
fore it reduces the productivity 
of the grass. This can be done 
with herbicides, burning, beat- 
ing, or dragging. 

Summary and Conclusions 

The first crested wheatgrass 
seedings in the sagebrush type in 
southern Idaho were made dur- 
ing 1932,1933, and 1934. 

An examination of the 20 to 
30-year-old stands of crested 
wheatgrass in southern Idaho 
and surrounding areas shows it 
to be well adpated on all but the 
driest sagebrush lands. This grass 
has not died out when moderate- 
ly used within the range of its 
adaptation. In many locations, 
even though heavily used and 
eaten to the ground level year 
after year, and though the vigor 
is low, crested wheatgrass still 
forms a good stand and produces 
seedheads when given a chance. 
It withstands heavy grazing and 

CRESTED WHEATGRASS 

is resistant to heat, drought, cold, 
fire, and disease. Other species 
also appear to be adapted on 
some sagebrush lands. 

Throughout this area in south- 
ern Idaho when plots seeded to 
crested wheatgrass were com- 
pared to those seeded to native 
grasses, crested wheatgrass 
seems to withstand drought, cold, 
and disease just as well. It is 
more resistant to fire and severe 
grazing, and spreads better. 
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Frequency data are a blend of 
species density and dispersion 
characteristics. Therefore, they 
should be useful for the study of 
vegetation-soils and vegetation- 
grazing relations. To test this 
assumption, frequency sampling 
was undertaken at the Central 
Plains Experimental Range near 
Nunn, Colorado, where grazing 
has been controlled at various 
intensities since 1939, and where 
a recent soil survey provides a 
basis for sample stratification by 
soils. This paper reports vegeta- 
tion-soils and vegetation-grazing 
relations on blue-grama range, 
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and compares the results with 
previous classifications of range 
sites and range conditions. 

Methods 
Frequency Sampling Techniques. 

-Frequency s amp 1 in g techniques 
for Short Grass Plains were devel- 
oped in a previous study (Hyder 
et al. 1965). Each sample is re- 
stricted to a macroplot 100 by 75 
ft., and includes 250 quadrat place- 
ments allocated 25 in each of 10 
transects. The term “stand” refers 
to the vegetation encountered in any 
macroplot. 

The sampling frame includes a 
nested pair of quadrats mounted on 
a handle. A large quadrat of 16 by 
16 inches includes a 2 by a-inch 
quadrat in one corner. At each 
quadrat placement an observer 
names the species in each quadrat 
size and an assistant accumulates the 
observations and records species fre- 
quencies for each transect. The term 
“frequency” refers to the percentage 
of quadrats in which a species oc- 
curs. Our sampling required 
4 man-hours per macroplot. 
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Sixty-seven stands were sampled 
in 1962 and 1963. Two or more 
macroplots were located on each 
phase of the soil series found in 
range units grazed lightly, moder- 
ately, and heavily, and in ungrazed 
exclosures. Macroplot locations 
were paired on opposite sides of 
fences, where possible, to obtain un- 
biased differences attributable to 
grazing intensity. 

The range pastures sampled were 
grazed by yearling Hereford cattle 
from May 1 to November 1 annually 
since 1939. Stocking rates were ad- 
justed to obtain light, moderate, or 
heavy grazing. Each pasture in- 

Soils and Grazing Inten.sities.- 
The soil series encountered in sam- 

cluded a 1 to 2-acre livestock ex- 

pling were Vona sandy loam; 
Greeley sandy loam, Ascalon sandy 
loam; Renohill loam and fine sandy 
loam; Midway-Renohill complex, 

closure. Vegetation and livestock 

Havre loam and very fine sandy 
loam; Fort Collins loam; unnamed 

measurements in the first 15 years 

undifferentiated loam and clay loam; 
Nunn clay loam; and unnamed sa- 

were reported by Klipple and Cos- 

line-alkali loam and clay loam. 

tello (1960). 
Vegetation-Soils Relations. - The 

correlations between individual spe- 
cies frequencies and scored values 
of soil texture, subsoil, permeability, 
substratum permeability, soil depth, 
topographic exposure, and slope 
were calculated. The soil character- 
istics that were significantly corre- 
lated with the frequencies of indi- 
vidual species were used, along with 
topographic position, to stratify the 
soil series into interpretive soil 
groups. This stratification of soils 
was made independent of species 
composition and stand character- 
istics. Subsequently, the frequency 
percentages of species were compiled 
by interpretive soil groups to evalu- 
ate vegetation-soils relations. The 
term “community” refers to the 
combination of stands in an interpre- 
tive soil group. 

The vegetation is shown to be co- 
ordinated with the interpretive soil 
groups by coefficients of community 
similarity (Oosting, 1956, p, 77). 
These coefficients were calculated 
from the mean frequency percent- 
ages of all (123) species. Otherwise, 
the data base includes 46 species 
whose mean frequency percentages 
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equal or exceed 5% in at least one 
stand. Thirty species had mean fre- 
quencies of 5% or more in at least 
one interpretive soil group. Five- 
percent confidence limits of mean 
frequency percentages were used to 
evaluate sampling precision within 
stands and heterogeneity among 
stands within communities. 

Stands from all grazing intensities 
were included in the analyses of 
vegetation-soils relations. Since some 
soil series were not found in all ex- 
closures and pastures, the grazing 

The combination and segregation 
of species among communities is 
derived from interspecific correla- 

intensities are not equally balanced 

tions (Goodall, 1953) among 46 spe- 
cies independent of the interpretive 

among 

soil groups. Significant correlations 

soil-series groups. 

were obtained among 16 perennial 

Thus, 

species. 

community differences among soil- 

Combinations and segrega- 
tions among them are portrayed by 
the positive and negative coeffi- 

series groups can be slightly con- 

cients. 

founded with differences due to 

Therefore, these 16 species 
are arranged into community indi- 
cator groups called “unions”. 

grazing intensities. 
Vegetation-Grazing ReZations.- 

The frequency percentages of 46 spe- 
cies in each soil-series group were 
correlated with grazing intensities. 
The grazing intensities none, light, 
moderate, and heavy were scored 
1, 2, 3, and 4, respectively, for these 
calculations. Positive correlation co- 
efficients indicate increaser re- 
sponses of species, and negative co- 
efficients indicate decreaser re- 
ponses (Dyksterhuis, 1949). 

Interpretive Texture- 
soil Topographic permeability 

groups position index1 
1 Upland 9 

Table 1. Interpretive soil groups. 

Species nomenclature follows that 
of Harrington (1954). Common 
names are used in the text and tabu- 
lations. The botanical and common 
names of species mentioned are 
listed in Table 5. 

Results 
Interpretive Soil Groups.-In- 

dividual species frequencies are 
more uniformly related to soil 
texture and subsoil permeability 
than to the other soil character- 
istics considered. Therefore, the 
scored values of soil texture and 
subsoil permeability are added 
together for each soil series en- 
countered and used as an index 
for assigning the soil series to 
interpretive soil groups. Upland 
soils are classified into four in- 
terpretive soil groups, and ordi- 
nated according to decreasing 
value of the texture-permeability 
index (Table 1). Bottomland 
soils are classified into three in- 
terpretive soil groups; but this 
classification is partly indepen- 
dent of the texture-permeability 
index. All bottomland soils can 
be flooded by high-intensity 
summer storms. The unnamed 
saline-alkali series is classified 
separately from other bottom- 
land soils because of its salt con- 
tent and high water table. 

Vegetation-Soils Relations. - 
Coefficients of community simi- 
larity, computed from the fre- 
quency percentages of 123 species 
assembled by interpretive soil 
groups, portray vegetation-soils 

2 ,, 8 
3 I, 7 
4 ,, 6 

5 Bottomland 6 

6 I, 4-5 

7 ,, 5 

Number of 

Greeley sandy loam 7 

macroplots 

Ascalon sandy loam 

Soil Series 

14 

sampled 

Renohill loam and 
fine sandy loam 

Vona sandy loam 

Midway-Renohill 

17 

complex 9 
Havre loam 
Fort Collins loam 8 
Unnamed clay loam 
Nunn clay loam 6 
Unnamed saline-alkali 6 

1 The texture-permeability index is the sum of soil-texture and subsoil- 
permeability scores. 
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relations (Table 2). The progres- 
sive decrease in similarity be- 
tween the community of Inter- 
pretive Soil Group 1 and those 
of Interpretive Soil Groups 2, 3, 
and 4 suggests an upland vege- 
tational continuum co-ordinated 
with soil texture and permeabil- 
ity (Curtis, 1955). Interpretive 
Soil Groups 6 and 7 produce 
plant communities that are very 
different from those on other 
soils. However, the “Overflow” 
conditions of Interpretive Soil 
Group 5 produce a community 
that is surprisingly similar to 
that of the upland Interpretive 
Soil Group 1. 

The mean frequency percent- 
ages of 30 species are given by 
interpretive soil groups in Table 
3. Most of these species, being 
unequally distributed among the 
communities, indicate competi- 
tive or adaptive vegetation-soils 
relations. We computed 5% con- 
fidence limits for the frequency 
percentages in Table 3. The con- 
fidence limits computed from the 
variances among transects with- 
in stands generally equal -t2 to 
3%. Therefore, sampling pre- 
cision is very good. The confi- 
dence limits computed from the 
variances among stands within 
communities average t 13%) and 
are greater on bottomland than 
upland soils. The great variance 
among stands indicates excessive 
heterogeneity in species frequen- 
cies on each soil. Such hetero- 
geneity can result from grazing 
effects, random variations, spe- 
cies substitutions, soil hetero- 
geneity (as found in Utah by 
Stewart and Keller, 1936)) or 
variations in other site char- 
acteristics. 

Species Unions. - Significant 
interspecific correlation coeffi- 
cients were obtained among 16 
perennial species. Forty-six spe- 
cies were included in the calcula- 
tions. These 16 species are ordi- 
nated, according to positive and 
negative coefficients, into 5 
unions (Table 4). Within each 
union the species generally are 

Table 2. Coefficienfs of communify 
similarity among interpretive soil 
groups. 

Upland Bottom 
Soil land 

groups 1 2 3 4 5 6 7 
UP- 

land 
1 
2 .77 
3 .67 .79 
4 -64 .75 .84 

Bot- 
tom 
land 

5 .71 .65 .62 .64 
6 .35 .30 .35 .41 .41 
7 .40 .43 .41 .41 .40 .38 

positively associated, but be- 
tween unions the species gen- 
erally are negatively associated 
or unrelated. Western wheat- 
grass and fourwing saltbush are 
the primary exceptions. These 
two species are treated as a 
separate union even though they 
are positively correlated with 
one or more species in Unions II, 
III, and especially V. In general, 
the species in each union are 
loosely associated. Union V is the 
most coherent, and Union II is 
the least coherent. 

The frequency percentages of 
these 16 species, summed within 

Table 3. Mean frequency percentages of fhiriy species by interpretive soil 
groups. 

Species1 
Interpretive soil groups 

1 2 3 4 5 6 7 
Perennial grasses and sedges: 

Blue grama 
Three-awn 
Western wheatgrass 
Broad-leafed sedge 
Needle-and-thread 
Sand dropseed 
Buff alo grass 
Saltgrass 
Alkali sacaton 

Shrubs and cactus: 
Plains pricklypear 
Buckwheat 
Fourwing saltbush 
Fringed sage 
Winterfat 

Perennial forbs: 
Scarlet globemallow 
Plains bahia 
Scarlet gaura 
Rush skeletonplant 
Silky sophora 
Two-grooved loco 
Povertyweed 
Talinum 

Annua Is : 
Sixweeks fescue 
Tansyleaf aster 
Prairie pepperweed 
Wooly indianwheat 
Gilia 
Slimleaf goosefoot 
Cryptantha 
Skeletonleaf bur-sage 

71 75 75 72 76 18 33 
27 15 16 6 1 1 3 
26 8 6 10 33 52 70 
13 16 40 29 22 63 4 
9 6 1 1 1 1 3 
7 4 4 2 1 0 3 
3 7 7 36 10 80 3 
0 0 0 0 5 0 81 
0 0 0 0 0 0 36 

26 32 35 43 
11 23 4 3 
4 1 1 0 
3 1 7 1 
1 1 0 0 

29 32 41 43 
12 1 1 4 
2 6 2 4 
1 5 1 1 
1 1 1 1 
1 1 1 0 
0 0 0 1 
0 0 0 0 

9 31 65 53 
6 9 3 7 
4 7 4 3 
2 10 22 26 
2 4 6 2 
1 1 1 1 
1 3 4 1 
0 0 0 0 

22 
1 
7 
1 
9 

39 
4 
2 
3 
7 
0 
1 
0 

2 
1 
1 
1 
0 
2 
1 
0 

2 4 
0 3 
1 6 
2 1 
0 0 

9 12 
3 2 
1 3 
0 4 
6 0 
7 0 

38 11 
1 13 

11 40 
0 2 
1 6 
3 12 
1 1 
1 5 
0 5 

12 0 

1 This list includes the species that appear 
more in at least one interpretive soil group. 

2Blue grama frequencies are from a a-inch 
frequencies are from a 16-inch quadrat. 

at a mean frequency of 5% or 

quadrat, and all other species 
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Table 4. Species unions derived from interspecific correlation coefficients. ___~ 
Inter-specificrelation coefficients1 (r) among species 

Species 
Union symbols Blue Pric Glob Need Thre Sand Bahi Buck Buff Pove Sedg West Four Salt Alka Tali - 

I Blue 1.00 
Pric .55 1.00 
Glob .42 .31 1.00 

II Need 1.00 
Thre .48 1.00 
Sand .37 .37 1.00 
Bahi .52 1.00 
Buck .38 .35 .51 1.00 

III Buff -.54 -026 -.27 -.27 1.00 
Pove -.68 -.39 -.36 .53 1.00 
Sedg -.25 .41 1.00 

IV West -.67 -.37 -.31 .40 .44 1.00 
Four .37 .25 .44 1.00 

V Salt -.43 -.42 -.29 -.29 .45 1.00 
Alka -.38 -.32 -.30 .28 .40 .40 .77 1.00 
Tali -.29 -.27 .28 .66 .65 1.00 -p 

1 With n-2 = 65 degrees of freedom an r of 0.25 is signistiy greater than zero at 5%, and an T of 0.32 is signifi- 
cant at 1%. Non-significant coefficients are omitted. 

2Blue = Blue grama Sand = Sand dropseed 
Pric = Plains pricklypear Bahi = Plains bahia 
Glob = Scarlet globemallow Buck = Buckwheat 
Need = Needle-and-thread Buff = Buffalo grass 
Thre = Three-awn Pove = Povertyweed 

each union, were assembled by 
interpretive soil groups (Figure 
1). Union I is dominant in Inter- 
pretive Soil Groups 1 through 5; 
Union III is dominant in Soil 
Group 6; and Union V is domi- 
nant in Soil Group 7. 

Upland soils produce a vege- 
tational continuum in which 
Unions I and III increase and 
Unions II and IV decrease as the 
soil becomes less permeable. 
Needle-and-thread and other 
grasses in Unions II and IV give 
Interpretive Soil Group 1 a mid- 
grass aspect even though blue 

UcJand Soils Bottomland Soils_ 

Fig. 1. The distribution of species unions 
among interpretive soil groups. 

grama is dominant. Hanson 
(1955) described communities in 
which needle-and-thread is dom- 
inant, but his communities were 
found on areas that receive more 
precipitation than our Interpre- 
tive Soil Group 1. Mid-grasses 
and shrubs decrease with de- 
creasing soil permeability, but 
short grasses, plains pricklypear, 
and scarlet globemallow increase. 
Blue grama is dominant on all of 
these upland soils. Buffalo grass 
is dominant on upland soils less 
permeable than those of Inter- 
pretive Soil Group 4, and on 
similar soils that receive less 
precipitation. Thus, the upland 
continuum portrayed in Figure 
1 and Table 2 is part of a broader 
continuum encountered in the 
vicinity of this experimental 
range. 

The vegetation on the saline- 
alkali soils is unique, presumably 
because of the salt content and 
high water table. The loamy soils 
of Interpretive Soil Group 5 sup- 
port a highly productive com- 
munity with an aspect of four- 
wing saltbush and western 
wheatgrass. Western wheatgrass, 

Sedg = Broad-leafed sedge 
West = Western wheatgrass 
Four = Fourwing saltbush 
Salt = Saltgrass 
Alka = Alkali sacaton 
Tali = Talinum 

fourwing saltbush, and blue 
grama are replaced by buffalo 
grass as soil permeability and 
flooding frequency decrease. 
When isolated from flood waters, 
Interpretive Soil Group 5 pro- 
duces a community like that of 
Interpretive Soil Group 4, except 
for the low occurrence of plains 
pricklypear. 

Vegetation-Grazing Relations. 
-None of the species were cor- 
related with grazing intensities 
at the 10% confidence level. 
Therefore, the frequency per- 
centages of species arranged by 
grazing intensities are omitted. 
Three species were correlated 
with grazing intensities at the 
20% level. Needle-and-thread, 
with a correlation coefficient (r) 
of -0.68, is a decreaser on the 
sandy loams of Interpretive Soil 
Groups 1 and 2. Western wheat- 
grass, with an r of -0.89, is a 
decreaser on the loamy soils of 
Soil Group 5. Scarlet globemal- 
low, with an r of 0.84, is an in- 
creaser on the saline-alkali soils 
of Soil Group 7. Other species, 
varying in both degree and kind 
of response among soils, show 
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Table 5. Common and boianical names of species mentioned in iexf and 
tables. 

Common name 
~____ 

Botanical name 
Perennial grasses 

and sedges 
Western wheatgrass 
Three-awn 
Blue grama 
Buffalo grass 
Broad-leafed sedge 
Saltgrass 
Alkali sacaton 
Sand dropseed 
Needle-and-thread 

Shrubs and cactus 
Fringed sage 
Fourwing saltbush 
Buckwheat 
Winterfat 
Plains pricklypear 

Perennial jorbs 
Two-grooved loco 
Plains bahia 
Scarlet gaura 
Povertyweed 
Rush skeletonplant 
Silky sophora 
Scarlet globemallow 
Talinum 

Annuals 
Tansyleaf aster 
Slimleaf goosefoot 
Cryptantha 
Sixweeks fescue 
Skeletonleaf bur-sage 
Gilia 
Prairie pepperweed 
Wooly indianwheat 

Agropyron smithii Rydb. 
Aristida Zongiseta Steud. 
Bouteloua gracilis (H.B.K.) Lag. ex Steud. 
Buchloe dactyloides (Nutt.) Engelm. 
Carex heliophila Mack. 
Distichlis stricta (Torr.) Rydb. 
Sporobolus airoides (Torr.) Torr. 
Sporobolus cryptandrus (Torr.) A. Gray 
Stipa comata Trin. & Rupr. 

Artemisia jrigida Willd. 
Atriplex canescens (Pursh) Nutt. 
Eriogonum ejjusum Nutt. 
Eurotia Zanata (Pursh) Moq. 
Opuntia polyacantha Haw. 

Astragalus bisulcatus (Hook.) Gray 
Bahia oppositijolia (Nutt.) DC. 
Gaura coccinea Nutt. ex Pursh 
Iva axillaris Pursh 
Lygodesmia juncea (Pursh) D. Don. 
Sophora sericea Nutt. 
Sphaeralcea coccinea (Pursh) Rydb. 
Talinum parvijlorum Nutt. ex Torr. & Gray 

Aster tanacetijolius H.B.K. 
Chenopodium Zeptophyllum Nutt. ex S. Wats. 
Cryptantha minima Rydb. 
Festuca octojlora Walt. 
Franseria discolor Nutt. 
GiZia Zaxijlora (Coult.) Osterh. 
Lepidium densijlorum Schrad. 
Plantago purshii Roem. and Schult. 

very weak responses to grazing 
intensity. We find insufficient 
foundation for range-condition 
classification on these range 
areas, because summer-long 
grazing at different intensities 
for 23 years has not affected spe- 
cies composition to a great ex- 
tent on any soil. 

Discussion 

Classifications by SCS Person- 
nel. - Soil-Conservation-Service 
personnel completed range-site 
and range-condition mapping on 
the Central Plains Experimental 
Range just one year prior to our 
sampling. Our interpretive soil 
groups are approximately equiv- 
alent to the range sites deline- 
ated. “Sandy Plains” includes all 
the macroplots in Interpretive 

Soil Group 1 and a few of those 
in Interpretive Soil Groups 2 and 
3. “Loamy Plains” includes most 
of the macroplots in Interpretive 
Soil Groups 2, 3, and 4. “Over- 
flow” includes some of the 
macroplots in Interpretive Soil 
Group 5, and the remainder, 
located where flood waters have 
been intercepted since 1950, are 
classif ied as “Brule Loam.” 
“Clayey Swale” includes all 
macroplots in Interpretive Soil 
Group 6, and “Salt Meadow” in- 
cludes those in Interpretive Soil 
Group 7. 

All of the pastures included in 
our sampling were rated as fair 
or good (mostly good) range 
condition. The great variation in 
vegetation due to site differ- 
ences, and the small variation 

due to range condition, was ob- 
served and interpreted as such 
by Soil-Conservation-Service 
personnel. 

Range Site versus Range Con- 
dition. - Present concepts of 
range sites and range-condition 
classes are distinctly different. A 
range site is intended to be a 
natural subdivision in which the 
vegetation, being the product of 
special site conditions, includes 
species that, in fact, identify the 
site. A range-condition class is 
intended to be a successional 
subdivision (to be more exact, a 
secondary-successional subdivi- 
sion) within a range site that can 
be manipulated to some more- 
advanced or some less-advanced 
state by the adjustment of graz- 
ing. A range-condition class is 
recognized by the array of (in- 
creaser and decreaser) species 
plus other characteristics of 
vegetation and soil. Modern 
range management is built upon 
the ecological foundation pro- 
vided by these two concepts. 

For the range areas included 
in the frequency sampling, Klip- 
ple and Costello (1960) described 
four range-condition classes and 
three grades of condition in each 
class. However, they did not 
separate soil-related from graz- 
ing-related vegetational differ- 
ences. We sampled essentially 
the same extent of vegetational 
differences (and in the same 
areas) as sampled previously by 
Klipple and Costello (1960). 
Most of the vegetational differ- 
ences in our data were soil re- 
lated; therefore, they would be 
incorrectly classified under the 
term “range-condition classes.” 
The blue-grams/buffalo-grass/ 
pricklypear community of Inter- 
pretive Soil Group 4 can not be 
manipulated to equality with the 
“flood plain” of Interpretive Soil 
Group 5, or even with the short- 
grass/mid-grass community of 
Interpretive Soil Group 1. Site 
definition and delineation must 
precede range-condition classifi- 
cation, because range condition 
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is interpreted as an indication of 
grazing severity. 

But what is a range site in the 
upland vegetational continuum? 
Site differences on the bottom- 
land soils are reasonably natural 
and discrete. However, sharp 
vegetational demarcations do not 
occur on the upland soils. We 
classified four interpretive soil 
groups on upland soils where the 
Soil Conservation Service classi- 
fies two range sites. For mapping 
purposes, three upland range 
sites probably would be more 
appropriate than either two or 
four. Whatever may be the divi- 
sion into sites, the standards for 
mapping are more arbitrary than 
natural. Any division that can be 
mapped with facility will con- 
tain considerable inherent vari- 
ability that might subsequently 
be classified erroneously into 
classes of range condition. Al- 
though the concepts of range 
sites and range-condition classes 
are distinctly different, the phe- 
nomena upon which they are 
determined are partially insepa- 
rable in the field. Variations in 
range condition can alter the 
delineation of range sites. And 
heterogeneity within range sites 
can complicate range-condition 
classification. 

Adequacy of Frequency Data. 
-Stable characteristics of vege- 
tation are most useful in vegeta- 
tion classification. For this rea- 
son, a complete species list is 
needed for each stand sampled. 
In addition, the characteristics of 
density, dispersion, and basal 
area are stable enough to be 
valuable criteria. Yield and cover 
often are too ephemeral to be 
useful in vegetation classifica- 
tion, but become important in 
subsequeht studies. Frequency 
provides a relatively complete 
species list and measures the 
pooled effect of two reasonably 
stable characteristics - density 
and dispersion. Consequently, we 
theorized that frequency data 
should be valuable in the study 
of vegetation-soils and vegeta- 

very well, (2) that summer-long 

tion-grazing relations on the 

(May 1 to November 1) grazing 
at different intensities for 23 

Short Grass Plains. Regarding 

years has not affected species 
frequencies to a great extent, (3) 

the adequacy of frequency data, 

that the frequency percentages 

we conclude (1) that vegetation- 

of species are stable enough to 
permit the study of vegetation- 

soils relations have been clarified 

soils relations at all of these 
grazing intensities, and (4) that 
the most important effect of 
heavy grazing has been a reduc- 
tion in herbage yields (Klipple 
and Bement, 1961). 

advantages gained in this way 
justify the careful development 

collection. And the accumulation 

of frequency sampling tech- 
niques. 

of data according to the require- 
ments of sub-sampling theory 
permits the use of normal-theory 
statistics in data processing. The 

Summary 

Frequency sampling was un- 
dertaken at the Central Plains 
Experimental Range in Colorado 
to test the assumption that the 
characteristics of species density 
and dispersion, as measured by 
frequency, are useful for the 
study of vegetation-soils and 
vegetation-grazing relations on 
the Short Grass Plains. Sampling 
techniques were developed and 
reported previously. 

Since the value of the frequen- 
cy method depends on the sam- 
pling problem as well as the 
study objective, frequency data 
can be more or less valuable in 
other vegetation types and kinds 
of studies. Frequency, like den- 
sity, rates individual plants 
equally regardless of size. Where 
density is a valuable criterion, 
frequency also can be valuable. 

Grazing intensities introduce 
differences in species frequen- 
cies more slowly than in herbage 
yields. But reduced productivity 
can be recovered rather quickly 
with lighter grazing (Klipple 
and Bement, 1961) unless there 
have been significant changes in 
the density and dispersion of 
species. Therefore, the character- 
istics sampled by frequency are 
important in both site and con- 
dition classification on the Short 
Grass Plains. 

Data processing limitations 
have restricted the use of fre- 
quency data in range investiga- 
tions, but this is not an obligate 
disadvantage of the method. In 
the development of frequency 
sampling techniques for Short 
Grass Plains, we utilized the ad- 
vantages of two statistical forms 
-the binomial and the normal 
distributions. A binomial classi- 
fication of presence or absence 
permits maximum objectivity, 
accuracy, and speed in data 

We conclude that (1) vegeta- 
tion-soils relations have been 
clarified, (2) that summer-long 
(May 1 to November 1) grazing 
at different intensities for 23 
years has not affected species 
frequencies to a great extent, (3) 
that the frequency percentages 
of species are stable enough to 
perkit the study of vegetation- 
soils relations at all of these 
grazing intensities, and (4) that 
the most important effect of 
heavy grazing has been’a reduc- 
tion in herbage yields. 

The results obtained are com- 
pared with previous classifica- 
tions of range sites and range 
conditions, and the problem of 
classifying sites and conditions 
in a vegetational continuum is 
discussed. 
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Vegetation And Soils Of 
Alkali Sagebrush And Adjacent Big 
Sagebrush Ranges In North Park, Colorado 

D. R. ROBERTSON, J. L. NIELSEN and N. II. BARE1 
Range Conservationist and Soil Scientists, respectively, 
Soil Conservation Service, U.S.D.A., Glenwood Springs, 
Colorado 

Highlight 
Alkali sagebrush ranges were 

found fo have a shallow, roof re- 
sfriciing claypan soil. In contrast, 
ihe adjacent big sagebrush plant 
community occurred on loamy soils 
where roofs peneirafed freely. This 
dire& relationship between range 
sites and soils shows how soil sur- 
veys can be used fo determine range 
sites. 

In North Park, Colorado an 
unusual sagebrush plant com- 
munity stands out in sharp con- 
trast with other kinds of sage- 
brush rangelands. While the 
boundaries of other plant com- 
munities change gradually, the 
boundary of this plant commu- 
nity is sharp and distinct. A low 
growing sagebrush species sets 
aside this plant community from _ 
all others. The species is alkali 
sagebrush (Artemisiu Zoniqiloba 
(Osterhout) Beetle) as identi- 
fied by Beetle (1960). The local 
name for this species is “chicken 
sage.” 

Many have questioned why 
solid stands of this plant occur 
in blocks of a few acres to sev- 

1Now Soil Scientist, Forest Service, 
USDA, Salt Lake City, Utah. 

era1 hundred acres to the exclu- 
sion of other sagebrush species- 
then abruptly change on a sharp 
line to big sagebrush (Artemisia 
tridentata Nutt.) . 

This paper describes the vege- 
tation and soils occurring on this 
range site, and compares both to 
the vegetation and soils on adja- 
cent range sites having a cover 
of big sagebrush. 

Beetle described alkali sage- 
brush as a dwarf, dark gray- 
green shrub which “stands strik- 
ingly alone in two respects; first 
its extremely ear 1 y maturity 
which normally prevents cross- 
ing with any other species in the 
section, and secondly, its adapta- 
tion to tight-to-heavy soils de- 
rived from highly alkaline 
shales.” He showed its distribu- 
tion on “poorly drained or tight 
and highly alkaline soils from 
6,000 to 8,000 feet elevation, in 
the vicinity of the foothills of the 
ranges forming the Continental 
Divide from southwestern. Man- 
tana, through Wyoming to north- 
western Colorado, and at scat- 
tered localities westward in 
northern Utah and Nevada and 
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southern Idaho and Oregon.” 
Passey and Hughie (1962) dif- 
fered with the placing of alkali 
sagebrush on “poorly drained or 
tight and highly alkaline soils.” 
Soils on which this species domi- 
nated, they found, were slightly 
alkaline to slightly acid in re- 
action. 

Thatcher (1959) and others 
have shown that big sagebrush 
evidently requires at least mod- 
erately deep soils in order to 
dominate a plant community and 
avoids shallow soils. Thatcher 
found that the depth of soil to 
which big sagebrush (where 
dominant) could freely pene- 
trate was at least 15 inches on 
17 sites studied, and there were 
only two sites where the effec- 
tive soil depth was less than 36 
inches. 

Study Area and Methods 
North Park and North Park Soil 

Conservation District cover a high 
mountain valley which drains the 
headwaters of the North Platte 
River. It is a park about 40 miles 
long and 30 miles wide surrounded 
by mountains. The precipitation at 
Walden near the center of the park 
is 9.47 inches, the frost-free period 
is 46 days, and the mean annual tem- 
perature is 37.1 F. The elevation at 
Walden is 8,132 feet. The precipi- 
tation increases markedly toward the 
mountains so that the average an- 
nual precipitation nine miles east, 
where much of this data was gath- 
ered, is estimated to be 15 inches at 
an elevation of 8,400 feet. Low 
rounded hills of the Coalmont and 
Pierre shale formation are the loca- 


