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Effects of environmental 
enrichment or impoverishment 
on learning and on brain values 
in rodents 

MARK R. ROSENZWEIG and 
EDWARD L. BENNEIT 

Introduction 

Ao 

This chapter is concerned with several interrelated questions concerning effects or · 
experience in differential environments on subsequent behavior and on 'brain meu
ures. It will draw chiefly on experimental results obtained with laboratory rata. 
although some work with other species and other orders will be mentioned. The thr~ 
main questions to be considered in the chapter arc the following: 

(I) What effects does experience in differential cnviroil)ncnts have on later be
havior, especially on learning or problem-solving behavior? 

(2) What effects does such differential experience ha\'lt'on measures of brain 
anatomy and brain chemistry? 

(3) To what extent can results of differential experience on behavior be related 
to effects of differential experience on brain measures? 

The main experimental manipulation in these studies has been to place animals 
for various periods of time in laboratory environments that are either more complex 
and enriched than standard housing cages or that are more restricted and impover
ished than the standard laboratory condition. The enriched (or complex or ••free .. ) 
conditions have been defined rather differently by different investigators, and we 
will consider later several dimensions of enrichment that should be considered so
parately. Also, what one investigator caJ.ls "restricted" is what another terms "'stan~ 
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dard laboratory condition." We will recommend later certain dimensions of 
treatment that we believe should be 'stated explicitly in all reports in this field. 

In this chapter we shall give a necessarily incomplete review of studies related . 
to the three main questions, but we shall cite many of the relevant publications. At 
a few points we shall also present previously unpublished data. In order to facilitate 
comparisons between behavioral and cerebral effects, we shall use generally similar 
sequences of headings in the first and the second part of this chapter; Table V (p. 

\~0 ...()00) indicates these headings and some of the main findings. 

Effects of differential environmental experience on 
learning or problem-solving behavior 

In the years since Hebb (1949)reported that enriched or "free" experience enhanced 
the learning ability of laboratory rats, a large number of experiments have been 
done to test and extend this work. A number of questions related to this work have 
by now been pretty well settled, but still more questions have been raised that have 
not as yet been answered definitively. Let us review briefly some of the settled con
clusions in this area and also some of the still open questions. This area has been 
previously reviewed by Rosenzweig (1971), Greenough (1976), and Davenport 
(1976). 

Dimension.fi of differential experie~ 

Typically the "enriched," ''complex," or "free" environment consists of 10 or more 
animals living in a rather large cage in which there is a variety of stimulus objects; 
often there is also a variety of visual and auditory stimulation from the environment 
around the cage (e.g., Forgays and Forgays, 1952; Bennett et at., 1974; Brown,l968; 
Greenough et al., 1972a). Thus this type of environment includes social stimulation, 
stimulation from inanimate objects with which the animals can have direct contact, 
and stimulation through the distance receptors with object$ with which the animals 
have no direct contact. There is much variation, however. in what investigators 
call "enriched." For example. in the study of Yeterian and Wilson (1976)the .. en
riched" condition consisted of animals housed singll in 18 x 25 em cages which 
did not include any stimulus objects; ftashing lights and static were present outside 
the enriched cages. The impoverished condition consisted also of single animals 
living in the same size cages but included only diffuse light and with auditory stimula
tion masked by a continuously sounding buzzer. Thus the enriched animals in this 
study had neither social stimulation nor stimulation from direct contact with mani
pulable objects but only additional stimulation from sources outside the cage. 

In the case of base-line or control groups, there is also considerable difference 
among conditions used by various investigators. The "standard colony condition .. 
often includes two or three rats in small breeding or colony cages (e.g., Rosenzweig 
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ct .al., 1972; Doty, 1972). However, animals have been referred to as being in 
••normal" conditions when 10 were placed in a 60 x 60 x 4s"cm cage or in a ''simple" 
environm.:nt when 25 lived in a 76 x 76 x 20 em cage. _ 

"Restricted" is also a term which has.been used quite variousiy. Thus, Cooper 
and Zubeck (1958) referred to animals as restricted when they were living in a group 
of 12 in a cage that measured I 02 x 64 x 33 em. Brown ( 1968) referred to animals-as 
reatricted when they lived two or three in a cage measuring 25 x 28 x 20 em. Hughes 
(1965) referred to animals as restricted when they were isolated in cages measuring 
8 x "20 x 20 em. Bingham and Griffiths ( 1952) restricted the experience of some 
rats by keeping them individually in very small "squeeze" cages, 13 x 10 x S em. 
Some restricted animals have been allowed to see and hear the normal activity of the 
laboratory, while others have been shielded from such stimulation. Thus the living 
space and the possibilities for both social stimulation and extraJCage stimulation 
have varied enormously among rats that have been designated ashaving restricted 
or impoverished experience. 

While it may be economical to use such terms as "enriched experience," "standard 
laboratory conditions," or "restricted" experience, they are obviously slippery and 
even dangerous if they convey quite different things to different investigators and 
readers. We would like to propose that every abstract as well as every research 
report make clear the dimensions along which enrichment or restriction of ex
perience were varied. In particular, it should be made clear how many animals were 
together in a living space, the size and other features of the living space, whether 
the subjects had direct contact with manipulable objects, and whether there was 
particular stimulation available only through distance receptors. 

Effects of social stimulation 
A few experiments have tested effects of social stimulation on subsequent problem
solving or learning behavior. Thus Brown (1968) found that ~imple ~nvironment 
groups of 25 rats that had lived in a bare enclosure, 76 X 76 X 20 em, performed 
significantiy better on the Hebb-Williams maze than did the testricted ¥nvironment 
groups that had lived in twos or threes in colony cages, 25 X-28 X 20 em. Since the 
larger groups also had larger living spaces, it is not certain that it was the amount 
of social stimulation that improved the scores of the groups of 25. Gardner et al. 
(1975) kept rats singlf or in groups of 22 or 23 in either simple or perceptually com
plex environments. They concluded that isolation had deleterious effects on both 
learning and retention of a passive avoidance response. 

~-

Effects of interaction with inanimate stimulus objects 
Brown (1968) found that when groups of 25 rats were provided with either small 
manipulable objects or wooden barriers, their subsequent Hebb-Williams perform
ance was significantly better than that of groups of 25 that. had no contact with 
special objects. Forgays and Forgays (1952) had' reported that a group of II rats 
that had experienced a "free environment with playthings" later performed sig
nificantly better on the Hebb-Williams maze than a group of 11 that had experienced 
a "free-'environment without playthings." 
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Effecl.'i ofintracage versus extracoge stimulation 
· A few studies have investigated the relative effects of stimuli within the cage and 

with which the animals could have direct commerce versus extra~age stimuli that Y 
could affect only the 2jstance receptors. From the relatively sparse;:esults available, 
it appears that extra.,fage stimuli have produced no 01easurable effect on the sub- Y ...... 
sequent behavioral test . 

Forgays and Forgays (1952) placed two mesh cages, each housing 3 rats, on a 
shelf that also contained 11 free-environment rats and playthings; two other mesh 
cages with 3 rats each were placed on an empty shelf. The mesh-cage rats that could 
see free-environment rats and varied objects when tested later on the Hebb-Williams 
maze had almost identical scores to the mesh,fage rats that did not have extracage A 
stimulation:The free-environment rats, which had direct access to the varied objects, 
performed significantly better than the mesh-cage groups. _ 

Meier and McGee ( 1959) gave some rats "visual-tactual experience" in which their 
cageAseven geometric objects constructed from wooden blocks. The "visual ex~ 
perience-only" group could see such blocks behing glass panels on either side of 
their cage. The rats were in these conditions from birth until about 160 days of 
age. On subsequent tests of form discrimination, the visual-tactile group was sig
nificantly better than the visual-only group; the latter were no better than rats raised 
under standard colony conditions without any special stimulation. In a somewhat 
similar experiment, Bennett and Ellis (1968) placed a,._circle and a triangle. on the 
walls of cages of rats; in some cages the rats could see and touch these objects, but 
in other cages there was wire mesh around the objects so the rats could see but not 
touch them. On later tests, the animals allowed direct contact discriminated the 
circle from the triangle significantly better than controls, whereas the rats allowed 
only visual inspection were no better than controls. 

Generality of effects over types of animals 

Strains of rats . r· 

Animals from a number of rat strains'1lave been tested and found to show significant 
beneficial effects of enriched experience on various tests of learning or problem
solving behavior. Among these straiil" are Long-~vans (Brown, 1968; Greenoup 
et al., 1972a), Sprague-Dawley (Woods et al., 1961; Doty, 1972), Wistar (Bingham 
and Griffiths, 1952; Denenberg et al., 1968), Holtzman (Ough et at., 1972), and 
the Berkeley S1 and S, strains (Rosenzweig, 1964). In most of the reports in this 
field, the subjects are identified clearly as being obtained from a known line and 
named commercial supplier or as coming from the colony of a stated psychology 
laboratory. (It is somewhat disheartening to see a report of 1971 which identifies 
the subjects only as .. hooded rats obtained from a commercial dealer.") 

~~~ t . 

Most studies in this field have employed only male rats as subjects. A;considerable 
number have used both male and females but have not reported any separate analyses 
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by sex, so presumably there were no striking differences between the effects of en
vironment on performance of the two sexes. An occasional study (e.g., Denenberg 
et al., 1968) has used only female subjects and has shown beneficial effects of enriched 
experience on subsequent problem-solving behavior. 
. .. -- ·-

Species of rodents. : 
Relatively little 'has been done on effects of experience on learning in rodent species 
other than rats, but Oliverio reports in this volume on research with strains of mice. 
Greenough et al. (1972b) reported that Swiss-Webster male mice placed for 30 days 
in an enriched environment subsequently made significantly fewer errors on both 
brightness discrimination and the Lashley III maze than did littermates kept under 
either standard colony or isolation conditions. 

' . 
Orders of mammals. 
Some work has been done to study effects of differentia! experience on problem
solving in carnivores (cats and dogs) and in primates. 

The experiment of Wilson et aJ. (1965) is similar in design to some of the studies 
·with rats. They used the following four conditions, raising 10 or 11 kittens in each: 
(a) Control (C). These kittens received only the minimum amount of handling com
patible with survival during their first 90 days; they remained with their mothers and 
littermates in large cages and could view the busy colony room. (Since these animaJs 
were housed in groups, their treatment .was similar to that of standard colony rats.) /) 
(b) Handled (H). From birth through day 45 these kittens were treated like the 
controls except that they were taken from their cage and petted for 5 min per day. 
They were treated exactly like the controls on days 46-90. (c) Playroom (P). These 
kittens were treated like controls from birth through day 45, then on days 46-90, 
they were placed for 5 hr per day in a large playroom with kittens from other Iitten, 
toys, boxes, a scratching post, etc. (P treatment is like the enriched condition used 
in some rat experiments.) (d) Handled plus Playroom (HP). This group received both 
tre~tments:• handling until day 45 and playroom on days 46-90. 

- - · From their fourth through seventh month, the kittens were observed in regard to 
open-field behavior, contact with objects and with human beings, and were tested 

. on relearning tasks (The Hebb-Williams maze, avoidance conditioning, and visual 
reversal training). The two treatments ofhandling and playroom experience produced 
different effects, with no significant interaction between the two treatments. H 
kittens made significantly more contact with novel objects and with human beings, 
and they required more trials to reach criterion on avoidance conditioning than did 
non-handled kittens; apparently, handling before wea/ing made kittens less fear- Tl. 

ful. Both groups that had playroom experience were significantly more active in the 
open field, and they made about 34% fewer errors on the Hebb-Williams maze than 
did kittens without playroom experience. Thus enriched experience with inanimate 
stimuli improved Hebb-Williams performance in cats as it does in rats. 

Fuller (1966) reared 22 beagles in isolation cages from weaning (at 3 weeks 
of age) until 15 weeks of age. During the 3-15 week period, six dogs were taken 
out of. their cages twice a day and aJlowed the run of the laboratory; during the 
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time out of their cages they were treated as pets by the caretaker. Beginning at 
about 24 weeks of age, each dog was tested in a modified Wisconsin General Test 
Apparatus. They were trained, 16 trials/day, to select the food pan on one side. 
When the criterion was reached, the correct side was reversed the next day. Each 
dog was tested on 12 problems (II reversals). On the first S problems, the pet
reared dogs made significantly fewer erros than tbe restricted dogs; thereafter 
the difference diminished and became norl,A;ignificant. The isolation-reared dogs Y 
llhowed inappropriate emotional responses~ the early reversals. Fuller suggested 
that the motivational factors could account for the difference between the groups 
and concluded: "At the moment it is premature to regard a decrement in perfor
mance following experiential restriction as equivalent to a general depression in 
learning ability" (p. 274). Other research on effects on differential experience on 
performance in dogs includes that of Melzack (1%2) and Thompson and Heron 
(1954). 

Harlow and his collaborators have carried out a number of studies on effects of. 
illolation or varied social experience on later problem-solving ability of monkeys. 
Until recently they had concluded that while socially isolated monkeys were 
harder to train and showed emotional problems, their eventual performance was as 
good as that of animals with previous social experience. Commenting on their 
failure to find effects on learning ability, Griffin and Harlow (1%6, p. 546) pointed 
out, "The apparent contradiction between rhesus monkeys and other species on 
learning after isolation may be an artifact of the types of tasks employed. Tasks 
that do not extensively adapt Ss or do not discard data indicating problems in 

0 
adaptation will probably show performance deficits." But recently Gluck et af. ..t1 
(1973) found that monkeys reared in enriched environments were superior to 
monkeys that had lived in partial isolation on complex oddity tasks. Since all the 
animals had been thoroughly adapted to testing and had not shown differences on 
previous two-choice discrimination or delayed-response problems, the results with 
the oddity task caused Harlow and his associates to change their stance and con
clude that the oddity task was reflecting differences in intellectual ability between the 
enriched and isolated animals and not simply motivational differences. It will be 
important to see whether replications or other complex tasks indicate intellectual 
differences in monkeys caused by differences in early experience. 

Other evidence that impoverished early experience impairs cognitive abilities 
in primates came from a study on chimpanzees by Davenport et al. (1973). They 
compared wild-born animals with restricted subjects born in the laboratory and 
raised singly in enclosed cribs for their first two years. At approximately three 
years of age, all subjects were caged together in a large "relatively enriched labora- I 
tory environment of continual varied social contac~',The chimpanzees had a com- ;... ~ 
mon and extensive experience on a variety of learning and problem-solving tasks 
prior to the present study which began at the age of 12 to 14 years. In this experiment, 
animals learned two-choice object discrimination problems to a preset criterion. As 
soon as discrimination of a given pair of objects reached criterion, the previously 
correct object was made incorrect, and the previously incorrect object became 
correct. Although the early-restricted animals were almost as good as the wild-born 
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chimpanzees in original learning of each problem, the restricted made significantly 
more erros on the reversal tests. The authors conclude that the severe early restriction A./ 
caused ptrsistcnt cognitive deficits that were not overcome by subsequent prolonged 
environmental enrichment. 

Generality of effects over tests of learning or problem-solving behavior 

The Hcbb-Williams maze has been the most frequently used test for effects of 
differential environment, but a number of other tests have also been employed. 
Positive effects of prior enriched experience have been reported by a number of 
investigators for tbc Lashley lll maze (Ray and Hochauscr, 1969; Bennett et al., 
1970; Greenough et al., 1972a; and Riege, 1971 ). Positive results have also been 
reported for passive avoidance (Doty, 1972; Freeman and Ray, 1972), DRL bar 
prcssin& (Ough et al., 1972), and brightness discrimination (Edwards ct al., 1969; 
Bernstein, 1972 and 1973). Not all of the reports arc positive, however. There have 
been occasional failures to find significant results even with the Hebb-Williams 
maze (Woods et al., 1961, in the case of high drive; Hughes, 1965; Reid et at., 
1968; Davenport, 1976). More often the failures to find differences in performance 
between animals having experienced enriched versus impoverished environments 
have come for relatively simple tasks such as visual discrimination (Bingham 
.and Griffiths, 1952; Woods et al., 1960; Krech et al., 1962; Gill ct al., 1966), T-mazc 
(Hymovitch, 1952), or Y-maze (Freeman and Ray, 1972). - . . ------

Age at onset of differential experience. 
In most cases the rats have been assigned to the differential environments at or 
about weaning (from 20 to 25 days of age). In a few experiments, animals have been 
assigned to the differential environments shortly after birth (Forgays and Read, 
1962; Denenberg et at., 1968). In several experiments, rats have been assigned to 
the. differential environments 30 days or more after weaning (Hymovitch, 1952; 
Woods, 1959; Forgays and_,Read, 1962; Nyman, 1967; Brown, 1968; Bennett, 1976; 
Rosenzweig, 1971); in two experiments, rats were not assigned to the differential 
environments until they were 300 days of age (Riege, 1971; Doty, 1972). In recent 
experiments we have placed rats with cortical lesions or sham-operated control rats 

·~ in enriched or impoverished environments at 6 days of age (Will et at. 1976), at 
30 days of age (Willet al., 1977), or at 100 days of age (Will and Rosenzweig, 1976). 
Positive results of differential experience have been reported in all of these experi· . 
menu, whether the experience occurred preweaning, postweaning, or whether it 
started at 300 days of age. 

Although it seems that there is not a "critical age" for induction of behavioral 
. effects, a few investigators have asked whether there is a preferential period. 
Forgays and Read ( 1962) gave rats free environment experience at one of five agcs:-
0-21, 22-43, 44~5. 66-87 and 88-109 days. A sixth group with no enriched exper
ience served as controls. When the rats were about 123 days old they were pretrained 
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; and tested on the Hebb-Williams maze. The three groups whose enriched experience 
started at 22, 44, or 66 days of age showed quite similar scores, and all were signifi
cantly better than the group with no enriched experience. The group that received 
the enriched experience preweaning (0-21 days) also performed better than the 
control group. The 88-109/\day enrichment group had scores only slightly worse "" 
than the 0-21 day group, but the 88-109/\day group was not quite significantly A 

different from the control group. Nyman (1967) gave only 10 days of enriched 
experience at 30-40, 50-60, or 70-80 days of age; at each of these periods, some 
animals received 8 hr a day of enriched experience while other animals received only 
I hr a day. When they were tested on an elevated version of the Hebb-Williams maze, 
all rats that had received 8 h r per day of enriched experience were significantly better 
th.:J;1 the control group, while for the 1-hr per day exposure, only the 50--«)~ay group h 
wassignificantly better than the control group. In our own laboratory. we have tested _ 
animals after having given enriched experience starting at 5 days of age, at 25 days of 
age, or 85 or more days of age. The differences in Hebb-Williams performance 
between animals given enriched experience versus either standard colony or 
isolation treatment have been similar for all of these age ranges. 

It should be pointed out that for at least one behavioral test, the age at which 
differential experience is given has an effect on the results. We have pointed out 
previously that some tests are more sensitive to enrichment of experience above .the 
colony base line, whereas other tests are more sensitive to restriction of experience 
below that normally found in colonyexistence(Rosenzweig,I97J). Wewerepuzzled 
some years ago when we found that we could produce clear differences between 
enriched-experience and impoverished-experience rats on the Visual Reversal - . Discrimination Task in the Krech hypothesis apparatus/when differential exper-
ience started at 25 days of age, but that there were no differences when the differ
ential experience started at 60 or 90 days of age. On the other hand, we found for the 
Lashley Ill maze just as large differences between enriched and impoverished 
experience groups when the period of differential treatment ran from 60 to 90 days 
of age as when it extended from 25 to 55 days of age (Rosenzweig, 1971, Tables IV 
and V). We were able to account for these effects when we tested not only enriched
experience and impoverished-experience animals but also those from the stan~ard 
colony condition. On the Visual Reversal Task, run aher 25-55~ay differential" 7\ 
experience, enriched-experience and cofony control rats made similar numbers of 
errors, while the impoverished-experience group was inferior to both. Thus this 
test appears to be sensitive to restriction of experience from the colony level 
and not ·to enrichment. When restriction or isolation are begun only at 60 days 
of age, the rats cannot then be affected because they have already had colony 
experience and the effects of this experience appear to persist. But on the Lashley 
III maze,. colony control and isolated rats made similar· numbers o.f errors, while 
enriched-experience rats made significantly less. Thus this test is sensitive to 
enrichment of experience above the colony level. Further enrichment can be given 
and can take effect not only immediately after weaning but also at 60days of age and 
even later. Our tests on Hebb-Williams performance with enriched-experience. 
colony controls, and isolated rats show that this test, like' the Lashley III maze. is 
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icnsitive to effects of enrichment. Consistent with the effects obtained in the Lash
ley maze-, Hebb-Williams performance can be improved by enriched experience 
which begins long after the age of weaning. 

/)urt;ztion of differential experience 

Rats have been tested on the Hebb-Williams maze after as little as 10 days of 
differential experience (Nyman, 1967), 20 days (Forgays and Read, 1962), or as 
much as 130 days of differential experience (Woods et al., 1961). A large number 
of studies have used periods intermediate between these extremes. Positive effects 
of prior differential experience have been reported for all of these durations from 
10 to 130 days, so apparently the effects can be induced rather rapidly. 

We noted in the previous Section (Age at onset of differential experience, p.QQe) 161 
that Nyman (1967) found that whereas 8 h/day of enriched experience at any of the 
three lO~ay periods produced significant improvement, 1/hr day was less effective 
and caused significant reduction of errors only when given at 50-60 days of age. 
Thus, although a small amount of differential experience can produce measurable 
behavioral effects, the effects may increase with longer experien~e. Little has yet 
been done to determine relations between the duration of differential experience 
and magnitude of behavioral effects. 

Permanence and persistence of behavioral effects 

Investigators have asked several different questions under this heading: (a) Will 
the behavioral effccts remain if the animals are kept in the differential environments 
for prolonged periods or, as the animals habituate to the environments, will the 
effects disappear? (b) Will the behavioral effects persist if the animals are removed 
from one environment and placed in another for a period that precedes the 
behaviorid test (e.g., if the enrichment period is followed by a period in standard 
colony or isolation conditions)? (c) Will the effects of prior differential experience 
persist during a lengthy program of behavioral testing? Let us note some findings 

_ concerning each of these questions . 

Permanence of effects during prolonged differential experience 
The small number of findings on this question suggest that behavioral differences 

-• arc found after prolonged differential experience and that there is no loss of effect 
caused by habituation of animals to the differential environments. As noted above, 
Woods et al. ( 1961) found rats with 130 days in the enriched condition (EC) to per
form significantly better on the Hebb- Williams maze than rats that were in the 
impoverished condition (IC) during the same period. Cummins et al. (1973)placed 
Wistar albino rats in EC or in IC at weaning and kept them there for 509 days. 
At the end of this period, they were tested on the Hebb-Williams maze, and the EC 
rats made significantly fewer errors than the IC rats. 
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! Persistence of effects after animals are moved from one condition to 
another , 
In most reports, the animals. have been tested immediately or shortly after the 
conclusion of their period of differential experience. In some cases, however, 
rats have been removed from the enriched condition and placed for a considerable 
period in the standard colony (SC) environment before being tested. Thus, For
~ays and Read (1962) placed their enriched-experience rats into SC for 2 months, 
and Denenberg et al. (1968) placed their EC rats into SC for an entire year before 
testing. In both cases, the EC rats were significantly better than the controls on the 
Hebb-Williams maze, so effects of a brief early period of enriched experience appear 
to pcn.J&t durmg an ensuing period of existence in standard laboratory cages . 

There do not seem to be reports of behavioral testing after other sequences, 
such as from EC to IC or from IC to EC. Of course, when the start of EC or JC 
experience is delayed until well after weaning, the experiment does involve a 

·change from the usual colony environment to EC or IC. We saw previously in the 
Section Age at onset of differt>ntial experit>nce that positive effects of differential 
experience can be obtained at any part of the life cycle. This is further evidence 
that early experience does not fix behavioral capacities once and for all. 

Persistence of effects during testing 
Do the effects of prior differential experience persist during a lengthy program of 
behavioral testing? There is considerable divergence of results concerning this 
~uution. Jfehb (1949) in the first repon on this subject reponed that the enriched
experience rats improved their relative standing in the last 10 days of a total of 
21 days of testing. He interpreted this to mean that the richer experience of this 
group during development made them better able to profit by new experiences at 
maturity. Woods ( 1959) found the difference between free environment and isolated 
rats to remain relatively constant when tested on six problems at 63-65 days of age, 
six other problems at 95-97 days, and six final problems at I S6-l 58 days of qc. 
On the other.hand, we found that when three different tests were given successively 
.in a battery (Dashiell checkerboard test, Lashley Ill maze, and reversal discrimina
tion) whichever test was given first showed a significant difference between EC and 
IC littermates, whereas the later tests did not. Sturgeon and Reid (1971) gave rats 
a first battery of Hebb-Williams test patterns starting at 110 days of age. After the 
first· 24 tests, which showed a large difference related to enriched or impoverished 
environments, tests 1-12 were presented in rotated form and they no longer showed 
much difference. Then the same battery was presented again, starting at 190 days .i L 
of age, and at this time there were only slight and non{signifi~t differences 'r 
between groups. · 

It should be recalled that Fuller (1966) found restricted-experience beagles to 
be inferior to pet beagles when the animals were tested for reversal learning, but 
a significant difference lasted only through the first five reversals. 

I 

The later studies on this question therefore indicate that the differences in 2.:: 

problem-solving ability brought about by differential experience can be overcome 
during the course of prolonged -testing. The testing itself provides considerable 
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experience, a~d this may cause further changes. It may be, however, that prolonged 
· differential experience may bring about intellectual differences that will penist or 

at least that will show up when rather difficult tests are given. This is the indica
tion of the report by Gluck et al. (1973). They found that monkeys reared in enriched 
environments did not differ from monkeys living in partial isolation on two-choice 
discrimination or delayed-response problems, but after this lengthy testing, when 
complex oddity tasks were given, the enriched-experience animals were significantly 
superior to the restricted-experience monkeys. 

·Effects of differential experience on brain anatomy 
and chemistry 

Since the early 1960's, a series of papers has reported changes in brain chemistry 
and brain anatomy brought about by placing animals in environments of differential 
complexity. Among recent reviews of this field are those of Bennett (1976), 
Greenough (1976), and Rosenzweig and Bennett (in .the press). It has been demon
strated that rats given experience in enriched environments show, in comparison 
with littermate animals raised in standard colony conditions or under even more 
restricted conditions, greater weight of cerebral cortex, greater thickness of 
cerebral cortex, greater branching of dendrites of cortical neurons, greater density 
of synaptic spines on cortical neurons, lesser activity of acetylcholinesterase but 
areater activity of cholinesterase in cerebral cortex, and greater RNA/DNA in 
cortical tissue. In the next paragraphs, some of the questions that we shall take up are 
~ similar to those raised with regard to the behavioral effects: how different 
dimensions of experience influence the magnitude of the effects, generality of the 
cerebral effects over strains of rats and over the two sexes, effects of age on onset and 
duration of the differential experience on magnitude of the cerebral changes, and 
permanence and petsistence of the effects. 

·Stimulus dimension.r in production of cerebral effects 

As was true in regard to experiments on behavioral effects of differential experic;nc~ 
the stimulus situation has been varied along at least three dimensions in experiment~ 
on cerebral effects: (a) social stimulation, the number of rats caged together, 
(b) number and variety of objects with which direct contact is permitted (manipul
anda), and (c) extracage stimulation, usually visual or auditory stimulation from 
outside the cage. 

Social stimulation. 
Stimulation by cagemates is effective in altering brain weights and various aspects 
of brain chemistry (Rosenzweig et aJ., 1972; Welch et al. 1974). Indeed, Welch et al. 
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imply that social stimulation alone may account for the effects of enriched exper
ience on brain measures. We have shown, however, that even among rats caged in 
groups of 12, the inanimate environment causes significant differences in brain 
mea..,ures, as the next paragraph demonstrates. 

Stimulation from interaction with objects in the environment 
. Rats placed for 30 days in a group of 12 in a semf"natural outdoor environment 
· develop significantly greater brain weight measures '(especially in occipital cortex) 
than do 12 Jittermate rats in the usual Berkeley EC environments (Bennett, 1976, 
Table 17.4). And rats in EC develop significantly greater braip weight measures 
than do Jittermate Group Condition (GC) rats placed in groups of 12 in cages of 
lh~ some sort but without inanimate stimulus objects (Bennett, 1976, Table 17.6). 
lhe braan weights of rats in GC also differed significantly from those of rats in 
I C. Thus both social and inanimate stimulations are effective in causing changes in 
brain weight measures; significant effects of both variables have also been found 
for some measures of brain chemistry. 

As well as the experiments just described, another way to show the import-ance 
of inanimate stimulation in producing brain effects comes from experiments in 
which the social factor was excluded. In a series of experiments begun in 1967, we 
found that rats that received a daily injection of methamphetamine before being 
put in the enriched condition for two hours per day developed larger than usual 
brain weight effects. In her doctoral thesis, Su-Yu Chang ( 1969) reported that. 
the rats given methamphetamine showed less social interaction than rats given 
saline injections, whereas the methamphetamine rats showed a greater than usual 
interaction with the stimulus objects. In further research along this line(~ M ~and Bennett, 1972), we found that placing rats individually in EC for 2 h per 

( day resulted in significant differences in brain measures from IC, if the animals 
were given small injections of methamphetamine before the daily period in the 
enriched environment but not if they were given injections of saline. Some facilitating 
treatment is necessary if isolated rats are to show much interaction with inanimate 

;: 

stimulus objects. We con~luded that the anatomical and chemical changes charac
teristic of enriched experience will develop in the rat brain whenever the animal 
interacts with a relatively complex environment for at least a minimum daily 
period over at least a minimum duration of days. "Social stimulation, which here
tofore has always been included in the enriched condition, is now found not to 
be necessary" (p. 304). 

Granted that·inanimate stimulation produces cerebral effects, is a considerable 
amount and variety of such stimulation required? To investigate this question we 
carried out three successive experiments, in each of which littermates were assigned 
to the following four groups: (a) EC with variable toys in variable positions; 12 
animals in a standard EC cage were given six "toys" per day from our usual pool 
of stimulus objects. (b) Fixed EC, with six toys in the EC cage, but each toy wu 
attached in a fixed position throughout the 20-day duration of the experiment. 
(c) Fixed toys but variable positions; this group haj the same six toys as group b~ 
but .the positions and the arrangements of the toys were changed daily according to 
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Tablt I EIY'ects of three des~rees of environmental enrichment on brain weight measures ..,.. 

Fixed Objects, 
Varied Positions 
vsl IC 

Fixed Objects,. 
Fixed Positions 
vs.IC 

Varied Objects vs.. Varied Objects vs. 
Fixed Objects, Fixed Objects, 

A. -s·; mates, 2S-5Sday, N ... ·II per ,roUp • 
· Fixed Positions Varied Positions 

· Occipitat. Cortex . · 6.9••. 
TotaJ cortex 4.2••• 
Rest of brain 0.4 
Cortelllrest of brain ~·· ~ · 

11.7••• .. 
1.5 I 

-1.8 : 
·3,4• 

I 8. Fischer maJes, «}.-7'0 day, N = 12 per poup •' 
Occipital cortex 6.8 .. 

liS' 

Total COrtex 2.8 
Rest of brain : -1.0 
Cortex/Rest of brain 3.8••• . ~ 

C. S, males, 8S71day, N "" 12 per group· 
Occipital cortex J .3 .. 
Total cortex 3.2•• 
Rest. of brain -0.4 
Cortex/Rest of brain 3.6 .. 

·x-e combinect, N • 35 per group 
Cortex 

~ 1 · Somesthetie _ 
...- .;,. ,... Rem. Donal 

] 

Occipital 4.8 ... 
3.4 
2.4• 
3.9•• 
3.3 ... 

..,-.,&& a. - Ventral · -
TotaJ 
Rest of brain 
Tocal brain 
Corta/RCit of brain 

-0.4 
1.2 
3.7••• 

8.3••• 
2.3 
0.6 
1.7 

3.2 
2.8• 

-0.6 
3.5 .. 

7.3 ... 
4.o-•• 

. 2.8• 
0.1 
2.3 .. 

- o.s 
0.7 
2.8 ... 

: ~ 

·. 4.6• 
0.4 

-3.3 .. 
3.9 .. 

9.4••• 
4.6 .. 
2.S 

... 2.0• 

0.3 
1.9 

-0.1 
2.0 

4.8 ... 
3.0 .. 
2.3• 
2.0 
2.4••• 

-0.1 
1.0 
2.6••• 

2.1 
3.7·~ 

3.8·~ 
-0.1 

-2.4 
-1.7 
-3.4• 

1.7 

1.0 
1.3 

-0.3 
1.6 

0.0 
O.S 
0.1 
1.9 
0.8 

-0.2 
0.2 
1.1 

'· 

-4.3• 
;'t 2.6• 

2.2 
0.4 

-1.4 
0.4 

-1.6 
2.o-

-1.8. 
0.3 
0.2 
0.1 

-2.4 
-0.6 
-0.3 

3.8 .. 
1.0 
0.2 
o.s. 
0.9 

•p < O.OS; ••p < 0~01: ••• , < 0.001. :· I . 

··,; e~~ ~ .q/A·••eu, ~ ~ ~ -4.·~~ 

:! 

I 

j 

' 

·r 

:--ens::c~ 
_ 0 -· 0 n ~ 
~O'~ge:&_~ 

c --- ~- !'I. 

-0 sa.'= !!.. :l , ~ 0: ~3- ;' Clo) - .... - n. n -· ... ~;: o ~ ~ -s"" ::::=-~ ~'~~.,.., __ ...... n ~ 3n ~n~~~3~~=~;~~~ e:~~~ 
n < _, - < o n n... o 111 n n.. -· n :::· -1 ~.... - ""' ~ !!._· =' ':' ft "' !:I - ... - "" - -

l 

' 
...... 0 0\ 

c~ 

·-!~• 

':tot.;""" 

~ jf;I<LH 

1\ ~a<*'·· 

® 

a 
ll:'c-. \· 
(,.,.[ 

~-

0';.. 

+ 



0 8 u 3 0 . ' 
::- Jf 

177 

(1967). The acet~lcholinesterase measures not only showed large effects but the l'f 
values were highly variable for controls as well as for experimentals. An attempt to 
replicate this experiment in our laboratory by Maki (1971) showed no cerebraJ 
differences as a consequence of the extra-cage stimuli. 

Two further experiments gave clear evidence that direct interaction of the rats 
with the stimulus objects is necessary to obtain the usual EC-IC cerebraJ effects 
(ferchmin et aJ .• 1975). These "observer" experiments included three groups of 
animals:- the usual EC rats, the IC rats, and the Observer Condition (OC) rats. 
The OC rats were placed in small wire-mesh cages inside the EC cage; thus they 
were uposed to all of the general noises, sights, and smells of the laboratory. 
In addition, the OC group had a small amount of contact with the EC rats through 
the wire mesh of the OC cages. The literature of "observational learning" suggested 
that the mere act of watching the EC animals at close hand might make the OC group 
more like EC rats than like IC rats in both brain weight and behavior. The results 
were clearly just the opposite. The brain weights of the OC rats were essentially 
identical to those of the IC rats. When tested for exploratory behavior in a Greek 
cross apparatus, the observer rats, like the IC rats, showed a significantly lower 
level of exploration than the EC rats. For some measures, the scores were even more 
extreme than those of the ICs. 

To date we· find. no compelling evidence that extra.fcage stimuli above the · _pi 
levels available in IC contribute independently to the Et:IC differences in brain 
measures. 

Generality of effects over types of animals 

Strains of rats 
Initial work on brain acetylcholinesterase activity and on brain weights showed 
similar effects in several lines of rats tested. These were the Berkeley s. and S, lines 
(descendants, respectively, of a Tryon maze-bright and Tryon maze-dull line), the 
K-line (derived from a cross between the s. and the S, lines), and RDH. RDL, and 
RCH Jines Oines selectively bred by Roderick (1960) for high and low brain cholin
este'rase) (Krech, et al., 1960; Rosenzweig et al., 1962). Later we obtained similar 
effects with rats of the inbred Fischer line and with Long-Evans rats. Other investi
gators reported similar EC-IC cerebraJ differences using still other lines or stocks 
of rats:- Sprague- Dawley (Geller, 1971), Wistar (Walsh et aJ., 197 I), and Long-Evans 

. (Greenough, 1976). 

Effects in hybrids and foundation stocks 
Henderson (1970) compared the responses of hybrid mice and foundation stocks 
to differential experience. He kept mice in enriched environment cages or standard 
colony cages from birth until about six weeks of age. The subjects included inbred 
mice from six strains, the 30 possible crosses among the six strains, and mice from 
10 four-way crosses. Among the inbred mice, the enriched-environment mice showed 

·. 1.1% greater total brain weight than did mice from standard cages; among the 
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(1967). The acet~lcholinesterase measures not only showed large effects but the l'f 
values were highly variable for controls as well as for experimentals. An attempt to 

. replicate this e~periment in our laboratory by Maki (1971) showed no cerebral 
differences as a consequence of the extra-cage stimuli. 

Two further experiments gave clear eyidence that direct interaction of the rats 
with the stimulus objects is necessary to obtain the usual EC-IC cerebral effects 
(ferchmin et al., 1975). These "observer" experiments included three groups of 
animals:- the usual EC rats, the IC rats, and the Observer Condition (OC) rats. 
The OC rats were placed in small wire-mesh cages inside the EC cage; thus they 
were exposed to all of the general noises, sights, and smells of the laboratory. 
In addition, the OC group had a small amount of contact with the EC rats through 
the wire mesh of the OC cages. The literature of "observational learning" suggested 
that the mere act of watching the EC animals at close hand might make the OC group 
more like EC rats than like JC rats i~ both brain weight and behavior. The results 
were clearly just the opposite. The brain weights of the OC rats were essentially 
identical to those of the IC rats. When tested for exploratory behavior in a Greek 
cross apparatus, the observer rats, like the IC rats, showed a significantly lower 
level of exploration than the EC rats. For some measures, the scores were even more 
extreme than those of the ICs. 

To date w= ·find. no compelling evidence that extraTcage stimuli above the 
levels available in IC contribute independently to the Et:IC differences in brain 
measures. 

· Generality of effects over types of animals 

Strains of rats 
Initial work on brain acetylcholinestera.-.e activity and on brain weights showed 
similar effects in several lines of rats tested. These were the Berkeley S 1 and S, lines 
(descendants, respectively, of a Tryon maze-bright and Tryon maze-dull line). the 
K-line (derived from a cross between the S, and the S, lines), and RDH, RDL, and 
RCH lines Oines selectively bred by Roderick (1960) for high and low brain cholin
esterase) {Krech, et al., 1960; Rosenzweig et al., 1962). Later we obtained similar 
effects with rats of the inbred Fischer line and with Long-Evans rats. Other investi
gators reported similar EC-IC cerebral differences using still other lines or stocks 
ofrats:- Sprague-Dawley (Geller, 1971), Wistar(Walshetal., 1971),and Long-Evans 
(Greenough, 1976). 

Effects in hybrids and foundation stocks 
Henderson (1970) compared the responses of hybrid mice and foundation stocks 
to differential experience. He kept mice in enriched environment cages or standard 
colony cages from birth until about six weeks of age. The subjects included inbred 
mice from six strains, the 30 possible crosses among the six strains, and mice from 
10 four-way crosses. Among the inbred mice, the enriched-environment mice showed 

·: l.l% greater total brain weight tban did mice from standard cages; among the 
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. hybrids the corresponding difference was 5.1°fo and among the four-way crosses, 
1 4.2°1o. Henderson argued that the presence of the brain weight differences and the 

fact that it is largely unidirectional indicates that there is selective advantaae in 
the ability of the mouse to respond with increased brain size to an enriched · 
environment. We have attempted to follow up Henderson's work by performing 
experiments with hybrid rats, as will be reported below .. 

As samples of the many possible rat hybrids that could have been used, we 
decided to breed males of the Fischer inbred strain to females of the Berkeley 
S, line and of the Berkeley S, line. We have described the selection of the Berkeley 
lines and have given information about their behavioral and physiological dif
ferences (Rosenzweig, 1964). The S, and S, stocks are now maintained by a random 
breeding procedure. Rats of the inbred Fischer line, developed at the National 
Institutes of Heatth

1 
were obtained from the Simonsen Laboratory, Gilroy, 

California. Male Fischer rats were bred to female S, and female S, rats in our 
colony. Pups of the three. foundation lines and of the two sorts of hybrids were 
assigned at weaning (about 25 days of age) to either the enriched condition (EC), 
the standard colony condition (SC). or to the impoverished condition (I C), and were 
maintained there for either 30 or 80 days until sacrifice. 

Rather similar patterns of EC-IC effects in brain weight and brain cholinesterue
acetylcholinesterase ratio were seen for the three foundation lines and the two 

. kinds of hybrids (Table II). In order to compare the patterns of effects, it ia neces
sary to examine the results in some detail at this point. For brain weights, our usual 
finding has been clear effects. in the various regions of the cerebral cortex and 
only small effects in the rest of the brain; among the cortical regions, th~ occipital 
cortex usually shows the largest EC-IC effects. A particularly stable value is the 
ratio of cortex to the rest of the brain, since this measure tends to eliminate 

•''differences related to changes in body weight. (Typically EC rats tend to grow less 
in body weight than do IC animals, although the EC brain and especially the EC 
cortex are somewhat heavier than are those of IC littermates.) 

The S, X Fischer hybrids at the 30-day duration of differential experience were 
the only group to depart from the overall pattern of effects in Table II. This group 
showed only small EC-IC differences in the cortex, perhaps because they showed the 
largest EC-IC loss in body weight which tends to pull down both cortical and 
subcortical weights. The corticaVsubcortical weight ratio for the S, x Fischer 
hybrids is quite comparable with that of the other groups with which it is com-
pared. · 

The cholinesterase;4cetylcholinesterase ratio gives a purely chemical measure 
which eliminates effects of tissue weight. With this measure, all the lines and hybrids 
show rather large increases in all,_regions with enriched experience; there is little 
effect in the rest of the brain. Tbe patterns of effects are rather similar amons the 
groups. . i 

"f1lus our data do not support the conclusion of Henderson. which wu based on 
mice, that hybrids show larger effects of differential environmental experience than 
do inbred animals. Our results testify to the generality of cerebral effects of differen- . 
tial c.xperience across linea of rau. · 
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Tab1e U Percentage dirferenca, EC min liS IC, in cerebral weights and enzymatic activitic:ao for maJe rats of the S,, S, and FtsebCr 
strains and for S, x Ftscher and S, x Fischer hybrids. · 

3<ktay 8().day 

s, S, X Fischer S, X s, S, X s,. S, X 
Fischer Flscher Flscher fischer 

A.llrisn'Weights -· 
N (pairs) 167 II 36 10 195 12 44 10 
Cortex 

Occipita) 10.9··· 2.5 7.0••• 6.8• 7.1 ... 6.9•• ·. 5.o• .. , 10.6 .. 
Someslhdic 4.9••• 1.8 -0.2 3.9• 2.4••• 4.2• 0.4 0.0 
Rem. dorsal 6.t••• 5.t• . ' 2.7•• 6.oe 4.9••• 5.0 .. 3.t••• 8.8••• 
Ventral 4.8 ... 0.6 2.5• 6.8 3.t••• 3.7 0.8 3.2 
Total 6.oe•• ·2.8• 2.8••• 6.2··~ 4.2••• 4.6•• ' 2.t•• 5.9•• ... 

Rest of brain 0.7• -2.6• -1.9•• 1.8• 1.1 .. -0.7 -t.s• 0.7 
Total brain 3.0 ... -0.2 0.1 - 3.7••• .. .... - .. 

1.5 0.0 2.9--Cortex/ Rest 5.2··· 5.6•• 4.9-•• 4.3 .. 5.3 ... 5.3••• 3.6••• 5.2•• 
of brain 

Terminal body -: ao.oe•• -17.3••• -15.3 ... -7.7•• -8.4••• -14.2••• -lt.o••• :-5.5 
weight 

·,- .... - ------------ -- - ·-. 

B. Cholinesterase,/acetylcholinesterase ~ 
10 N (pairs) 85 II 36 1)2 ! 12 . 35 10 

Cortex 
. : 

Occipital 8.7••• 11.0 .. 7.4••• u• 8.7••• 5.3• 10.6••• 11.4••• 
Somesthetic 3.7••• 7.3• 1.9 8.8• 4.9-•• 1.6 4.oe• 5.2 .. 
Rem. dorsal s.s••• 6.7• 2.9-•• 12.oe•• .... 5.8 ... 0.5 J.oe c 5.7 

. Ventral s.o••• 4.8• 2.4 .. 7.1 .. 5.5 .. • 0.6. 4.2 .. 6.9-
Tota1 5.s••• 6.7•• 3.t•••. 9.2••• 6.o-•• .. 1.0 4.6••• .-. 7.4•• 

Rest of brain -t.2•• -0.9 -1.7• 0.8 -toe : -2.3• -1.7 I.S 
Total brain 0.8 1.3 0.0 J.s•• t.oe• i 1.4 .. .. 

·0.2 - l:S 
Cortex/ Rest of 6.8 ... 7.6••• 4.9••- . 8.3 ... 1.oe•• 3.5• 6.7•••. 5.8·~ -• -··· --

brain ·-
•p < 0.05; .. p < 0.01; ••• P < 0.001 
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·.Sex .-' -:.·erences in effects of differential experience . . 
·With : ,-.' hybrids, we put female pups into EC, SC, and IC groups separately from 
the m;;;es. Table Ill presents EC-IC brain weight and brain chemistry effects for the 
females which can be compared with those of the male hybrids in Table II. When we 
compare female and male groups of the same heredity and same duration of exper
ience for the stable cortical/subcortical weight ratio, all four comparisons are in 
favor of the males. Overall, percentage EC-IC difference in the weight ratio is 
5.2 (P < 0.00 I) for the males and 3.1 for the females (P < 0.001 ). In the case of the 
cortical/subcortical ratio for the enzymes, the males show the larger effect in three 
of four comparisons. Overall, the percentage EC-IC difference in cholinesterase
acetylcholinesterase ratio is 6.6 (P < 0.00 I) for the males and 4.6 (P < 0.00 I) for 
the females. ·. · 

On other brain measures, however, the females appear to show larger EC-IC 
brain weight differences than the males: this is true for weight of total cortex, 
weight of the rest ofthc brain, and weight of total brain. These differences in absolute 
weights of brain regions arc probably related to differences in body weights; we 

Table Ill Percentage differences, EC minus IC. in cerebral weights and 
enzymatic activities, for hybrid female rats 

30-day fiO.day 

S, X s,-x s, X S, X 
Fisc:her Fischer Fischer Fischer 

A. Brain and body weights 
N (pairs) 12 12 12 12 
Con ex 

Occipital 4.7• 2.6 .., .. s.o 
Somesthetic 4.4• 4.3 6.0• - 1.4 
Rem. dorsal 6.2•• 4.1 .. 8.0 ... 4.3• 
Ventral 4.0 S.J• 6.0• 7.8 .. 
Total s.o .. 4.4••• 6.7••• S,4••• 

Rest of brain 1.6 3.J••• 2.S 1.3 
Total brain 3.1 ... 3.6••• 4.3 .. 3.0• 
Con ex/ Rest of brain 3.3 .. 1.3 4.1••• 4.2•• 
Terminal body weight 2.9 3.0 7.4• 10.0 .. 

B. Cholinesterue,hcetylc:holinesterose ntio · · · 
Conex - · ' 

Occipital IJ.l•• - 1.0 9.S .. • 5.9• 
Somcsthetic: 2.8 0.8 2.4• 2.2 
Rem. Donal S.9 .. S.2• 6.0 .. 8.9••• 
Ventral 2.8• 4.1 6.3• 6.2• 
Total 4.9••• 3.6• 6.4••• ".6.8 ... 

Rest of Brain 1.3 0.3 0.4 ~ I.S 
Total Brain 2.5 .. 1.4 2.3 3.2• 
Conex/Rest l.s• 3.3 6.1··· 5.2 .. 

•p < O.OS; .. p < O.oi; •••p < 0.001. 
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have shown previously for s. male rats that brain weight measures are in part 
· determined by body weights (Rosenzweig et at., 1972). In the present experiments 

with hybrids, among the four groups of males, the EC rats developed significantly 
lower body weights than their IC littermates ( -11.0%, P < 0.001 ); in the four 
groups of females, EC rats developed heavier body weights than their littermates in 
IC (5.9%, P < 0.001 ). Since both cortical and subcortical weights are affected by 
body weights, the cortical/subcortical weight ratio is relatively immune to changes 
in the body weight, and this stability helps to explain the reproducibility of this 
weight ratio measure from one experiment to another. The ratio of activity of 
cholinesterase to acetylcholinesterase is independent of both body and brain weights. 
Both the corticaVsubcortical weight· ratio and the cholinesterase I acetylcholines- · 
terase ratio measures show larger differences between EC and IC rats in the case of 
males than in the case of females. · 
"Am~ng the cortic.al are!U, the pattern of brain weight effects. app9rs to differ 

somewhat between males and females. For three of the four types of hybrids, the 
difference between EC and IC rats is greater for males than for females in the occi
pital cortex, whereas in the somesthetic cortex, the difference is larger for females 
in three out of four comparisons. Diamond (1976) has described a similar sex dif
ference in effects of differential experience-on thickness of cortex in Long-Evans 
rats; that is, the EC-IC differences were greater for males in the. occipital area but 
were. greater for fe_males in the somesthetic area. 

• 
·Sex differences and the standard colony base line 
Further insight into the origin and significance of the sex differences in cerebral 
effects and in the overall interpretation of environmental effects can be gained by 
examining the EC and IC values in relation to those of the SC littermates. Each 
hybrid experiment included SC as well as EC and IC animals. Certain main compari
sons of EC to SC and of SC to IC values as well as EC to IC values are given in 
Table IV. We have asked previously whether our EC-IC effects are due principally 
to enrichment of experience above the colony level (EC minus SC) or due princi
pally to impoverishment of experience below that of the colony (SC minus I C), and 
·we have shown that both enrichment and impoverishment contribute to the overall 
effec:'t (Rosenzweig et al., 1972). In the present data, we can find both kinds of 
effect, with some measures responding more to enrichment and others more 
influenced by restriction ·or experien'ce. 

The overall EC-IC effect in weight of occipital cortex (the largest percentage 
effect in most experiments) can be seen in Table IV to be principally due to enrich
ment in these experiments; that is, the mean EC-SC occipital weight effect for 
all eight groups is 5.2% (P < 0.001 ), whereas the comparable mean SC-IC effect is 
0.0%. The difference between enrichment and impoverishment effects in occipital 
cortex is particularly striking in the case of the females. Whereas the males show 
a positive enrichment effect (EC minus SC, 4.1~0) and a positive impoverishment 
effect (SC minus IC, 2.0%), the females show a rather large positive enrichment • 
effect (EC minus SC, 6.1 %) but a negative impoverishment effect, with SC females 

. actually showing somewhat lesser occipital cortex weights than IC females (SC 
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Table IV Percentage differences among EC, SC and IC conditions in cerebral weiahts aod . 
enzymatic activities for hybrid maJe and female rats 

M • •• • .• , I .· 

Group 

A. Brain WeiJhts l . 
S, X F lO' 
s, X F 80 
s, X F ·30 
s, X F ~ Total males: 

Females 
S, X F 30 
s, X F 80 
S,x_F 30 
s
1 

X F. 80 
TotaJ emales: 

Both sexes 
combined: 

N ECminua SC 

eortex I erm1~al_ 11 
~- -r~ 
c.~~ 

. • .1 .• -~ .. 
10 4.3 3.5 .. 
10 7.3• .4.3 .. 
8 0.4 2.2 
9- . 3.8 1.0 
3~ 4.3 .. 2.8••• 

12 4.4 2.2• 
12 4.3 3.5 .. 
10 8.8 .. 3.9 .. 
II 7.3••• 3.1• 
4!(£h 6.o••• 3.2••• 

8~ 5:2••• 3.o••• 

6-' . . 

B. CholinesterjJsyacetylcholinesterase ratio 
Males 

s, X F 30 10 0.5 3.3• 
s, X F 80 10 8.4••• 2.8 
s, X F 30 8 4.2 1.6 
S, X F 80 3~~ 3.3 0.5 

All males: 3.4• 2.1. 

Females 
S, X F 30 12 -0.6 0.0 
S, X F 80 12 4.1 2.9 
S, X F 30 10 2.4 1.6 
S, X F 80 I~ 1.9 0.2 

All femaJes: 4 . 1.9 1.2 

Both sexes 8.@........,. 2.6•• 1.6 
combined: 

~ 
Rest 

1.6 
1.7 
3.4• 
2.7 .. 
2.3 ... 

0.9 
3.3• 
0.9 
4.t••• 
2.3 ... 

2.3 ... 

4.1• 
2.9 
2.9• 
0.2 
2.5 .. 

-0.9 
2.6 
0.6 
2.1 
1.1 

Ta• :w~ 
Body 

Weiaht 

-1.2. 
6:1 .. 

-9.4•• 
5.6 
3.3 

-0.6 
3.3 
2.8 

-J.4 
1.0 

2.2• 

----·-----------
•p < 0.05; .. p < 0.01; ... p < 0.001. 

, SCm 
··--

2.4 -;,o 
0.6 
1.6 
2.0 

-1.7 
0.7 

-3.3 
-2.8 
-1.7 

0.0 

7.5• 
2.8 
5.9 
3.0 
6.3 .. 

-0.4 
1.7 
7.3• 
6.8 .. 
3.5 .. 

4.7••· 
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minus IC, - 1.7%). For total cortex weight also, the EC-SC effect (3.0%, P < 0.001) 
is larger than the corresponding SC-IC effect (2.0%, P, < 0.001 ). In the case of the 
cortical/subcortical weight ratio, the ehrichment and impoverishment effects 
are simflar in magnitude for the males (EC minus SC, 2.3%, vs. SC minus IC, 
2.8%). whereas for the females, the enrichment effect on this measure is consider
ably larger than the impoverishment effect (EC minus SC, 2.3%, vs. SC minus IC, 
0.8%). 

In the case of the chemical measure, the cholinesterase/acetylcholinesterase / 
ratio, a rather different pattern is found, but it is not as clear as that for brain 
weights. Here the impoverishment effects are somewhat larger overall than are 
the enrichment effects, and this is especially true for female subjects. 

We might note that it is not only among rats that the males are more responsive 
to environment than the females. Sackett (1972) has reported that male monkeys 
are more responsive to the environment and are more affected by isolation than are 
female monkeys. <J., 

We can summarize in the following way the foregoing review of genetic an# sex 
variables in production of cerebral responses to differential experience: whereas 
the sections G~n~ral/ty of ~ffects ov~r typ~s of animals (p. ~ and Strains of rats 
(p. 966) showed that genetic differences between stocks or lines of rats do not 
account for clear differences in effects of environments on brain measures, the 
section Eff~cts in hybrids and foundation stocks (P. 660') and Su diff~renc~s in ~ff~ctsof 
diffe,ntial uperien« (p . .e60) demonstrate that the XX versus XY chromosom·al 
patterns are associated with differences in magnitude of cerebral responses, 
especially to impoverished of experience. 

Species of rodents 
Similar effects to those obtained with rats have also been shown with other species 
of rodents. La Torre (1968) used two inbred strains of mice and found brain weights, 
acetylcholinesterase and cholinesterase activities to show EC-IC differences 

· similar to those reported for rats. Rosenzweig and Bennett (1969) assigned Mongol
ian gerbils at 30 days of age to the EC, SC, and IC environments and kept them there 
until 60 days of ag·e. Measures of brain weights, acetylcholinesterase and cholines
terase showed EC-SC-IC differences rather similar to those obtained with rats. 
Feral deermice (Peromyscus) showed EC-SC-IC effects in brain weights, acetyl
cholinesterase and cholinesterase generally similar to ~ose found with other 
species of rodents, although the Peromysa.u values were more variable than those 
of the laboratory rodents (Rosenzweig and Bennett, unpu~shed). 

Cerebral effects as function of age at onset" of differential experience 

,-.How the magnitude of cerebral effects of differential experi~nce varies with age at 
onset of the experience has not been a major focus of research, but much pertinent 
information has been obtained. The first EC- IC experiment in which animals were 
pl~ced in conditions at an age greater than 25 days used the starting age of lOS days 

/ 

+ 

+ 



l1) 
lac - -
:u 
c. 
:r-
c. 
IIC 

in 
re 

~e 

ys 
re 

~X 

u 
ts 
I)( 

IC , 
Ill 
s, 

s, 
:s ,_ 
re ... 
•• 
1-

It 
~~ 

re 
r• 

I 

0 0 8 

.. 18S 

Yt'hen the rats were young adults (Rosenzweig et al., 1964). The results for brain 

1 woiahts were not greatly different from those previously obtained with a 2S~ay 
I starting age. Later, we varied both age at onset and duration of the EC- IC period. 

Most of the differences between EC rats and IC littermates in weights of standard 
brain sections decreased somewhat with age of onset of differential rearing. but even 
with experience beginning at 290 dl!l_s~Lfi~.$~of d!f(!i.[£!1ti~!.!.x.P.C!Ii_en_cc:_,__ s- /...L. 
were found; (see Table¥ of Rosenzweig and Benne~ in the press). We have found 1;; 

that the magnitude of EC -IC differences does not decrease greatly with age of onset 
of differential experience for acetylcholinesterase. cholinesterase, or cortical thick-
ness (Rosenzweig et al., 1972) or for RNA/DNA (Bennett and Rosenzweig, unpub-
l~hed). , 

An exception to the relative age-independence of effects of differential experience 
on brain measures is the report of Greenough et al. (1976). They stated that dendritic 
branching in occipital cortex was not affected significantly by placing rats in EC or 
IC for 90 days starting at 90 days of age. whereas significant effects were obtained 
with 30 days of EC versus IC experience starting at weaning. 

Malkasian and Diamond (1971) studied effects of preweaning experience on afew 
brain measures. They placed nursing rat pups and th-eir mothers in environments of 
various degrees of complexity and looked for cerebral effects of early differential 
experience. Groups were sacrificed at 14, 19 and 28 days of age, respectively, and 
brain sections were analyzed for thickness of cortex and for cross-sectional areas of 
neuronal nuclei and perikeria. We have shown some of the results and commented on 

.them in detail elsewhere (Rosenzweig and Bennett, in the press). Here it will suffice 
to note that, although th~ number of measures allowing comparisons ofpreweaning 
and postweaning effects is rather small, they do indicate greater cerebral responsive
ness in the preweaning period than after weaning. For example, effects on cortical 
thickness were reported to be about twice as large with a 22-day preweaning period 
of differential experience as with a 30-day postweaning period of differential exper
ience. 

· Cerebral effects as a function of duration of differential experience 

We have recently reported considerable data on differences between EC and IC rats 
in weights of standard brain regions and in RNA and DNA of occipital cortex as a 
function of the duration of differential experience. Bennett (1976) reported brain 
weight effects for durations ranging from .30 to 160 days and for several starting ages 
(Table 17 .I); he also gave RNA/DNA effects for durations ranging from 4 to 125 
days, all experiments starting at weaning (Table 17.2). Rosenzweig and Bennett 
(in the press) present more extensive brain weight data,' with durations ranging 
from I to 160 days and starting ages ranging from 25 to 282 days (Tables 2 and 5); 
They also report EC-IC differences in RNA, DNA and RNA/DNA for durations 

. ranging from 4 to 125 days and starting ages ranging from 27 to .303 days (Table W). 
Exposure to EC versus IC for I or 3 days beginning at weaning did not produce 

. significant differences in brain weights, but by 4 days highly significant effects were 
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· found. After a slight dip at 8 days, the magnitude of effects rose again at IS days and 
reached a plateau at 30 days duration, there were only small changes in the siZe of the 
EC-IC differences between the 30.. and 160-day durations. With starting ages of 60 
days or more, the 4-day duration was generally insufficient to produce significant 
EC-IC differences, but clear effects were found at the 15-day duration. 

In the case of the nucleic acids, the· 4-day duration produced significant EC-IC 
differences in occipital cortex, and not only among wean lings but also in animals put 
into the differential environments at 63, 102, 202 and even at 303 days of age. The 
difference observed between EC and JC rats in most 4-day experimenlJ were these: 
a small drop in DNAiweight, in EC vs. IC; a rise in RNA/weight, and an increase of 
6--8% in RNA/DNA. The negative EC-JC difference in DNA/weight increased to 
about -6% at 15-day duration and then remained relatively constant through the 
longest duration studied in these experiments, 125 days. The EC-IC difference in 
RNA/weight remained positive through the 30-day duration and thereafter showed 
only small and irregular differences. The EC-IC percentage difference in RNA/DNA 
rose more rapidly than the tissue weight effect in occipital cortex and remained larger 
than the weight effect through the 30-day duration; then it became somewhat smaller 
than the weight effect although remaining highly significant. 

The development of differences in thickness. of occipital cortex between EC 
and IC male rats as a function of duration of differential experience has been 
summarized by Diamond (1976). Four days sufficed to produce a significant 4% 
effect. With greater durations of experience, the magnitude ofthe EC-JCdifference 
increased to 7--8% for durations of 15 to ~days. After 160daysin ECor IC, however, 
the difference had fallen to only 3%. 

While the time courses have been the most thoroughly studied for effects on 
brain weight, nucleic acids and cortical thickness, it should not be suppo~ed that 
other cerebral measures necessarily show similar time course. For example, we know 
that cortical cholinesterase activity does not regularly differ between EC and JC 
rats after 30 days of exposure, although by 60 days there is a clear effect (Rose'l.weig 
et al., 1972); acetylcholinesterase activity, on the contrary, does show a clear 
EC-IC difference at 30 days. For other variables, s.uch as dendritic branching and 
dendritic spines, no information is yet available about the course of development of· 
differences as a consequence of differential experience. 

Permanence and persistence of cerebral effeas 

Que~tions concerning permanence and persistence of cerebral effects havC.~n 
raised paralleling those that we reviewed in relation to behavior in the sections 

t'1 ( P~rmanence of effects during prolonged differential experienu (p. 866), Persistena 
l1 l. of effects after anirntlls art moved from one condition to another (p.-000) and Persis-
•Yl·~.:l tena of effeas during testing (p. 98tJ). ' 

Permanence of cerebral effects during prolonged differential experience 
A good deal of evidence is avaiiable to show that the cerebral effects brought about 
by differential experience are relatively permanent; that is, they tend to last even 
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when the animals remain in the differential environments for long periods of time. 
~me of these findings have already been presented in the Section. Cuebral effecu 
G.S t1 function of duration of differential experience. When discussing this question 
several years ago, Rosenzweig ( 1968} suggested that there w~re both permanent and 
transitory components of these cerebral changes. Unfortunately, the term 
.. transitory" was seized upon by a number of-writers, and they concluded that the 
effects in general were not permanent. We have now presented extensive data that 
indicates that the brain weight changes last for as long as we have tested, 160 
days (Rosenzweig and Bennett, in the press). Cummins et al. ( 1973) reported that 
differential cortical dimensions were apparent when the animals spent more than 
SOO days in differential conditions. • 

. ·e have recently 
shown the EC-IC effect on RNA/DNA ratio to last for as long as we have tested it, 
12S days (Bennett, 1976, Table 17.2). 

Persi.~tence of cerebral effects after animals are moved from 
one condition to another 
There is less consensus about how well the induced cerebral effects persist when 
animals are removed from one environment and placed in another. Brown ( 1971) 
reported surprisiJ'Igly large (and variable) differences in acetylcholinesterase and 
cholinesterase activities produced by her version of an enriched environment. 

. She claimed that these effects vanished within a few days after animals were removed 
from EC and placed in isolation. Under our conditions of EC, we have not found 
this to be the case: differences in cortical brain weight measures and in acetyl
cholinesterase activity decline after our EC rats are placed into IC but remain 
measurable for the longest period that we have tried, seven weeks. The decrease!"tn 
EC-IC differences is slower when the: EC period has lasted for 80 days than after 
only 30 days of EC experience (Bennett et al., 1974). 

Little information is available about effects of changes in the opposite direction,. 
from an impoverished to an enriched condition. We have reported that when rats 
had been in IC from 2S to lOS days ofage and were then placed in EC from lOS to 
1 SS days, the final weight of total cortex was as great ti that of littermate rats that had 
remained in EC throughout (Rosenzweig, et al., 1967, Fig. 3). In other words, it 
appears that the cerebral effects of impoverishment can be readily overcome by sub
sequent enrichment, whereas some of the effects of enriched experience tend to per-

, aist through a subsequent period of impoverished ex.perience. 

Persistence of cerebral effects during beha~·ioral testing 
We have consistently observed that cerebral differences are reduced or abolished 
during behavioral testing (Rosenzweig et at., 1967) although we have not published 
such results in detail. That is, in experiments in which cerebral measures have been 
obtained from some animals at the end of the period of enriched or impoverished ex
perience whereas cerebral measures have been taken from other EC and IC animals 
only after an intervening period of behavioral testing, the tested animals always 

·show diminished EC-IC differences. Using a similar experimental design, Cummins 
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et al. (1973) found significant EC-JC differences in forebrain weight and in the prl-
duc~f cerebral length and width after S09 days of EC or IC experience. When 
some groups were then tested on the Hebb-Williams maze before sacrifice, the cereb
ral EC-IC differences were reduced because of increases in the values of the ICrats. 
Behavioral testing may provide a type of enriched experience to which animals that 
have been in IC now show~ rapid cerebral response. 

Relations between effects of experience on· 
adaptive behavior and on cerebral measures 

The studies we have reviewed to this point have demonstrated effects of experience 
on both behavior and on brain. We have examined several aspects of generality 
versus specificity of effecu and also ways in which the production and persistence 
of effects are influenced by parameters of the experimental situations. Table V pre
sents an overall view of the material that we have examined. It shows a high degree 
of comparability between effects of environment and experimental parameters on 
learning or problemsolving, on the one hand, and on cerebral measures, on the other. 
For some of the he~dings of the table, no comparison can be made between behav
ioral and cerebral effects because one or the other sort of invesfigation does not seem 
to have been carried out. Thus, for example, as to generality of effects among orders 
of mammals, there exist several behavioral studies, but there do not appear to be 
any reports as yet of effects of differential experience on brain measures in carnivores 
or in primates, Obtaining cerebral measures on other orders of mammals would 
appear to be worthwhile in itself and to allow a more critical evaluation of the com-
parability of behavioral and cerebral measures. 

The general similarity of effects of differential experience on adaptive behavior 
and on cerebral measures would support the hypothesis that the behavioral effecu 
are mediated by cerebral effects of environment. To test this hypothesis critically, 
special attention should be paid to any apparent discrepancies between the behav
ioral and the cerebral effects. Let us consider one example: Gottlieb ( 1974) has sug
gested that there may be discrepancies between the behavioral and cerebral effects 
because "in contradistinction to behavior in the Hebb-Williams test, the brain 
changes can be induced in adult animals. Furthermore the brain changes are rever
sible; that is, the increases in weight and changes in neurochemicals brought about 
by enriched condition are then lost if the animal is returned to the impoverished 
condition" (p. 569). Let us examine more closely the bases for allrstns the existence 
of this double discrepancy. ~ . 

In support of the claim that behavioral effects can be caused only if aoimaiJ are . 
exposed to a complex environment early in life, Gottlieb cited HymoVitcb (19S2). 
who reported that exposure of rats to a free environment from 30 to 75 days of age 
aided later performance on the Hebb-Williams maze, whereas exposure from 8Sto 
130 days had no effect. It should be pointed out that Hymovitch 's study was con-
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ducted with very small groups of rats (only 3 to 6 per condition) and that it has not 
been aupported by later, larger experiments. Forgays and Read (1962) exposed 
Jroups of about 9 rats each to a complex environment for periods of three weeks 
beginning either at bnth, at day 22 (weaning). or days 44, 66. or 88. All groups were 
tested on the Hebb-Williams maze beginning on day 123. All groups except the 88-
109 day group were significantly better on the Hebb-Williams maze than the group 
with no enriched experience. The 88-109Aday group had scores only very slightly 1\ 
worse than those of the 0-2l~day group and just missed difffering significantly from " 

L 

the control group. Nyman (1~67) exp_os~-~~~-~~-'!rich~-~nyi!Q_nment at 3~~!_ • ,., <f'1 
SO-tiO or 70-8() days of age. 8/day exposure at any of the three periods showed signi- ~~- · . ..ftc-t, '141 
ficant beneficial effects for later spatial learning, as compared with the control con-
dition. In unpublished experiments, we have found effects of EC versus SC exper-
ience on Hebb-Williams maze scores when exposure to EC began after 80days of age. 
In six experiments in which differential experience started at 85, 101 or 123 days of 
age, the ratio of total errors of SC to EC rats was I .27 (N = 45 per group). In six 
experiments in which differential experience started at around 33 days of age, the 
ntio of errors of SC to EC rats was 1.18 (N = 53 per group). 

Doty (1972) placed 18 Sprague-Dawley rats in an enriched environment at 300 
days of age while keeping 18 littermates in standard laboratory cages. After 360days 

. of differential experience, the rats were tested on a light -<lark active avoidance task, 
an avoidance reversal task, and a passive avoidance task. The EC group was only 
alightly better than the control rats on the firstlask, but was significantly better on 
the latter two tasks. The preponderance of e~idence thus indicates that enriched 
experience that begins well after weaning can alter problemsolving ability as well 
_as cerebra!' value~ so there does not seem to be a discrepa"ncy here between the ,..4./ 

· behavioral and c~rebral effects. 
The second discrepancy alleged by Gottlieb is that the brain changes induced 

by enriched experience are reversible whereas the behavioral effects are not. Here 
the behavioral effects are again taken from Experiment Ill of Hymovitch ( 1952). 
In this experiment, Group I received enriched experience between 30 and 75 days of 
age, and they spent the period from 85 to 130 days of age in isQlation cages; .sroup 2 
rats were in isolation cages from 30 to 75 days of age, and they had enrichedexper-, 

·. ience from 85 to 130 days of age: !f9UP 3 rats received enriched experience at' 
both 30 to 75 days of age and 85 to 130 days; group 4 remained throughout in normal 
colony cages, the number of rats per cage nofbeing stated. When the rats were tested 
on the Hebb-Williams maze, goup 3, which had both early and late enriched exper
ience, had the best performance (I 52.6 errors), and Group I with only early enriched 
experie'nce scored only slightly worse (161.3 errors);.aroup 2 with only late enriched 
experience scored 248.8 errors. It may be that ,troup 1-with early enriched experience 
and later isolation lost some of the beneficial effects of the early experieace, since A 
did show a slightly larger error figure than goup 3, but again it is impossible to be sure 
since the two groups included only 6 and'1 subjects, respectively. Gottlieb does not 
cite any source for his statement that the cerebral changes are reversible. As we have 
seen above, whereas Brown ( 1971) reported that the effects of enriched environment 
vanished within a few days after animals were removed from EC and placed in isola-
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Table V Comparison of effects of experience in differential environments on behavioral and cerebral measures. 

Effec:u of various aspects of differential 
environments 

Social aspec:u 

Interaction with objects in environment 

Effects on learning or problem-solving 

Social grouping versus isolation aids 
subsequent learning and retention 
(p.-099). ltbS" 

lr,teraction with stimulus objects in 
environment aids subsequent perform
ance, when social stimulation is 
equivalent (p. 900}. I~S 

. · Jnu-.~e venUs cxtra~c stimulation .. ~ · Extra,t'age stimuli produce no effccts..-9 
...., · ~ - -~ ~cases;.H! othcas, they J"PBiill 

1
• ~-~ !mldler •hall tl.&e;, 

Generality of effects 
Among strains of rats 

Sex of rats 

Species of rodents 

Orden or mammals 

Effects as function of age at onset of 
differential experience 

(~ 

~f iat• a cal!t stimtdr(p. ~). '"' 

High generality: enriched-experience 
rats perform better than colony or 
impoverished-experience rats (p . .QQQ). ' '' 

Similar effects in both sexes, but little 
explicit comparison between sexes 
(p. Qef>). ,, ' . 

A few studies show effects among 
mice; no studies on rodents other than 
rats and mice (p. 999). ''7 

Enriched experience aids solving of 
some problems in cats, dogs, and · 
monkeys(p.~. 1''1·1 

Positive effects obtained for all ages 
tested: preweaning, immediately 
postweaning, or adult (p.~). '' f •1?1 

Effects on cerebral measures 

Social grouping versus isolation 
produces some cerebral effects 
(p. ~- 1'1l-f 

Interaction with stimulus objects 
in environment produoes cerebral 
effects, independently of social effects 
(p . .gef)), 1711 ~ ·' 

Extr~ge stimuli above the levd 
of IC prOduce little or no effects on 
brain measures (p. QQO). I?S

1
·1,'1 

High generality (p. 966). 177 

Effects of enrichment similar in 
both sexes; effects of impoverishment 
larger in males (p. QQQ). lfo-1, I P>'-' 

Similar effects found for rats, mice,. 
gerbils, and P~romJ'JCW (p. Qelt). /P," 

(No reports on animals other than 
rodents.) -

Positive effects obtained for all 
ages tested: preweaning, immediately 
postweaning, or adult (p. 600). /1"11•$ 
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Errecu as function or duration of . 
ditrerentiaJ experience 

Persistence or effects 
During prolonged ditrercntlaJ expcrletice 

' ·- -
- ).fter 'animals are moved from oac--

. environment to another 

·- During prolonged behavioral testin1 

l. 

... 

• 

• 

Many durations used In various 
studies, but little attempt to study how 
magnitude of effect varies with duration. 
Significant results obtained with as little 
as I h/day of EC over a 10-day period 
(p. 9e6). I "'I 

Effects persist (p. 060).171 

. . . 
Eirec:ts persist when rats moved from 

EC to SC; effects or other shifts not 
tested (p. 996). I '1'-

Discrepant _results: some reports or 
persisting difference, some reports that 
groups converge during testing (p. eett). 

'71.•J 

-. 

As little as 4 days EC causei .. · 
. significant increases of cortical 
weight and RNA. Most effects rise to 
a plateau as duration or experience 
increases (p. Qe6)./f's-~ 

Effects persist. As experience is 
prolonged beyond 30 days, some 
measures show decreased differenc:ea, 
while others show increases (p. 986). 11,•1 

Partial loss or differences when 
rats moved from EC to IC. Greater 
persistence with longer initial 

_ exposure (p. ~).19 '7 

. Effects arc diminished during 
testing; IC values move to approach 
those of EC rats (p. 096). ll- 7-~ 
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tion, we have found considerable persistence of both brain-weight and chemical 
effects; some of these have remained significant for the longest period that we have 
tested (7 weeks). It appears that more work is needed both on the behavioral side and 
with the cerebral measures to determine the persistence of the effects induced by 
differential experience. It seems premature to oonclude on the baais of available evi
dence that there is a discrepancy between the behavioral and the cerebral effects. 

. The overall correspondence between behav'ioral and-cerebral effects in Table V 
J./ lrnds considerable support to the hypothesis that the behavioral effects are mediated 

by at least some of the cerebral effects. Since a number of cerebral effects have been 
described, and since they vary in their time courses and responsiveness to various 
parameters of the experimental treatments, more fine-grained. analyses are necessary 
to yield searching tests of the hypothesis. In particular, it would seem highly desir-

ll.t ~ able for,,.investigators to work on both the behavioral and cerebral sides. This will en
sure that truly comparable treatments are being used as the independent variables, 
so that the most critical analyses can be made of effects on the dependent variables. 
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