
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 o f  it, this seems to 
contradict traditional psychiatric and 
psychological assumptions that the right 
(or nonverbal) hemisphere is  more in- 
volved because o f  losses on tests tradi- 
tionally seen as nonverbal (4). 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 o f  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. I f  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 

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. 
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Competition in Desert Rodents: 
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 interspec$c com- 
petition affects the abundance of desert rodents; they also support indirect evidence 
that competition for seeds injuences 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 (1 -3). In part for 
this reason, the importance of  com- 
petition in community ecology has been 
questioned with increasing frequency (4- 
6) .  Some experimental studies have as- 
sessed indirect, short-term consequences 
of  competition, such as shifts in resource 
utilization after removal of coexisting 
species (1, 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 (11, 12), often are impractical 
because of  the difficulty in maintaining 
reduced population densities in the face 
of  continual immigration (8, 12, 13). 

We selectively excluded some species 
without restricting dispersal of  others by 
taking advantage o f  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 o f  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 factbrial design. 

The factor of  primary concern in this 
report is  the presence or absence of  large 
rodents of  the genus Dipodomys. Access 
o f  rodents to each plot was controlled by 
16 holes o f  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. javus, 7 g ;  Pero- 
myscus maniculatus, 24 g ;  Reithrodon- 
tomys megalotis, 1 1  g )  as well as three 
species of  small omnivorous rodents 
(Onychomys leucogaster, 39 g ;  0. tor- 
ridus, 29 g ;  Peromyscus eremicus, 25 g )  
(15, 16). Larger holes (6.5 cm) 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 o f  the four plots sub- 
jected to each rodent treatment (17). 

Our experiment was designed to deter- 
mine whether the presence of  large gra- 
nivorous rodents limits the abundance of  
small rodents. Furthermore, i f  this effect 
is  due to competition for food, we pre- 
dict that the small granivores should 
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show greater increases in density in re- 
sponse to removal of Dipodomys than 
should the small omnivores. If, however, 
an increased density of small granivores 
is an artifact resulting from some effect 
of the different sizes of holes in the 
fences (such as differential exclusion of 
predators), then the density of small om- 
nivores should also increase (18). 

We sampled the rodent populations for 
a 3-month period (July through Septem- 
ber 1977) during which large holes in all 
fences permitted free movement of all 
rodents. In September we reduced the 
size of holes in the fences of four plots 
and began removing Dipodomys from 
them. Censusing continued at approxi- 
mately monthly intervals through June 
1980. We trapped each plot for one night 
with live traps placed in a 7 by 7 grid. 
Holes in the fences were closed on the 
night of trapping. 

Monthly records of captures by spe- 
cies and by plot were kept (Fig. 1 and 
Table 1). 

Data for both small granivores and 
small omnivores were subjected to three 
kinds of statistical analysis. (i) We used 
the Wilcoxon matched-pairs signed-rank 
test to assess the effect of the exclusion 
of Dipodomys on the number of pre- 
viously unmarked individuals captured; 
for each month, the sum of rodents cap- 
tured on plots with Dipodomys removed 
was paired with the sum for plots with 
Dipodomys present. (ii) We used the 
Mann-Whitney U test to evaluate the sig- 
nificance of the difference between 
yearly totals of all rodents captured on 

the four plots with Dipodomys present 
and the four plots with Dipodomys ab- 
sent. (iii) With a repeated measures anal- 
ysis of variance (19), we analyzed the ef- 
fects of the main treatments (Dipodo- 
mys removal and Pogonomyrmex re- 
moval) and interactions between them 
(Table 1). 

Densities of small rodents remained 
similar to those on control plots for 8 
months (Fig. 1 and Table 1). Beginning 
on July 1978, however, small granivores 
reached and maintained densities that 
averaged 3.5 times higher on plots where 
Dipodomys were excluded than on con- 
trols, but the small omnivores never 
showed any significant response to re- 
moval of Dipodomys (Fig. 1 and Ta- 
ble 1). 

Our results are consistent with studies 
that provide indirect, circumstantial evi- 
dence that populations of granivorous 
desert rodents are limited by availability 
of seeds and that the distribution, popu- 
lation density, and resource utilization of 
a particular species is determined in 
large part by competition for food with 
other species (20-22). 

Two aspects of the increase of small 
granivores in the absence of Dipodomys 
are of particular interest. The first is the 
8-month time lag, for which we can sug- 
gest two explanations. Since these ro- 
dent species reproduce primarily in the 
spring, dispersing juveniles would not 
have been available to colonize our plots 
until the summer after initiation of treat- 
ment. Also, because each species may 
have particular characteristics of seed 

harvesting, food catching, scent marking, 
and burrow construction, it may take 
considerable time after the removal of 
Dipodomys, and perhaps the production 
of a new seed crop, before the area is 
perceived as favorable by small grani- 
vores . 

The almost 350 percent increase in 
density of small seed-eating rodents on 
our experimental plots was not nearly 
sufficient to compensate for the densities 
and biomass of the excluded Dipodomys. 
After July 1978 we captured an average 
of 12.0 individuals and 837 g of Dipod- 
omys per hectare per month on control 
plots, but only 4.2 individuals and 42.1 g 
of small granivores on experimental 
plots; this was a 26.5 and 6.2 percent 
compensation in density and consuming 
biomass, respectively (23). There are 
three likely explanations. (i) Increased 
densities of small granivores may result 
in increased intra- and interspecific ag- 
gression, which could prevent further in- 
creases. (ii) Each species may be so con- 
strained by inflexible morphology, physi- 
ology, and behavior that it does not 
forage for particular foods or in certain 
microhabitats, thereby limiting its capac- 
ity to exploit food resources made avail- 
able by removal of Dipodomys (7, 13,15, 
20, 24, 25). (iii) Perhaps most impor- 
tantly granivores other than rodents, 
such as ants and birds, probably con- 
sume some of the seeds normally used 
by Dipodomys and make them unavail- 
able to small granivorous rodents (26). 
Possible evidence for such an effect of 
ants comes from the analysis of variance 

Table 1. Small rodents captured and analysis of the effects of the exclusion ofDipodomys on experimental plots. Years run from 1 July to 30 June. 
Numbers of small granivores in parentheses indicate the species in the following order: Perognathus penicillatus, P.flavus, Peromyscus manicu- 
latus, and Reithrodontomys megalotis. Numbers of small omnivores in parentheses indicate the species in the following order: Onychomys 
leucogaster, 0. torridus, and Peromyscus eremicus. 

Year 

Captures with Dipodomys 
present ( N )  

Pogonomyrmex Pogonomyrmex 
present absent 

Plot 11 Plot 14 Plot 12 Plot 8 

Captures with Dipodomys 
absent ( N )  Statistical significance (P) 

Pogonomyrmex Pogonomyrmex Anal y - 
present absent Mann- sis Wil- 

coxon* Whitney vari- 
Plot 3 Plot 19 Plot 15 Plot 21 ance 

Small granivores 
4 1 

*Performed on newly marked individuals from March 1978, when marking began, to June 1980. 
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Fig. 1. Monthly sums of rodents captured on the four plots with Dipodomys excluded (dashed 
lines) and the four plots with Dipodomys present (solid lines). After 8 months, the density of 
small granivores on plots with Dipodomys excluded consistently exceeded that on plots where 
Dipodomys was still present. The omnivores showed no such response. 

we performed. There is a significant in- 
teraction between treatments to remove 
Dipodomys and Pogonomyrmex in the 
second year of the study [ F ( l ,  4) = 8.25, 
P < .05]. During that time small gra- 
nivorous rodents showed a greater in- 
crease in response to exclusion ofDipod- 
omys on plots where Pogonomyrmex 
was also absent. 

This study provides direct evidence 
that interspecific competition plays a ma- 
jor role in structuring a community of 
terrestrial vertebrates. Because deserts 
are often thought to require extreme ad- 
aptations to the rigorous physical envi- 
ronment, our results show that biotic in- 
teractions among coexisting species are 
relatively unimportant in structuring 
communities (27). Furthermore, the food 
supply for many desert animals fluctu- 
ates widely because it depends on scan- 
ty, unpredictable precipitation, and it 
has been suggested that in such circum- 
stances food scarcity and competition 

occur only sporadically (4, 5 ) .  However, 
our study, together with earlier experi- 
ments demonstrating competition be- 
tween seed-eating rodents and ants (26) ,  
indicate that interspecific competition 
for food plays a sustained role in deter- 
mining the abundance of granivore spe- 
cies and the organization of desert com- 
munities. 

JAMES C. MUNGER 

Department of Ecology and 
Evolutionary Biology, 
University of Arizona, Tucson 85721 
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