though in most cases nonassociative fac-
tors such as simple activation or sensiti-
zation cannot be ruled out; no indepen-
dent test of learning was performed (15).
Similarly, findings that rat pups prefer to
consume fluids and solid foods that have
been adulterated with the flavor of the
mother’s diet (16) might reflect simple
habituation to the previously novel taste
rather than associative learning.

More recent studies showing that 11-
to 17-day-old rat pups perform more effi-
ciently in runways and mazes when re-
ward is the opportunity to suckle dry
nipples generally support the current
finding that suckling for milk is more re-
warding than dry suckling (/7). They do
not, however, necessarily demonstrate
the pup’s ability to form an association
while suckling. If one views instrumental
and classical conditioning as different
processes, performing a response in or-
der to suckle (like performing a response
in order to eat) is conceptually quite dif-
ferent from acquiring a response during
suckling (which might be more analo-
gous to acquiring an association while
actually eating). Thus, the two most
noteworthy findings of my experiments
are that infant rats acquire new associa-
tions while actually suckling and receiv-
ing milk and that they display these new-
ly acquired conditioned preferences in a
situation removed from the suckling en-
vironment. These results bring us closer
to an understanding of what an infant
might learn as a natural consequence of
suckling.

STEPHEN C. BRAKE
Department of Psychiatry,
Montefiore Hospital,
Bronx, New York 10467
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Difference in Brain Densities Between Chronic Alcoholic

and Normal Control Patients

Abstract. The densities of the brains of 11 chronic alcoholics were compared with
those of 11 age-matched normal control subjects. Densities were determined from
the density numbers generated by computerized tomography at three levels of the
brain—the highest level of the lateral ventricles and the next two higher levels —with
adjustments made to control for possible artifacts in the data. The advantage of
the dominant hemisphere over the nondominant hemisphere was lessened in al-

coholics.

The relationship between alcoholism
and structural changes in the brain has
been of great interest. Most recently,
computerized tomography (CT) scans of
chronic alcoholics have found larger lat-
eral ventricles and sulcal enlargement,
two indices of structural changes in the
brain (I-3). However, these techniques
were not able to take full advantage of
the power of the CT scan to reveal local-
ized damage in the brain and thus left
open the question of lateralized impair-
ment in the alcoholic, as has been hy-
pothesized in many psychological stud-
ies ). Our study was designed to use
more sophisticated measures of CT scan
density changes to investigate the hy-
pothesis of specific localized changes in
the brain of the alcoholic.
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In past studies, the ventricular and sul-
cal measurements have always been in-
direct measures of actual changes in
brain density, on the assumption that de-
creased brain density will lead to less
brain mass and subsequent ventricular
and sulcal enlargement. However, one
can directly measure the density of brain
areas as a whole through the use of a CT
scan, since its pictures are simply analog
representations of the density numbers
generated by the CT procedure. The
numbers themselves offer much greater
potential than films in terms of local-
ization of dysfunction and the identifica-
tion of more subtle disorders. The use of
the CT scan in this manner is useful in
such disorders as brain atrophy (5). Our
study was designed to determine wheth-
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er there are density changes in the brain
of the chronic alcoholic that can be iden-
tified by this technique.

The subjects for the study were 11
chronic alcoholics diagnosed according
to the DSM-III criteria (6). The patients
were an average of 29.36 years old [stan-
dard deviation (S.D.) = 6.4 years] and
had obtained an average of 11.91 = 1.9
years of education. They had been drink-
ing for 8.27 = 5.62 years. The control
group consisted of subjects who had re-
ceived CT scans but were later deter-
mined to be normal after additional tests
and extensive neurological evaluation
beyond the CT scan. Control subjects,
matched to the alcoholics by age (within
1 year), were 29.09 = 1.8 years old.
There were no differences in age and
education (matched-sample z-tests). The
two groups consisted of nine males and
two females each. Excluded were poten-
tial subjects older than 45 years (to avoid
the possibility of age-related changes)
and those who dropped out of school for
educational reasons (to rule out possible
early brain injury). No patient with a his-
tory of seizures or any brain injury was
included; this eliminated subjects for
whom the seizures were believed to be
related to alcohol withdrawal as well as
patients with other disorders.

All patients received a CT scan (EMI-
1010) administered by the Department of
Radiology at the University of Nebraska
Medical Center. Either 11 or 12 separate
slices for each patient were obtained. No
scan was included in the study which had
indications of movement artifact or any
other procedural problems. No patient
was included for whom there was evi-
dence of a neurological disorder on the
CT scan, nor for whom landmarks in the
brain could not be identified. No scan
with evident movement disorder was ac-
cepted. No patient was included whose
midline was not approximately central to
the cerebral hemispheres or for whom
the angle of the CT scan cuts was unusu-
al. For each patient, three slices of the
CT scan were identified. (No other slices
were examined.) The first slice, labeled
level A, was the level at which the high-
est lateral ventricles were seen (usually
slice 4B). Level B was the next higher
slice, and level C the next. These slices
were chosen since they offered the best
evaluation of higher brain areas without
encountering significant apical artifact.

From each of the slices chosen, we ob-
tained the 160 by 160 density printout
yielded by the scanner. On the printout,
the contour of the skull was identified by
localizing density numbers greater than
100 (such values must be determined for
each machine individually). We estab-
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Fig. 1. Computerized tomog-
raphy printout with margins
indicating skull and hemispher-
ic boundaries. The space be-
tween the skull and the inner
circumference is the area of
inaccurate data resulting from
the shadowing effect of the
skull. The figure is from an ac-
tual subject; the density num-
bers cannot be seen because
of the amount of reduction
necessary to produce this fig-
ure,

lished an inner circumference by count-
ing in 5 pixels from the inside edge of the
skull (one pixel is represented by each
density number) (Fig. 1). In this way we
eliminated the numbers most affected by
bone artifact on our scanner. Only num-
bers inside this circumference were in-
cluded in data collection and analysis.

We next located the midline between
the hemispheres by examining the photo-
graphic reproduction of the slice and
identifying anatomic landmarks known
to occur on the midline, such as the fal-
cine attachments to the skull; numerical
values on the CT scan corresponding to
these midline features were then isolat-
ed. The geometrical location of the mid-
line on most of the scans was the same at
each of the three levels, which allowed
for a cross-check of the accuracy of the
midline drawn for each level.

After the midline was established,
every fourth number within the right and
left hemispheres was sampled at each of
the three levels of the brain, yielding av-
erage densities at each level for both the
right and left hemispheres. Choice of the
numbers was made from the midline out-
ward on each line of the printout for each
hemisphere (thus, the fourth number
from the midline was the earliest point
chosen). This procedure ensured that the
points chosen in each hemisphere were
equally distributed in terms of their dis-
tance from the skull; therefore, any addi-

Outer edge
of skull

Inner edge
of skull

Inner
circumference

tional artifact not eliminated by moving
in 5 pixels from the skull was randomly
averaged.

The two groups were compared on all
variables with matched t-tests (Table 1).
The left hemisphere of the alcoholic was
significantly less dense than that of the
controls in two of the three levels mea-
sured, and there were no significant dif-
ferences between groups for the right
hemispheres.

The groups were also compared for
the difference between the right and left
hemisphere. In the control group, in only
2 of 33 comparisons was the right hemi-
sphere more dense. Each occurred in the
same individual, and the individual’s
overall average (combining the three lev-
els) was in favor of the left hemisphere.
In the alcoholic group, 10 of the 33 com-
parisons favored the right hemisphere.
Six of the 11 patients had at least one
right hemisphere score higher than the
comparable left hemisphere score. In
three of these subjects, the overall left
hemisphere mean (over the three slices)
was less than the right hemisphere mean
@.

In order to further study this dif-
ference, the density difference between
the two hemispheres was calculated at
each level for each subject (Table 1). As
can be seen, two of the differences be-
tween the different scores were signifi-
cant (e = .05).

Table 1. Differences between controls and alcoholics on measures of density between and

within the cerebral hemispheres.

L Controls Alcoholics
Area el;" (N =11) (N =11 t P
¢ {Mean = $.D.))  (Mean % S.D.)
Left hemisphere A 40.6 = 5.1 39.1 =34 3.21 < .01
B 43.1 5.6 41.9 =+ 3.8 1.80
C 464 = 5.9 45052 2.27 < .05
Right hemisphere A 39.1 =50 38.8 = 4.1 0.47
B 41.7 £ 3.2 413 5.9 0.59
C 451+ 5.1 44.5 £ 5.1 1.11
Hemispheric difference A 1.6 = 1.7% 03+1.8 3.67 < .01
(left — right) B 1.4 + 1.61 0.6 + 2.0 1.91
C 1.3 £ 2.2 05+24 2.50 < .05

*Level A represents the level of the lateral ventricles; levels B and C are the next highest level and the level

above that, respectively.

+The right-left difference within the group is significant (P < .01).
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Overall, the data suggest a deficit in
the density of the left hemisphere in
young chronic alcoholics, while no defi-
cit could be identified in the right hemi-
sphere. The deficit seems to have re-
duced or eliminated the left hemisphere
advantage in density seen in the control
group.

Thus, the data suggest that the left
hemisphere is more sensitive physiologi-
cally than the right to the effects of alco-
holism. On the face of it, this seems to
contradict traditional psychiatric and
psychological assumptions that the right
(or nonverbal) hemisphere is more in-
volved because of losses on tests tradi-
tionally seen as nonverbal (¢). However,
the results of such tests can be explained
in several ways by our data. First, as
Luria (8) pointed out, the left hemisphere
plays a strong role in so-called nonverbal
functions, especially in the parietal and
frontal areas. Thus, the findings may
simply indicate that damage to the left
hemisphere, from a slowly developing
disorder like alcoholism, affects visually
related functions rather than the more
overlearned basic _ verbal functions
(which have long been recognized as re-
sistant to slow brain diseases). The long-
term presence of the alcohol may also
prevent the right hemisphere from taking
over these functions.

Alternatively, the destruction of the
left hemisphere may cause the right hem-
isphere to attempt to take over the func-
tions of the left hemisphere. In such ca-
ses, some of the normal functions of the
right hemisphere may be compromised
in favor of the more important verbal
skills. This alternative is not as likely as
the first. In either case, these results
should caution physicians and psycholo-
gists from making hasty assumptions re-
lating alcoholics to brain-damaged pa-
tients in general.

It is possible to attempt to explain
these results by pointing out that alco-
holics have larger ventricles than normal
subjects. If enlarged ventricles were the
major cause of the lower density, how-
ever, we would expect both hemispheres
to show decreases, as such ventricular
enlargement has never been found to be
unilateral. In addition, such an ex-
planation would not account for the ob-
served changes in hemispheric relations.
The left ventricle could be predicted to
be sufficiently larger than the right (by at
least 20 percent in this experiment).
However, this was not the case in our
films, nor has such a phenomenon ever
been reported in alcoholics. (It should be
noted that such a finding, if true, would
be significant in itself.)

Each of these questions, as well as
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questions regarding more precise areas
of reduced density within the hemi-
sphere, needs to be evaluated in future,
larger studies. This study, however, has
demonstrated both important findings
about alcoholism and the utility of den-
sity analysis in studying alcoholics.
CHARLES J. GOLDEN
BENJAMIN GRABER
IrwIN BLOSE
RicHARD BERG
JEFFREY COFFMAN
SoLoMoN BLocH
University of Nebraska Medical Center,
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Competition in Desert Rodents:
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An Experiment with Semipermeable Exclosures

Abstract. Larger species of seed-eating desert rodents were excluded from experi-
mental plots while smaller, potentially competing species were allowed to enter.
Density of small granivores on these plots increased to nearly 3.5 times that on con-
trol plots but only after 8 months. These results indicate that interspecific com-
petition affects the abundance of desert rodents; they also support indirect evidence
that competition for seeds influences the organization of desert rodent communities.

Although numerous studies suggest
that interspecific competition plays a ma-
jor role in structuring communities of
terrestrial vertebrates, few experiments
have demonstrated that the presence of
one species affects the abundance, distri-
bution, and resource utilization of coex-
isting species in nature (/-3). In part for
this reason, the importance of com-
petition in community ecology has been
questioned with increasing frequency ¢-
6). Some experimental studies have as-
sessed indirect, short-term consequences
of competition, such as shifts in resource
utilization after removal of coexisting
species (I, 7-9); others measured nu-
merical responses of artificially con-
fined populations (2, 10). But long-term
experiments on unconfined populations,
which are most likely to demonstrate
realistic community responses to com-
petition (/1, 12), often are impractical
because of the difficulty in maintaining
reduced population densities in the face
of continual immigration &, 12, 13).

We selectively excluded some species
without restricting dispersal of others by
taking advantage of size differences
among seed-eating desert rodent species.
In July 1977 we established eight square
plots (50 by 50 m) on a 20-ha site in an
area of superficially homogeneous Chi-
huahuan Desert shrub vegetation. The
site is 6.5 km east of Portal, Arizona (14).
The plots were fenced with 0.64-cm wire
mesh, which was buried to a depth of 0.2
m and topped with aluminum flashing.
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We assigned treatments to plots at ran-
dom: two replicates of each of four treat-
ments in a 2 by 2 factorial design.

The factor of primary concern in this
report is the presence or absence of large
rodents of the genus Dipodomys. Access
of rodents to each plot was controlled by
16 holes of appropriate size cut at equal
distances at ground level. Small holes
(1.9 cm in diameter) in the fences of four
plots excluded the three largest species
of granivorous rodents (Dipodomys
spectabilis, body weight, 120 g; D. ordi,
52 g; D. merriami, 45 g) but permitted
free passage of the four smallest gra-
nivorous rodent species (Perognathus
penicillatus, 17 g; P. flavus, 7 g; Pero-
myscus maniculatus, 24 g; Reithrodon-
tomys megalotis, 11 g) as well as three
species of small omnivorous rodents
(Onychomys leucogaster, 39 g; O. tor-
ridus, 29 g; Peromyscus eremicus, 25 g)
(15, 16). Larger holes (6.5 ¢m) in the
fences of the other four plots allowed ac-
cess to all rodent species. The other fac-
tor in this experiment was the presence
or absence of large harvester ants, Po-
gonomyrmex rugosus, which forage in
columns and were removed by poisoning
colonies on two of the four plots sub-
jected to each rodent treatment (/7).

Our experiment was designed to deter-
mine whether the presence of large gra-
nivorous rodents limits the abundance of
small rodents. Furthermore, if this effect
is due to competition for food, we pre-
dict that the small granivores should
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