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were undeterminable. As is 
shown by Figure 3, the apomictic 
plants are restricted to a well de- 
fined “southwestern” distribu- 
tion in predominately semi-arid 
regions, from southern Utah and 
California to southwestern Texas 
and northern Mexico. In Texas 
the apomicts are restricted es- 
sentially to the Edwards Plateau 
and the Trans-Pecos area. Within 
the range of 86 apomicts, only 
13 sexual plants and five unde- 
termined plants were recorded. 
It is believed that the undeter- 
mined plants were sexual with 
chromosome numbers in the 
2n=50 or 52 range. 

In conclusion it should be 
noted that the apomicts with 
high chromosome numbers ex- 
hibit the same wide degree of 
morphological variation that oc- 
curs in the sexual types. The 
source of this variation and the 
relationships of apomictic plants 
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with high chromosome numbers 
to sexual types with lower num- 
bers are intriguing problems yet 
to be solved. 

Summary 

Extreme variation in ecologi- 
cal adaptation, morphological 
characteristics and chromosome 
numbers has been noted for Bou- 
teloua curtipendula. Somatic 
(2n) chromosome numbers range 
from 40 (possibly 35) to over 
100. It has been concluded by 
other workers that plants with 
chromosome numbers over 
2n =52 are obligate apomicts, 
with the egg cell or some other 
cell of the embryo sac or nucel- 
lus developing into an embryo 
without fertilization. 

By measurements of pollen 
size and variability, a survey was 
made of the incidence and distri- 
bution of Bouteloua curtipendula 
plants with high chromosome 

numbers and apomictic repro- 
duction. These apomicts were 
found to occur in a broad but 
well defined zone from south- 
western U. S. to northeastern 
Mexico. In southwestern U. S. 
the apomicts are much more fre- 
quent than are the sexual plants. 
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Those concerned with the har- 
vesting of range forage by graz- 
ing animals have puzzled for 
many years over the question: 
Do animals eat the plants and 
the parts of plants in the same 
proportion that they occur on the 
range ? “Probably no,” has been 
the answer, but so far no direct 
measurement of the consumed 
forage has been made. Once the 
forage passes the animal’s mouth 
it is unavailable. Sampling be- 
fore and after grazing and grazed 
and ungrazed plots depends upon 
the difference principle to meas- 

sure the consumption. This has 
not been a satisfactory technique 
in all regpects. Some workers 
have followed the animals and 
attempted to grab from the 
standing plant materials a sam- 
ple similar to that taken by the 
animals. This too, has not been 
accepted as a completely satis- 
factory procedure. Since these 
aspects of range sampling are 
well known, a literature review 
of previous attempts to sample 
the eaten forage is not presented. 

Introductory data on the use 
of sheep with esophageal fistulas 

to collect forage actually eaten 
by the animals are presented. A 
hole or fistula in the throat al- 
lows a sample of forage to be 
taken after it passes the mouth 
but before it reaches the stom- 
ach. Emphasis will be given to 
percentage botanical composi- 
tion of fistula collected material 
in comparison with two methods 
commonly employed in field 
sampling. The forage collected 
by fistulas and by clipping 
square foot plots was sampled by 
a new technique. 

Most of the data are expressed 
in terms of percentage botanical 
composition. Sample sizes and 
units of measurement were dif- 
ferent with the various techni- 
ques. Percentages are used to 
place the data on a comparable 
basis. The amount a sheep can 
consume has an upper limit. Per- 
centages divide that limit into 
component parts, which, for this 
experiment, is the primary con- 
cern. 

Appreciation is expressed to 
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Table 1. Average number of seed germinating per square inch of soil sur- 
face from 10 samples in each plot. 

Species 
Soft chess 
Filaree 
Bur clover 
Ripgut 
Other grasses 
Other weeds 
All species 

Soft 
Chess 

17.0 
2.0 
0.9 
1.3 
5.0 

10.2 
36.4 

PLOTS 
Bur 

Filaree Clover 
6.2 12.8 
2.7 2.1 
1.1 5.8 
0.2 0.4 
1.4 7.6 
1.3 7.9 

12.9 86.6 

Resident 
Annual 

10.3 
3.6 
0.3 
1.3 
2.8 
0.3 

18.6 

Mr. Thomas Bedell who gave in- 
valuable assistance in the sam- 
pling. 

Experimental Plots 

Before the fall rains of 1956, 
four adjacent plots of annual 
type range on the Hopland Field 
Station in Mendocino County, 
California, were treated to 
change the composition of the 
vegetation and fenced. Each plot 
was 30 feet square. One was 
raked clean of mulch and seeded 
with filaree (Erodium circutar- 
ium). Only a few plants of this 
species appeared but the manipu- 
lation of mulch resulted in a high 
proportion of the stand being 
broadleaf filaree (Erodium bo- 
trys). This plot will be referred 
to as the filaree plot. A second 
plot was partly cleaned of mulch 
and seeded to soft chess (Bromus 
mollis). This will be called the 
soft chess plot. The third plot 
had similar mulch treatment to 
the soft chess plot, but it was 
seeded with bur clover (Medi- 
cage hispida). It is so named in 
the paper. The fourth plot had 
no mulch removed but all of the 
dry material was cut and spread 
evenly over the soil surface, so 
that it would not appear in the 
material consumed by sheep. 
This is the resident annual plot 
in later discussions. 

Mulch treatment and seeding 
were done to obtain plots of dif- 
ferent percentage botanical com- 
position with the same species. 
The purpose was to determine 
animal preference in relation to 
relative abundance of species. 
After the manipulation, ten sam- 

ples 1 inch square by ?4 inch 
deep were taken of the soil and 

_ seed. These were placed on moist 
filter paper in petri dishes to de- 
termine the quantity of viable 
seed. Table 1 shows the average 
number by species of seed which 
germinated. The first three spe- 
cies were the ones composing the 
major part of the vegetation. The 
species of fourth rank was rip- 
gut (Bromus rigidus). These four 
were the only common ones 
available to the animals during 
the winter and early spring. 
Many additional grasses and 
broadleaved species were pres- 
ent, but these seldom composed 
as much as 10 percent of the 
vegetation and 2 percent of the 
fistula samples. 

The filaree and bur clover 
plots had a conspicuously high 
foliage cover of those species. 
The soft chess and resident an- 
nual plots contained high propor- 
tions of grasses. Differences be- 
tween plots tended to disappear 
as the season progressed. 

Field and 
Laboratory Sampling 

In the first week of February, 
March, April, May, and July of 
1957 samples of the vegetation 
were taken by the point-plot 
method, by clipping square-foot 

plots, and by animals with 
esophageal fistulas. In February 
all plants were short, by May the 
vegetation was near maturity, 
and in July all plants were dry. 

Field points were taken in 8 
groups of 50 hits each. A group 
of 50 was in an area no larger 
than 2 by 2 feet and the pins 
were taken until 50 hits had been 
obtained. In this way the sample 
size of hits was the same in each 
plot, and it measures the propor- 
tion of species on a coverage 
basis. No attempt was made to 
measure ground cover per se be- 
cause it was high and because it 
probably had little influence on 
the nature of grazing. There was 
no grazing in the plots except 
during the short sampling pe- 
riod each month. The animals 
had essentially ungrazed forage 
available, and it was in large 
supply (Table 2). The 8 groups 
of hits were taken in a pattern 
near the sides of each plot be- 
cause the sheep tended to graze 
near the fences. The hits were 
recorded in terms of their height 
above the soil surface according 
to a method described earlier 
(Heady, 1957). Each hit was also 
recorded as to whether it was on 
leaf, stem, or flower (including 
fruits). 

At the same time 10 square- 
foot plots were clipped and the 
material composited in one bag. 
This material was quick frozen 
as soon as possible. It was later 
thoroughly mixed and sampled 
in the laboratory for percentage 
botanical composition in two 
ways. Ten sub-samples were 
taken at random from the whole 
pile of material. Each of these 
was placed in a tray approxi- 
mately 5 by 30 inches and spread 
evenly. The tray had a series of 

Table 2. Average weight in grams of oven-dry material per square foot 
on each plot af five sampling dates. 

Plot Feb. 1 March 5 April 1 May 2 July 9 
Soft chess 8.86 12.40 14.75 39.77 25.72 
Filaree 6.05 10.68 10.12 30.68 20.20 
Bur clover 8.70 10.42 14.01 38.03 23.25 
Resident annual 13.07 14.63 15.90 39.40 21.69 
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25 notches on each side that 
served as stops when the tray 
was passed under a binocular 
microscope. One eyepiece of the 
scope had a cross-hair. When the 
tray and material was passed 
under the scope, the species near- 
est the cross-hair was consid- 
ered a hit. Fifty hits were re- 
corded from each sub-sample. In 
principle this is similar to taking 
points in the field. One major 
difference is in the position of 
the plants. Tall growing plants 
like the grasses were upright in 
the field but were horizontal 
under the scope. Prostrate spe- 
cies were horizontal in both field 
and under the scope. The hits 
with the scope were recorded as 
to species and also as to leaf, 
stem, or flower. Each of these 
sub-samples was then hand sepa- 
rated to species, oven dried at 100 
degrees C. for 24 hours, and 
weighed. Thus percentage bo- 
tanical composition was deter- 
mined on the clipped material by 
laboratory points and by weight, 

The microscope method was 
developed so that the green ma- 
terial from clipped plots and fis- 
tulas could be sampled by the 
same procedure. Preliminary 
samples on known compositions 
indicated that a total sample of 
400 hits was necessary to obtain 
sample means for the major spe- 
cies within 10 percent of the pop- 
ulation mean 19 times out of 20. 
Quick freezing was the most con- 
venient way to preserve the sam- 
ples. 

Fistula Material 

Three sheep with esophageal 
fistulas were used to collect ma- 
terial in each plot at each time 
for determination of what the 
animals ate. The fistula is a hole 
in the esophagus which allows 
the eaten material to drop into 
a plastic bag that is secured 
below the fistula. The technique 
was perfected by Tore11 (1954). 
The sheep appear healthy and 
normal in their actions and food 
habits. One of the animals had 
had the fistula for four years at 

the time of this study. The im- 
portant point of the study is that 
these sheep make possible a di- 
rect comparison of eaten and un- 
eaten material. 

The forage collected by the 
sheep was wet with saliva and 
matted into small cuds. It was 
preserved by freezing until sam- 
pling was done. Washing in 
cheese cloth and partial drying 
were required before the mate- 
rial could be spread out for 
study. The botanical composition 
and proportion of leaves, stems, 
and flowers in each fistula collec- 
tion were determined by the 
microscope method described 
previously for the clipped mate- 
rial. Eight sub-samples with 50 
hits each were taken from each 
fistula sample. Identification to 
species and plant part was easily 
accomplished; however, soft 
chess and ripgut were not always 
possible to distinguish. Hence, 
the all grass portion in the fistula 
analysis is more accurate than 
the part on soft chess. 

The Uneaten Forage 
The uneaten forage presented 

to the sheep in the four plots 
was different in percentage bo- 
tanical composition. Bur clover 
was about a third of the compo- 
sition where it had been seeded, 
less than 10 percent on the other 
seeded plots and 1 percent or less 
where all the mulch had been 
left on the ground. Filaree was 
highest where all the mulch had 
been removed and lowest in the 
bur clover plot. All grasses were 
highest with the mulch and no 
seeding and lowest where the 
mulch was removed. Most of the 
“all grass” category was soft 
chess (Figure 1). Ripgut was 
under 5 percent of the composi- 
tion except in late winter on the 
resident plot, when it reached a 
composition as high as 1’7 per- 
cent. Several other grass species 
were present, especially in the 
filaree and bur clover plots, but 
they did not account for more 
than a few percent of the com- 
position at any time with a maxi- 

mum of 9.6 percent in May on 
the bur clover plot. 

Disregarding plots, there was 
a change in composition through 
the season. The grasses tended 
to decrease in proportion of total 
weight while filaree tended to 
increase. The relative proportion 
of the clover by these two tended 
in the opposite direction. Per- 
haps this is because the grasses 
became taller and consequently 
were oversampled by the field 
points, as first hit only was re- 
corded. The composition by lab- 
oratory points showed no such 
trends. Bur clover reached a 
high in composition in April by 
all methods (Figure 2). 

Comparison of Field Methods 
The composition of the un- 

eaten forage obtained by the dif- 
ferent methods of sampling 
showed nearly constant relation- 
ships. For example, when sea- 
sons are disregarded, the weight 
method gave grasses less impor- 
tance than the field points and 
these in turn less than the lab- 
oratory points. The same is true 
with one slight exception for soft 
chess. Since these are percent- 
ages, when one goes down an- 
other must go up. Filaree showed 
just the opposite trend by the 
different methods (Figure 1). 

Another point of interest is 
that the percentage composition 
of the different species was not 
greatly different by the weight 
and field point methods. If these 
two methods prove on further 
study to show a constant rela- 
tionship to each other, the long 
and tedious hand separation of 
samples may be unnecessary to 
estimate composition by weight. 
Total production by clipped sam- 
ples is easy to obtain and so is 
percentage botanical composition 
in the field by the point pro- 
cedure. 

Although they are not shown 
in Figure 1, the compositions ob- 
tained by the fistulas are inter- 
mediate between the field and 
laboratory point methods when 
the data are averaged by plots 
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ALL GRASSES FILAREE 

SOFT CHESS BUR CLOVER 

FIGURE 1. Percentage botanical composition of 
three methods on four plots and averaged for 

uneaten forage by 
the five sampling 

ALL GRASSES FILAREE 

SOFT CHESS BUR CLOVER 

FIGURE 2. Percentage botanical composition of uneaten forage 
three methods on five dates and averaged for the four plots. 

periods. 

and disregarding dates. For this 
reason comparisons of fistula 
samples are restricted to the lab- 
oratory points. Since the three 
methods show the same trends 
on a sampling basis with the 
fistulas, the same conclusions 
would be reached regardless of 
which pair is selected for com- 
parisons. This by no means indi- 
cates that the animals ate the 
forage in the same proportion 
that it was presented to them, as 
will be shown in later sections. 

What the Animals Ate 
The diet of the animals changed 

markedly through the growing 
season. During the winter over 
half of their diet was grass, 36 
to 45 percent filaree, and 2 to 10 
percent bur clover. In May a 
preference was shown for bur 
clover with a corresponding de- 
crease in filaree and grass. In 
July after all plants were mature 
and dry the animals selected 
filaree for over 75 percent of 

their diet and about 11 percent of 
bur clover and grass. These re- 
lationships are based on the fis- 
tula samples only, with all sheep 
combined and all plots combined. 
The same preferences were 
shown in each plot where the 
proportion of the different for- 
ages on the ground was quite dif- 
ferent. For example, the selec- 
tivity for bur clover in May and 
filaree in July was great, irre- 
spective of whether these species 
were high or low in percentage 
botanical composition (Figure 3). 

Bur clover is usually consid- 
ered a plant of high palatability. 
Yet during February, March and 
April the animals took less of it 
than was presented to them. This 
was most striking on the bur 
clover plot in February, when 37 
percent of the cover, 38 percent 
of the weight, and 30 percent by 
the laboratory points was bur 
clover; yet only 4.6 percent of the 
material eaten was this species. 
On the other hand, in May in the 

by 

resident plot 30 percent of the 
diet was bur clover when the 
other methods showed it to be 
1 percent or less of the plant ma- 
terial in the field. This indicates 
that sheep exhibit very strong 
preferences for certain species at 
different times during the grow- 
ing season. 

The animals to some extent 
consumed more grass, filaree, 
and bur clover in the plot where 
each of these was highest in com- 
position. This was to be expected 
because all of these plants are 
readily consumed when they are 
young. However, much variation 
existed in the selectivity for any 
element of the forage between 
plots. For example, in April 
grass appeared in the diet to a 
greater extent than it was on the 
ground in two plots, less in a 
third, and the same in the fourth 
plot. At the same time filaree 
was selected to a greater extent 
than it occurred on three plots 
and less on one. 
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BUR CLOVER PLOT FILAREE PLOT 

RESIDENT ANNUAL 

FIGURE 3. Percentage botanical composition of eaten and uneaten forage presented to 
three sheep with esophageal fistulas. 

Still another element of varia- 
tion existed between sheep. The 
average percentage of grass in 
the diet of the 3 animals over all 
seasons and plots was 47.4 for 
the lowest and 49.4 for the high- 
est, When averaged for plots 
within dates, the extremes were 
31.0 and 41.6 percent. On a be- 
tween plot within date basis they 
were 42.0 and 63.2 percent. Simi- 
lar variation was shown between 
sheep for filaree and bur clover. 

Thus, the change in selectivity 
for a species with season or stage 
of maturity is clearly shown. A 
positive relationship between re- 

lative amount of a forage species 
present and consumed is indi- 
cated. The individual sheep pre- 
ference for a species varied 
greatly on a short time basis but 
may be little different over a 
whole season. More data are 
needed on the last point partic- 
ularly. 

Preference in Relation fo Height 
of Plant Material 

Height of plant materials was 
measured by determining the 
height of the hits above the soil 
surface with the point plot meth- 
od. It is not maximum height of 

plants but indicates the height of 
bulk, or in another sense, height 
of foliage cover. 

Generally the height of mate- 
rials was greatest on the resident 
plot and lowest on the filaree 
plot. This was true with the 
three major species, soft chess, 
filaree, and bur clover, with few 
exceptions. The heights in the 
other two plots were intermedi- 
ate and very close to each other 
on a plot basis. On a species basis 
soft chess was the tallest and fi- 
laree the lowest. Bur clover was 
as tall as the soft chess from Feb- 
ruary to April but afterwards 
was little different in height 
from the filaree (Figure 4). 

During the whole season all 
species as well as the three major 
ones were between 0.05 and 0.15 
foot in height from February to 
April. Growth was rapid dur- 
ing April and by May the vege- 
tation had reached an average 
height of 0.3 to 0.4 foot. The aver- 
ages for all species were some- 
what higher than the averages 
for the three major species be- 
cause of the scattered tall spe- 
cies such as ripgut, slender oat 
(Avena barbata), and a few 
broadleaved herbs. 

03 SpEclEs 

cm CHESS 

L @M CLOVER 
f 0.2 CFLAREE 

01 I , I 
FE9 I MAR 5 Am I MA” 2 JVLI 9 

ALL SPECIES IN EN” FLOT 

FIGURE 4. Average height of plant mate- 
rials for three species in all plots and for 
all species in each plot between February 
1 and July 9, 1957. 
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Since there was little change 
in the relationship between the 
heights of plant materials be- 
tween species over all plots dur- 
ing the growing season, or be- 
tween plots, ignoring species, 
during the growing season, there 
is little basis for the conclusion 
that height of plant materials 
made any difference in the diet 
of the animals. Again it should 
be noted that the animals were 
sampling ungrazed plants at each 
date and that all of the plant 
material was well within their 
reach. The amount of forage in 
each plot of 900 square feet was 
very much more than the ani- 
mals could consume during the 
15 to 20 minutes it took them to 
collect a sample (Table 2). Where 
forage is scarce and the plants 
tall, height may be a factor in 
forage preference. 

Preference for flowers and 
fruit, leaves, and stems 

The hits by all the methods 
were recorded by flower and 
fruit, leaves, and stems. This al- 
lows a percentage breakdown of 
the hits for each species accord- 
ing to plant parts. Since the 
clipped material and the fistula 
collections were sampled with 
the same apparatus, these two 
give comparisons of the plant 
parts presented to the sheep and 
those actually eaten. In Figure 
5 percentages are shown for the 
three major species in all the 
plots combined for the sampling 
dates of May and July. Stems 
and flowers were insufficient 
previous to May to make analysis 
of the data on a basis of plant 
parts worth while. 

Generally speaking the sheep 
ate the parts of soft chess in 
about the same proportions that 
they were available. Flowers 
were slightly preferred in May. 
Observations in the California 
annual type have indicated that 
soft chess seeds are often se- 
lected by sheep. It is speculated 
that this preference did not show 
up because the forage was un- 
grazed when the animals were 

FLOWERS 8 FRUITS LEAVES STEMS 

25 

0 
A 0 A  0 A 0 A 0 A 0 A  0 

MAY JULY MAY JULY MAY JULY 
SOFT CHESS FILAREE BUR CLOVER 

FIGURE 5. The proportion of flowers and 
fruit, leaves and stems for three species 
presented to the sheep (A) and eaten by 
them (B). 

placed in the plots. If grazing 
were more competitive and other 
palatable parts of the forage had 
been removed, the animals prob- 
ably would have shown a prefer- 
ence for the soft chess seed. 

The high proportion of filaree 
flowers and fruit in the forage, 
and to a slightly less extent in 
the diet, is probably in part due 
to the nature of the plant. Fi- 
laree in a dense s?and of the Cali- 
fornia annual type is usually a 
short plant with an abundance of 
seed. The seed is large and has 
a long awn, so that the bulk of 
the whole fruit is large in rela- 
tion to the rest of the plant. It 
is upright and therefore readily 
available. When the seeds shat- 
ter the awn twists much as the 
awn of Stipa, and for a short time 
after plant maturity it tends to 
be twisted around other plants. 
The small proportion of leaves 
with both sampling methods in 
July reflects the fact that they 
shatter into small fragments and 
disappear shortly after maturity. 
The animals selected more fi- 
laree leaves in May and more 
stems in July than was presented 
to them in the forage. 

The graph indicates the very 
leafy nature of bur clover. In 
May there was evidently a pre- 
ference for leaves over stems. 
This was the time when bur 
clover was very highly preferred. 
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By July the leaves had dis- 
appeared and composed less than 
1 percent in both the material 
presented to the animals and that 
eaten. July was the time when 
bur clover fruit was preferred. 
This has been observed many 
times in the California annual 
type, and it is common to see 
both sheep and cattle actually 
licking the burs off the ground. 

Where animals are on ranges 
with a high proportion of either 
filaree or bur clover after plant 
maturity, they maintain condi- 
tion very well. This is probably 
because there is a high propor- 
tion of seeds of these two species 
in their diet. 

Summary 
Sheep with esophageal fistulas 

were used to determine the per- 
centage botanical composition of 
consumed forage. The forage pre- 
sented to the animals was sam- 
pled by points in the field, points 
with a microscope on clipped 
plants, and by weight. The fis- 
tula-collected material was sam- 
pled with the microscope techni- 
que. Samples were taken with 
three animals and with the field 
methods on four plots of differ- 
ent botanical composition during 
the growing season of 1957. 

The forage presented to the 
sheep was principally soft chess, 
filaree, and bur clover. The per- 
centage of grass was least by the 
weight method, slightly more by 
the points and considerably more 
by the laboratory points. The 
proportion by different methods 
showed similar trends between 
plots for the primary species. 
Therefore, the methods sampled 
the trends in adequate manner 
even though the absolute values 
were different between techni- 
ques. 

Animals showed high prefer- 
ence for bur clover leaves in 
May, and for seed in July. Bur 
clover was avoided during the 
winter. They selected filaree in 
July in a much higher ratio than 
it was present in the forage. 
Where a species was high in com- 
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position, they tended to take Preference for bur clover seed LITERATURE CITED 
more of it. Preference was not in the early summer is frequent- 
related to height of the plant ma- ly given as the reason that ani- HEADY, HAROLD F. 1957. The meas- 
terials. Much variability existed mals maintain condition on dry urement and value of plant height 

between sheep in the preference annual ranges. This study indi- in the study of herbaceous vegeta- 

for plant species on a short time cates that the seed of filaree is 
tion. Ecology 38: 313-320. 

basis, but over the whole season also an important element in 
very little difference appeared in sustaining animal condition into 

TORRELL, D. T. 1954. An esophageal 
fistula for animal nutrition studies. 

the diets of different animals. the dry season. Jour. Animal Sci. 13: 878-884. 
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The increase in shrubby spe- 
cies on semidesert ranges during 
the last 50 to 60 years is a well- 
documented fact. Studies con- 
ducted on semidesert ranges in 
southern Arizona have shown 
that an increase in shrubs is gen- 
erally accompanied by a decrease 
in perennial grass production. Ef- 
forts to control these shrubs and 
reduce their competition with 
grasses have met with varying 
degrees of success. Chaining, 
cabling, burning, and chemical 
herbicides have been the most ef- 
fective methods used to date. 

This paper reports results of a 
cabling operation carried out on 
an area dominated by jumping 

1The authors are indebted to Dr. 
R. R. Humphrey, University of Ari- 
zona, for his suggestions concerning 
the study and editing of the manu- 
script and to the U. S. Bureau of In- 
dian Affairs for information on the 
treatment and management of the 
study area. 

cholla (Opuntia fulgida) on the 
Papago Indian Reservation ap- 
proximately 20 miles southwest 
of Tucson, Arizona. 

Previous Work 
Griffiths (1910) and Thornber 

(1910) became convinced from 
observations made between 1903 
and 1910 that mesquite (Prosopis 
juliflora var. velutina) and other 
shrubby species were invading 
grassland areas in southern Ari- 
zona. Photographs taken at that 
time compared with more recent 
photographs taken from the 
same points confirm their con- 
clusions. Surveys by Upson, 
Cribbs, and Stanley (1937) show 
that over one million acres of 
rangeland in southeastern Ari- 
zona were dominated by cactus 

2Reference for plant nomenclature: 
Kearney, T. H. and R. H. Peebles. 
1951. Arizona Flora. University of 
California Press, Berkeley and Los 
Angeles. 1032 pp. 

in 1937. Brown (1950) and Glen- 
dening (1952) give both photo- 
graphic and experimental evi- 
dence of the increase of shrubby 
plants on the Santa Rita Experi- 
mental Range and their effect on 
grass production. Glendening re-, 
ported that jumping cholla on 
certain areas increased from an 
average of 6 to 155 plants per 
acre during the 17-year period 
from 1932 to 1949. During the 
same period cane cholla 
(Opuntia spinosior) increased 
from 6 to 325 plants per acre, and 
mesquite from 59 to 122 plants 
per acre. In contrast, perennial 
grass density decreased 97 per- 
cent. Glendening also reported 
that spread of cane cholla by 
seeds was common although few 
seedlings of jumping cholla were 
found. These findings appear to 
confirm in part the earlier work 
of Johnson (1918) who found 
that seed of jumping cholla did 
not germinate readily under field 
conditions. 

A comprehensive review of the 
literature dealing with vegeta- 
tional changes of southwestern 
grasslands bears out these vari- 
ous conclusions (Humphrey 
1958). Although mesquite and 
other woody plants did occur in 
some upland areas in southern 
Arizona, these species w’ere 
largely restricted to river bot- 
toms and cross drainages. 

Although some work has been 
reported on methods of control- 
ling cholla, no studies appear to 
have been made that show the 
direct effect of cholla control on 


