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into the greenhouse and seeded 
to grasses and shrubs. Topsoils 
were equal in growing plants. 
In shadscale soil taken from 
depths of 6-18 and 18-36 inches 
no plants emerged and crested 
wheatgrass transplants died, 
even when amendments were 
added. This soil had a satura- 
tion extract of 26 mmhos per 
centimeter (EC x 103) at 6-18 
inches and 34 mmhos at 18-36 
inches. The salts and sodium in 
the subsoil could account for 
lack of seedling emergence and 
death of transplants. 

Magistad (1945) stated that ex- 
cessive concentrations of soluble 
salts in the root zone would re- 
strict or prevent plant growth. 
Hayward and Bernstein (1958) 
confirmed this and indicated that 
few grasses can withstand a sat- 
uration extract of over 12 
mmhos. The extreme for the 
most resistant is 18 mmhos. 

It is possible that seeded plants 
may commence growth in shad- 
scale topsoil and die as roots 
reach the subsoil. The unfavor- 
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able environment in subsoil for 
seeded species suggests that 
more research is needed before 
we shall be able to successfully 
seed salt-desert shrub ranges. 

Dewey (1960) showed that 
wheatgrass species and strains 
vary considerably in their toler- 
ance to salt. Two strains of 
crested wheatgrass, grown in 
shadscale topsoil, showed a sig- 
nificant difference in root yields. 
Strain differences of adapted 
grasses and shrubs should be 
considered when seeding salt- 
desert shrub lands. 

Peat moss, nitrogen, and phos- 
phorus combined increased top 
and root growths as compared 
with gypsum. The best top yields 
were from four-winged saltbush, 
crested wheatgrass, R u s s i a n 
wildrye, winterfat, a n d shad- 
scale, in that order. Shadscale 
produced significantly less top 
growth and roots than any other 
species. Crested wheatgrass and 
Russian wildrye produced sig- 
nificantly more root growth than 
other species. 

Watering from the bottom in 
cans and boxes moved salts up- 
ward in the soil, reduced root 
and top growths, and sometimes 
killed crested wheatgrass plants. 
Upward movement of salts 
occurs in the field as soils dry 
out. 
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The classification of plant 
species as indicators of the con- 
dition of the range is a major 
problem in modern range man- 
agement. It is well known that 
the more palatable plants are re- 
placed with less palatable plants 
when ranges are overgrazed. 
However, a particular plant 
species may be relatively unpal- 
atable during a particular sea- 
son or on a particular site but 
may be readily eaten during an- 
other season or on another site 
where plant association is dif- 
ferent. 

Seldom is the presence or ab- 
sence of a single species used as 

the only indicator of range con- 
dition; usually several species 
are considered. Plants are often 
classed as increaser or decreaser 
plants depending on their reac- 
tion to grazing stress. A range in 
a deteriorated condition displays 
a greater abundance of increaser 
or less palatable plants; whereas, 
one in good condition has a 
greater abundance of decreaser 
or more palatable plants. 

The identification of plants as 
indicators generally is a product 
of opinion based upon general 
observation. However, a quanti- 
tative confirmation of such clas- 
sifications of indicator species 

for broad range types is desir- 
able. For this reason a study of 
selected fence-line contrasts dis- 
playing good and poor range on 
alluvial benchlands in the Esca- 
lante desert in southern Utah 
was conducted during the fall of 
1958 to determine if plant species 
were distributed independently 
over the areas or if they were as- 
sociated with one another and 
with condition of the range. 

Procedure 
A total of 31 fence-line con- 

trasts were studied. The areas 
sampled represented broad allu- 
vial fans produced by outwash 
material from small canyons or 
arroyos (Figure 1). The locality 
receives about 8 inches of annual 
precipitation, about 60 percent as 
snow during the fall and winter 
and the remainder as rain during 
the spring and summer. Maxi- 
mum temperatures during the 
summer reach 100” F. and mini- 
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FIGURE 1. A broad view of a valley basin from the base of west-facing foothills. Fore- 
ground shows typical range on an alluvial fan. 

mum temperatures during the 
winter drop as low as 20” below 
zero. 

In each of the 31 areas, 6 plots, 
(5 x 5-foot) were located equal 
distance apart on a grid line 
running parallel with the fence 
and on each side of it. The 
data were recorded for each 
1 x 5-foot sgement in the plot by 
moving a 1 x 5-foot frame along 
the 5 x 5-foot plat frame for five 
consecutive readings. Thus by 
adding the first two readings, 
the plot size was 2 x 5 feet, the 
first three readings a 3 x 5-foot 
plot, the first four readings a 4 x 
5-foot plot and all five readings a 
5 x 5-foot plot. As a result five 
different plot sizes were ob- 
tained and used for evaluating 
the effect of plot size on the 
interpretation of data. 

One side of the fence had been 
protected from livestock grazing 
for at least the last 20 years, 
whereas, the other side had been 
grazed abusively for many years. 
The protected side represented 
range in good condition and the 
unprotected side displayed poor 
range condition. Protected areas 
consisted of road and railroad 
right-of-ways, exclosures, and 
ungrazed areas owned by land 
speculators who did not graze 

Four prominent species found 
on most study areas were select- 
ed for study. These were winter- 
fat (Eurotia Zanata), yellowbrush 
(Chrysothumnus stenophyllus), 
Indian ricegrass (Oryxopsis hy- 
menoides), and galleta grass 
(Hiluriu jumesii) . 

Some plots had all of these 
species present; whereas, others 
had various combinations. Only 
the presence or absence of each 
of the four species was recorded. 

Resulfs And Discussi&s 

Analysis of data was made by 
the conventional chi-square pro- 
cedure for measuring independ- 
ence and by the procedure sug- 
gested by Cole (1949) for obtain- 
ing the coefficient of interspe- 
cific association. 

Chi-square determination from 

a 2 x 2 contingency table dealing 
with the presence and absence 
of two species is a test of associa- 
tion or independence of plant 
sociability. Plants may be as- 
sociated because of mutual hab- 
itat requirements or tolerances 
or because one species may be 
dependent upon another. 

Chi-square values do not meas- 
ure the degree of association. 
Thus, the size of chi-square is not 
indicative of the magnitude of 
association since the absence of 
both species in plots may cause 
a large chi-square value yet con- 
tribute little to plant sociability. 

Generally, only two species are 
compared at a time by chi-square 
analysis for a test of independ- 
ence. The amount of association 
among three or more species can 
be determined by chi-square 
tests but this is of limited practi- 
cal value unless some peculiar 
relation is suspected. 

In this study it was desired to 
measure the amount of associa- 
tion between species and be- 
tween each major species and 
the condition of the range-good 
or poor. The association of a spe- 
cies with range condition was 
likewise tested by chi-square. 

The coefficient of interspecific 
association expresses the propor- 
tion of maximum interspecific 
association either positive or 
negative (Cole, 1949). If two spe- 
cies occur together as frequently 
as possible the positive associa- 

Table 1. A 2 x 2 x 2 contingency fable for winferfaf and yellowbrush under 
good and poor range conditions and chi-square calculations. 

Species1 Range Observed Expected 
Sl s2 condition frequency frequency (O-E) 2/E 

Winterfat Yellowbrush (0) (E) (x2> 
0 0 poor 11 24.37 7.34 
0 0 good 23 24.37 0.08 
0 1 poor 76 55.13 7.90 
0 1 good 49 55.13 0.68 
1 0 poor 27 32.65 0.97 
1 0 good 53 32.65 12.68 
1 1 poor 72 73.86 0.05 
1 1 good 61 73.86 2.24 

Total 372 372.00 31.94 

IFigures 0 and 1 represent the absence and presence in plots for species 
livestock. above them in each case, respectively. 



268 

tion is equal to plus one; if they 
occur together the minimum pos- 
sible number of times the assoc- 
iation is equal to minus one; and 
if the number of joint occur- 
rences is exactly as expected 
with the hypothesis of independ- 
ent scattering of two species no 
association is indicated and the 
coefficient is equal to zero. 

The computation of the coef- 
ficient of interspecific associa- 
tion (C) and its standard error 
(s,) is calculated by the follow- 
ing three formulae, where a, b, 
c, and d represent the four cells 
in a 2 x 2 contingency table: 

When ad >= bc: 
c t s, = ad-bc 

(a+b) (b+d) 

when bc>ad and d 2 a: 
c rt s, = ad-bc 

(a+b) (a+c) 
when bc>ad and a>d: 
c t s, = ad-bc 

(b+d) (c+d) 
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spatial distribution. Extremely 
large plots may include all of the 
abundant species and therefore 
suggest positive association. 
Sparce species cannot be eval- 
uated properly unless the plot is 
large enough to include them a 
sufficient number of times. This 
however, may eliminate proper 
evaluation of the major species. 
In most cases, a test of associa- 
tion between- a minor and a 
major species is impossible. A 
minor species may be tested for 
independence or association with 
another minor species and a 
major species with another 

t J - (a+c) (c+d) ; 
n (a+b) (b+d) 

t J (b+d) (c+d) ; 
n (a+b) (a+c) 

t J (a+b) (a+c) ; 
n(b+d) (cfd) . 

The t value is equal to C/s,. 
Size of Plot 

The frequency of occurrence 
of a species not only depends 
upon its abundance and social 
tendencies but also upon size of 
the sample plot. 

If the size of the plot is large, 
almost all of the species in the 
biota may appear in the majority 
of the plots. If the size of the 
plot is small, even the most 
abuandant species may occur in 
only a small fraction of the plots. 
Species possessing large growth 
forms might not appear at all or 
in conjunction with other species 
if the plots are small. 

The importance of plot size in 
evaluating plant association from 
frequency data cannot be over- 
emphasized. 

If the plot is small and plants 
are large, not more than one 
plant may appear in the plot, 
thus suggesting a negative as- 
sociation. Plots must be amply 
large to allow all plants to ap- 
pear together as pairs under 
normal growth conditions and 

major species, but the former 
test will require larger plots 
than-the latter. 

From the present study it is 
indicated that plot size is ade- 
quate when the species being 
compared (four or more) show 
some negative and some positive 
associations when all paired com- 
binations are tested. If the plots 
are too small, a preponderance 
of negative associations will ap- 
pear and if the plots are too 
large, a preponderance of posi- 
tive associations will appear. The 
data likewise suggest that a plant 
to be tested for interspecific as- 
sociation should appear in at 
least 30 percent of the plots. 

It was found that plots 1 x 5 
and 2 x 5 feet were too small 
since most of the species associa- 
tions tested were negative but 
plots 3 x 5, 4 x 5, and 5 x 5 feet 
gave about equal positive and 
negative associations among the 
plant species and no material dif- 
ference in results was found 
among the three plot sizes. 

Plant Aswciafion Analysis 
Data for evaluating species as- 

sociation in the following dis- 
cussion was taken from 5 x 5-foot 
plots. 
Winterfat and Yellowbrush. The 
association of winterfat, yellow- 
brush, and range condition can 
be evaluated by calculating the 
chi-square values for these two 
species and range condition in 
various combinations. 

The total chi-square value for 
both species and range condition 
was determined by constructing 
a 2 x 2 x 2 contingency table. 

The observed frequency values 
were obtained from the field 
data involving 186 plots on poor 
range and 186 on adjacent good 
range. The probability of pres- 
ence (p) was calculated by the 
relation of 
species occurrence on plots 

total number of plots 
and the probability of absence 
(q) was obtained by the formula 
1 -p=q. 

The following p and q values 
for estimating the expected fre- 
quencies for table 1 are: 
p1 = 213/372 = .5726 and 

q,=l- .5726 = .4274 
p2 = 258/372 = .6935 and 

q,=l- .6935 = .3065 
Probability for occurrence for 
poor condition (P,) is 186/372 = 
.50 and likewise for good range 
condition (P,) is 186/372 = .50. 

Expected values for table 1 
were determined by the follow- 
ing calculations where subscripts 
0, 1, and 2 refer to no species, 
species 1, and species 2, respec- 
tively: 

EO, poor = (qd (q2) (pJ n = 
(.4274) (.3065) (.50) (372) = 24.37 

EO, good = (q) (q2) (p,) n = 
(.4274) (.3065) (.50) (372) = 24.37 

EO, poor = (qd (p2) (pJ n = 
(.4274) (.6935) (.50) (372) = 55.13 

JL good = (qI) (p2) (pg)n = 
(.4274) (.6935) (.50) (372) = 55.13 

El0 poor = (pJ (9,) (pp) n = 
(.5726) (.3065) (.50) (372) = 32.64 

El0 good = (pl) (q2) (p,) n = 
(.5726) (.3065) (.50) (372) = 32.64 

El1 poor = (pd (p2) (pp) n = 
(.5726) (.6935) (.50) (372) = 73.86 
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El1 good = (pl) (p2) (pg)n = as follows: 
(.5726) (6935) (.50) (372) = 73.86 

The total chi-square from 
Table 1 is 31.94 with 4 degrees of 
freedom. However, this value in- 
cludes three chi-square values, 
one for species 1 ( sl) and species 
2 (sa) association, another for 
s1 and range condition, and a 
third for s2 and range condition. 
These must be subtracted from 
31.94 to give the corrected chi- 
square value for the three fac- 
tors with one degree of freedom 
(Table 2). 

The chi-square values present- 
ed in Table 2 were calculated 
from simple 2 x 2 contingency 
tables as follows: Winterfat (SJ 

+ - 

+ 

Yellowbrush (sa) 

- 

13; 
b 

125 
(147.7) (110.3) 
-- 

d 
8oc 34 

( 65.3) ( 48.7) 
213 159 

The observed values (0) for 
presence and absence appear in 
each cell unbracketed and the 
expected values (E) appear be- 
neath each observed value in 
brackets. 

Expected values for each cell 
were calculated from the border 
totals as follows: 
(213) (258)/372 = 147.7 
(213) (114)/372 = 65.3 
(159) (258)/372 = 110.3 
(159) (114) /372 = 48.7 

The x2 for testing departure 
from expected was calculated by 
the deviation squared divided by 
expected [ (O-E) “/El for each of 
the four cells. Thus, x2 = 1.46 + 
1.96 + 3.31 + 4.44 = 11.17 or by 
the formula 

258 

114 

372 

poor 

Condition 

good 

poor 

Condition 

good 

As shown in Table 2, chi- 
square value for winterfat and 
yellowbrush association o v e r 
both range conditions (11.17) us- 
ing all 372 plots is highly signifi- 
cant. The 2 x 2 contingency table 
for these two species indicates 
that they are negatively associ- 
ated because they appear more 
frequently separated than is ex- 
pected. 

The x2 value of 2.48 for winter- 
fat and condition resulted from 
winterfat occurrence being less 
than expected on poor range and 
more than expected on good 
range (Table 3) . This indicates 
that winterfat decreases in pres- 
ence on poor range and increases 
in presence on good range. 

(ad - bc)% 

x2= (a+c) (b+d) (d+c) (a+b) 
[ (133) (34) -____ =_- _ - (80) (125) 12(372> =11 2. 
(213) (159) (114) (258) -- ’ 

The slight difference in the val- 
ues of x2 is a result of rounding 
figures. 

In a smiliar manner the con- 
tingency tables involving range 
condition and species 1 and range 
condition and species 2 can be 
constructed and the x2 calculated 

Yellowbrush and range condi- 
tion analysis indicates that this 
plant decreases on good range 
and increases on p o o r ranges 
(Table 3) . 

Calculations f o r chi-square 
within the two range types and 
coefficients of interspecific asso- 

Winterfat 
+ - 

99” 
b 

87 
(106.5) (79.5) 

11: 
d 

(106.5) $5) 

213 159 

Yellowbrush 
+ - 

14: 
b 

38 
(129.0) (57.0) 

d 
76 

(129.0) (57.0) 
258 114 

186 

186 

372 

186 

186 

372 

ciation for the paired species 
combinations are shown in Table 
4. Chi-square values f o r the 
association of winterfat an d 
yellowbrush w e r e significant 
(p<.O5) for both good and poor 
range. Even though chi-square 
for poor range is almost twice as 
large as chi-square f or good 
range, the coefficients of inter- 
specific association s h o w that 
they are associated to about the 
same degree on both range con- 
ditions. The negative value of 
the coefficients also shows that 
the association in each case is 
negative. 

The total occurrence of winter- 
fat on the plots decreased on 
poor range and the total occur- 
rence of yellowbrush decreased 
on good range. Likewise, the 
occurrence of winterfat in the 
absence of yellowbrush de- 
creased on poor range and simi- 
larly the occurrence of yellow- 
brush in the absence of winterfat 
decreased on good range. 

Even though the changes in 
occurrence for each species were 
rather marked for good and poor 
range conditions, the type and 
degree of association between 
the species did not change mate- 
rially. On both range conditions 
the individual species had a ten- 
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Table 2. Summary for analysis of frequency of occurrence for all possible pairs of species under the fwo range con- 
ditions in a 2 x 2 x 2 contingency fable. 

Association & Conditions Tested Degress Value 
Species and of of 

species combinations freedom X2 

Winterfat X Yellowbrush X Range Condition (4) (31.94) 
Winterfat X Yellowbrush X 1 11.17* * 
Winterfat X X Range Condition 1 2.48 

x Yellowbrush X Range Condition 1 18.26* * 

Remainder (Winterfat x Yellowbrush x Range Condition, Corrected) 1 0.03 

Winterfat X Indian ricegrass x Range Condition (4) ( 25.91) 
Winterfat X Indian ricegrass x 1 6.56” * 
Winterfat X X Range Condition 1 2.48 

x Indian ricegrass x Range Condition 1 16.42* * 

Remainder (Winterfat x Indian ricegrass x Range Condition, Corrected) 1 0.45 

Winterfat X Galleta grass X Range Condition (4) ( 7.34) 
Winterfat X Galleta grass X 1 2.17 
Winterfat X X Range Condition 1 2.48 

x Galleta grass X Range Condition 1 1.04 

Remainder (Winterfat x Galleta grass x Range Condition, Corrected) 1 1.65 

Yellowbrush X Indian ricegrass x Range Condition (4) ( 45.58 ) 
Yellowbrush x Indian ricegrass x 1 10.83* * 
Yellowbrush X X Range Condition 1 18.26” * 

Y Indian ricegrass x Range Condition 1 16.42* * 

Remainder (Yellowbrush x Indian ricegrass x Range Condition, Corrected) 1 0.07 
Yellowbrush X Galleta grass X Range Condition (4) ( 28.76 > 
Yellowbrush X Galleta grass X 1 9.38* * 
Yellowbrush X X Range Condition 1 18.26* * 

_x Galleta grass X Range Condition 1 1.04 

Remainder (Yellowbrush x Galleta grass x Range Condition, Corrected) 1 0.08 

Indian ricegrass x Galleta grass X Range Condition (4) ( 67.56) 
Indian ricegrass x Galleta grass X 1 42.90* * 
Indian ricegrass x X Range Condition 1 16.42* * 

x Galleta grass X Range Condition 1 1.04 

Remainder (Indian ricegrass x Galleta grass x Range Condition, Corrected) 1 7.20* * 

*Indicates significance at the .05 level of probability. 
**Indicates significance at the .Ol level of probability. 

dency to occur separately more 
than expected (Table 4). 

Winterfat and Indian ricegrass. 
The total x2 for measuring asso- 
ciation between winterf at and 
Indian ricegrass without regard 
to range conditions over all 372 
plots is 25.91 (Table 2) . As shown 
by chi-square tests and coeffi- 
cients of association in Table 4 
these two species were signifi- 
cantly associated negatively on 
good range but they were dis- 
persed somewhat independently 
on poor range with only a ten- 
dency to be negatively associ- 
ated. 

The presence of winterfat and 
Indian ricegrass j o i n t 1 y, in- 
creased on good range and de- 
creased on poor range. 

The joint presence of winter- 
fat and Indian ricegrass and the 
presence of I n d i a n ricegrass 
alone without winterfat de- 
creased on poor range; whereas, 
the presence of winterfat in the 
absence of Indian ricegrass in- 
creased on poor range. The total 
presence of each species actually 
decreased on poor range com- 
pared to the total occurrence on 
good range (Table 4). 

The tendency toward negative 

association between these two 
species could be a result of habi- 
tat factors such as texture of the 
soil. Indian ricegrass appears to 
prefer sandy soils and winterfat 
prefers somewhat heavier soils. 

Winterfat and galleta grass. 
The x2 test for association be- 
tween winterfat an d galleta 
grass in all 372 plots regardless 
of range conditions was not sig- 
nificant (p<.O5) and therefore 
the two species over both range 
conditions might be said to be 
independently distributed. How- 
ever, as shown in Table 4, win- 
terfat and galleta grass were 
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Table 3. Observed and expected frequencies on good and poor range con- 
ditions for five species of desert planis and the chi-square values. 

Observed Expected 
Species and range condition1 frequency frequency X2 

Winterfat and Condition 
0 poor 87 79.5 2.48 
0 good 72 79.5 
1 poor 99 106.5 
1 good 114 106.5 

Yellowbrush and Condition 
0 poor 38 57.0 18.26* * 
0 good 76 57.0 
1 poor 148 129.0 
1 good 110 129.0 

Indian ricegrass and Condition 
0 poor 118 98.5 16.42* * 
0 good 79 98.5 
1 poor 68 87.5 
1 good 107 87.5 

Galleta grass and Condition 
0 poor 50 54.5 1.04 
0 good 59 54.5 
1 poor 136 131.5 
1 good 127 131.5 

IFigures 0 and 1 represent absence and presence in plots for species above 
them in each case, respectively. 

**Indicates significance at .Ol level of probability. 

positively associated on g o o d 
range, but they were independ- 
ently dispersed on poor range. 
This isaresult of the pronounced 
increase of galleta grass and the 
reduction of winterfat plants on 
poor ranges compared to good 
ranges (Tables 3 and 4). Galleta 
grass increases by rhizomes and 
therefore has a tendency to in- 
crease as a sod grass and exclude 
other species adjacent to the par- 
ent plant when competition is re- 
leased. 

Yellowbrush and Indian rice- 
grass. The x2 values measuring 
association between these two 
species indicate that they were 
positively associated under both 
good and poor range conditions 
(Table 4). Even though yellow- 
brush increased and Indian rice- 
grass decreased on poor range 
compared to good range, the two 
species w e r e found associated 
when present on the same area. 

This suggests that prolonged 
heavy grazing may cause a re- 
placement of Indian ricegrass 
with yellowbrush because they 
apparently have similar habitat 

adaptations. 
T h e increased presence of 

yellowbrush and the increased 
absence of Indian ricegrass on 
poor ranges compared to good 
range w e r e highly significant 
(Table 3) and likewise the per- 
sistent positive association that 
prevailed in spite of the marked 
floristic change with range con- 
dition was h i g h 1 y significant 
(Table 4). 

Yellowbrush and galleta grass. 
The chi-square test for associa- 
tion of these two species shows 
that they were associated nega- 
tively on each range condition 
(Table 4). The frequency of each 
species w a s greater on poor 
range than on good range. This 
was more p r o n o u n c e d for 
yellowbrush t h an for galleta 
grass. The data in Table 4 may 
be misleading since it might ap- 
pear that the two species have a 
tendency to be associated posi- 
tively on poor ranges when com- 
paring the changes in occurrence 
for the two range conditions. 

The absence of both species on 
only 3 plots on poor range com- 
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pared to 18 plots on good range 
indicated that at least one or 
both species were more plentiful 
on the poor range. Likewise, they 
appeared t o g e t h e r a greater 
number of times on poor range 
as might be expected because 
both were actually more plenti- 
ful. Regardless of ap p are n t 
changes from good range to poor 
range, these two species were 
negatively associated. 

Indian ricegrass and galleta 
grass. The chi-square values for 
association between these two 
species were significant for data 
collected over both ranges and 
for frequencies w i t h i n each 
range condition (Tables 2 and 4). 
The coefficients of interspecific 
association (Table 4) show that 
the association was negative in 
both good and poor range con- 
dition. The degree of negative 
association was much greater on 
poor range than on good range. 

Indian ricegrass increased in 
occurrence on good range, where- 
as galleta grass increased on poor 
range (Table 4). 

Plant Indicators of Range Con- 
dition. Yellowbrush and galleta 
grass increased on poor range 
compared to good range areas. 
However, the chi-square test for 
association s h o w s that only 
yellowbrush w a s significantly 
associated with changing range 
condition (Table 3). Therefore, 
the presence of yellowbrush can 
be used as a reliable indicator 
of range trend under the condi- 
tions of this study. 

Winterfat and Indian ricegrass 
increased on good ranges. Chi- 
square values show that the asso- 
ciation of winterfat with range 
condition approached signifi- 
cance (p<.O5) and the associa- 
tion of Indian ricegrass and 
range condition was highly sig- 
nificant (p<.Ol) . Therefore, a de- 
crease in the presence of these 
two species could be used as an 
indicator of range trend. 

The reasons for plant associa- 
tion-positive or negative-are 
not always obvious; to obtain an 
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Table 4. Observed and expecfed frequencies for five species in all paired combinations on bofh good and poor 
range along wifh chi-square and coefficienis of inferspecific association (C). 

Letter 
identi- Observed frequency Expected frequency (0-E)s/E 
fication (0) (E) x2 C 

Species combinations1 of cells2 good poor good poor good poor - good poor 
Winterfat Yellowbrush 

0 0 d 
0 1 b 
1 0 C 

1 1 a 

Winterfat Indian ricegrass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

Winterfat Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

Yellowbrush Indian ricegrass 
0 0 d 
0 1 b 
1 0 -c 
1 1 a 

Yellowbrush Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1. 1 a 

Indian ricegrass Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

23 
49 
53 
61 

23 
49 
56 
58 

29 
43 
30 
84 

42 
34 
37 
73 

18 3 24.11 10.22 
58 35 51.89 27.78 
41 47 34.89 39.78 
69 101 75.11 108.22 

17 12 25.06 31.72 
62 106 53.94 86.28 
42 38 33.94 18.28 
65 30 73.06 49.72 

11 29.42 
76 42.58 
27 46.58 
72 67.42 

49 30.58 
38 41.42 
69 48.42 
30 * 65.58 , 

24 . 22.84 
63 49.16 
26 36.16 
73 77.84 

33 32.28 
5 43.72 

85 46.72 
63 63.28 

17.77 
69.23 
20.23 
78.77 

55.19 
31.81 
62.81 
36.19 

23.39 
63.61 
26.61 
72.39 

24.11 
13.89 
93.89 
54.11 

1.40 
.97 
.88 
.61 

3.86 * 

1.88 
1.39 
1.19 

.88 
5.34 * 

1.66 
0.77 
1.05 
0.49 
3.97 * 

2.93 
2.16 
2.02 
1.49 
8.60 * * 

1.55 
0.72 
1.07 
0.50 
3.84 * 

2.59 
1.20 
1.91 
0.89 
6.59 * 

2.58 
0.66 
2.27 
0.58 
6.09 * -.2182 -.2303 

0.69 
1.20 
0.61 
1.06 
3.56 -.2479 -.1711 

.Ol 

.oo 

.Ol 

.oo 

.02 +.1253 +.0096 

3.28 
5.69 
0.84 
1.46 

11.27 * * +.2223 +.6401 

5.10 
1.88 
1.31 
0.48 
8.77 * * -.2533 -.7063 

12.26 
4.51 

21.27 
7.82 

45.86 * * -.3216 -.6217 

IFigures 0 and 1 represent absence and presence in plots for species above them in each case, respectively. 
2This column identifies the cells by letter in each 2 x 2 contingency table for calculating ~2 or the coefficient of 
interspecific association (C) . 
*Indicates significance at the .05 level of probability. 

**Indicates significance at the .Ol level of probability. 

adequate explanation, a detailed 
analysis of the habitat complex 
and growth requirements of the 
individual species may be neces- 
sary. 

Summary 
During the fall of 1958 a study 

of fence-line contrasts displaying 
good and poor range condition in 
the Escalante desert in southern 
Utah was conducted to deter- 
mine if plant species were dis- 
tributed independently or if they 

were associated with one another 
and with condition of the range. 

In each of 31 separate fence- 
line contrasts, 6 plots, in each of 
five different sizes, 1 x 5-, 2 x 5-, 
3 x 5-, 4 x 5-, and 5 x 5-foot, were 
located an equal distance apart 
on grid lines on each side of the 
fence. 

The four abundant species 
studied were winterfat, yellow- 
brush, Indian r i c e g r a s s, and 
galleta grass. Only the presence 

or absence of each of the four 
species was recorded in each 
plot. 

Chi-square tests and coeffi- 
cients of interspecific association 
were used to determine inde- 
pendence and degree of socia- 
bility. 

Plot sizes of 1 x 5 and 2 x 5 feet 
were considered too small be- 
cause plant association tended to 
be negative and less abundant 
species appeared in fewer than 
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30 percent of the plots. Plot sizes ence of winterfat and Indian 
3 x 5, 4 x 5, and 5 x 5 feet gave ricegrass was significantly asso- 
about equal number of positive ciated with good range condition. 
and negative associations and no Winterfat a n d yellowbrush, 
material difference in analysis winterfat and Indian ricegrass, 
was found among the three sizes. yellowbrush and galleta grass, 

Presence of yellowbrush was and Indian ricegrass and galleta 
significantly associated w i t h grass were negatively associated 
poor range conditions and pres- on both good and poor range. 

Sagebrush on Relict Ranges in the Snake 
River Plains and Northern Great Basin 

I-I. B. PASSEY AND V. K. HUGIE 

Range Conservationist and Soil Scientis$‘%oiZ Conserva- 
tion Service, Salt Lake City, Utah. c 

In 1936, McArdle, et al., esti- 
mated the acreage of sagebrush 
in the western United States at 
96 million acres. Following ex- 
tensive reconnaissance, Beetle 
(1960) suggested that this esti- 

mate was much too low and that 
approximately 422,275 square 
miles (over 270 million acres) 
within 11 western states sup- 
ported one or more species of 
sagebrush. Whatever the true 
extent of sagebrush may be, it 
is evident that it grows on a vast 
acreage and is a most important 
constituent of western range 
vegetation. 

The original or climax status 
of sagebrush has been debated 
for many years. Early explorers 
and historians often gave con- 
flicting reports of the abundance 
and even the presence of sage- 
brush along their routes of 
travel. Most who argue that 
sagebrush was or was not orig- 
inally a dominant over much of 
the range it now occupies would 
undoubtedly agree that it has 

*made some extension within its 
original range and that it has 
materially increased on much of 
the area where it originally oc- 
curred. 

The qualitative and quantita- 
tive evaluation of sagebrush as 
it occurs on undisturbed native 
rangeland relicts is no doubt the 
most reliable method of deter- 
mining its place in the potential 

plant community for sites repre- 
sented by those relicts. Such rel- 
icts are unfortunately too few 
to provide such information for 
all rangelands. 

Weaver and Clements (1938)) 
referring to Palouse grasslands 
now dominated by sagebrush, 
stated that the study of relict 
and protected areas proves that 
the grasses are climax and that 
they again assume dominance 
when grazing is reduced or elim- 
inated. Cooper (1953) showed 
that sagebrush in the Big Horn 

. 
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Winterfat and galleta grass and 
yellowbrush a n d Indian rice- 
grass were positively associated 
on both good and poor range. 
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Basin of Wyoming was greatly 
reduced following only 8 years 
of deferred and reduced graz- 
ing. Stoddart and Smith (1955) 
stated that burning will not keep 
sagebrush out of an area nor- 
mally dominated by sagebrush, 
but proper grazing and burning 
will keep it out of an area of 
natural grassland. On the Snake 
River Plains of Idaho, Blaisdell 
(1953) found that sagebrush nor- 

mally becomes re-established 
following burning regardless of 
the amount of grass before burn- 
ing or management after burn- 
ing. 

These and other evidences sug- 
gest that areas which may have 
had some grazing or disturbance 
in the past but which have been 
protected from use for long pe- 
riods of time are also satisfactory 
reference areas from which the 

FIGURE 1. Big sagebrush savanna on Chestnut soil in northeastern Nevada. 


