallacious for the same reasons.

It thus seems to this author that the only convineing way to argue for differential
adaptiveness of stress responses is from evidence on actual success in resistance and
survival. As the review above indicates, the proposition that handled rodents better
survive starvation is a questionable one (despite the commonly greater body weights
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of the handleds). Seeing how long rats and mice can swim before drowning or sinking
has not revealed significant effects of early stimulation (Goldman, 1964; Salama &
Hunt, 1964; Haggett & Werboff, 1968), nor has comparing susceptibility to audio-
genic seizures (Griffiths & Stringer, 1952). Levine (1962b) found greater electroshock
convulsion in handled rats, while Bell et al. (1961) got no differences.

If we consider the biological function of the stress reaction, perhaps the most
legitimate way to enquire about the adaptiveness of its adult functioning is by
comparing resistance to disease or poisoning. Thiessen et al. (1967) injected mice
with potentially lethal doses of amphetamine, and found that handling on days
1-20 did indeed improve resistance (survival). Otis & Scholler (1967) could obtain
no differences in resistance to leukaemias or mammary tumours in rats or mice as a
function of pre- or post-weaning shock or handling in several replications involving
several measures. Levine & Cohen (1959), however, found that mice handled from
days 1-24 died significantly more quickly of leukemia than did unhandled controls in
each of five replications involving two strains of mice. Levine (19620, c) briefly cited
Levine & Cohen (unpublished) as obtaining the opposite effect in rats. Newton (1965)
found that handling rats in the first week of life led to longer survival after injection
of a subcutaneous tumour (Walker 256 carcinosarcoma) at 50 days of age. However,
Ader & Friedman (1965) handled, shocked or ignored rats in the first, second or third
weeks of life, and then injected them with the same substance at 60 days. Handling
or shock in the first week of life significantly accelerated death (precisely contradicting
Newton’s result) while shock in the third week significantly retarded it. The authors
modestly concluded that their data ‘seriously question. . .the generalization that the
effects of early experience necessarily increase the adaptive capacity of the organ-
ism’. On the basis of further experiments, Ader (1967) noted: ‘The commonly held
impression that stimulation during early life is somehow beneficial to the organism
is contradicted by some data. For example, we were unable to differentiate between
handled, shocked and unmanipulated rats in their response to a diabetogenic dose
of alloxan, or between similarly manipulated AKR mice in the spontaneous develop-
ment of leukemia (Friedman & Ader, unpublished).” Certainly the totality of the
evidence justifies Ader’s cautions.

While there is considerable evidence that early handling alters the adult rodent’s reactions
to stress (particularly his adrenal activity and emotional behaviour), there is little basis
Jor evaluating the adaptive significance of such differences. Early stimulation is no more
likely to improve resistance to disease than to worsen it.

CoNCLUSIONS

Thus each of four classes of presumed benefits of early handling has been scrutinized
and found unconvineing. If the theory of better adaptiveness is really an inter-
pretive cul-de-sac, it is important to ask why so many writers have been tempted
down it. It is my conviction that the answer lies in anthropocentrism.

Why call better performance of the species-typical path-tracing behaviour of rats
‘more prone to the blinding effects of habit’ (Luchins & Forgus, 1955)? Why
call a sound-proof chamber, in comparison with an animal colony room, ‘severe
neonatal deprivation’ (Levine & King, 1965)? Why should the species-typical

Copyright (¢) 2001 Bell & Howell Information and Learning Company
Copyright (c) British Psychological Society



452 M. Davy

freezing behaviour of rats in response to novel stimuli make anyone ask ‘whether a
suitable form of “therapy’ can be found which will overcome the effects of lack of
extrinsic stimulation in infancy’ (Denenberg & Morton, 1962a)? Whence has the
assumption arisen that emotional reactions are maladaptive but from an anthropo-
centric contrasting of ‘emotional’ v. ‘rational’ approaches to a problem?

One may ask what is wrong with anthropocentrism. One answer is provided by
Henderson (1967¢, 1968b, 1969), who has repeatedly argued that generalities about
directional effects of early stimulation are unwarranted, and who told a symposium
on emotional behaviour, ‘If we cannot generalize across strains within species, it
becomes very questionable to generalize 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’ (Henderson, 1969).

This is not to say that people should study rats only if fundamentally interested
in rats. To reject anthropocentrism is not to argue the impossibility of species com-
parison. But comparative psychology must be founded on the biological principle
that each species’ behavioural repertoire is an adaptive system shaped in evolution
to cope with a unique set of ecological circumstances. When, for example, we find
that golden hamsters immediately reduce their activity in response to water depriva-
tion, whereas rats do not (Campbell ef al., 1966), we do not conclude that one response
or the other is more adaptive because our laboratory contingencies have made it so,
but rather that each is adapted to different conditions of water availability.

This kind of biological understanding of our subjects makes species differences
interesting instead of just a nuisance. Such understanding may help us avoid the
unfortunate situation reviewed in this paper, whereby the importance of the problem
of early experience has inspired psychologists to generalize excessively from a body
of research that is inconclusive and of questionable relevance to animals other than
rodents.

This research was supported by a postdoctoral fellowship from the National Research Council
of Canada.
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