mals and those with cortical lesions nor
the difference between the caudate op-
erates and cortex operates reached sig-
nificance (p = .13 and .27, respectively).

Thus both acquisition and retention
.of the alternation habit were severely
impaired by lesions of the caudate nu-
cleus but not by lesions of posterior
cortex. In order to exclude the possi-
bility that the alternation deficit re-
flected either a general learning im-
pairment or a motivational change, the
present animals and others with similar
lesions and experience were tested in a
Hebb-Williams maze according to the
procedure outlined by Rabinovich and
Rosvold (8). On the 12 test problems
the caudate group (N = 13) made a
mean of 190.5 errors, the unoperated
group (N = 9) made a mean of
152.7 errors, and the cortex group (N
= 9) made a mean of 320.9 errors.
The performance of the normal and
caudate groups did not differ signifi-
cantly, whereas both made significant-
ly fewer errors than the cortex group
(p < .002 in both cases). Since ani-
mals with caudate lesions were unim-
paired on the maze task but failed
the alternation test, it seems reasonable
to assert that they showed neither a
generalized learning deficit nor a
marked disruption of motivation to
work for food.

In conclusion, the caudate nucleus
in the rat, as in the monkey, is neces-
sary for adequate alternation perform-
ance. Further experiments are re-
quired to determine whether caudate
lesions in rat and monkey impair al-
ternation performance by equivalent
mechanisms (9; 10).

STEPHAN L. CHOROVER

CHARLES G. GRoss
Psychology Section, Massachusetts
Institute of Technology, Cambridge
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Varying Sensitivity of C57BL/Crgl Mice to Grouping

Abstract. Mice responded differentially to increases in population size, depend-
ing on their prior experience. Compared to animals grouped prior to an increase
in population size, animals housed as isolates responded to grouping with more
fighting, a greater diminuation of testis weight, and a higher level of locomotor
activity. They also had lower testis weight and higher locomotor activity than
individually housed, nongrouped controls.

Many mammalian species are re-
ported to respond to increases in
population density with heightened ad-
renocortical activity, diminished testic-
ular function, and heightened be-
havioral arousal (7). Often, however,
even within the same species, the
endocrine changes are variable and
unrelated in any systematic way to
increases in behavioral reactivity or to
population number (2). Differential
levels of aggression, as a result of vary-
ing genotype or past experience, may
account for these inconsistencies.
Several studies indicate, for example,
that genetic predisposition toward ag-
gression is related to adrenal enlarge-
ment in dense populations (3). Simi-
larly, isolation prior to grouping will
increase aggression and other responses,
such as amphetamine toxicity and
pseudopregnancy (4). This report
offers evidence that isolation prior to
grouping increases aggressive activity,
endocrine response, and, to a lesser
degree, behavioral reactivity, thus sug-
gesting an interaction among these
factors.

Twenty male CS57BL/Crgl mice
were housed in individual cages about
254 by 12.7 by 10 cm high for 21
days beginning at 82 days of age,
while ten others of the same age were
housed as two groups of five for an
equal period of time. All animals were
ear-punched for identification. Prior
to this time all animals had been
housed since weaning in groups of five.
Clean cages were routinely provided
once a week. At the end of this 21-day

period, ten of the individually housed
animals were grouped in a single cage
measuring about 31.8 by 21.6 by 7.6
cm high, while the two separate groups
of five were housed as a single group
of ten in a cage of similar dimensions.
Ten other animals remained individu-
ally housed. Purina lab chow and
water were freely available to the
animals. Fighting behavior was re-
corded for the first half hour after
grouping, while within-cage activity
(measured as a composite of eating,
drinking, moving from one area to
another, and fighting) was recorded
each hour for the next 7 hours. After
S days of differential housing, all
animals were tested individually for
locomotor activity in a modified open
field. This apparatus consisted of a
20-by-20-inch (50.8-by-50.8-cm) floor
lined into 25 4-inch (10.16-cm) squares,
Twelve barriers about 10.16 cm
wide by 12.7 cm high were erected
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Fig. 1. Effect of grouping and prior
housing conditions on testis weight. A4,
isolates; B, density 10 (prior grouping);
C, density 10 (prior isolation).
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Fig. 2. Effect of grouping and prior

housing conditions on locomotor activity.
A, isolates; B, density 10 (prior grouping);
C, density 10 (prior isolation).

at regular intervals on the floor area.
The entire arena was enclosed by walls
about 12.7 cm high. The floor and
barriers were painted gray and the
smaller squares were marked off in
black. The animal was placed in one
corner, a timer started, and the number
of squares crossed during a 3-minute
period recorded. Crossing a square was
defined as placing both forepaws over
a line. Twenty-four hours later the mice
were Kkilled, and their adrenals and
testes were removed and weighed to
the nearest 0.1 mg.

Animals previously living in groups
of five showed no overt fighting during
the half-hour observation when grouped
in a single cage. Animals previously
isolated prior to grouping began to
fight after the first 10 minutes. Seventy-
eight individual encounters were noted
and nearly one-third of the half-hour
period was spent in fighting. One hour
later all fighting had ended but all
animals of both groups were active.
Although animals previously isolated
remained more active during the second
hour after grouping, by the third hour
the groups could not be distinguished
on the basis of activity, and by the
sixth hour and thereafter animals of
both conditions huddled inactive in
one section of the cage.

Adrenal and body weight did not
vary with conditions of housing, but
testis weight showed a decline with
grouping (F = 3.88; df = 2 and 27;
p < .05), the greatest decline occur-
ring with those animals having been
isolated prior to grouping (p < .01).
These values are set out in Fig. 1. The
greater sensitivity of the testes to
grouping is in accord with previous
data (2).

Open field activity also varied with
condition of housing and in the pre-
dicted direction. Animals from both
populations were more active than
animals living individually (F = 8.43;
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df = 2 and 27; p < .01) and grouped
animals previously isolated were some-
what higher than the other two condi-
tions. These relations are seen in Fig. 2.
A consistent pattern of results is
evident from these data; isolation prior
to grouping leads to intense fighting,
testicular atrophy, and high levels of
locomotor activity. It is possible that
inattention to similar differences in
living conditions preceding increases in
density can account for varying results
reported in the literature. The pos-
sibility exists that the level of ag-
gression is the mediating factor regu-
lating associated changes. Moreover,
strict control over the experience of
the animals can provide greater pre-
dictability for studying relations be-
tween population density, endocrine
function, and behavior (5).
D. D. THIESSEN
Section of Medical Psychology,
Scripps Clinic and Research
Foundation, La Jolla, California
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Timing Behavior after Lesions of
Zona Incerta and Mammillary Body

Abstract. Rats with mammillary
body lesions produced with an angled
approach do not show a “scalloping”
in their behavioral records during fixed-
interval reinforcement. Control experi-
ments suggest that this effect was due
to the electrode piercing the zona
incerta, implicating the participation of
extrapyramidal structures in timing be-
havior.

In previously published studies (I)
we have shown that lesions in the sep-
tum and hippocampus did not prevent
the appearance of the “scallop” in the
behaviorial record when rats pressed a
bar for food or water under a fixed-
interval reinforcement contingency. In

fixed-interval reinforcement, reward is
delivered only if the animal makes a
bar press at a fixed period of time after
the previous reward. The ‘“scallop”
which reflects the distribution of re-
sponding during the fixed interval has
been used as evidence for temporal
discrimination (2, 3) and has been
shown to be unaffected by drive or
motivational conditions, with only the
total output of bar-pressing behavior
being affected by such variables (1, 3).
The present report is an extension of
these investigations and is concerned
with the effects of lesions in the
mammillary body and adjacent struc-
tures on timing behavior.

After preliminary training in bar
pressing for food reward eight rats
were prepared with electrolytic lesions
1 mm in diameter in the mammillary
body. Two stereotaxic approaches were
used in making these lesions. For half
the animals a vertical approach through
the midline was used, while for the
remainder an angled approach aimed
at the same focus as the vertical was
used and served as a control for dam-

age to midline structures, thereby
preserving effects common to the
mammillary body lesion. After the

experiment the animals were Killed,
serial frozen sections were made and
stained with cresyl violet, and the lesion
location and extent were determined.

Seven days postoperatively all ani-
mals were started on a training schedule
in which the delivery of a 45-mg food
pellet was dependent on the animal
making a bar press after a minimum
interval of 1 minute after the delivery
of the previous reward. This training
on the 1-minute fixed-interval schedule
lasted for 9 days.

Figure 1 consists of typical examples
of the cumulative bar-pressing records
of the animals with mammillary body
lesions. The slope of these curves re-
flects the response rate, while the |
vertical deflection indicates the occur-
rence of reinforcement. The high rates
of response shown on these records
indicate that regardless of the approach,
whether vertical or angled, the mam-
millary body lesion did not interfere
with or prevent bar-pressing behavior.
Specifically, on day 1 of the training,
the animals with the vertically oriented
lesions - made approximately 36 re-
sponses per reinforcement, while the
animals with the angled lesion made, on
the average, 40 responses per reinforce-
ment. These behavioral outputs com-
pare favorably with what is obtained
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