MONTANA

STATE UNIVERSITY

An ecological study of creeping juniper (Juniperus horizontalis Moench.) in Montana
by John Gage Miller

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
in Fish and Wildlife Management

Montana State University
© Copyright by John Gage Miller (1978)

Abstract:

Various ecological characteristics and relationships for creeping juniper (Juniperue horizontalis
Moench.) in Montana were determined through intensive studies in 30 widely separated juniper stands.
Supplementary data were obtained from an additional 21 study sites. Creeping juniper was associated
primarily with the mountain foothills of north-central, central and southcentral Montana, and the open
prairies of eastern Montana. Ridges, rimrocks, escarpments and hilltops adjacent to a river or mountain
range were typical areas of occurrence. Stands occurred more frequently on northerly exposures, slopes
with gradients less than 40 percent, and at elevations below 1500 meters (4900 ft). Creeping juniper
was the most, important plant species in all stands, with mean canopy coverage of 32 percent.
Graminoids were the most prominent plant associates, with Idaho fescue being the most common
species. Trees typically were lacking. Eight creeping juniper "associations" were defined through
simple ordination. Soils associated with creeping juniper stands appeared to be poorly developed with
thin topsoils, large quantities of stone and exposed rock parent material, and some degree of surface
erosion. They tended to be clay loam in texture, slightly basic (pH = 7.2), low to medium in organic
matter content (4.6%), very low in phosphorus (18 ppm), medium to high in potassium (280 ppm) and
low in salt hazard (.08 meq/100 gms soil). Creeping juniper plants averaged 6.4 cm in height, with 3.5
percent of the crown area dead. Most growth occurred horizontally on the peripheral branches or
leaders. Annual twig growth commenced in early April, coincident with a crown color change from
brown to green, and continued into September and possibly early October. The overall average terminal
and lateral twig growth was 34.5 and 9.0 cm, respectively, during 1978. Longest twigs were produced
in stands with northerly exposures and 13-14 inches of annual precipitation. Shortest twigs were
produced in stands having a tree overstory. The "greening" of plants in early April coincided with
staminate cone maturation. Once pistillate buds formed, berries generally formed and matured. Berry
production peaked in mid summer (late June to early July). Ripening apparently requires 1-2 years after
berries turn purple in late summer. Germination of seeds in the laboratory was very low (approximately
0.1%). Reproduction from seed also appeared to be a rare occurrence in the field where plants
apparently are maintained vegetatively by rooting along branches. Plants producing the highest
numbers of reproductive parts were associated with soils having relatively high phosphorus, moderate
calcium and sodium levels and low salt hazard. Wildlife usage of creeping juniper included mule deer,
small mammals and birds. Utilization by deer occurred mainly during the late winter and appeared to
be influenced more by the distribution of deer, the relative availability and/or abundance of creeping
juniper and the occurrence of other more preferred forage plants than by protein content. Data indicated
that creeping juniper is subject to some damage and destruction by fire, though these effects may be
less severe than reported for other species of juniper.
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ABSTRACT

Various ecological characteristics and relationships for creeping
juniper (Juniperus horizontalisé Moench.) in Montana were determined
through intensive studies in 30 widely separated juniper stands. Supple-
mentary data were obtained from an additiomal 21 study sites. Creeping
juniper was associated primarily with the mountain foothills of north-
central, central and southcentral Montana, and the open prairies of east—
ern Montana. Ridges, rimrocks, escarpments and hilltops adjacent to a
river or mountain range were typical areas of occurrence. Stands occur-
.red more frequently on northerly exposures, slopes with gradients less
than 40 percent, and at elevations below 1500 meters (4900 ft). Creeping
juniper was the most important plant species in all stands, with mean
canopy coverage of 32 percent. Graminoids were the most prominent plant
assoclates, with Idaho fescue being the most common species. Trees typ-
ically were lacking., Eight creeping juniper "associations" were defined
through simple ordination. Solls associated with creeping juniper stands
appeared to be poorly developed with thin topsoils, large quantities of
stone and exposed rock parent material, and some degree of surface ero-
sion. They tended to be clay loam in texture, slightly basic (pH=7.2),
low to medium in organic matter content (4.6%), very low in phosphorus
(18 ppm), medium to high in potassium (280 ppm) and low in salt hazard
(.08 meq/100 gms soil). Creeping juniper plants averaged 6.4 cm in
height, with 3.5 percent of the crown area dead. Most growth occurred
horizontally on the peripheral branches or leaders. Annual twig growth
commenced in early April, coincident with a crown color change from
brown to green, and continued into September and possibly early October.
The overall average terminal and lateral twig growth was 34.5 and 9.0 cm,
respectively, during 1978. longest twigs were produced in stands with
northerly exposures and 13-14 inches of annual precipitation. Shortest
twigs were produced in stands having a tree overstory. The '"greening"
of plants in early April coincided with staminate cone maturation. Once
pistillate buds formed, berries generally formed and matured. Berry
production peaked in mid summer (late June to early July). Ripening
apparently requires 1-2 years after berries turn purple in late summer.
Germination of seeds in the laboratory was very low (approximately 0.1%).
Reproduction from seed also appeared to be a rare occurrence in the
field where plants apparently are maintained vegetatively by rooting
along branches. Plants producing the highest numbers of reproductive
parts were associated with solls having relatively high phosphorus, mod-
erate calcium and sodium levels and low salt hazard. Wildlife usage of
creeping juniper included mule deer, small mammals and birds., Utilization
by deer occurred mainly during the late winter and appeared to be influ-
enced more by the distribution of deer, the relative availability and/or
abundance of creeping juniper and the occurrence of other more preferred
forage plants than by protein content. Data indicated that creeping
juniper 1s subject to some damage and destruction by fire, though these
effects may be less severe than reported for other specles of juniper.
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INTRODUCTION

Creeping juniper, Juniperus horizontalis Moench.',: occurs
extensively on mountain foothill and prairie-plains habitat in Montana
east of the Continental Divide. 1In many areas, it serves as an
important source of forage for mule deer, especially:during winter
(Lovaas 1957, Kamps 1969, Eustace 1971, Dusek 1971, Hamlin 1976).
Coversge measurements for creepiné juniper on 12 condition-trend
transects, established by the Montana Department of Fish and Gaoe
on foothill winter ranges along the eastern fringe of the Rocky .
Mountains; show a general decline in the occurrence of mature
juniper during the past'20 years (Fig. 1).

Little is known as yet about the ecology of creeping juniper.

Prev1ous studies have been concerned malnly Wlth dlseases (Brener et

- At

-al 1974 Nemec 1968). chromosomal blology (Evans 1971 Evans and
' Rasmussen 1972, 1974), ornamental value (Lamphear 1966), chemlstry ‘
(Couchman 1965), morphology (Bifoss 1947); associated insects (Bradley-
1963, Nemec 1§72), and hybridization (Fassett 1944a, 1944b, 1945a,
1945b, 1945c, Ross 1949). The lack of ecological information has
hampered interpretation of possible interrelationsoips between the‘
occurrence of creeping juniper and mule deer.

This study was established in the spring of 1975 to obtain basic
ecological.data for creeping juniper in Montana. Specifio objectives

include: (1) to determine the natural distribution and associated
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edaphic and climatological characteristics; (2) to determine community
relationships; phytosociology, and animal use relationships; and (3)
to determine plant characteristics such as'reproduction, growth and
developmerit, forage biomass, production indices, fire ;nfluences, and
nutritional aspects and, to relate these to environmerital conditions.
Field investigatiohs were conducted primérily during the summers
of 1975 and 1976 and in the spring and summer of 1977. Sﬁpplémental
data were obtained in periodic field studieg during thé éutumn and

wiﬁter of 1976 and 1977.




METHODS

The natural distribﬁtion of creeping juniper in Montaﬁa was
ascertained by ground reconnaissance throughout the State. Montana
Department of Fish and Game range survey records and personal
contacts with Department of Fish and Game and U. 'S. Forest Service -
personnel along with genefal publications as Little (1971) provided
additional information.

Following the gemeral distributional surveys, 30 sites represent-
ing an array of piént communities and physiographic situations (slopes,
exposures, elevation, etc.) in which creeping juniper was observed to
occur were selected for intensive investigétion (Fig. 2). Additiomal
basis for site selection were (1) a general and relative lack of major
disturbance and (2) a history of importance for use by mule.deer during
winter. An additional 21 similarly selected sites were Visited(during
the study to obtain supplementary data on edaphic and physiogfaphic
characteristics of creeping juniper stands. Locations of all sites are
presented in Appendix Tables 13 and 14.

Generally, all study sites were located in northcentral, east-
central and southcentral Montana. A majority (39 or 76vpercént) were
in areas currently grazed by domestic livestock. Two (4 percent) were
situated in game exciosureS‘on previoﬁsly grazed sites. Two others
were located in recreation areas and three (6 percent) were on big game

winter range from which livestock grazing had been removed for at least
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twenty years. .Five (10 éercent)'weré within.éreas fenced for crop-
lands which we?e ungrazed at the.present time and may represent

relict areas.

Slope, exposure, glevation and exact location were determined
for each study site. Slope was estimated to‘the nearest five percent
using a pocket transit. .Exposure was recorded from compass readings
.along the fall-line oﬁ fhe slope. Elevation was determined using a
éimple pocket altimeter.
Within each of lhe'BO intehsively studied standé, a 30.3 ﬁeters

(100 ft) x 12.1 meters (40‘ft5 macro—plot was established. Sampling
was conductéd in the macro-plot along three permanént_30.3 meteré'(lOO
ft) transects spaced 6.1 meters (20 ft) apaft along the contour of the.
slobe. Canopy cover of low—groﬁiﬁg vegetation was reqérded foliowing
the method of Daubenmire (1959) within % x 5 dm plot frémes spaced 3.1
.ﬁeters (10 ft) apart along the three; 30.3 meters (100 ft) lines. ‘The
cover of each plant species as well as bare gréund, rock and litter
was recorded visually by class as follows: (1) 0 - 1 percent; (2) 1 -
5 percent; (3) 5 - 25 percent; (4) 25 - 50 péfcent; (5 Sd - 75 percent;
(6) 75 - 95 percent{ and (7) 95 - 100 percent. Measurements were made
in early June.- Common and scientific names of plants follow Booth and
Wright (1958), Hahn (1973), and Hitchcock and Cronquist (1973).. When
crgeﬁing juniper was encountg%ed'in the frames, the sex of the plant

and an estimate of the crown decadence within the plot.were also recorded,




|
Where they occurred, trees and.taller'éhrubs were sampled

. separately using a line intercept mgthod. Three 30.3 meters. (100

ft) lines were established: one located 24.2 meters (80 ft) upslope

" from the upper permanent transect line, one along the center transect
line, and one 24.2 meters (80 ft) downslope from the lower traﬁsect
line. - Crown intercept was recorded tq the nearest 0.3 meters (1.0

ft) along each line. On sites.where few trees ar tall shrubs occurred,
- all trees within a 60.6 meters’(ZOO ft) x 60.6 meters (200 ft) plot at
each site were measured as to species, crown diameter (mean of méjor
and minor axeé) to the nearest decimétgr, percent of total crown dead,

and percent live crown within an imaginery circlé around the outer

edge of the plant.

For data analyses, study sites were grouped on thé basis of vege-
tational characteristics ﬁsing a simp;é multidimensional ordination
fgchnique described by Bray and Curtis (1957) and modified by Beals
(1960) and Orloci (1966). The ordinatidn technique assumes that the
compositional similarity between different standé can be used as cémpar—
ative distances within a sﬁafial model. The phytésoéiologic distances
are based on ; similarity index with 0 percent Beinécompletelydissimi—
lar and 100 percent, theoretiéally, total similarity. The Spatz simi-
lariﬁy index (Mueller—Dombois and Eilenberg 1974) was used to compare
sites on the basis of (1) the number of plant species cammon t6 both

sites. and (2) the number of species present at each site, Data used in the
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analyses were frequencies of occurrence of 84 low—grbwing species on
study sites during June 1977. When. indices were calculated for each

two sites, the two most dissimilar sites became the reference points

for ‘the X-axis. A third site which was most distant from the X-axis

(line A—B) became the third reference péint for the X-Y plane.
Finally a fourth site, chosen on its distance from (dissimilarity)
the X—f piane, became the fourth reference point for the X-Y-Z
solid (third dimension). An X, Y, and 2 coordinate was then calcu-
lated for each site using geometric formﬁlae and the similafity
indices. All sites were plotted first on X—axié, then 6n thé X-Y
plane, énd finally on the X-Y-Z solid. Clusters of similaf vegeta—~
tion (associations) became apparent in this figure.

Two soil samples were obtained from each of the 30.intensivé
study sites. One of these was a composite of 10 subsamples from soil
to a depth of 10 cm beneath creeping juﬁiper plants; the other a
similar composite of 10 subsamples from interspaces. One composite
soil sample was taken within each of the 21_supplémeﬁtal sites. ,
Analyées were completed by the Montana State Univeréity Soilg Testing
Laboratory and included hand texture analysis, salt hazard, sodiﬁm,
calcium, magnesium, potassium, phosphofus, and ofganic‘matter content,
and pH. Depth to bedrock or parent material at each site was recorded
as the mean éf meaéurements with a éﬁarply péinted,(l.g cm diamefer)

stake at 10 raﬁdomly located points at each site. An index of soil
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surface erosion at both intensive and secondary study sites_was
obtained by visually estimating the overéll percéntage of surface
eroded at each site by glass as follows:: Class 1 - less than 5
percent; Class 2 = 5-25 percent; Class 3 = 25-50 peréent;_Class 4 =
50-75 percent; and Class 5 = 75-100 percent. Wind and water erosion
were not differentiated. Edaphic characteristics were coﬁpared
statistically among the eight creeping’juniper associations identi-
fied by ordination. 1In addition, the poséibie influenceé‘of each of”
.the soil factors on frequencies of occurrencé and canoﬁy covérage
values for each of 17 g;aminoids (grasses and grass;like plants),
39 forbs, 9 shrubs and 2 trees among study siteé were evaluated
by multiple regression.

Growth and'réproductive characteristics of creeping juniﬁer
plants were measured during the spring and summer of 1977.. Before
the onset of growth; 15 major braﬁcﬁes or. "leaders" were tagged on
each of 3 randomly selected plénts at each study site.. Leaders were
marked with india ink on two year old or older growth, and the
distances from the marks to the tips of leaders we?e measured to~the
nearest millimeter. Remeasurements were made at two-week intervals
until growth ceased. Fouf lateral twigs were similarly'marked and
measured on each of the 15 leaders.’ |

Standing'éfoﬁ of creeping juniper was estimated from the

average air-dried weight of plant material, including needles, twigs
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and néw foliage growth clipped from ten, 2 x 5 dm frames_per site.

‘Average plant heights to the nearest 0.5 cm was determined as
the mean of 10 measufements at each site. | |

When growth had nearly ceased .and "berries" were maturiﬁg,
numbers of new pistillate (féméle) Buds, old pistiliate Buds,'new
staminate cones; new ”berries” and ripeA"berriesV were recorded at
each site for each of 10 twigs oﬁ each marked leader>for male and
female plants respeétively. Supplemental data were ob£ained b&
recording the same characteristics within 10 randomly placed 2x5
dm plot frameé at each site.

General phenological data were recorded for each study site at
approximately two-week intervals. These included browness-greeness
of foliage throughout the year, initiation and fermination of growth,
staminate cone fdrmation, maturation and time of shedding,_pistilléte
bud and berry foymation, berry maturation and pollen shedding;

To evaluate reproductive potential from seéds, juhiper berries
" were collected at.20 locations. Sufficieﬁt berries were collected to
provide about SOOVseéds‘per location (based on an average of 4 seeds
per berry). Because juniper berries ﬁay not ripen for at least l.— 2
years after they turn purple and drop (U. S. Dept. Agric.‘l948), only
berries found on the ground under plant crowns and WhiCh; by their -
pulpy‘exteriog cdaf, were believed to be more than one yéar old were

collected.  Germination procedures followed those outlined for Rocky




Prior to the fire within each plot, seven juniper plants were randomly
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Mountain juniper '(U. S. Dept. Agric. 1948). Minor modifications
included stratification of seeds for 125 days‘at 4° ¢ and a germi-
nation period of six-weeks at 12° c.

To determine nutritional value, samples of leaf-stem materials
were collected at three month intefvals from August 1976 through
August 1977. Coﬁposite samples were clipped from a randomly
selected plant at each of 12 study sites. 1In August 1977, samples
from fwo additional plants per site were obtained. Samples were
returnedvto the laboratéry, air dried and ground using a Wiley Mill
with 20 mesh screen. Ground samples were oven driéd at 80° C for
48 hougs and analyzed fér protein content by the Montana Sfate
University Chemistry Station.

During the course of the study, incidental observations'of twig
use by small mammals and disease occurrence were madé. \

Observations on the effects of fire on creeping juniper were
made at two locations during the sbring and summer of 1977.

Cne area, located in the Blacktail Hills area of the‘Little
Belt Mountains south of Spanford, Montana; had been subjectéd to
controlled burning underx experimenté conducted by Mr. Lafry Keown
of the U. S. Forest Service,-Stanford Ranger District. Here, three
adjacent plots, each 100 m2 were burned at different intensities

(high, moderate and light) based upon temperature and rate of spread.
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selected, and major and minor axes, and height of each were recorded
to the nearest 1.0 cm. Soil and fuel moisture samplés were taken and
pyrometers were positioned adjacent to each shrub. Folléwing the
burn the fate and regrowth characteristics of each plant were
monitored visually during the summef of 1977. Information recorded
included percent foiiage burned and evidences of regrowth. Total air-
dried weight of'regrﬁwth was recorded at the end of the growing season.

The second area, located on the Sun River Ggme Range wes£ of
Augusta, included a single 30.3 m2 (100 ftz) burn plot and a control
plot of equal size.

Prior to burniﬁg, soil and fuel moisture‘samplgs were taken and
pyrometers positioned at 6 locations Withiﬁ the burn-plot. Two 30.3
meters (100 ft) line transects were eétablished, one in the burn-plot
and one in the control. Occurrence of litter, live aﬁd/or dead grass,
forb or shrub; or bare ground was recorded at 0.3 meters (1 ft)

intervals along each transect.




RESULTS AND -DISCUSSION
Distribution |
Geographic |

Juniperus horizontalis Moench. is one of about 60 species of
evergreeen shrubsiaﬁd trees included in the genus Juniperus. Members
of this genus occu? in the middle and lower latitudes of the northern
hemisphere in North America, the West Ipdigs, Canary Islands, northern
and eastern Africa and southeast Asia. Fifteen species are native &o
the United States. Of these 13 species are found in éhe western
United States; and four are native to Montana. - Thesé.include common
juniper (Juniperus communis) and Utah juniper (Jumiperus osteosperma),
both shrubs occurring primarily in mountéiﬁous regions, Rocky Mountain
juniper (Juniperus scopuloruml), a treé—like form, occur‘ring throughout
the state, and creeping juniper, a very low shrub found primarily in
mountain footﬁills and open prairies.

The center of distribution of creeping juniper in North America
is in central Canada; the species occurs across the entire country in
vast stands (Little 1971). 1In the nofthern United States it occurs
from the east coast to thelRocky Mountaihs, primarily in scattered,
local populétipns.

Within Montana, creeping juniper can be found_in-nearly every
county east of the Continéntal Divide (Fig. 3). The most extensi?é

stands occur along the Missouri River upstream to Fort Benton; along
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the Milk River upstreém to the Canadian'bsrder; in foothills along
the east face of the Contineﬁtgl Divide from Glacier Park south to
Wolf Creek; and thfoughout the foothills of the Snowy Mdﬁhtainé,
Judifh Mountains, and eastern portions of' the Litt}e-Belt Mountains.
Scattered local populations are found in far eastern Montana; and in .
the Beartooth—Absarékee Mountains south of Big Timber and west of
Red Lodge.

Areaé where creeping jﬁnipér was common were generélly.charac—
terized by réugh "breaks" and ridges adjacent to a rivér of mountain
range. Ridges, rimrocks, hilltops aﬁd interstream divides were common’
landscapes supporting juniper communities; typicaily,,howéver, jﬁniper
was restricted to the upper portions of these areas.

Physiographic

Creeping juniper is found in a wide variety of physiographic and
physioénomic situations in Montana (Figs. 4 to 16);"Stﬁdy sité eleva-
tiéns ranged from 2150 to 8200 feét; the average was 1326 + 113 meteré
(4375 373 feet). A méjority of fhe sites (60 percent) were below
1500 meters (4900.féet) (Tab;e 1). . Slope gradients varied from 4.5
'peréent to 53.5 percent with a mean of 25.6 £ 4.0 percent; however,
most of the sites were on slopes of less Fhan 40.percent; All aspects
Or exposures were répresented. Eight sites (15%) were ENE, 8 were |
SSE, 9 (18%) were NNE, 6 (127) were WSW, 10 (20%) were NNW, 2 (4%)

were WNW, 3 (6%) were SSW, 4 (8%) were ESE, and 1 (2%) faced south.

[l
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Figure 4. Site 1 on an alluvial plain near Barr Creek on the Sun River
Game Range, Lewis and Clark County. Juniperus-Festuca
dominant cover.

Figure 5. Site 3 near Haystack Butte southwest of Augusta, Lewis and
Clark County. Juniperus-Festuca dominant cover.
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Figure 6. Site 14 near Sage Creek east of Denton, Fergus County.
Juniperus-Rhus-Stipa dominant cover.

Figure 7. Site 15 on edge of a Pinus ponderosa community south of
Warhorse Reservoir, Petroleum County. Juniperus-
Calamovilfa dominant cover.




Figure 8. Site 16 on an open prairie south of Warhorse Reservoir,
Petroleum County. Juniperus-Agropyron dominant cover.

Figure 9. Site 19 in foothills of the Big Snowy Mountains, Northside,
Fergus County. Potentilla-Festuca dominant cover.




Figure 10.

Figure 11.

Site 21 in the foothills of the Little Belt Mountains,
Southside, Wheatland County. Near a Pinus flexilus —
Pinus ponderosa community; Juniperus-Koeleria-Festuca
dominant cover.

Site 25 in an Absarokee mountain meadow, Stillwater County.
Near a community of Pinus flexilus and Pseudotsuga menziesii;
Juniperus-variety of forbs such as Zygodenus and Anemone
dominant cover.




Figure 12. Site 26 on an eastern Montana prairie northwest of Terry,
Prairie County. Juniperus-Carex dominant cover.

Figure 13. Site 27 on an eastern Montana prairie/foothill area north-
west of Terry, Prairie County. Juniperus-Andropogon
dominant cover.




Figure 14.

Figure 15.

R 1

Site 32 on the West side of the Continental Divide east

of Lincoln, Lincoln County, under a stand of Pinus contorta
and Pseudotsuga menziesii. Arctostaphlos-Agropyron
dominant understory cover.

Site 37 under a stand of Pinus ponderosa north of Ryegate
in the Little Snowy Mountains, Golden Valley County.
Juniperus horizontalis and scopulorum dominant understory

cover.
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Figure 16. Site 42 under a stand of Pinus ponderosa northwest of
Broadus, Powder River County. Juniperus-Stipa dominant
understory cover.
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.Slope gradient, exposure, and elevation of individual study sites.

are given in Appendix Table 14.

Table 1. Distribution. of 51 creeping juniper study sites among
various exposures, slope gradients and elevations.

Number
Physiographic Categories ' of Percent
Stands
Exposure (Azimutﬁ Degrees)
NE 1-90 16 - . 31
NW 271-360 . 13 ‘ 26
SE 91-180 - 15 . - 29
SW 181-270 7 14
N 271-90 - 29 ' 57
S 91-270 ' : ‘ 22 43
E 1-180 _ 28 . 55
W 180-360 23 45
Slope Gradient (percent) .
Less than 40 . 42 82
. More than 40 o ' 9 - _ 18
Elevation (feet) _
Less than 4900 ' ‘ 30 60
4900-5500 11 : © 22
More than 5500 , ’ ‘9 ‘ -7 18

Créeping juniper appeared to be largely absent from three major

regions of the state. These included all of Montana west of the

~ Continental Divide with the exception of three areas (one near Rogers

Pass, one near Red Mountain north of Lincoln, and one 'near Marias Pass);

southwestern Montana; and a region along the Yellowstone River betweeﬁ

AR
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Columbus and Miles City (Fig. 3). The;é.areas were typified either by
mountains, in western and southwestern Montana, with dense forests aﬁd
high precipitati;n, or flat grazing and farm—landé With'deep and/or
gravelly soils.
| Phytosociological Characteristics

Community Associations

.VBécause of ité wide geographic range, creeping juniper occurs in
numerous vegetational cémmunities or associations along witﬁ a diverse
" array of plant speciés. However, most vegetational sﬁudies invol?ing
creeping'juniper have been cond;cted along the southern border of its
range.

Breitung(l954) included‘;reeping juﬁiper as part of the shrub
coﬁpoﬁent of mixed-grass prairie vegetation (Agropyroh—étipa associa~-"
tion) characteristic of the eastern edge of the Cypress Hills.in
southeastern Alberta and southwestern Saskatchewan. This vegetation
type, which occurred at 900-1200 meters (3,000-4,000 ft) elévation,
was dominated by mixed grass species charaéteristic of the Canadian
prairie. He also noted creeping jupiper occasionally occurring on dry
exposed hillsides 1200—1500 meters (Q,OOOIand 5,000 ft) elevation.

In Montana, creeping juniper is important in two of the 22 vege-
tational types delineated by the Montana Agricultural Experiment .
Station (1973). These include the Badlands Grassland in eastern

Montana and the Northeastern Grassland of northeast Montana. It also
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.occurs in the Foothill Grassland type, the Lo&gepole Pine-Douglas Fir
Forest type west of the Continéntal Divide, the Ponderosa Pine
Savannah, the Missouri Breaké Scrub~Pine, the Northern Grasslands,
and locally in the Teton River ~ Judith Basin Grésslands. The minor
occurrence of creeping juniper in the Lodgepole Pine-~Douglas Fir Forest
type near Lincoln and near the Marias pass was its only observed
occurrance west of the Divide.1

Ross and Hunter (1976) placed stands of creeping juniper in a
single "riverbreaks" climax vegetation type characteristic of eastern
and western sedimentary plants. Major overstory associates included
ponderosa pine (Pinus panderosa), Rocky Mountain juniper, and limber
pine (Pinus flexilus). The most common grasses we?e bluebunch
wheatgrass (Agropyron spicatum), green needlegrass (Stipa virdula), and
prairie sandreed (Calamovilfa longifolia). 1 observed creeping juniper
in this association mainly in eastern Montana, along the Marias, Milk
and Missouri ﬁivers.

In the Sweetgrass Hills of northcentralAMontana, Thompson and
Ruizt (1976) found creeﬁing juniper in what they described asba ﬁontana
Grassland community covering most.dry, south-facing slopes and foothills
betﬁeen 1,500 meters (4,950 ft) and 2,000 meters (6,600 ff) as well as
many non-forested areas of north-facing slopes. This community was
dominated by 'rough fescue (Festuca scabrella), Idaho fescue (Festuca

idahoensis) and shrubby cinquefoil (Potentilla fruiticosa). My study




e Ll

26
sites along the eastérn foothills of fhe Rocky Mountain front and in
central Montana seeﬁed to rebresent similar situations.

Jorgensén (1976) described two tentative habitat types im
eastern Montana which included creeping junipef, a Broom Snakeweed—
Bluebunch Wheatgraés type, ﬁhich occurred on very steep, unstable south-
facing slopes, and a Creeping Juniper — Bluebunch Wheatgrass type occur-
ring on north-facing slopes. The most abundant species in fhe former,
which appeargd to represent- the vegetation of my stﬁdy site number 26,
were bluebunch wheatgrass, broom snakeweed and creeping juniper.

Other plants of importance listéd were rose, eriogonum, skunkbush
sumac and prairie thermopsis. The latter type was dominated By
creeping juniper with bluebunch wheatgrass, flowery anemone (4nemone
multifida) and Kelsey phlox as common associates; and was characteris-
tic of Qegetation at study sites 27 and 28.

In revfewing the foregoing studies on creeping juniper and its
associateé it should be kept in mind that each researcher used his
own.method of classification giving the impression that creeping
juniper occurs in a wider variety of vegetational types than it actually
does. - In principle then, the various types described may only -represent
one or two types described by different men.

Existing vegetational descriptions, together with my observations,

suggest that several species are commonly associated with creeping

juniper. Tree species, if present, include ponderosa pine, limber pine
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and/or Douglas. fir (Pseudotsuga menziessi). .Principle shrubs include
shrubby cinquefoil, common snowberry (Symphoricarpos albus), skunk-

- bush sumac (Rhus trilobata), prickly rose (Rosa acicularis) and prairie
roéelkRosa a#kansana). Major grasses include bluebunch wheatgrass,
Idaho fescue, rough féscue, spike oat (Helictotrichon hookeri), little
bluestem (Andropogoﬁ scoparius) and prairie junegrass (Koeleria
cristata). Two sedges, inflatedxsedge (Carex vesicara) and threadleaf
sedge (quex filifolia), may also. be prominent; ﬁhile a variety of
forbs commoﬁly occur. The plant associates of creeping juniper in
Montana presumably vary in their occurrence and relative importance
‘with vari;tion iﬁ environmental factors such as topography, soils,

"associations" (i.e., distinctive

bliméte, fire, grazing and time; and
combinations of creeping juniper and other plant speéies which pgrsist
on the same area or-on areas of similar site and environmental charac=
.-teristics) may not be readily apparént by examination of a few |
important ﬁlant spécies alone.

As indicated.earlier, I employed ordination of veéetational data
for the 30 ihtensively studied staﬁds to identify "associations' as
well as to illustrate the nature of variation in creeping juniper
communities_aﬁa the reiationship of this variability to the environment.
The raw vegetative data for each site is presented in Appendix'Table 16.
An ordination of vegetational data fér individual étands generates. a

figure where stands with similar vegetational characteristics are




positioned adjacent to one another énd dissimilar sites are widely
separated (Fig. 17). "When environmgntal attributes of each site'are
plotted into this figure, those Which'are correlated with and'possibly
causal of the variation in vegetatipn will vary in parallel with the
phytosociological'strﬁcture while those which are not will var&
randomly (Figs. 20, 21, 22). Specifi; ordination techniques were
outlined under metﬁods. Briefly, to identify "ésSociatiqns": (1) the
phytosociological "distances" between stands or sites were calculated;
(2) the most dissimilar sites were selected aslreference points for
the X-axis (Site Nos. 13 and 15), the X-Y plane (Site Nos. 13, 15 and
25) and the X—Y—Z‘solid (Site Nos.'13; 15, 25 and 16); and (3) each
stand or site was plotted graphipally, first on the X—axié, then on
the X-Y plane and finally in the X—f—z solid.

The principle associations in Which creeping juniper occurs in
Montana are illustrated in Figure 18; where total variability of sites
is collapsed into one plane represented by the X and Y-axis (Figs. 17
and 18). Eight clusters, representing vegetational associations are
recognizable. Individually, tlie associations weré (1) Juniperus-
Potentilla-Festuca, (2) Juniperus—Agropyron,.(B) Pinus-Juniperus-.
Festuca, (4) Juniperus-Potentilla-Carex, (5) ;mipérus-Ca lamovilfa,

(6) Juniperus—HeZictotrichqn, (7) Juniperus-Rhus-Stipa, and (8)
Juniperus-Andropogon-Festuca. . ‘

_Some clusters (associations) are mnot clearly separated from the
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Figure 17. A simple ordination of 30 creeping juniper stands based
on total vegetal composition, in two dimensions (X-Y axes).
Axes represent compositional dissimilarity between stands.
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others on the-X—Y plane (Fig. 17). However, these clusters cleatrly
separate when the third dimension (X-Z and Y-Z plots) of the ordina-
tion is examined. For example, sites 19, 20, 21, 22, aﬁd 25 appear to
represent a single association dﬁ thé X~Y graph. However, exémination
of the X-~Z and Y-Z plane plots &Fig. 19) réadily separates site 21 as
possessing a different plant composition from tﬁe other sites.

Certain sites (4, 21 and 23) do not readily fit well into any of
the associations listed. A larger numfer of samples would be.required
to understand their composition and envirommental qualities. Since

they appeared to be relatively unimportant, little further discussion

will be devoted to them.

Juniperus-Potentilla-Festuca

This association occur; at elevations from about 1500 to 1800
meters (5000 - 6000 ft) iﬁ the foothill regionsp It is typified by a
ﬁigh forb cover inpiuding death camas (Zygodenus veﬁosus), Kelsey phlox
‘(Phlox keZseyi), kitten—tail (Besseya wyomiﬁgensis),~&hite point;loco
(Oxytropis sericeus), northern bedstraw (Galium boreale), and_coﬁmon
yarrow (Achilleé miZZebeium). Dominant graminoids include Idaho’
fescue, western wheatgrass (dgropyron smithii) and inflated sedge;
while creeping juniper and shrubby cinquefoil were the major shrdbs.

This type is relatively open.
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Juniperus-Agropyron

This association occurs between 1200 - 1500 meters‘(AOOO - 5000
ft) in the prairie-foothill regibns. It is characterized by rocky{
shallow soils with Qery little ovérstory. The cover is ma&e up pri-
marily of graminoids including bluebunch wheatgrass, threadleaf sedge,
Idgho fescue, and rough fescue. Commoh forbs are fringed sagewort
(drtemisia frigida), northern bedstraw and alyssumfleaved phlox
(Phlox alyssifolia). Creeping juniper'and prickly rose make up the

shrub complex.

Pinus-Juniperus-Festuca

This association is mainly found between 1500 - 18Q0'meters (5000 -
6000 ft). Rocky, shallow soils along with a limber pine overstory are
characteristic. Bluebunch wheatgrass, threadleaf sedge, Idaho fescue
and rough feséué are dominant graminoids. Pfomiﬁent forbs ére Kelsey
phldx, fringed sagewort and Arizona hymeﬁoxys (Hymenoxys.acaulis). The

only common -shrub is creeping juniper.

* Juniperus-Potentilla-Carex
Typically, this association occurs between 1200 and 1500 meters
{4000 - 5000 ft) in the foothills. Tt commonly contains’ a high forb
complement including such prominent species as common yatrow, Arizona
hymenoxys, alyssum—legved phloi, Kelsey phlox and ball anemone (Anéﬁone

multifida). The major graminoids are threadleaf sedge, inflated sedge,
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single-spike sedge (Carex scirpoidea), spike oat, rough fescue and
Idaho fescue. Shrubs present are creeping juniper and shrubby

cinquefoil;

Juniperus-Calamovilfa

This association is characterized by a high amount of surface
erosioﬁ and bareground. Also present is moderaée tree cover mainly of
ponderosa pine. It occurs af elevations between 906,— lZOO,meters
(3000 - 4000 ft). Dominant graminoids are prairie sandreed gréss,
threadleaf sedge, bluebunch wheatgrass and wgstern wheatgrass. Forbé
. are pale bastard toad flax (Cémandra umbellata), fringed sagewort and

prairie,thérmopsis (Thermopsis rhombifolia). Common shrubs include

creeping juniper, prairie rose, and big sagebrush (Artemiéiatridentata%

Juniperus-Helictrotrichon

This association occurs at'lSOO - 1800 meters (5000 - 6000 ft) in
the foothills. Small trees, primarily limber pines, are common. Major
graminoids are spike oat, bluebunch Wheatgrass; threadleaf sedge,
inflated sedge, Idaho fescue, rough fescue and prairie junegrass
(Koelaria crisfata). Common forbs are rose pussytoes (Anfennaria
rosea), buff fleabane (Erigeron ochrbleucus)'and Kelsey phlox. Dominant

shrubs include creeping juniper, shrubby cinquefoil and prickly rose.
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Juniperus-Rhus-Stipa

This association is found between 900 - 1200.ﬁeters (3000 - 4000
ft), and is typically dominated by shrubs. No tfees océur in this
association. Prominent shrubs are creeping juniper, skunkbush sumac
and common snowberry. Common graminoids are threadleaf sedge and
needle and threaa (Stipa comata); narrowleaf poison vetch (4dstragalus
pectinatus), kittentail, prairie trefoil (Lotus pursh?anus) and Kelsey

phlox were major forbs.

Juniperﬁs-Andropogon-Festuca
This associati&n occurs at élevations between 1200 - 1500 meters
(4000 - 5000 ft) in the prairie regionms. Prominent graminoids include
ubluebunch wheatgrass; Idaho fescue, rough fescue and thfeadleaf sedge,
with prairie thermépsis and fringed éagewort as dominant forbs. Major

shrubs are creeping juniper, shrubby cinquefoil and prickly rose.
Environmental Attributes of the Eight Associations

As noted above, environmental data from'eaéh site ‘can be plotted
into the X—Y'ordination (Figs.'l7 and 18). Factors apparently related
tovvegetatioﬁal variation are plotted in Figures 20 to 22. Other
environmental factdrs_studied,‘but which were not correlated With
variation in vegetational characteristics, and/or were not plotted,
include frost—freg season, average annual temperature andvprecipitation,

pPercent organic matter, calcium, magnesium, .sodium, potassium, or
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phosphorus -content, salt hazard, soil textﬁre, pH, north, south, east,
west exposure and slope gradient. |

The Pinus-Juniperus-Festuca and Juﬁiperus-Agropyron associations
near the center of Figure 20 had the rockiest and shallowest soils.

The soils averaged near 10.0 cm. deep and had frequencies of 90-100
percent stone occurrence. Soils near the top of the graphs were
moderately ston& (frequency 50%) and relatively'deep (14 cm.) while
those at the lower edges were deepest and relatively'free of stonés
averaging near 25 cm. deep and 30-50 percent frequen;y of stone
occurrence.

Surface erosion increased toward the center and lower left corner
of the graph (Fig. 21). The Juniperus-Calamovilfa association occupred 
on the most eroded sites and the Juniperus—PotentiZZé—Festuca, |
'Juniperus—Andropogon—Festuca and Juniperus-Potentilla associations
were on the least eroded, averaging approximately 50, 3,.3 énd.B per—
cent of the surface eroded respectively. Erosion p?obably is more
rapid where vegetal cover is low; i.e., where total barg ground cover
is high.

Bare ground is well correlated with erosion estimates (Fig; 21).
Associations, as the Juniperus-Calamovilfa and Juniperus-Rhus-Stipa,
at the lower edge of the graph, averaged around 30 pércent of the sﬁr—‘
face as bare ground. The éssociations toward the top, for - example the

two Juniperus-Potentilla associations (1 and 4), averaged much less
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bare ground (approx. 5—10Apercent).

The association occurring at highest elevatioﬁ, Juniperus-
Potentilla-Festuca, was near the top of the graph (Fig. 22). Ele-
vation appears to decrease toward the lower edge of the figure.
Values ranged. from near 1500 meters (5500 ft) in the Juniperus-

Potentilla-Festuca, Juniperus-Helictotrichon and Pinus-Juniperus-

Festuca associations to less than 1200 meters (4000 ft) for Jumiperus-

Rhus-Stipa and Juniperus-Calamovilfa associations.
Vegetational Composition of Creeping Juniper Associations

Plant species associated with creeping juniper are listed in

Table 2 together with their average constancy, percent canopy coverage,

.and frequency of occurrence among 2 x 5.dm plot frames in each of the

eight vegetation associations (Fig. 18). A'total of 150 plant species
was identifie& including 24 graminoids, 104 forbs, 18 sﬂrubs and 3
trees. Comﬁon'and scientific names are presented in Appendix Table 15.
The general vegetal composition of'juniper stapds may be thained”
by averagiﬁg across all assoqiationsﬂ Creepiﬁg juniper'typiéally€
dominated the sites studied'accounting for an overall avérage canopy
coverage. of 3é percent of the total area sampled.: Although some sifes
have high.(60—70 percent) canopy coverage of vegetation, considerable
bare'ground and ekposed surface stone wefe common,‘and tﬁgethér

accounted for 30 percent of the total canopy coverage. Deciduous and
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ordination presented in Figure 18,




Table 2. Constancy, canopy coverage and frequency of low growing taxa for the eight creeping
of 2 X 5 decimeter plots on each area.

juniper associations as determined by examination

ASSOCIATIONS
Juniperus- Pinus- Juniperus- Juniperus- Juniperus-
Potentilla- Juniperus- Juniperus- Potentilla- Juniperus- Juniperus- Rhus- Andropogon-

Taxa Festuca Agropyron Festuca Carex Calomovilfa Helictotrichon Stipa Festuca Totals
Graminoids:

Agropyron smithii* 100/ 6/45% - - - - = - - - = 40/ 4/22 SR B 33/ 2/ 7 25/ 1/ 9
Agropyron spicatum * 25/ 1/ 9 100/ 8/54 100/ 8/53 33/ 1/12 60/ 4/26 100/ 3/14 - - - 66/ 4/28 63/ 3/28
Andropogon scoparius - - - = s s e e o =0 S S - - 33/ 2/14 4/tx/ 2
Aristida longiseta - - - i el o v i 20/tx/ 1 s o i =fomo = 4/tx/tx
Bouteloua gracilis** - - - il e ol - - - - - = 50/ 1/ 6 - - - 8/tr/tr
Bromus inermig** - - = - - = - - 66/ 1/ 9 - - - T oy e = = 8/tr/ 2
Bromus japonicus* - - - - - - - - - - - - e e =t - - 33/ex/ 2 4/tr/tr
Calamovilfa longifolia* - == - - - - - = =N~ 60/ 5/33 e - - = - - - 13 3155
Calamovilfa purpescens* = - - - - = - 33/tr/ 3 R g e = == 4/tr/er
Carex elynoides* 25/tr/ 92 - - - - - - - - - 20/tr/ 1 A - = = - - - 8/tr/ 1
Carex filifolia* 25/tx/ 1 100/ 5/31 75/ 5/27 66/ 1/12 60/ 3/22 100/ 6/30 100/ 4/24 100/ 5/28 74/ 4/22
Carex heliofila - - - - - - - - - - = = 20/ 1/10 - - = - - - - - - 4/tr/ 1
Carex scirpoidea* - - = - - = - - - 33/ 3/16 S St - - - - - - - = 4/tx/ 2
Carex 1 caria* 75/ 4/38 100/ 3/18 75/ 2/12 66/ 2/22 40/ 2/10 100/ 6/36 50/ 1/ 100/ 2/12 74/ 2/19
Canthonia intermedia - - - = R o] s e - - - - - - - e - - - 331 1) 2 4/tr/tr
Festuca idahoensis* 100/ 8/64 100/ 7/38 75/ 6/37 100/ 3/22 40/tr/ 2 50/ 4/28 o, 66/ 8/31 74/ 5/30
Festuca scabrella* - - - 75/ 4/17 75/ 6/32 66/ 4/22 - - - 50/ 2/24 - - - 66/ 2/ 8 44/ 3/14
Helictotrichon hookeri** - - - - - = 25/tr/ 2 100/ 5/24 e s 100/ 8/44 - - = 66/ 3/ 8 33/ 2/ 8
Juncus bal - - = - == -l 33/ex/ 2 =S - - - = o e 4/tr/tr
Koelaria cristata* - - = 75/ 1/ 5 100/tr/12 33/tx/ 3 40/tr/ 5 50/ 4/22 = i (T 66/ 2/16 47/ 1/ 6
Poa pattersoni* - - - - - - - - - - - = 20/tx/ 2 e - - = - - - 4/tr/tr
Poa spp. i 25/tx/ 4 - - - D e - - - - - = et - - - 4/tr/tr
Stipa comata - - = 25/cx/ 2 - - = - - = - - = - - - 100/18/88 - - - 11/ 2/11
Stipa viridula =t e 25/ 1/ 6 SATls - - = 20/tr/ 1 o S e B 8/tr/ 1
Unknown Grass - = = - - = =i = - 33/ex/ 3 40/ 1/ 6 SR - === S 11/¢er/ 1
Total Graminoids* 100/20/98 100/29/97 100/27/99 100/21/98 100/20/'85H 100/28/98 100/25/98 100/28/96 100/22/96




Table 2. (continued)

ASSOCIATIONS
Juniperus- Pinus- Juniperus- Juniperus- Juniperus-
Potentilla- Juniperus- Juniperus- Potentilla- Juniperus- Juniperus- Rhus- Andropogon-

Taxa Festuca Agropyron Festuca Carex Calomovilfa Helictotrichon Stipa Festuca Totals
Forbs:
Achillea millefolium* 75/ 3/29 50/ 1/ 8 50/tx/ 2 66/ 2/ 4 20/tx/ 1 100/ 1/ 7 50/ 1/ 7 66/ 1/11 55/ 1/10
Alliwm cermaum i == b 66/tx/ 7 = 50/tr/ 4 - - - - - - A
Allium textile* 25/tx/ 6 75/ 1/25 75/ 1/26 33/exl] 2 20/tx/ 2 50/tr/15 = S 33/tr/11 40/tr/11
Anemone multifida* 50/ 2/16 25/tr/ 1 =S 100/ 3/18 20/ 1/ 5 - - = Sk 33/ 2/18 29/exr/ 7
Anemone patens** 75/ 5/41 25/er/ 2 25/tr/ 1 66/ 1/17 - - - 50/tx/ 2 = P 66/ 2/ 9 37/ 1/ 9
Antennaria rosea* 50/tx/ 7 75/ 1/11 100/ 1/21 66/tr/ 2 - - - 100/ 3/23 50/tr/ 1 66/tr/ 5 59/ 1/ 8
Arenaria congesta 25/ex/ 7 25/tr/ 1 25/tx/ 7 66/ 1/10 ) e =i =" i T 33/tx/ 2 22/¢tx/ 3
Arenaria hookeri 2 25/tx/ 9 25/tx/ 7 33/tx/ 3 S = TS e o - - = 11/tr/ 2

- - = - - = - - = - - - 20/tx/ 2 - - = 50/tx/ 2 - - - 8/tr/tr
Artemisia frigida* = P 100/ 2/20 100/ 4/33 100/ 2/25 60/ 1/ 7 100/ 1/11 100/ 1/10 100/ 4/28 78/ 2/15
Astragalus bisulgtus - - = - - - - - - 33/tx/ 2 - - - - - - ==t - - - 4/tr/ex
Astragalus eucogmus - - - 25/¢ex) 1 50/ 1/ 4 - - - 40/ 1/ 6 - - - o o= 33/tr/ 1 18/tr/ 2
Astragalus gilviflorus o s 50/tr/ 1 50/tr/ & - - - - 50/ 1/12 s e 33/tr/ 1 22/tx/ 2
Astragalus peetingtus - = = - - - - - - - - - - - = - - = 50/ 4/19 - - - 4/tx/ 2
Astragalus tenellus - - = - - = SR 33/tx/ 3 - = - - = - == - - - 4/tr/tr
Balsamorhiza saggitata* 25/ 1/ 5 25/¢tx/ 2 25/¢ex/-. 1 - - - 20/tx/ 2 - - - - - = 33/ 1/ &4 18/tr/ 2
Besseya wyomingensis* 75/ 4/27 25/tx/ 3 25/te/ 2 66/tr/ 2 20/tr/ 3 50/tr/ 8 50/ 3/15 100/ 1/17 4713/
Buplerum americanum* - - = 75/ 1/ 8 50/ 1/ 3 33/tr/ 1 - - - 100/tx/ 7 - e - - - 29/tx/ 3
Campanula rotundifolia* - - = e - - - 33/er/ 1 20/tx/ 1 - - = - - = 33/tx/ 17 11/tr/tr
Castellija sessiliflora - - - Wi - - - 33/tr/ 2 - - - 50/tx/ 2 - - - - - = 8/tr/tr
Cerastiwn arvense* 100/ 1/11 75/tr/11 100/ 1/21 100/tr/24 20/tx/ 3 50/tr/10 50/tx/ 1 66/tr/ 3 67/txr/ 3
Chrysopsis villosa - - 8 e 7 - - - - - = 20/tr/ 2 - - - - - - - - - 4/tr/tr
Cirsium undulatum M T e - - - e 20/tr/ 1 - - = B f - - - 4/tr/ex
Clematis pseudoalpina 25/ 1/ 4 - - = i i %, e - - = o T == 4/tr/tr
Lomandra unbellata* 75/ 2/16 50/tr/11 25/tr/ 3 33/tr/ 2 80/ 2/15 50/ 1/11 100/ 1/ 7 33/ 1/ 9 55/ 1/10

Y




Table 2. (continued)
B ASSOCIATIONS

Juniperus- Pinus- Juniperus-

Potentilla- Juniperus- Juniperus- Potentilla- Juniperus-
Taxa Festuca Agropyron Festuca Carex Calomovilfa Totals
Forbs: (continued)
Crepis occidentalis - - - R T s ¥ i N e 20/tr/ = = = - - - - 4/tr/tr
Cryptanthe interrupta - - - T 25/tr/ 2 S =i B e - - = T 4/tr/tr
Delphinium bicolor 50/txr/ 5 e - - - g SR - - - - - - - - - - = 8/tr/ 1
Dodecatheon conjugens 25/tx/ 3 A - - - 33/tx/ 1 = ~a= 1 - - = - 8/tr/tr
Echinaceae pallida - - = S T - - - - - - 40/tr/ A - - - - - - 8/tr/tr
Erigeron caespitosus - - - i e T - - - - = = - - = = e - - - 33/ex/ & 4/tr/er
Erigeron ochroleucus* - - - 75/tx/ 5 - - - 33/tr/ 1 20/tx/ 50/ 3/ 5 100/tx/ 3 - = = 29/tx] 2
Erigeron subtrinervis** 50/tr/10 75/ 1/11 100/ 1/20 66/tr/10 - - 100/ 1/ 9 50/ 1/12 S e TR s
Erigeron spp. 25/tr/ & . SN - - = - e - - - - - 50/tx/ 2 o e 11/tr/ 1
Eriogorum flavum - - = 25/tx/ 3 25/tx/ 2 - - = - - - - = - - - 33/ex/ 1 Alftx/ 1
Eriogorum wmbellatum - - - ot - - - - - - 20/tx/ - - - - - - - - - 4/er/ 1
Eriogonum spp. - - - 50/tx/ &4 25/tr/ 3 e i - - 50/tr/ 2 50/ 1/ 7 33/tr/ 1 22/er/ 2
Eritichum howardii 25/ 2/13 - - - - - = S - - - - - - - - - = = 4/er/ 2
Erystum asperum 25/tr/ 1 - - - - - - - - - - - - - = - - - - - - &fex/er
Frasera speciosa* 50/ 1/ 6 25/tr/ 1 - - - 33/ 1/ 9 - - - - - - - - 33/tr/ 1 18/tr/ 2
Fritileria pudica - - = 25/tr/ 1 - - - - - - - - Sl e - - - - - - 4/tr/tx
Gatillardia a tata* 50/ 1/12 25/¢xl 2 25/exf 1 100/ 1/12 20/tx/ 50/tz(. 5 - - - - - - 33/tx/ 4
Galium boreale* 75/ 3/36 75/ 7/29 25/tx/ 2 66/ 1/13 - - 100/tr/ 9 50/tr/ 2 100/tr/10 55/ 1/14
Geun triflorum* 25/ 1/ & 25/ 1/ 6 - - - 33/er/ 1 = 50/tx/ & 50/ 1/ 5 66/tr/ 4  25/tr/ 3
Grindelia squarrosa - = = - - = - - - - - - - - o 50/tx/ 2 - - - 5/tr/tr
Guterrhiza sarothrae - - = - - - - - - - - - 20/tr/ = Tag s - - - - - - 4/tr/tr
Kaplopappus armeroides - - 25/tr/ 1 - - - T - - - = = - - - - - - 4/er/er
Haplopappus nuttali - - - 25/tr/ 2 - - - 33/tx/15 - > = - - = - - - 8/tr/ 2
Haplopappus spinulosus - = 25/tr/ 2 - - - - - - - - - - = - - - - - - 4/tr/tr
Hedysarwm boreale - - = 25¢fte] L - - = - - - - - 50/tr/ 3 100/ 2/ 7 T 18/tr/ 4

1%




Table 2.

(continued)

ASSOCIATIONS
Juniperus- Pirus- Juniperus- Juniperus- Juniperus-
Potentilla- Juniperus- Juniperus- Potentilla- Juniperus- Juniperus- Rhus- Andropogon-

Taxa Festuca Agropyron Festuca Carex Calomovilfa Helietotrichon S Festuca Totals
Forbs: (continued)
Hedysarum sulfurescens* 25/ 2/15 = - - 66/ 1/11 = ~ = - S ket e 33/txf 3 8/tr/tr
Hymenoxus acaulis** R 75/ 1/14 100/ 2/ 33/ 2/ 3 20/tr/ 1 50/ 1/18 -- - - == 37/tx/ 17
Leucrocrirum montanum o o W - - - - = 33/tx/ 3 - - = T g Wi ) e 4/tr/tr
Ligtris punctata** ST - - - - - 66/tr/ 3 40/tr/ 1 - - = - - - - = = 11l/tz/ 1
Lirmwn peremne* 75/tx/ 2 75/tx/ &4 - - 331X 60/tr/ 2 50/tr/ 4 100/ 1/ 8 - = = 47/cx/ &

lerale R S Ny 25/tx/ 33/ex/ 3 - - - - - - - - = 33/ ex) 1"« Xk tr/tx
Lomatium cous* 75/ 1/16 100/tr/12 75/tr/ 66/tr/ 7 20/tr/ 1 100/tr/ 5 100/tr/ 5 33/tx/ 2 67/tx/ 7
Lomatiwm marcocarpum - - - 25/tx/ 1 25/tr/ - - - - - - - - - - - = 33/tr/ 1 11/er/ 1
Lotus purshianus - = = - - = - - - - - - - - - - - 100/ 3/25 - - - 8/tr/ 3
Lupinus sericeus SRS T - - 33/ 1/ 3 - - - 50/tr/ 2 - - - 33/tr/ 3 11/tr/ 1
Lupinus wytheii S 75/tx/ 6 - - - - - - - - - - - - - 33/tx/ 2 15/tx/ 1
Lupinus spp. - - - 25/tr/ 2 - - 33/tr/ 1 - - - - - = -l - i - 8/tr/tr
Mertensia viridis 25/tr/ 1 - - - - - - - - - - - - - = - - - =i 5 4/tr/tr
Monarda fistulosg 25/ 1/ 5 - - - - - - - - - - - - - - - - = - - - 4/ex/ 1
Musineon divaricatum* - - - 50/ 1/10 75/tx/ - - - 40/tr/ 3 - - - 50/tr/ 3 66/ 1/15 37/tx/ 5
Myosotis suylvatica 25/ 1/ 3 - - - - = - - - - - = e A S 4/tr/tr
Opuntia polycanthq - - - - - - - - - - - - - - - - = 50/tr/ 1 - - 4/tr/ex
Orthocarpus lute: 25/tr/ 1 ==~ A - - - =i = e i Rl =t 4/tr/tr
Orthocarpus tenufolia - - - 25/tx/ 2 - - =y - = = <y e e 4/tr/tr
Oxytropts besseyt - - - - - - - - - - - 40/ 1/16 el - e S el 8/tr/ .2
Oxytropis sericeus* 50/ 3/49 50/ 1/13 50/tr/ 100/ 1/48 - - - 100/ 1/15 50/tr/ 3 33/ex/ 2 47/ 1/14
Oxytropis viscidia - - - 25/tr/ 1 - = - - - - - = 50/tr/ 4 =l =en 4= 8/tr/ 2
Paroynchia sessiflora 25/tr/ 2 25/tx/ 4 - - 33/tr/ 1 - - - - - = e = =i 31fEES-L
Penstemon attenuates 251 % 7 o - = -~ - = L e B s 4/tr/ 1
Penstemon erianthus - = - 50/tx/ 2 - - - - = = Ao = S A L S 8/tr/tr
Penstemon nitidus o S LR o - a e 20/tr/ ) - - - - - S S 4/tr/er

73




Table 2. (continued)

ASSOCIATIONS
Juniperus- Pinus- Juniperus- Juniperus Juniperus-
Potentilla- Juniperus- Juniperus- Potentilla- Juniperus- Juniperus- Rhus- Andropogon-

Taxa Festuca Agropyron Festuca Carex Calomovilfa Helictotrichon Stipa Festuca Totals
Forbs: (continued)

Petalostemon candidum BALEE = e~ == o el a2 50/ 1/14 SR i 33/ex/ 3 8/tr/ 2
Petalostemon purpescens - - - - - - 25/tx/ 2 S - - - - - - A - - - 4/tr/er
Phlox alyssifolia* o e 100/ 4/26 i 100/ 5/32 20/tx/ 3 - - - 100/tx/ 5 33/ex/ 2 40/ 1/ 9
Phlox hoodii* i 50/tx/ 4 - - - 33/tr/ 4 <= = LR - - - —EL ey
Phlox kelseyi* 50/ 2/23 50/tr/ 6 100/ 3/26 33/ 6/26 40/tx/ 3 100/ 5/43 100/ 3/45 100/ 1/14 67/ 2/19
Phlox multiflora* 25/tx/ 1 75/ 1/14 e S A 33/tx/ 4 - - - - = = - - = - - - 29/tx/ &4
Polygala alba - - - - - - e - - - 20/ex/ 1 s o e i - - = 4/tr/tr
Polygorum bistordis 50/ 1/14 - - - S - - = - - = SO = = =iy - 8/tx/ 2
Potentilla gracilis 25/tr/ 1 - - - - - - - - - - - - 100/ 2/20 50/tr/ 2 33/tr/ 1 33/tx/ 2
Potentilla hippana** - - - 25/tr/ 1 75/tx/ 3 33/tr/ 1 - - o R = L - 4/tx/tr
Ranunculus glaberrimus - - = - - = e e 20/tr/ 1 O Ml = LR R 4/tr/cr
Saxifraga rhomboidea 25/tx/ 1 - - - o o - - - - - - T = Thi IS - - - 4/er/er
Sisyrinchium sarmentosum - = = - - = e 33/tx/ 2 - - - - - - - - - - - - 4/tr/tr
Sedum lanceolatum* +5/171-8 25/tx/ 2 - - = - e 50/tr/10 - - - - - = 18/tx/ 2
Senecio canus* 25/xxt- 2 25/tr/ 1 25/tr/ 2 33/tx/ 2 - - - 100/tr/ 2 - - - e 22/ex/ 2
Smilicia racemosa - - = AR g 33/tr/ 8 - - = - - - - - - i | Glecl 1
Solidago missourensis** - = = 25/ex/ 2 - - = el 20/tr/ 1 100/tx/ 7 50/ 1/14 66/tr/ 3 25/tr/ 2
Solidago occidentalis - - - i s el - - = 20/tr/ 1 i 50/tr/ 4 - - - 8/tr/ 1
Taraxicwn officinale* - - - ol A e 33/tx/ &4 - - - - = - - - - 4/tx/tr
Thermopsis rhombifolia** 25/tx/ 3 25/ 1/ 9 25/tr/ 1 33/tr/ 1 100/ 6/29 50/tr/ 2 50/ 2/11 66/ 7/58 47/ 2/13
Tragopogon dubiug - - - 25/er/ 1 SRl - - - - - - - - = - - - - - - 4/tr/ex
Vieia americana* 50/tx/ 2 75/tx/ 3 25/tr/ 2 66/tr/ 2 40/tx/ 5 - = = 100/ 2/13 33/tx/ 1 47/tr/ 3
Viola nuttalli e - - - - - - s S - - - 50/ 1/ 5 33/tr/ 2 8/tr/ 1
Yueca glauca** - - - - = = - - - - - - - - - =1~ 50/ 1/ 4 - - - 4/tr/tr
Zygodenus elegans** 100/ 7/47 - - = - - - 100/ 1/13 o Y e T - - - 33/tr/ 1 29/ 1/ 9
Zygodenus venosus* e L 50/tr/ 4 50/tr/ 6 100/ 1/20 20/tr/ 1 50/tr/ 2 100/ 1/ 5 66/ 1/15 47/tx/ 6
Total Forbs: 100/21/96 100/17/92 100/11/90 100/21/93 100/13/76 100/15/91 100/21/69 100/15/86 100/16/89

G




Table 2. (continued)
ASSOCIATIONS

Juniperus- Pinus- Juniperus- Juniperus- Juniperus-

Potentilla- Juniperus- Juniperus- Potentilla- Juniperus- Juniperus- Rhus- Andropogon-
Taxa Festuca Agropyron Festuca Carex Calomovilfa Helictotrichon Stipa Festuca Totals
Shrubs:
Apocymum cannabiwm* - - - 25/ 1/ 8 - - - - - - 20/tr/ 2 - - - - - - - - - 8/tx/ 2
Arctostayphlos uva-ursi* - - - = = e =1 it Rt - - = S 33/tx/ 1 4/tr/tx
Artemisia longifolia - - - - - = - - - - - - 20/tx/ 1 - - - - - - - - = 4/tr/tr
Artemisia tridentata ) - - - - = - - - - - = 20/ 1/ 5 - - = - - - - - = 4/er/ 1
Atriplex canescens SR - = = - - - - - = - - - 50/tx/ 3 " - - - 4/tr/er
Berberis repens 25/tr/ 1 - - = - - = - - = - - - - - = - - = - - = 4/tr/tr
Juniperus horizontalis* 100/32/75 100/30/74 100/26/57 100/35/56 100/30/45 100/27/47 100/35/50 100/47/61 100/32/57
Potentilla fruticosa* 751 7122 - - - - - = 66/ 2/17 - - - 100/ 4/28 - - - 66/ 1/ 7 291279
Prunus virginiana 25/tr/ 3 - - - - - = - - = - - = - - = - - = - - 4/tr/tr
Rhus irilobata** - - - - - - - - - - - - 20/er/ 1 - - - 100/ 4/12 - - -  11/tr/ 1
Ribes spp. = g = 25/tx/ 3 == - e = e S = = 4/tr/tr
Rosa acicularis* 25/tx/ 2 25/ 1/ 7 - - - 66/tr/ 2 20/tx/ 3 100/ 2/ 8 100/ 2/20 33/ 2/13 37/ 1/ 6
Rosa arkansana* 50/tx/ 2 - - - - - - - - - 40/ 1/ 17 - - - - - - - - - 15/txr/ 2
Symphoricarpos albus** 50/ 1/ 8 - = - - - - - - - - v - - - 50/ 7/37 - - = 8/ 1/ &4
Symphorisarpos occidentalis* - - - - - = - = - - - = - - - = - - - 33/tx/ 1 4/tx/tr
TOTAL SHRUB 100/39/82 100/31/86 100/30/73 100/27/52 100/31/61 100/30/72 100/35/59 100/50/80 100/35/74
TOTAL LICHEN 100/ 3/23 50/ 2/14 25/ 2/22 100/ 4/18 100/ 1/ 8 100/ 2/17 100/tr/ 2 100/tr/ 1 82/ 2/15
TOTAL Sede> 100/ 5/29 25/tx/ 1 75/11/29 66/ 6/26 100/tr/tr 100/ 7/25 100/tr/tr 100/ 4/11 82/ 4/15
TOTAL BAREGROUND ** 100/10/81 100/16/90 100/ 9/79 100/13/44 100/31/84% 100/13/83 100/34/81+ 100/ 6/52 100/16/76
TOTAL ROCK ** 100/ 9/49 100/18/69 100/22/88’ 100/ 3/21 100/18/62 100/21/79 100/ 2/15 100/ 9/42 100/14/57
TOTAL LITTER 100/13/95 100/26/98 100/18/96 100/29/97 100/17/94 100/24/97 100/21/99 100/26/96 100/21/96

* = gpecie involved in statistical analysis.

** = gtatistical difference of canopy coverage and frequency between the

+ = statistical difference of canopy coverage between the 8 associations
++ = statistical difference of canopy coverage and frequency between the

8 associations at P=.05.
at P=.01.
8 associations at P=.0l.

# = statistical difference of frequency between the 8 associations at P=.0l.
constancy (percent occurrence among sites)/canopy coverage (percent of area covered)/ frequency (percent occurrency among plots).

2tr. = trace; canopy coverage less than 0.5 percent.
3sede = seleginella densa.

9%
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coniferous littér together covered 21 percent of the area and except
- for grass cover, was the most frequently encountered ground cover.

.Graminoids covergd 67'percent as much surface area as jﬁpiper
with a mean 22 percent éanopy coverage. Forb cover was locally high
but overall averaged only 16 percent. Aside from creepiné juniper,
total shrub cover accounted for 3 percent of the total canopy coverage.
In addition to the other live planfs, club moss (SeZagineZZa densa) and
lichen represented 6 percent of the .surface cover. Althdugh -club moss
had an overall cover value of 2 percent, in one as;dciatioﬁ,’Pinus-
Juniperus—Festuca, the value was 11 pércent as,a-résuit*éf a higﬁ
canopy cover recorded at site 8. 1In this site, northwest of Choteau,
club mosé occurred in 93 pefcent of the plots and covered 42 percent
of the:aréa.

Cover classes and the frequency of occurrence of individual plant
species varied within aqd between the eight associations (Table 2). As'
noted.previouslf, barg gréund and stone averaged 30 perCen£ of tﬁe sur-
face covere&. Values ranged from 15 percent in fhe‘Juniperus-
Andropogonerstuca assSciatién to 49 percent in the Juniperus-
CaZamoviZfblassociatiqp. The low value in the former aSSOCiatidn.was
a result of the high‘shrub canopy cover, whereas the high-value in the
latter association:may have been a result of the reiatively high surface
erosion. The’bare ground cover was significantly higher (P=;05) in the

Juniperus-Calamovilfa (31%) and the JUniperus-Rhus-Stipa_(34%)
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associations than in the other associationms.

Litter cover ranged from 13 percent in the Juniperus-Potentilla-
Féstuca association to 29 percent in the Juniperus-Potentilla-Carex
association with an average of 21 percent. No significant difference
in the canoéy coverage or the frequency of occurrence of litter between
the eight associations was noted.

Of,the.24 species of graminoids encountered, 8 had an overali
canopy coverage of more than 1 percent (Iable 2). The most important
grass was Idaho fescue occurring in 74 pércent of the sites; canopy
coverage (C) 5 peréent, frequency (E) 30 percent. Its impdrtance
ranged from its low in the Jumiperus-Calamovilfa association (C < 0.5%,
F = 28%) to its highest values in the Juniperus-PotentiZZa-Féstuca
association (C = 8%, F = 64%). Threadleaf sedge was second in overall
importance (C = 4%, F = 22%); occurring’ at 74 percent of the sites.
Its importance ranged from low values in the Juniperus-Potentilla-
Carex association (C < 0.5%,.F‘= 1%) to highesf in the Juniperys—
Helictotrichon (C = 6%, F = 30%) and Juniperus-Agropyron (C = 5%, 2
F = 312) associations. Other graminoids of importance included blue-
bunch wheatgrass, inflated sedge, rough fescue, spike oat, needle and
thread grass and prairie junegrass.
| Most associations contained several grasses in approximately
equal proportions Witﬁ no single species dominating the others. How-

ever, four exceptions were noted. Needle and thread grass was the most

As
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important grass within the Juniperus-Rhus-Stipa association (C = 18%,
F ; 88%), with a significantly higher cover aﬁd more frequent occur-
rence than in any'ogher association (P=.05). The occurrence of this
species may be inversely related to that of Idaho fescue as these
species did not occﬁr in the same locations. Spike oat was signifi-~
cantly more frequent and had ;.higher canopy coverage in the Juniperus-
. Helictotrichon and Jumiperus-Potentilla-Carex association than in the
other six associations (P=.05). Blue grama (Bouteloua gracilis) and
smooth brome (Bromﬁs inermis) occured more frequently with a higher
canopy cover in the Juniperus-Rhus-Stipa and Juniperus;PotentiZZa—-
Carex associations respecfivel& (P=.05).

Total grass occurrence and canopy coverage in the juniperus—
Calamovilfa associafiop (C=20%, F = 85%) was significantly less than
the other associatiqns (P=.05).

The three sites, which did not clqster in the ordination (4, 21,
and 235, cqntained'tétal grass cover similar to the eight:assbciationé
with the exception of Né. 23 (C = 32%, F = 100%). The higher grass
cover may havetbeeﬁ a result of no grazing by liveétbck éor at least
20 years. |

The number of forb species recorded per site varied from.l to 34
(Table 2). Améng forbs, Kelsey phlox, fringed sagewort and prairie
thermopsis were most impottanf, (C = 2, 2,'2%, and F =‘l9,'15, 13%

respectively). Friﬁged sagewort was the most widespread forb occurring
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in 78 pefcent of the sites. Other important forbs included common
yarrow, pale bastard toad flax, three-veined fleabane (Erigeron
subtrinervis), kitténtail and alyssum—-leafed phlox. Although contrib-
uting little to the total canopy cover, mountain 1omatiﬁm (Lomatium
cous) and field chick weed (Cerastium arvense) were widespread,
oécurring in 67 percent of the sites.

"Forb cover appeared to be unevenly distributed within each associa-
tion. Several dominant forbs provided most of the cover, while the
remainder was comprised of around 30 Species of low indi&idual impor-
tanée. Additionally, the importance of several species was'variable
between the associations. The cover and frequency of pasqueflower
varied significantly (P=,05) among the eight associations; it éccurred
mainly in the Jumniperus-Potentilla~Festuca (C = 5%, F = ﬁl%) and
Juniperus-Andropogon-Festuca (C = 2%, F = 90%) associatiomns. Death
camas and Arizona hymenoxys were most important in the Juniperus-
EbtentiZZa—Festuéa (C=17%, F=47%) and’Pinus;JuniperuérFestuca (C =
2%, F = 20%) asgociations respectively (P=.05). Prairié thermopsis,
Missouri goldenrod (Solidago missourensis), horse cinquefoil (Potentilld
hippiana) and three-veined fleébane were other forbs whose impbrtépce
varied statistically among the -eight associations (P=.05). No differ--
ence in general forb cover between the eight associations.and the ‘three
unélustered‘sites (4} 21 and 23) were noted. Site 21 had a relatively

high forb complex similar to the Juniperus;PbtentiZZa-Festucaéssociation.
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Total shrub importance ranged from a low iﬁ the Juniperus—
PbtentiZZa-Cdrex associétion (C =27%, F = 50%) to é.high in the
P%ﬁﬁs—Juniperus—Festuqa association (C = 50%, F = 80%). Overall
shrub canopy coverage and frequency of dccurrénce'did not vary signif-
icantly among the eight associatioms. Howevér, three shrubs, common
snowberry, shrubby cinquefoil and skunkbush sumac individually shéwed_
~a variation between associatioﬁs (B=.05). Both snowberry (C = 7%,
F = 37%) and skunkbush  sumac (C = 4%, F = 12%) were statistically
more important in the Juniperus—ﬁhﬁs—Stipa association than in the
other seven assdciations_(P=.05). Shrubby cinquefoil varied signif-
icantly between the eight associations occurring most abundantly in
the Juniperus-Potentilla~Festueca (C = 7%, F = 27%), Junipérus—
Helictotrichon:(c = 4%, F = 28%). and Jyniperus—PotentiZZaQCarex
associations (P=.05). - ’

Creeping juniper was by far the most important shrub as well as
* the most important‘épecies (C = 32%,'F = 57%). Coverage estimates
.ranged from 26 pefcent in the Pinus-Juniperus-Festuca association to
‘47 percent in the Juniperus—Androéogon—Feétuaa associationﬂ. At site
27 within the latter association, creeping juniper covered 83 ﬁercent
of the area demonstfating the high degree of community domiﬁance
attainable by this shrub. A common associate and the second most
important shrub was shrubby cinquefoil (C=2%, ¥ = 9%) occurring at

29 percent of the sites and 50 percent of the associations. Other
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important shrubs included prickly rose (C = 1%, F = 6%) and common
snowberry (C = 1%, F = 4%). |

Shrubs encountered but not sampled were Roéky Mountain juniper,.
silver buffalo berry (Shepherdia argentea) and common juniper.

'Of the three unclustered sites, No. 21 was the only one to show
any peculiar shrub characteristics. The total shrub cover was near
64 percent, mainly as a result of creeping juniper (C = 637, F = 80%).

Both canopy coverage and:frequency of creeping juniper were nega-—
tively and highly correlated with the southern azimuths (C, r = -.53;
F, r = -.59). Generally those associations with the most creeping’

juniper had a north to northwest exposure. The slope gradient had

little direct effect on the presence of juniper. It occurred on slopes

‘ranging from 5 to 42 percent, although 67 percent of the sites were on

slopes greater than 20 percent. In areas where slope was apparently a
major factor as to the establishment of vegetation and/or pfoviding a
mesic environment, it may have indirectly limited the occurrence‘of‘
creeping‘junipef. Although possibly not a major influeﬁce, elevation
was negatively correlated with canopy coverage of juniper (r = —.37).
Maximum cover'vaiues were attained in areas between 1300 meters (4000
ft) and 1500 meters (SOOO.ft). in areas less than 13QO meters or
greater than 1500 meters percent of ground covered was con;ideraﬁly
less. |

Typically, creeping juniper sites lacked a definite tree overstory.
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Only limber pine, ponderosa pine and Douglas fir were identified as
being.associates of creeping juniper within the eight associations
(Table 3). Although deciduous trees were encountered within several
“hundred meters of several study sites, they invaribly weré associated
with a different community. At one supplemental 1ocation_(Sité 24)
high in the mountains south of Big Timber, whitebark pine (Pinus
albicaulis) and lodgepole pine (Pinus contorta) were also encounfered.
Total tree densities ranged from zero in the Jumiperus-Rhus-Stipa

association to 159 plants/ha in the Juniperus-Helictotrichon associa-
tion with canopy éoverége estimates varying‘from less than 0.5 percent
in the Juniperus-Rhus-Stipa and Juniperus-Agropyfon associations to’

24 percent in the Pinus-Juniperus-Festuca association.

:

Limber ping, the major tree associate, occurred at 482 of the
study sites with an overall mean canopy coverage of 47 'and density of
43 plants/ha. This species was also the most important tree am&ng_the
eight associations; ranging from less than’O;SZ coverage in the
Juniperus-Agropyron and Juniperus-Rhus-Sti?a associations to 18 percent
in the Pinus-Juniperus-Festuca association and, from 0 to 158 plants/ha.
Although: the canopy coverage of trees was higher in the Pinus-Juniperus-
Festuca association than in the Juﬁiperus;ﬂelictotrichon association,
the tree density was about one half. This may indicate the difference
in age structure of limber pines betwgen.these two associations. The

other two tree species were ponderosa pine, which occurred only in the
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Table 3. Constancy, canopy coverage, and density of three trees on
each of the eight creeping juniper associations.
TAXA Total
Pinus Pinus Pseudotsuga Total Tree Cover
Associations flexilus ponderosa menziesii Trees/ha (pércent)
Juniperus-
Potentilla-
Festuca 25/ 1/ 141~ - -~ 25/tr/ 1. 15 1
Juniperus- ‘
Agropyron 50/tx/ 9 - - - - - - 9 tr?
Pinus
Juniperus
Festuca - 75/18/ 73 - - = 25/ 6/12 85 24
Juniperus
Potentilla ~
Carex 66/ 3/ 3% - - - - - - 34 3
Juniperus :
Calamovilfa 20/ 1/ 41 20/20/32 - - - 71 21
Juniperus
Helicto-
trichon 100/ 4/158 - - - 50/tr/ 1 159 5
Juniperus-
Rhus-
Stipa - - = - = = - - - - -
Juniperus-
Andropogon- .
Festuca 66/ 1/ 13 - - -~ 33/tr/ 2’ 15 1
TOTAL 48/ 4/ 43  4/tr/ 4 15/ 1/ 2 49 5

1Constancy (percent occurrence among sites)/perc

density per Ha.

29¢, =

canopy coverage less than 0.5%.

ent canopy coverage/
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Juniperus-Calamovilfa association in central and eastern ‘Montana, and
Douglas fir, whiéh occurred in several associations at low densities.
. Edaphic Characteristics and Relationships

Soils.associated with creeping juniper stands appeared to be
poo?ly developed, ahd were often characterized by thin topsoils, large
quantities of stome, and exposed rock parent material. Also, because
of their moderately steep slopes, relative opemmess, and sparse vege-
tation, some degree of erosion was typical on most sites. Analyses
of soil samples from study sites (Table 4, Appendix Tgble 17) further
indicated that soils tended tb ge clay loam in texture, slightly basic,
low to medium in organic matter content, vefy low in ﬁhosphorus,
medium to high' in potassium, gnd low in salt.

Average apparent'soil,debth (to parent materiél) was approximately -
16 cm, with a range from 9 cm to 33 cm for 51 sites (Appendix Table 17).
A majority (73%) of the sites had soil less than 20 cm deep.. Soil
depth differed significantly between the eight associations (P=.05).
Deepest séils kave. 25.3 cm) supported the Juniperus-Rhus-Stipa associ-
ation. - Among individual plant species tested, soil depth was positiveiy
correlated with frequency of occurrence and coverage of purple reedgrass
(_CaZamoviZfa purpéscens) (r = .52 and.r‘ = ,52; respectively). anq'Ho'od's
phlox (Fhlox hoodii) (r = .54 and r = .53) and the frequéncyhof pasque
flower (4dmnemone patens) (r = .51). :A‘negative reiationship between soil

depth and coverage of limber pine (r = -.54) was noted.




Table 4. Edaphic characteristics of creeping juniper associations including pH, organic matter
' content, texture, salt hazard, soil depth, erosion, and five important elements.

Stipa

Organic Phos- Potas- Magne- Sod- Cal- Salt Soil  Surface

Matter Tex— phorus sium sium ium cium Hazard Depth Erosion
Associations pH Percent turel ppm ppm meq-3 meq  meq mmhos® cm Percent
Juniperus- 7.3 6.5(H) SilL  23(VL) 373(H) 2.5 0.05 30.0 0.95 12.9 3.0
Potentilla-
Festuca
Juniperus- 7.4 4.2(M) L~ 19(vi) 198(M) 1.7% 0.03 22.6 1.2 13.7 12.0
Agropyron '
Pinus- 7.1 4.9 CL 17(VL) 251(H) 1.8 0.05 24.6 0.83 10.8 12.0
" Juniperus- "
Festuca <
Juniperus- 7.4 6.2(H) Sil.  14(VL) 375(H) 3.6 0.13 29.6 1.4 17.4 3.0
Potentilla- ' - :
Carex
Juniperus- 6.8 2.7(L) CL  23(VL) 230(M) 3.1 0.13 28.0 0.58 21.1 43.0+
Calamovilfa
Juniperus- 7.0 4.1(M) SCL 8(VL) 262(H) 4.4 0.10 22.2 0.45 15.6 9.0
Helictotrichon .

‘ : +

Juniperus- 7.5 2.8(L) C 17(VL) 246(M) 2.4 0.10 70.0 3.4%% 25.,3%* 15,0
Rhus~ : '

T 11




Table 4 (Continued).

Organic Phos—- Potas- Magne= Sod- Cal-~ - Salt Soil Surface

. Matter Tex— phorus sium sium ium cium Hazard Depth Erosion
Associations pH Percent turel ppm2 Ppm meq meq meq mmhos? cm Percent
Juniperus- 7.5 5.2(M) CL 12(VL) 344(H) 5.2  0.03 27.5 0.87 16.8 3.0
Andropogon- :
Festuca
Average 7.2 4.6(M) CL. 18(VL) 280(w) 2.9 0.08 29.5 1.1 15.9 12.5
site 45 7.6 2.7(L) LS 18(VL) 7i(VL) 1.2  Tr.° 11.2 0.7 17.9  15.0
Site 21 7.3 6.8(H) L. 21(VL) 399(H) 3.0 Tr. 34.0 1.7 17.5 3.0
Site 23 8.0 3.8(L) CL 9(VL) - 312(H) 1.9 Tr.- 21.0 0.9 20.8 15.0
1 SiLQSiitloam; L=Loam; CL=Clayloam; SCL=Sandyclay loam; C=Clay; LS=Loamy Sand.
2 ppm=pounds/one million pounds of soil.
3 meq=Millequivalents/100 grams of soil.
& mmhos=millimhos  Imho=1/Ohm.
5

Ratings from Montana Soils Testing Laboratory Report, ST-Form 2; VL=Very Low; L=Low; M=
Medium; H=High. Tr.=Trace; value less than 0.1%.

6 : .

Individual sites; not clustered.

* and T mean . significant difference at P=.05 and .001, respectively.

*#*=S1lightly salty.

LS

™

¥ 0y M L1
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The prppértion of soil surface eroded.averaged 15 percent, but‘varj
ied from 3 percent to over 60 percent at five sites. Seven sites (14%)
showed 38 percent surface erosion, while the remaining 39 were judged
to be 15 percent or less eroded. The eight associations differed
significantly in surface erosion (P=.001). The Juniperus-Calimovilfa
association occurred on more heavily eroded sites (ave. 43%). The
‘other associations averaged only eight percent erosion. The frequency.
and/or coveragé of four plant species appeared to be negatively

correlated with soil erosion. These included frequency and coverage

of rough fescue (r = -.54 and -.57, respectively), field chickweed
(r = -.57 and r = -.66) and flowery phlox (r = —.64 and r = -.51), and
frequency of Idaho fescue (r = ~.49). Creeping juniper with its

ability to root aloné its branches and form large mats may be able to
tolerate thg high soil surface erosion.

Clay loams, loams, silt loams, clays, sandy'clay loams, sandy
loams, sandy clays, siit clays and ioamy sands comprised 31, 18, 14,
12, 10, 8, 4, and 2 percent of the sites respectively. The a@erage of
all sites was a clay loam (35% silt, 34% clay and 357% saﬁd). The
finest textured of these soils may impose difficulty for some plants'
to become establisheq (Russeli 1973); creeping juniper with its shallow
root system has apparently been able to cope with the soilg;

Soil pH values ranged from strongly acid (4.4) to moderately

alkaline (8.5) among the 51 sites. The overall average was 7.39 or'a
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slightly-alkaline condition. A pH value such as this provides an
environment iq which most of thé common elements are availablé. The
eight associations were not signifiéantly different, with all ranging
near 7.2. The Juniperus-Calamovilfa association was an exception with
a pH of 6.8, Positive correlations between soil pH and the frequency
a1.r1d coverage of western snowberry (Symphoricarpos oceidentalis) (f =
.59), frequency of flowery phlox (r = .49) and the coverage of field
chickweed‘(r = ,51) were noted. A single negative corre1a£ion between
pH and the frequency and coveragé of prairie rose (r = -.62 and -.59,
respectively) was also moted. .

The organic matter cbntent of a soil influences such physical and
chemical properties as cation-exchange capacity, soil stability and
nutrient supply and availability. (Buckman and Brady 1969). - Twelve sites
(24%) were considered very low, 15 (29%) low, 10 (20%) moderage and 14 -
(27%) high. Average overéll organic matter content was 4.1 percént
(high) with a range from 0.8 to 7;4 percent., The areas of highest
organic matter.content were those having a relatively large percent of
the ground covered by forbs and. grasses. The converse was true-at sites
with low soil organic matter. The organic matter content'iﬁ the eight
- associations, which ranged from 2.7 percent (léw) in the Junipefus—
Calamovilfa association to 6.5 percent (high) in the Juniperus-
Potentilla-Festuca association, did not differ significantly. Only

two associations were rated low, the others were either medium (4) or
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high (2). Plant species positively correlated with organic matter
content included frequency.and cover of Hoéd's phlox (r = .59 and
r =..74, respectively), and cover of Idaho fescue (r = .61) and textile
onion (Allium textile) (r = .63). Frequency of flowery phlox (r =
-.51) and coverage of Arizona hymenoxys (r = -.53) were negatively
correlated with organic matter.

Phosphorus is a critical element in the growth of plants influ-
encing the processes of reproduction, development and the intake of
the other important elements (Buckman and'Brady 1969). Thgee.siteé
(6%) were rated low (45.0, 49.0 and 43.0 ppm), 1 (2%) was high (103.0
ppm) and the rest, 47 (92%), were very low. (less than 30.0 ppm) in
thié element. .The site near Lincoln, west of the Continental Divide,
was found to be very high in comparison to all others, wifh a value of
103.0 ppm. The mean value for all sites was 15.6 ppm (very low); ex-
cluding the site near Linceln, it drops to 13.5 ppm. In either case, the
Lincoln value was approximately séven times greater than the average
for the other sites. A combination of precipitationm, lbcation under
conifers and relatively low levels of calcium méy have attributed to
this condition (Buckman and Brady 1969). Significant differences were

. "
not detected between the eight associations where the average was 16.6
ppm and the range was from 8 ppm (very low) imn the Juniperug-

Helictotrichon association to 23 ppm (very low) in the Juniperus-

Calamovilfa and Juniperus-Potentilla-Festuca associations. Positive
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correlations between phosphorus and plant paramete%é included coverage'
of western wheatgrass (f = .63) and field chickweed (r = f62), fre-
éuency of-flowefy phlox (r = .53) and freqﬁency and coverfof arrow-—
leaf balsamroot (Balsamorhiza saggitata) (r = .64 and .66, respectively).
Potassium is an element essential to the photosynthetic process and
transportation of its products (Russell and Russell1974). Additionally,

it is important in the synthesis of amino acids and proteins. Twenty-

one sites (417%) were found to have high levels%24 (477%) medium, 4 (8%) low

and 2 (4%) very low. The content of samples va?ied from 69.0 ppm (very
low) to 580.0 ppm (high), with a mean of 260.1 ppm (high). The eight
associations were not statistically different at the .05 level. Potas—
sium content varied from 198 ppm (medium) in the Juniperus-Agropyron
association to 375 ppm (high).in the Juﬂiperus-PoteﬁtiZZa—Festuca asso—
ciation with a mean of 284.9 ppm (high). This element was positively
correlatéd With more plént species than any other soil factor. Positive
correlations between potassium and plant occurrence included frequency

and cover of mountain lomatium (r = .53 and .51, respectively), Kelsey

phlox (r = .51 and .60, respectively), pasque flower (r = .50 and .51),

blue flax (Linum peremne) (r = .57 and .55), common yarrow (r = .73 and
.55), common dandelion (Taraxicum officinale) (r = .59 and .59), and
blanket flower (Gaillardia aristata) (r = .55 and .49), freqﬁency of‘
northern bedstraw (r = .51), and coverage of meadow death camas (r = .55)

and spotted frasera (Frasera speciosa) (r = .67). Frequency and
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coverage of inflated sedge (r = -.57 and -.58) and three-veined fleabane
(r = -.51 and -.51), and frequency of flowery phlox (r = -.55) were
negatively correlated with this element. i

© Calcium is esséntial for growth of meristems and particﬁlarly for the
proper gr&wth and function of root tips (Russell and Ruése111974). Calcium
contents of samples from the 51 sites varied between 9.6 and 98.0 meq/
100 grams of soil with a mean of 29.3 meq/100 grams‘of soil. Tﬁe eight
associations ranged from 22.2 meq for the Juniperus-Helictotrichon
association to 70.0 meq in the Juniperus-Rhus-Stipa association with
-an average. of 31.9 meq. One association, Juniperus-Rhus-Stipa, differed
significantly (P=.001) from the other seven. This aésociation had a
calcium level of approximately 2% times fhe others 'and may have account-
ed‘fo£ the relatively high average height of creeping.juniper (ave. =
9.6 cm). Positive correlations of plant performéqce with calcium levels
includea cover of inflated sedge (r = .53) and frequency of éale bastard
toad flax (r = .54). Frequenéy and cover of fiowefy phlox (r = ~.66 and
~.65, respectively) and frequéncy of mountain lomatium (r = -.53) were
negatively porrelated with caléium content.

Magnesium is a necessary element as a constituent of chlorophyll
(Russell and Russell 1974); Overall, tﬁe'element ranged from 0.7 to 7.3 meq
‘with a mean of 2,8 meq. Variatioq within the eight‘associ‘ations was from ;L.-7
meq in the Juniperus-Agropyron association to 5.2 meq in the Juniperus-

Andropogon-Festuea association.  The average content was 30.9 meq. The
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Juniperus-Agropyron association soil possessed significantly lower
levels of magnesium (1.7 meq) from the other seven associations. Plént
species positively correlated with this elemenf comprised frequeﬁcy and
cover of infléted sedge (r = .49 and .54, respectively), kinnikinik
(Arctostayphlos uva-ursi) (r = .58 and .58), Japanese bromé (Bromus
Japonicus) (r = .58 and .58), pale bastard toadflax (r = .61 and .54),
and frequency of leafy musineon (Musineon divaricatum) (r = .49). Nega-
tive correlations included frequeﬁcy and cover of mountain lomatium (r =
-.77 and -.53, respectively), flowery phlox (r = -.56 and -.54), and
cover of Arizona hymenoxys (; = -,54),

Sodium levels at all sites were less than 0.40 meq with the average
at less than 0.1 meq. Within the eight associations it ranged frem 0.03
to 0.13 meq and an average of 0.08. No significant difference was noted.
A majority 6f the correlations with plant species were negative. These
included frequency and cover of common yarrow (r ;‘—.68 and -.54,
reséectively), common dandelion (r = -.51 and -.51), cover of spotted
frasera (r = -.63), and frequency of blue flax (r = —.49). The only
positive qorrelation was frequency of western wheatgrass (r = .65).

Generally the salt concentration at all sites was low enough to have
little effect.on vegetation. Only two sites (Nos. 14 and 32) gave any
indication of saltiness. Only the Juniperus’-Rhus—Sfipa association
showed signs of saltiness and this was due to site 14. TFrequency and

cover of blue grama (r = .75 and r = .75), soapwell (Yucca glauca)
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(r = .75 and .75), flowery phlox (r = .65 and .68) and cover of skunk-
bush sumac‘(r = .50) were positively correlated with salt hazard.
Negative relationships included frequency and cover of prairienfose
(r = -.53 and -.50) and inflated sedge (r = —.54).

No significant difference was noted in. comparing six soil factors
of samples taken from under creeping juniper shrubs with those between
shrubs (Table 5). This appears to indicate that creéping junipér shrubs
do not modify the soil in their immediate vicinit?. A slightly higher
organic matter content was notgd under the planfs, buf not enough to be

of any importance. ‘

Table 5. Comparison of six soil factors from samples taken under and
between creeping juniper shrubs.

-Salt Organic

Location pH Phosphorus  Potassium  Hazard Sodium Matter
ppm ppm - mmhos ‘meqg/100gm percent
under 7.18 21.1 380.1 1.2 .09 - 5.8
between 7.20 . 19.1 351.3 1.1 06 . 5.0
t-valuel .06 .43 .51 .64 .75 1.3

lt—value from tablie in Dixon and Massey;~l969,'is‘2.l for P=,05.

The three sites (4, 21 and 23) which did not "fit" into any associ-
ation had soil characteristics generally comparable tb those of the

eight associations with the following exceptions; site 4 had lower

levels of magnesium, calcium and potassium possibly contributing to
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poor plant.conditions; and site 21 had relativeiy.high organic matter
probably céused by high creeping juniper ground cover (63%).
‘Growth Characteristics and Relationshipé
Growth Form !

Creeping~juniper typically occurred as a very low shrub, in dense
mats less than one dm tall, growing horizontally or "creeping" aiong‘the
ground. Occasiénally, taller or small, bush-shaped plants occurred
where browsing on peripheral bganches reduced spreading or where disease
caused abnormal growth. 1In some areas or stands, with historiés of
heavy use by deer, mats were often broken up, and individual plants
were impossible to differentiate.

Mats consisted of a central section and peripheral, spreading
branches or leaders on which most of the plant growth occurs. Little
if any net growth appeared to occur within the ceﬁtral mat. Excavations
showed that this central portion has a major root system consisting of
several major and numerous minor roots. As the shrub enlarges, roots
sprout along the peripheral branches'anchoring them fo thg ground.
Rooting generally started 10-20 cm from the tips of leaders. ~Depths
of major roots of excavated plants ranged froﬁ 13.0 to 35.0 cm, Qith
a mean of 22.4 * 1.3 cm.

On relatively flat sites, plants appeared to groﬁ iaterallf‘in all
direcéions;»on éteeper slopes{ lateral enlargement occur?ed maiply on

the downhill side of the plant.  As a rule, growing leaders adhered to
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the ground, only rérely extending their tips off the ground, such
that the low plant profile was maintained.

Anmnual growth occurred both laterally and terminally on indivi-
dual branches or leaders less than 4-5 years old; and most new twigs
and leaves originated from one and two-year-old stemé. However, some
new leaves and twigs were also noted to oécur on older poftionsléf the
plant. Current annual growth of creeping juniper is essentially’ |
impossible to differentiate from previous years' growth by visual
examination; though close inspection of known-age materials showed
several possible distinguishing.features. Current year's gréﬁth on
twigs was bright green, with shért, awl-like leaves closely appressed
to the stem, and with very short interaxial leaf spaces.. Second year
growth generally also had bright green 1e;ves, but they were less
appressed to the'stem and interspaces were approximately 5—10'£imes
longer than on new growth. AfterAthe first two years, the flaring
of leaves and interspaces remained uniform and similar to the.gecond
year grdwth, though the leaves turned a reddish brown and appeared
to be dying.

When annual-growth'ﬁas nearly complete, both staminate and pistil-
iate "flowers"‘developea from the tips of lateral and terminal twigs

located both within the plant and peripherally. The flowers occurred

on both first and second year twigs.

The height of creeping juniper plants varied significantly (P=.005) -

y
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between sites occupied by the eight éssociations in which this species
occurred (Table 6). Mean plant heighté ranged from 4.8 cm in the
Juniperus-Potentilla-Festuca association to 9.6 cm in the Juniperus-
Rhus-Stipa association. The overall mean plant height was 6.4 cm
for all associations. Plants were significantly taller (P=.05) in the
Juniperus Calamovilfa (8.5 cm) and Juniperus-Rhus-Stipa associations
than in other'asséciatiqns, while plants in the Junipérus-PotentiZZa— '
Festuca association Were-éignificantly shorter (P=.05) than in the
others. The two associations having the tallest juniper plants occupied
sites which were'fairly dry, at relatively low elevation, and had
relatively low grass and forb coverage; whereas the sites occupied by
Juniperus-Potentilla-Festuca were quite mesic, at high elevationé, and
had high grass—-forb coverage.

Heights of creeping juniper ‘plants appeared to be higﬁly influenced

'by weather or climatic factors, little influenced by topo—geographic

factors, and‘not influencéd by soil factors. Among weather factors,
maximum and average annual temperatures for 1976, and mean aﬁnuai
precipitation were postivély correlated with height (r = .55, .74, .51,
respectively). Minimum 1976 temperatures and normal annual témperatures
were negatively correlated (r = -.57 and -.63, respectiveiy). Overall,

weather factors were highly correlated (r = .76) with plant heights.

~Although the effects of individual weather factors were difficult to

separate within this correlation, it generally appeared that
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Table 6. Height, decadence, biomass, and lateral and terminal growth
of shrubs in the eight creeping juniper associations east of
the Continental Divide.

Biomass
Mean . ‘ -
Crown Standing Lateral Terminal
.Associations Height Decadence Areal Crop? Growth  Growth
(cm) (pefcent) (lbs/ft2?) (1lbs/acre) (mm)3 (mm)

Juniperus-~ 4,8% 3.3 .027 386.1 8.7 30.8
Potentilla- - .
Festuca

Juniperus- - 5.7 5.8 .032 416.0 7.2 - 30.7
Agropyron ‘
Pinus- - . 5.9 3.3 ©.036 436.2 . 6.5 17.8
Juniperus- ' ‘

Festuca

Juniperus- 5.3 4.0 . 026 417.9 12.4 69.6
Potentilla- '

Carex

Juniperus- 8.5% 1.4 .032 376.7  11.7  46.0
Calamovilfa _

Juniperus- 5.4 1.5 .031 354.9 6.2 21.3
Helictotrichon

Juniperus- 9.6% 5.0 .038 548.6  11.5 36.9
Rhus-

Stipa .

Juniperus- 6.2 8.3 .029 589.2 . 7.9  19.8
Andropogon- ' ' ‘ ' o

Festuca

Total 6.5 3.1 .031 444.9 9.0 34.5
Site 23 6.6 2.0 .039 290.5  13.7 . 57.9
Site 21 9.9 4,0 .035 908.2. 5.5 - 21.1
Site 4 4,3 3.0 .038 485.2 4,0 9.3
*=gtatistical difference between associations at P=.05

lpounds of creeping juniper per foot2 of creeping juniper crown area
2pounds of creeping juniper per acre of total vegetation '

3

growth during 1977 growing season
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temperature and precipitation had greatest influence on the height of
creeping juniper plants throughout its range in Montana, oﬁershadowing
the effects of other factors.sﬁch as length of the growing seasoﬁ which
showed no significant corpelation with ﬂeight. Elevation was the only
topo-geographic factor which appeared to be correlated with plant
height (r = ;q65), with plants ét lower elevations tending to have a
higher mean stature. Among edaphic‘factors, neither the-pH, organié
matter content, various mineral contents, nor texture of soils at study
sites were correlated with the height of juniper plaﬁtsf

iThe proportion of dead crown was relatively low among creeping
juniper plants on all study areas. The mean ranged from 1.4 percent in
the Juniperus-Calamovilfa association to 8.3 percent in the‘JUnipérus-
Andropogbnvfestuca association with no significant difference between
any of- the eigﬁt associations. The average,decadency for all ﬁlants and
sites was 3.5 percent. This was chh lower than reported far twé othei
browse species in Montana, including skunkbush sumac 729 perceﬁt (Martin
1971) gﬁd curl-leaf mountain mahogany -26 percent (Duncan 1975).. Soil
characteristics apparently‘had no significant influence'qn the occur-

rence of deéd crown; and elevation and slope had 1little effect. How-

.ever, aspect, the north-south exposure of a site, was significantly

negatively correlated with decadency (r = -.50). Those associations
generally having a northern exposure,'as Juniperus-Andropogon-Festuca,

contained highest -levels of dead crown while those typically found on
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southerly exposures, as Juniperus-Calamovilfa had the least amount of
dead crown. The high proportion of dead crown may also be a reflection‘
of high amounts of deer utilization as noted by Kamps (1968) and in this

study.

Annual Chronology and Twig Growth

A chronology of phenological events in the annual cycle of creeping
juniper, based on observations and measurements during 1977, is presented
in Figure 23. Thé annual cycle usually began in early April when. plants
almost simultaneously began to "green-up" and initiate twig grbwth.

Among individual sites, datesgof "ereen—-up" and initial twig growth
ranged from early April to early May.

The "green-up" or change in leaf color from a reddish-brown to a
deep green coincided with the breaking of dormancy near the beginning‘of
April and was completed in all plan;s by the first of May.

Twig growth was first noticed about the second ﬁeek in April omn
plants of sites in the vicinity of Lewistown and continued info.Seﬁtemf
ber. Generally, growth of all terminal and lateral twigs Was coﬁpleted
by early September; howevér, plants on several sites continued to show
growth well into September. Obseryations at site 29, on the Sun Ri%er
Game Range, west of Augusta, over a.three—yeaf period iﬁdicated that‘a
small amount of growth occurred after mid—éeptembef and possibly into
early October.' Tﬁe period of most rapid growth was usually fromAthe ,

first of June to the end of July, where plants at all sites put on
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between 10 and 100 mm growth. '

Patterns of current annual growth of fermiﬁal and latgral:twigs of
creeping juniper plants in the eight associations plu; the thréé stands
which did not cluster are shown in Figures 24a through 24i. Seasonal
growth, particularly of terminal twigs followed the "S"-shaped curve
commonly found for most vegetatiye growth.

Lateral and terminal twig growth differed eonsiderabiy, as might be
expected. Lateral twig growth.was slow but consistent whergas'the
terminal twigs put on a relatively greater proportion_of their growth
between June and July. Overall, the ratio of terminal to lateral growth -
was consistent within each asséciation; that is, relatively long termi-
nal growth on élants was accompanied Ey relatively long lateral growtb
and vice versa; however this ratio differed among plants in.£he
different associations.

Terminal and lateral twig growth varied betweén sites of the same
association as well as among those of different associatioﬁs, though
differences were not statistically significant (Table 6,~Figsﬁ 24a to
24i). For example; a compgrison of the growth of plants‘amoﬁg sites of
the Juniperus—PoientiZZa—Carex association (Fig. 24d) shows tﬁat annual
growth on planps at site 18 was much longer, averaging more than 130 mm
terminally and nearly 20 mm laterally, than that of plénts at sités 11
and 12. .Among sites of the Juniperus-Calamovilfa association (Fig}.24ex

plants at site 26 produced longer terminal twigs (aﬁe. 60 mm) than the
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other four sites, with site 15 a close second averaging 50 mm.
Similarly, most other associations also‘inclﬁded at least one site
on which terminal twig growth was somewhat'hiéher than at other sites.
Ovefall, the longest twigs generally occurred in gtands.on opén sites
of northerly exposures and in areas of moderate precipitafion (13-14
inches>. However, there appeared to be .little obvious correlatién
overall between twig growth and environmental factors.

Among associations, plants of the Juniperus—PotentiiZa-Cargx .
association produced longer mean terminal and laterai twig growth than
those of the other associations (Table 6). Stands of this assqciation
all occurred on northerly-facing slopes and in areas repeiving rela-
tively high amounts of precipitation continually throughduf ﬁhe'growing
season (18-19 inches annually). Plants of the Pinus-Junipérus;Festuca
association produced the shortest mean terminal and lateral twig
growth. This may reflect suppression of growth under an overstory.

The three sites (4, 21 and 23) which did not "fit" into any
association possessed growth characteristics generaliy.consistent with

the eight associations (Fig. 241i).

Reproductive Characteristics and Relationships
Creeping juniper plants are dioecious, the unisexual flowers
being borne on separate plants. In this study, the sex ratio was
found to be Z:i in favor of males. The gtaminate cones are éylindri—

cal, pale brown, 4-5 mm long and 2 mm in diameter. They are composed
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of scales occurring in rows of 4-5 each having 4 scales_(Stephens
1973). Scales are approximately circular and 1-2 mm in diameter, each
With 4 yellow pollen sacs attached near'the base (Stephens 1973); At'
maturity, the scales spread and the pollen is shed. Pistillate buds
consist of 2-6 oval ovules at the tip of a éhort, Curvediﬁwig or \
branchlet (peduncle) approximately‘2—3 mm long. 'The oﬁules are
modified scales which fuse and enlarge to later form the berrigs.
When first formed, "berries" or "fruits" are greeﬁ, turning chalky
purple when maturing. The peduncles of each are curved, leafy and
about 3-5 mm long. .The berries are nearly.round, 8-10 mm across, and
contain an average of 4 seeds (Fassett 1945). The exterior coat of
each berry contaiﬁs large resinous glands. The seeds are oval to .
rounded, acute, slightly grooved and ridged, 4-5 mm long, 2-3 mm
wide, and red-brown with a hard, bony exterior and a iarge white scar
on the base.

The "greening" of plants during the first two Wéeks of April
coincided with initiation of maturation and-opening of staminate cones.
Pollen ﬁas_shed two to three Weeks’later, with a éeak.during the last
ten days'of April and the first week of May. The staminate éopes
persisted for appr§ximately two toAthree weeks after pollen was re-
leased before being shed. New staminate cones first'aépeéred June 23
at site 2. Among individual piants, the new cones typically formed

within about four weeks of the date on which old cones were shed. They
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usually developed on twigs which had not formed cones during the
previous yéar.’ Cone formation extended over a pefiod of ﬁeafly three'
months after which cones became dormant until maturation thé following
spring. |

Berries appeared about one to two weeks after the‘péllen was shed; .
in mid to late Juﬁe, on the ends of twigs. Berry formation was first
noted at site No..3 on June 25. The light green berries continued to
be produced for approximately two months, until mid-July. Tﬁey
remained green for about two more months before turning a chalky,
purple color in the precess of ripening. By mid—Novembgr, ﬁearly'all
berries had become purple in color. These berries apparently remained
on the plant, in the process of maturation, similar to Rock?_Mbuntéin
Juniper (U. S. Dept. Agric. 1948), for one-to two yearéAbefore dropping
to the ground. Germination experiments conducted during this‘study
indicated that berries (seeds) do not ripen uﬁtil at least the seéond
year after formation. About one month after berries of the:current
year began to form, in mid to late June, the curved'penunclate/twigs-
characteristic of the new pistillate buds began to_fofm.. |

Observ#tion; indicated that creeping juniper rarely reproduces
by seed. Réthe?, plants and/or populations appear to be maintained
primarily by vegetative.means spreading horizontally and sprouting roots
along brancﬁes or leadersﬂ Observations indicate that new plants. |

apparently are then formed by the break-up of old shrubs. Amopg the
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study sites, only six plants were found which were believed to ﬁave
been less than 10 years old and originated from seeds. Lonner (1971)
found 52 creeping juniper plants from various sites in eastern.Montana
to range in age from 20 to 140 years. The mean age of 56.7 * 3.7
years ranked éreeping juniper second in longevity among 11 browse
species studied. Only one of the 52 shrubs was 20 years old of less
and only six were less than 30 years of age, which would also indicatel
a lack of recent reproduction from seed.

The low incidence of seedlings of any plant species may be
attributed to a number of factors, including low seed produétion,
maturation and/or germination, high seedling mortality, vegétative
reproduction instead of seed reproduction, or species longevity. The
following discuésion of reproduction characteristics of creeping
juniper seems to suggest that several of thesé factors are involved
with the lack of creeping juniper seedlings.

Overall, the number of ripe berries per 100 twigs was 32.5 and
the number per .1 m2 plant crown area was 68.8 berries (Table 7). The
number of ripe berries ranged from 5.5 per 100 twigs e#amined-in the
Pinus-Juniperus-Festuca association to 101.4 per 100 twigé in the
Juniperus-Calamovilfa association, and from 37.2/.1 m2 of juniper crown
area in the Juniperus-Agropyron-Festuca association to 107.4/.1 m2 in
the Juniperus-Calamovilfa association. These data are difficult to

interpret in the absence of comparative studies for creeping juniper,
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however, théy indicate that this level of berry (seed) p;oduction
probably is sufficient.to maintain'the species under natural conditions.

The percentage of twigs bearing new pistillate buds wés signifi—
cantly higher (P=.05) in the Junipe?us—ﬂeiictotrichon éssodiatgon and
significantly lower (P=.05) in the Pinus—Juniperus-Festuqa.association
than in the other associations. The percentage of twigé holding old
buds was significantly higher in the Junipérus-ﬂelictotfichon and
Juniperus-Calamovilfa associations. Numbers of old buds, berries,
ripe berries and new buds per 100 twigs all differed significantly
(P=.05) between the eight associations, with.the.Juniperus-GaZaﬁoviZfa
associations being highest in all categories, while the Juniperus-.‘
Andropogon-Festuca assoclation was lowest in the first three-eategories'
and the Pinustuniperus-Festuca association was lowest in thé:fourth.
The number of reproductive parts per .1 m2 crown area was not signifir
cantly differgnt between assogiations.

‘'The dioecious nature of creeping juniper may also coptribﬁ;e to the
Iow‘incidence of seedlings.. Twice as many male plants as fémale piants
were recorded-during this study. Only one plant in this study was
noted as not bearing_either staminate of pistillate flowers.l

Although the viability of seeds was not evaluafed dirgctlf,only
.9 of the appro;imately 9,5Q01new and two year old creeping jqniper seeds
tested_ih the . laboratory gerﬁinated. None of the approximat§l§ 500

seeds of the current year germinated. Similar finds have beentrepqrfed
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for juﬁiper épecies in general (Heit 1966, 1967).

Once pistillate buds forﬁ, berries also generally form énd'mature:
Overali, 60 percent and 70 percent éf the buds fruited (fdrmed berries)
in the interior (frame data) and along the periphery (twig data) of the
shrubs, respectively (Table 7). Abou£ 84 and 88 perceﬁt of the buds
fruited with the fruits continuing on to maturity Within an& at phe
edges .of the plants, respectiveiy;.and 49 and 62 percent of the berries,
once formed, matured Within and at the edges, respectively. These data
indicate generally higher success in fruiting and maturation aloné the
edges of the plaﬁt, where a relatively greater amount of plant activity
probably occurs, than within the interior of the plants.,

In contrast to vegetative growﬁh, the reproductive performénce
of creeping juniper varied in relation to soil characteristics of
study sites with less influence from climatic and geégraphic,factbrs.

Normally,.numbers of reproductive parts per 100 twigs on plants
were negatively correlated with salt hazard (r = -.62) énd ﬁositively
correlated with calcium (r = .49) and sodium content (r =f.78) of thg
soil. Numbers per 0.1 m2 crown areé showed éosifivé corrélétions with
phosphorus (r = .60) and sodium (r = .61) content. Percentages of
individual twigs bearipg reproductive parts were negatively correlatéd
with orgaﬁic ﬁatter content (r = -.68), potassiqm content (r = -.62)
and salt hazard (r = —.63), and positively correlated Witﬁ sodium‘(r =

.57)+ and calcium (r = .50) content of soils. Overall, -salt hazard,
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sodium, calcium and phosphorus levels in the soil appeared to be

most influential with respect to numbers of reﬁrbductive parts on
plants. Success rates within and at the periphery of plants were
generally negatively correlated with pH of the soil.

The associations with highest production estimates generally were
those such as Juniperus-Calamovilfa and Juniperus-HeZictotrichbn,with
soils higher in phosphorus thanythe other associationé, but still very
low, moderately high in caléium and sodium, and having'a low sélt
hazard rating. Associations as Pinus-Juniperus-Festuca and Juniperus-
Andropogon—Festucd with low seed production had oppoéite soil factor
values. Additionally, associations with slightly acid qrvalkaline"
soils seemed to have higher reproductive success than either of those
in more acid or alkaline soils. | |

Overall climatic factors examingd by multiple regression appeared
to obviously influence only the number of reproductive parts'pgr .i m2
crown area; but single factors were not well correlated. Positive'’
correlations were noted-among the combined influence of all weather
factors (temperature, precipitation.and froét—free periods) and ﬁumber
of buds per .1 m2 crown area (r = .59), numbers of berries per .1 m2
crown érea (r = .71) and numbers of ripe berries (r =.772).'_Generally
associations occurring on sites with higher annual maximum'températures,

and lower mean annual temperatures as the Juniperus-Calamovilfa, Juni-
perus-Helictotrichon and Juniperus-Rhus-Stipa association had-plants

with higher production.
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Forage Characteristics and Utilization by Wildlife
Nutritional Characteristics

Average crude protein content of composite sémples of creeping

'juniper leaves and twigs (Table 8), was 6.3 percent for summer (August

1976), 5.7 percent in autumn (November 1976), 5.7 percent in winter

(february 1977), and 5.5 percent during spring (May 1977). Seasonal

variations, from summer to autumn, autumn to winter and winter to

spring, were not significant; while the difference between summer and

spring was highly significant (P=.01).

Table 8. Percentages crude protein of creeping juniper plants fo
12 study sites during one year, 1976 to 1977.

r

'Augusf 1977

August November February May

Plant - Plant Plant

Site 1976 1976 1977 1977 (Ave.) 1 2 3
4 6.5 5.2 4.9 5.3 - (5.5) 6.5 4,8 5.2
5.5 5.0 5.2 4.7 (5.1) 5.1 5.8 4.4
11 7.6 7.4 6.7 5.9 (6.9) 5.9 5.9 6.1
13 7.2 6.6 6.1 6.2 (6.3) 6.0 6.5 5.7
15 5.8 A 5.1 - 4.7 (5.0) 5.1 4.3 4.6
17 7.4 5.5 — 5.6 (6.0) 6.0 4.9 6.0
19 5.7 5.6 6.1 6.1 (5.9) 5.2 6.1 5.7
21 5.3 5.5 5.5 4.8 (5.3) 5.3 5.7 5.9
22 6.8 5.4 5.8 6.3 (6.1) 5.2 5.1 5.9
23 4.8 4.7 5.7 5.6 (5.2) 5.3 5.8 5.7
27 5.5 6,1 5.3 5.6 (5.6) 6.0 5.7 6.1
31 7.0 7.4 6.3 6.0 (6.7) 6.3 6.5 6.1

wi
.
w

Average 6.3 5.7 5.7 (5.8)

(9]
~
wu
o
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The average protein content of samples collected from one plant.
at each of 12 study sites during Augus£ 1976 (6.3%) was highér than
that of the same plants in August 1977 (5.6%), though the difference
was not significant. Comparison of prgcipi;ation at the 12 study
sites during spring (April, May and June), between 1976 and 1977,
indicated that these differences may be due to moisturg differences
(Tagle. 9). At nearly every site the precipitation was higher in 1976.

than in 1977 and the protein levels varied similarly.

Table 9. Comnparison of spring (April, May, June) precipitation at
12 creeping juniper sites between 1976 and 1977.

Spring 1976 Spring 1977
Precipitation Precipitation
Sites - (inches) ) ' " (inches)
4 ’ 5.8 ' 3.1
| 6.3 3.9
11 4.3 2.7
13 8.0 . 5.7
15 . 8.3 w2
17 5.5 5.3
19 _ ‘ 7.1 53
21 6.9 | 3.5
22 6.9 | : 3.5
23 | 7.9 . 3.
27 6.0 - 5.1

31 3.8 T 3.3
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Crude protein content of ihdividual plants varied somewhat within -
sites (TaBle 8),_but differenceé were not significanf; Differences
.among.plants within given sites ranged from about 0.2 percent between
plants at site 11 to 1.7 percent betwéen plants at site 4.

There were significant differences between the means for va;ious
sites (P=.001). For example, the annual (August 1976-May 1977).
average protein content of plants af site 11 was 6.9,percent'as com—
pared with the low average of 5.0 peréent among plants at site 15 and
the overall a&erage of 5.8 percent for all sites combined. Geﬁerally
those sites with highest protein content were more mesig sites at
elevationé above:1400 meters (4500 ft).

Overall, the crude protein content of creeping juniper waé lower
than thatlreported for many othér important deer browse planté iﬁ
Montana (Eustace 1971, Duncan 1975, Morton 1976). The occurréﬁce of
maximum pfotein content in the late-summer sample contras;slﬁith other
shrub specieé sucﬁ as big sagebrush, silver sagebrush;igkunkbush sumac,
cufl-leaf mountain~méhogany, rabbitbrush, .and chokgéherpy in which
highest protein levels typically.occur during early spring (Eustace
1971). | |

The nutritional value of creeping junipér, at least in'ﬁerms of
crude protein, appears to be relatively low throughou?.the yeér in‘
relation to thg'minimal protein requirements of deer. Furtﬁer, the

time of maximum utilization, mid-to-late winter, corresponds with
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minimum annual protein levels in the plants. .This would further
suggest that mule deer select and use creeping juniper on some basis

other than its nutritional value or palatability, such as availability.

Available Forage Biomass

Creeping juniper plants are capable of supplying an abundance of
forage throughout the year. Biomass availability measurements, obtained
from clippings of old and ﬁew leaves, and twigs less”thén-S mm diameter
from plants in stands of the eight associations are pfesented in:Table
6. Total average biomgss of creeping juniper crown area in pounds per
£t2 ranged from .026 in the Juniperus-Potentilla-Carex association to
038 in the Juniperus-Rhus-Stipa association, with'no significant
differences between any of the associations. The overall méan.biomgss
for all stands and associations was .031 pounds per ftz. A f;gure‘of
possibly greater value in evaluating availability of créeping juniper
as a forage source is the mean pdunds per acre or standing crop in re~
lation to the total vegetation résource.. This value rahged from 376.7
pounds in stands of the Jumiperus-Calamovilfa association tdi58§.2

pounds in the Juniperus-Andropogon-Festuca association. The mean for

all stands and associations was 432.0 pounds per acre with no difference '

noted between the associations. Overall the associations with higher
standing crops of creeping juniper were those associated with northerly
~ slopes, areas of moderate precipitation (13-15 inches annually), relative—

lyvhigher annual temperatures (4‘5O F) and occurring at lower elevations.
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Utilization by Wildlife

Studies of £he food habits of wild ungulates in Montana indicate
that cfeeping juniper is utilized priﬁariiy by mule deer. Reports of
important consumption by.other species include ﬁronghorn'antelope |
(Antflocapra americana) during winter in northern Montana (Martinka
1967) and white-tailed deer (Odocoileus virgintana) during January in
eastern Montana (Hamlin 1976).' Martinka (1967).did not believe that
créeping juniper was a suitable forage for pronghorns and attributed
its.ﬁsage to the scarcity of otﬁer_forage during the severe 1964-65
‘'winter when antelope experiencéd heavy mortality. Cole (1956) found
minor use of this species by antelope duriné winter and spring in
central Montana, while Dirchl (1963) reﬁorted mindr antelope use of
cfeeéing juniper during fali and.important usage dﬁrihg winter‘on §ne
of his study areas in Saskatchewan, just north of the Monténa border.
Martinka (1968) reported light use of creeping juniper by white—tailéd
deer during winter in the Bear Paw Mountains of northcentral Montana.
Minor utilization of the species bf elk during the winter has been
reported for the Sun River area by'Casagranda and Janson (1957), Knight.
(1970) and Schallenberger (1965). Schallenberger-(l965) also reported
trace usage of creeping juniper by bighorn sheep and white-tailed deer
in the Sun River Canyon during winter.

-Creeping juniper is also épparently important to other mammals

and birds in Montana, Yde)(1977) recorded use of creeping juniper




s o L 1 - Ll LLY 0}

94

" berries and vegetation by juvenile and aduit sharptailed grouse in Phillips
County, Montana. Berries occurred ﬁnapproximately'70pefcent of the grouse:
crops collected in September 1976, comprising 40 percent of the total
contents by volume. Vegetation and seedé ;ccurred in about 20 percent
of the crops and-ﬁade up one percent of the volume. Nielsen (1977),
working on the same area, recorded junipef berries in 46 percent of the
" sharptail crops comprising.ZS percent of the total volume. Juniﬁer was
the second food item utilized.

During m§ study the incidence of sméll mammal use on 75 twigs exam—
ined on each of the intensive stud& éites throughout the ‘summer of 1977
(Table 10) suggested that in some areas substantial small maﬁmal usé may -
occur. Percentage of twigs used ranged ffom 0 at several sites to 15
percent at site 20. The average for all stﬁdy sites was 2.6 percent.
At least some twigs were used at 80 percent of the sites. ' A species
of Marmota was sighted severai times in the vicinity of site 20 and the
high use of twigs at that site might be attributed to that mammal. In
addition to foliage use, gna&ing of berries by sﬁall mammals was also
notedi
| The importance of Creepiﬁg juniper in the .diet of mule deer has
been documented b& several studies in central and eastern Montana (Cada
1971, Compton 1966, Duéek 1971, Eustace 1971, Hamlin 1975, Kamps 1969,

Coop 1975, Lovass 1958, Martinka 1968, Schallenberger 1965, Stoneberg

1
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Table 10. Percent of creeping juniper twigé utilized by small mammals
during the summer of 1977 on the 30 study sites.

Twigs Utilized by
' Small Mammals -
Site (percent)

4.
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1975 and McCarthy'et al. 1977) as well as western North bakpta‘(McKean
1954). However, utilization apparently is Highly variable between
areas on which creeping juniper océurs.

. In areas of impoptan? usage, greatest consumption occurs during. the .
winter months-(January,iFebruary and March). TUse generally.begins in
late December or early January and gradually increases to March.
Thereafter, consumption.generally-has decreased dramatically, apparently
due to the availability of other forages with spring green—up.: Some
exceptions to this pattern have been reported by Dusek (i971), who
observed maximum usage during April, and Eustace (1971), who compared
food habits of mule deer in Garfield and Rosebud Counties of eastern
Montana. On the Gaafield area, consumption of creeping.jgniper peaked
between December aad Fébruary, with moderate use occurring from Septem—
ber through November. In contrast, maximum use in Roseﬁud Caunty
occurred between March and May, with no apparent use'during the fall
months. In general, however, reports of utilization during‘spring and
fall are rare. No summer usage has been reported.

Although I did not‘specifically attempt to quantify_ufilization
" patterns on the study sites, general observatians of mule ‘deer. activity
and utilization supported the conclusion that if craeping juniper is
utilized, the majority of use ocaurs in late winter.

Spatial and seasonal variations in use of creeping iuniper may be

. related to corresponding variations in the distribution of mule deer
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and/or the relative availability of other, more desirable forage plants.
fhis may be par£icularly important on mpun;ain—foothill ranges where
seasonal movemeﬁts and use of cover'types varies in relation to weather
conditions. 1In the Snowy.Mouhtains of céntral Montgna, Kamps (1968)
reported a progressive shift in mule deer use from cover types dominated
by Douglas Fir and common juniper in late fall and early-winter, to
-wind-blown ridges dominated by creeping juniper later. in the winter
when this species comprised 45 percént of the plant use at feeding
sites. A similar sh&ft in mule deer habitat usage leading to use of
creeping juniper has since been observed in other areas (Coop, McCarthy
pers. comm.). This shift may be dependent upon weather conditions, and
the extent to which it occurs will vary between ranges and years.

In the Little Belt Mounfaiﬁs; Lovaas (1958) observed major
differences between the food habits of mule deer wintering in Dry Pole.
Canyon and those using an adjacent prairie type. Common juniper was
the most important forage plant on the former, a predominantly foreséed
afea, while creeping junipér was relatively unimportant in spite of
moderate abundance. On the prairie are; creeping juniper was thé most
important forage, while the rare common juniper was found only as a
trace item in one rumen sample. Other plant species associated with
creeping juniper 6n the prairie type were predominantly less desirable
winter forages such as shrubby cinquefoil, rose, snowberry, fringed

sagewort, and kinnikinick.
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Highly palatable browse plants such as antelope Eitterbrush
(Purshia tridentata), serviceberry (Amelanchier aZnifbiZ?a), choke-
cherry (Prunus virginiana) and curl-leaf mountain mahoga;y, were only
rarely found in creeping juniper stands examined during this study.
Thus, when deer used these areas, creeping junipar t?pically was the
most abundant, aVailable and, relatively, the most palatable browse
speciea present, particularly during the Winter.' Coop (1975) felt
variations in creeping juniper use was due to availability.

Measurements and genefal observations of plant height and cover
suggested.that ﬁoderate browsing had minimal effect on these parameters
of creeping juniper. Heavy utilization, however, left plants e;ther
totally destroyed or with large sections.of saripped_and dead foliage..
Tﬁe latter was espeaially evident in stands ia the foothills of the
Snowy Mountains in cent;al Montana and, in eastern- and southcentral
Montana.

The trend in live crown coverage of creaping-juniper on transects
established and measured by personnel of the Montana Department of Fish
and Game in northcentral Montana (Fig. 1) was generally downward from
the late 1950's, when measurements were first obtained, to 1973. This
trend is similar to that found south of Big Timber in the Picket Pin
Canyon and Horseman Flat areas. In the view of Montana Fish and Game ‘
and U. S. Farest Service personnel (pers. comm.) familiar with the area,

the downward trend may have been the result of two major factors:

-~
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livestock grazing and/or high déer numbers. In the past, wintering
deer numbers were reportgdly high in areas, suéh as Picket Pin Canyon,
where creeping juniper showed major declines. 1In other éreasg such
as thaf immediately south of the Sun River Game Range where livestock
grazing Qas and is being controlled, the lack of grazing aﬁpears to
have allowed the fgrb and grass complex to increase to such a level
as to possibly be competitive with creeping juniper. Compefition
between grasses and other species, including one-seed juniper (Smith
et al, 1975), may be sufficient to inhibit root growth.and actually
limit many junipers to certain topographies as escarpments and steep

rocky ridges (Wells 1970).

Effects of Fire on Creeping Juniper

Fire or the lack of ig hés been cénsidered one of the major fac;ors
influenciné the distribution and abundance of junipers Kfoster i9l7,
Johnson 1962, Leopold 1924), and considerable research has been directed
to its effects on various species (Beuhring ef.al. 1971, ‘Burkhardt 1976,
Dalrympie 1969, Dwyer 1967, Foster 1917, Jameson 1962, Johnson et al.'
1962, Leopold 1924, Martin et al. 1955, Parker 1945, Wink et éi.‘l973).
Most of this work has focused on the use of burning to control juniper
on rangeland. While none of these studies Waé concerﬁed wi£h‘the
effects of fire on creeping juniper, findings for other,spééiesigener—

ally have indicated that burning results in nearly 100 percent'mortality
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of plants leSS‘thén 0.3-0.45 meters (1-1.5 ft) in height. Mortalitj
rates of taller plants vary by species, height of the shrubs‘ér trees,
and fuel and fire charécteristics. o |
Observations in one stand of creeping juniper, burned by a
lightning-caused‘Wildfire,'during the reconnaissance phase of this 
study suggested that burning may be less daméging to this species
than reported for other junipérs. Subsequently, observations:and
measurements of the responée of creeping juniper to fire were‘ﬁade on
two experimentél burns. One of these was located ip thé Blacktail
Hills, approximately lb miles southwest of Stanford in central Montana;
the other'on the Sun River Game Range, 22 miles west of'Augusté in
westcentral Montana.

Stanford Burn - The three hectare burn site was in an area of -

slightly rolliﬁg topography, with a slope of 5 percent énd a‘nottherly
exposure. The average eievation was 1785 meters (5890 ft). The vege-
tation was characterized by a dense stand of shrubby cinqﬁefoil,,a wide
variety of grasses and forbs, and a sparse overstory.of'unglas~fir and
lodgepole pine. Creeping juniper plants occurred exclusively beneath |
the shrubﬂy cinquefoil plants at a density of 0.034 plants/mz. This
area is heavil& grazed by livestock which apparently avoid usé oﬁ both
the cinquefoil and juniper planfs. | |

A total of 21.individual creeping juniper plants WéS tagged before

the burn. Each was measured as to crown dimensions, amount -burned and
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| L
killed and the amount of regrowth, if any (Table 11). Fire tempera-

tures, fuel moisture and soil moisture at the time éf Burning were also
._recorded near each of thgsé shrubs (Table 11). The plants were all
relatively small, ayeréging 0.08 m2 in crown area and 7.8 cm tall.

At the time of burning, the average soil moisture benégth these plants .
was 49.6 percent with a range of from 45 percent to 65 percenf. Aver~—
age fire fuel moisture content varied from 4.0 to 23.0‘percept, with a
mean of 15.0 percent. Although an effort was made to ob£ain threé
intensities of fire in separate 100 m? plots, burning actually resulted
in a mosaic of varying intensities in each plot as evidenced by the
wide range of temperatures at tagged plaﬁts: 78°¢C (1090F) to more than
406.9°C (700°F). Thé mean temperature was 205°C (337.6%F).

Post-burn ﬁeasuremenfs indicated-that 53 percent of the plants
were burned and died, 43 percent were gurned to some extent but re-
mained alive; and 4 percent (1L plant) were totallyauﬁharmed (Table 11).
Approx1mate1y 48 percent of the total canopy coverage of creeping
juniper on the plots were totally consumed, whlle 41 percent were '
burned to a lesser extent and ll percent were unburned. The percentage
of crown area burned on individual plants ranged frdm 0 (1 plant) to
100 percent (10 plants); the average was éS,peréent. All plants with
crowné totally consumed died. Only one of the plapts was killed where
less than 100 percent of the crown was burned. Plants not killed

tolerated fire temperatures ranging from 78°¢ (1090F) to 267°¢C (4500F)
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Table 11. Crown area and height of 21 creeping juniper plants within
the Stanford experimental burn together with percent crown
burned post-fire fate of plant, temperature of fire, and .
fine fiel and soil moistures of the area. :
Crown . .
Crown i Area Regrowth Temper— Fine Fuel Soils
Area Height Burnedl (gms/ ature Moisture - Moisture
Plant (mz) (cm) (percent) plant) (OC) (percent) (percent)
1 .08  11.0 100 2 - 407 23 8 45 3
2 .09 7.5 37.5 - 43 23 45
3 .15 8.0 97.5 1.32 204 23 45
4 .01 6.5 100 - 343 . 23 45
5 .10 ‘3.0 100 — 267 23 45
6 .06 12.0 62.5 1.35 78 23 45
7 .09 11.0 100 - 118 23 45
8 11 5.0 100 - 343 .23 45
9 .16 4.5 100 - 407 16 47
10 .13 8.0 100 - 204 8 51
11 .23 7.0 97.5 ©3.95 118 .5 52
12 .05 8.5 85.0 2.10 78 5 46
13 .04 3.5 97.5 2.00 78 18 65
14 .02 4.0 85.0 0.21 78 8. . 65
15 .06 9.0 0.0 - 78 - 13 46
16 .05 6.0 100 - 343 5. 58
17 .03 11.0 100 —_ 62 14 A48
18 .10 9.0 100 - 204 4 57
19 .02 7.0 62.5 0.86 78 9 - 51
20 .04 8.0 62.5 0.37 118 4 45
21 .05 5.0 97.5 0.14 267 22 52
Average .08 7.8 85.0 1.40 205 . 15 _ 49.6

lpercent of plant burned and killed.
2100 percent = total consumption.
3samples 1 to 8 averaged and value shown is the average.
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or an average of 1340C (209.20F). However, tﬁe fact #hat éever;l
plants which experienced fire temperafures below 2679C.(4500F) also-
died, indicated tﬁét under certain conditions, fires of e;en light
intensity may be damaging to creeping juniper

Where plants were totally consumed and killed, fire damage usually
extendea inté the root system, below ground level. Plants which
remained alive or resprouted did not suffer this severe damage. These
plants typically produced new leaf material and éhowéd good growth
during the first growing seaspﬁ; the regrowthlaveraging 1.4 grams per
plant (0.14—3.95).

Sun River Burn - This site was located on a five percent slope of

northeast exposure at an elevation of 1500 meters (4950 ff).. The
vegetation was characterized by a dominancé of creeping juniper,
grasses, including bluebunch wheat grass and rough fescue, and, forbs,
of which the major species were prairie thermopsis, silky lupine
(Lupinus sericeus) and milkvetch_(AstragaZus spp.). The firé Qas of
low intensity and moved s}ole across the plét at a rate.of abéut

0.61 mgters (2 ft) per minute. Flames never exceeded one meter in
height, moving at an angle of 60 - 90° from the horizontal. The aver-
age fire temperature was QlOC (132.30F). " Average soil and fire fuel
moisture were 1l percent and 32 percent, respectively. .These temper—
atures averaged only about half as hot as those experienced B§ plants‘

on the Stanford burn, while soils were drier and fuels contained more
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moisture as compared with the Stanford site.

Effects of fire on individual plants were not measured as 6# the
Stanford burn. Rakher; only an estimate df effects on canopy coveragé
was obtained. Comparison of 2 x 5 plot frame data from the burn.piot
and the adjacent control plot suggest that approiimafely.31"percent_
of the total canopy cove£age of creeping juniper were consumed, 29..
percent were burned Eut not destroyed, and'40 percen£ were got_burned
(Table 12). This and supplemental data combined indicate that—about
60 percent of the total crown érea of creeping juniper were bu;ned to
some extent and 40 percent were unburned.

The terminal portions of all of the 10 major branches or leaders
tagged prior to burning died. However, none of the plants was gbtally
‘killed; and regrowth was detected on all taggéd 1eadérs dufing the
first growing season (the summer of 1977).: |
Discussion of Fire Effects

The general effects of the two controlled burns on'creeping'juﬁi—
per plants are summarized in Table 12. The results indicated thatn
creeping jﬁniper is sﬁbject to damage and destruction'by'fire? though
these effects may vary by area‘and may be less seﬁere than reported
for othef species of juniper. Sevefal factors may aécQunt.for these
differences. The very low mat—like stature and extensive rdo?isyspem,
together with the size of individual creeping juniper plants'segm'to

be especially important. The low, dense mats may'result both in poor
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Table 12. Compariéon of the effects of fire on .creeping juniper
between the Sun River Game Range and Stanford experimental

burns.
Effect : Sun River Game Blacktail Hills
Characteristic Range Burn Burn - Stanford
Canopy Coverage Consumed 31 -48
(percent)
Canopy Coverage Burned ' 29 41
and/or Killed (percent) ’ ) ‘
Total Canopy Coverage ‘ 60 . 89
Burned (percent) .
Canopy Coverage Unharmed ' 40 ) 11 .
(percent)
Plants Burned and Not N.M. 1 43
Killed (percent)
Plants Burned and . N.M. 53~
Killed (percent)
Plants Unharmed (ﬁerCent) N.M. 4
Plants Consumed When N.M. 48
Burned (percent) :
Plants Partially N.M. ' 48
Defoliated (percent
Plants Unharmed (percent) N.M. 4

IN.M. = Not Measured.
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air circulation around the plant and in low fire fuel supplieshin and
about the plapt. Also, when the éhrub occurs in larger, dense mats
as on the Sﬁn River burn afea, fire may not carry compléfely over or
across the plant because of low fuel and/or high moisture or relative
air humidity in aqd around the crown area. With smaller, aefinitive
plants as on the Séanford burn, greater amount of fuel may ocqqrdiﬁ,
.around and over the plants reéulting in more complete burning and
more dest;uctive damage. Where more extensive, rooted mats occur, -

unburned portions of plants may survive.




CONCLUSTONS *AND RECOMMENDATIONS
The results of this study proﬁide baseline information concern-
ing various biological and ecological attributes of éreeping juniper

in Montana. Generally, this information may be useful in eValuatihg

~wildlife usage and management needs and opportunities:in rangeland

habitats.- in some cases, thé results also serve to clarify existing
knowledge and concepts about the plant, its use by wildlifé, espe-
cially mule deer,.and it%‘imbortance in rangeiand ecos&sfems. in
many instances fhey point to the need for additional study.

The study clearly indicates that creeping juniper is an impér—
tant component of rangeland vegetation. It occurs extensively on
foothill and prairie fanges throughout most of Montana eaSt'of-the
Continental Divide, and was thé dominént shrub or plant in at least
eight differeﬁt plant aésociations occurring on -ridges, rim;oqks,
escarpments énd hilltops. On these sites, Which'typigally were Qery
open and had only poorly developed soils, creeping juniper'ﬁay be
extreﬁely important in both maintaininé and building soils and also
tends to be available for use by wildlife most of_the_tiﬁe.

Creeping jﬁniper appears.to’be cépable of produci@g and provid-
ing largé amounts of fo;age for wildlife, especially mule.déervén,
sites whére it occurs, although annual production variés between
sites. Generally, sites with higher annual precipitatiqn’(lg—lS inches)
produced greatér amounts of forage. .Utilization by deer ﬁormally did

not appear to adversely affect annual growth and fprage production,
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while lighf to moaerate usage of twiés éeemed to stimulaté latefal
growth of twigé. Concentrated utilization-on local sites for long
periods of time, however, may result in destructioﬁ of plaﬁp crowns.
Domestic livestock grazing, whigh reduéés competition from grasses
and other plants; may be an important factor in maintaining viable
stands of creeping juniper at least on some sites.

Management of creeping juniper stands should be directed td
ﬁaintainiﬁg existing stands ana plaht productivity. Because of the
two-dimensionality of plants, fhis species lends itself to measure-
“ment frqm aerial photographs to estimate trends in_ﬁlgnt size and
‘density, available biomass and reproduction. The apparent’ lack of
ngtural reproduction from seed would appear to preclude attempts to
stimulate increased plant densities.by'thig means, however, additional
seed germination experiments are impbrtént to fully gnderstand this
idea. Similarly, controlled burning appears to have'littie:applica—
tion in inéreasing plént densities and productivity, and may |
actually be detrimental to the species. Range fertilization appears
to have little effect on productivity but may be a viable maqagement
tool when increased fruit succéss and production is desired.

Additional research would be desirable td determine factors
assoéiated with the distribution of creeping juniper in Montana,
especially those responéible for its general absence from western

and southwest Montana. Further definition and study of the plant
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associatidns'in which the species. occurs and the age structure of
creeping_juniper'stands with possible successional relatioﬁs would
be valuable. Further study into the digestibility for deer would be
imbortant'in aséessing thé value as a forage species. Relationshipg
between site factors and total nutritiopal characteristics rgquire
further study. Additional research into the effects of various
site and environmental factors including grazing, burning, utiliza-
tion by'dee;, climaté; microclimate, and usagé-by wildlife other than
deer on productivity, nutritional aspects and dominance of creeping

juniper would also be useful.
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Table 13. General -and exact locations of the 51 creeping juniper.

study sites.

Nearest Distance/
) Post *  Direction )
Site County Office ‘from P, O. - Location
(kilometers)
1 Lewis & Clark Augusta 25 NW = T2IN R 8W S16.SEY
2 Lewis & Clark Augusta 17  SW . T19N R 7W S17 NE4
3 Lewis & Clark- Augusta 17 SW T20N R 7W S16 Nw
4 Lewis & Clark Augusta = 17 SW TION R 7W S 9 -SWh.
5 Lewis & Clark Augusta 17 SW TI9N R 7W S16 SE%
6 Lewis & Clark Augusta 25 NW T2IN R 8W S 4 SWy
7 " Lewis & Clark Augusta 25 NW  T2IN R 8W S22 'SE4
8 ' Teton Choteau 42 W T25N ‘R 8W S16 Nwk
9 Lewis & Clark Augusta 20 W T20N R 8W S 8 SE%
i 10 Lewis & Clark Augusta 20 W T20N R 8W S 9 Nwh
\ 11 Pondera Dupuyer 33 W T28N R 8W S31 NWk
’ 12 Pondera Dupuyer 33 W T28N R 9W ' S25 SE%
13 Fergus " Denton 8 E 'T18N RI15E- S35 SE%
14 =~ Fergus Denton 8 E © TI8N RI5SE S35 SE%
15 Petroleum Teigan 8 N T15N R25E S 6 SE%
16 Petroleum Teigan 8 N TI5N R25E S '7 NWwy
17 Fergus Hilger -8 E TI9N R17E S16 NE4
18 Fergus Hilger 8 E TI9N RL7E S 9 SEL
19 Fergus Moore 17 S T13N R16E S35 Nwk
20 Fergus Moore 17 S T13N R17E S30 SE4
21 Wheatland Judith Gap 33 W TIIN RI4E $S23 Swk -
22 Wheatland Garneil 25 E TLIN R17E 816 SWh
23 Sweetgrass Nye 17 NW T 58 RI4E S 1 Nwhg
25 Sweetgrass Nye 25 W T 55 RI4E S 9 NWj
26 Prairie Terry 42 NW  T15N R48BE S19 Nk
27 Prairie Terty 42 NW T15N R48E S29 SEY
28 °  Prairie . Terry 42 NW T15N R47E S36 NWwy
29 Lewis & Clark Augusta 25 NW T2IN R 8W S21 SEY .
30 Pondera Dupuyer 33 SW T27N R 8W S17 NWk
31 Teton Choteau . 42 W T25N R 8W S 9-Nwk
32, Lewis & Clark Lincoln 20 E TISN R 7W S23 Nwk-
33 Toole Shelby 20 SE T31IN R 1W S28 NWx
34 Choteau Ft. Benton 8 E - T24N R 9E 819 SWi
35 JHill Box Elder - 12 E T29N RI14E S 2 NE4
36 - Phillips Dodson 7 E T30N R27E S 1 SWi
37 Fergus Ryegate 58 N T12N . R20E . S27 SEY%
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Table 13. (continued)
Nearest ‘Distance/
Post Direction
Site County "Office from P. O. Location
- (kilometers) B

38 Meagher Checkerboard 25 S T 9N .R 9E - S30 Sw%k
39 Meagher White Sulfur 42 W T1IN R 3E. S25 Nwk
40 Rosebud . ©  Ingomar 8 W T1ON R34E S20 Swk
41 Bighorn Lame Deer 17 W - T 3N R39E S13 NWi
42 Powder River Broadus 8 NW T 45 R50E° S. 2 WWi
43 Carter Ekalaka ' 25 SE T 25 R60E S24 NE4
44 Prairie Ismay 5 N T 9N R55E S 8. SWi
45 Wibaux Wibaux : 17 SE T13N - R60E " S34 NWw
46 Roosevelt Culbertson 5 N T28N R56E S16 SWk
47 Daniels Scobey - 7 E- T35N R49E .S 8 SwWk
48 Valley Ft. Peck 3 S T26N R4O0E S20 Nwk
49 Garfield Jordan 25 N T20N R38E S18 Nwk
50 Cascade Monarch 3 N Ti16N R 6E S23 NwWk
51 Sweetgrass Melville. 17 SW T 3N RI13E S13-'SE%
24 Ney 42 NW T 4S RI14E Swy

Sweetgrass

529
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Table 14. Exposure, slope, elevation and drainage of 51 creeping
juniper sites in Montana.

, : Exposure
Site Slope Elevation Direction/Degrees Drainage
(percent) (meters) ' '
1 -+ 5 1515 ENE - 65  Picture Basin
2 14 . 1439 SSE 178 ©  Elk Creek
3 33 1417 NNE 13 Elk Creek
4 5 1326 ENE 72 . Elk Creek
"5 14 1270 : WSW 268 Elk Creek
6 3¢ 1412 ENE 50 Dickinson Reservoir
7 41 - 1485 ' WSW 238 Barr Creek
8 28 1885 ENE - 60 Chicken Coulee
9 26 1594 "~ ENE 55 Cutrock Creek
10 21 1564 WSW 233 Cutrock Creek
11 27 1448 NNW 342 Dupuyer Creek
12 9 1479 WNW 280 Dupuyer Creek
13 38 1094. NNE 30 Sage Creek
14 35 1070 SSW 190 Sage Creek
15 5 1012 . . ENE 80 ~ Warhorse Reservoir
16 11 1030 NNE 340 Warhorse Reservoir
17 40 1406 SSE 158 Deer Creek
18 15 1364 WNW 310 Deer Creek
19 19 g 1600 . NNE 38 Rock Creek
20 24 1606 ESE - 99 Rock Creek
21 12 1670 SSE 178 Roberts Gulch
22 40 1560 NNW 350 Dry Creek
23 30 - 1776 S 180  Picket Pin Creek
25 10 © 179 NNE . 25 Stillwater River
26 35 - 1040 ESE 123 Agate Creek
27 31 , 1048 NNE 10 . Agate Creek
28 36 1030 SSW 195 Cherry Creek
29 42 1542 SSE 157 °~ Rose Creek .
30 19 1776 SSE 165 Dupuyer Creek
31 21 1845 SSE 165 Bynum Creek
32 .34 1500 ESE 117 Blackfoot River
33 . 54 909 NNE . 17 Marias River
34 38 ' 848 NNW 347 Missouri River
35 40 936 NNW . 330 Big Sandy Creek
36 24 758 WSW 240 Milk River
37 5 1621 ESE 117 North Willow Creek

38 7 2091 NNW 347 = - Musselshell River
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Table 14. (continued)
Exposure .

Site. Slope Elevation Direction/Degrees Drainage

(percent) (meters)
39 46 1561 NNW 353.. Thomas Creek
40 42 939 NNW 357 Big Porcupine Cr.
41 50 1000 NNE 8 Rosebud Creek
42 33 - 969 NNW 317 Mizpah Creek
43 31 984 NNW 357 Spillman Creek
44 15 772 ENE '55  0'Fallon Creek
45 28 772 ENE 73  Beaver Creek
46 24 651 WSW 257  Missouri River -
47 37 848 SSE "153 - Poplar Creek
48 26 788 WSW 263 Missouri River
49 30 " 939 NNE 18 Hell Creek
50 5 1788 NNW 330 Belt Creek
51 19 - SSE 175 Big Timber Creek
24 6 2485 SSW 200  Picket Pin Creek
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Table 15. Scientific and common names of the 24 graminoids, 104 forbs,
' 18 shrubs and 3 trees in this study. '

GRAMINOIDS

Agropyron smithii
Agropyron spicatum
Andropogon scoparius
Aristida longiseta
Bouteloua gracilis
Bromus inermis’

Bromus Japonicus
Calamovilfa longifolia
Calamovilfa purpescens
Carex elynoides

Carex filifolia

Carex heliofila

Carex sciropoidea
Carex vesicaria
Danthonia intermedia
Festuca idahoensis
Festuca scabrella
Helictotrichon hookeri
Juncus balticus
Koelaria cristata

Poa pattersont

Poa spp.

Stipa comata

Stipa viridula

Western wheatgrass
Bluebunch wheatgrass
Little bluestem

Red threeawn

Blue grama

Smooth brome
Japenese brome
Prairie sandfeé&
Purple reedgrass
Kobresia-like sedge
Threadleaf sedge

Sun sedge

'Single—spike.sedge

inflated sedge
Timber danthonia
Idaho fescue
Rough fescue

Spike oat

Wire rush

Prairie junegrass _
Patterson's bluegrass -
Bluegrass species
Needle and threed

Green needle 'grass
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Table 15. (continued)

FORBS
Achillea millefolium
Allium cérnuum
Allium textile
Anemone multifida
Anemone patens
Antennaria roseaq
Arenaria congesta
Arenaria hookeri
Aftemisia cana
Artemisia frigida
Astragalus bisulatus
Astragalus eucosmus
Astragalus gilviflorus
Astragalus pectinatus
Astragalus tenellus
Balsamorhiza saggitata
Besseya wyomingensis
" Buplerum americarum _
Campanula rotundifolia
Castellija sessiliflora
Cerastium arvense
' éhrysopsis villosa
Cirsium undulatum
Clematis pseudoalpina
Comandra umbellata
Crepis ocecidentalis

Cryptanthe interrupta

Western yarrow:
Nodding onion

Textile onién

Ball anemone

Pasque flower

Rose pussytoes
Ballhead sandwort -
Hooker sandwort

Silver sagebrush
Fringed sagewort
Two-grooved milkvetch
Elegant milkvetch
Three-leaved milkvetch
Narrow leaf poisonvetch
Loose flower‘miikvetch
Arrowleaf balsamroot
Kitteptail '
American thorw#y

Roundleaf harebell

' Downy-painted cup

Field chickweed
Golden aster

Wavy leaf thistle

Climbing-purple .clematis

Pale bastard téad flax
Western hawksbeatd

Bristly cryptantha .
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Table 15.

(continued)
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Forbs

Delphinium bicolor

Dodecatheon conjugens

' Echinaceae pallida

Erigeron caespitosus
Erigeron ochroleucus
Erigeron subtrinervis
Erigeron spp.’
Eriogonum flavum
Eriogonum umbellatum
Eriogonum spp.
Eritichum howardii
Erysium asperum
Frasera speciosa
Fritileria pudica
Gaillardia aristata
Galium boreale

Geum triflorum
Grindelia squarrosa
Guterrhiza sarothrae
Haplopappus armeroides
Haplopappus nattali
Haplopappus spinulosus
Hedysarum boreale
Hedysarum sulfurescens
Eymenoxys'acaulis
Leucroerinum montanum
Liatris punctata

Linum perenne

Low larkspur

Shooting star

Purpie coneflower
Tufted fleabaﬁe

Buff erigeron
Threé—ﬁeined.fleabane-
Erigeron species .
Yellow eriogonum

Sulfur eriogonum

- Eriogonum species

Howard's alpine forget me not
Plains wallflowers
Spotted frasera
Yellowbell

Blanket flower
Northern bedstraw
Prairie smoke

Curlcup gumweed

Broom snakeweed

Thrift goldenweed
Nuttall goldenweed
Spring goldenweed
Northern sweetvetch
White sweetvetch
Arizona hymenoxys
Sand 1ily "
Dotted blazingstar
Blueflax -

| Y
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Table

15; (continued)
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Forbs

Lithopermum ruderale
Lomatium cous
Lomatium macrocarpum
Lotus purshianus
Lupinus sericeus’
Lupinus wytheii

Lupinus spp.

Mertensia viridis

Monarda fistulosa
Musineon divaricatum
Myosotis sylvatica
Opuntia polycantha
Orthocarpus luteus
Orthocarpus tenufolia

Oxytropis besseyi

Oxytropis sericeus

Oxytropis viscidia
Paroynchia sessiflora

Penstemon attenuates

Penstemon erianthus

Penstemon nitidus

Petalostemon candidum

Petalostemon purpescens

Phlox alyssifolia

‘Phlox hoodii

Phlox kelseyi

Phlox multiflora

Western gromwell
Mountain lomatium
Large-fruit lomatium
Prairie trefoil .

Silky lupine

Wyethe lupine

Lupine gpecies
Greenleaf blueBell
Horse mint

Leaf musineon

Alpine forget me not’

Plains prickly pear

Yellow owl clover -

Thin-leaf orthocarpus

'Bessey pointvetch

White pointloco

Sticky pointloco
Stemless nailwort
Sulfur penstemon

Fuzzytongue penstemon

‘Waxleaf pénstemon

White prairie clover
Purple prairié clover
Alyssum-leaved phlox
Hoods phlox

Kelsey phlox

Flowery phlox :
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Table 15. (continued)

. Forbs

Polygala alba

Polygonum bistordis
Potentilla gracilis
Potentilla hippiana
Ranunculus glaberrimus
Saifraga rhomboidea
Sisyrinchium sarmentosum
Sedum Zancéolatﬁm
Senecio canus

Smilicia racemosa
Solidago missourensis
Solidago occidentalis
Taraxicum officinale

Thermopsis rhombifolia

. Tragopogon dubius

Vieia americana
Viola nuttalli
Yucca glauca
Zygondenus elegans

Zygodenus venosus

White milkwort

Westefn bistort

Northwest cinquefoil

Horse cinquefoil
Sagebrush buttercﬁpv
Diamondleaf saxifrage
Blue—eyed grass
Lance—ieaf stonecrop
Wooly grdundsel

False spikenard

. Missouri goldenrod

Western goldenrod
Common dandelion

Prairie thermopsis
Coﬁmon salsify '

American vetch

. Nuttall violet

Soapwell .
Glaucos zygodenus

Meadow death camas

1"

ANy 4
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Table 15. (continued)

| SHRUBS -

'Apocynum cannabium - Hemp dogbane -
Arctostayphlos uva-ursi Kinnikinick
Artemisia longifolia Longleaf sagebrush
 Artemisia tridentata -Big sagebrush
Atriplex canescens - Fourwing saltbrush
Berberis .repens Oregon ‘grape
Juniperus.horizonfalis ' Creeping juniper
Potentilla fruticosa Shrubby cinquefoil
Prunus virginiana ' Chokecherry -

Rhus .7‘;1”1: lobata Skunkbush sumac
Ribes spp. - Currant épecies
Rosa acicularis . Priékly rose

Rosa arkansana Prairie rose
Symphoricarpos albus ‘Common snowberry

Symphoricarpos occidentalis Western snowberry




Li_ gt

table 15. (continued)
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Pinus flexilus
Pinus ponderosa

' Pseudotsuga menziesii

TREES
Limber pine
Ponderosa pine

_ Douglas fir




Table 16. Percent canopy coverage and percent frequency among 2x5 plot frames for the 30 -
intensively studied creeping juniper sites. ’ :

. Sites
Taxa 1 2 3 4 5 6 7 8 9

GRAMINOIDS:

Agropyron smithii (Agsm) - - - - - - - - - - - - - - -
Agropyron spicatum (Agsp)  5/47% 13/77 3/30 7/77 5/79 8/90 16/87 1/13 11/63
Andropogon scoparius (Ansc) - - - - - - - - - - - - - - - - - -
Avistida longiseta (Arlo) - - =—- —= == == —= —— - __

Bouteloua gracilis (Bogr)

Bromus inermis (Brin) - - - - - - - - - - - - - - - - - - -
Bromus japonicus (Brja) - - - - - - - - -—- . - = - - - - 1/ 7

Calamovilfa longifolia
(Calo)

Calamovilfa purpescens - - - - - - - - - = - - - -
(Capu) : . .

Carex elynoides (Cael) - - - - - - - - - - - - - = - - - -
Carex filifolia (Cafi) 3/23 11/50 3/23 10/57 3/27 '6/40- 2/20 - - 8/40

Carex heliofila (Caﬁe) - -~ - - == - - - - - - = - - - - -

Carex scirpoidea (Casc) - = - - - - = - -~ - - - - - - - -

Carex vesicaria (Cave) 1/13 1/10 1/10 - - 1/ 7 -4/27 1/.7 1/13 +tr/10
' Danthonia intermedia (Dain) - - = - = - — - - -- - 7-~ - -
Festuca idahoensis (Feid) 9/53 tr/ 3 10/60 4/47 17/77 8/47 - - 11/70 22/73

Festuca scabrella (Fesc) — 6/33 4/23 9/37 - -  2/10..2/13 - - -11/73 - -

6¢T
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Table 16. (continued)
Sites
Taxa 10 11 12 13 14 15 16 17 18 19 20
’ GRAMINOIDS:
(Agsm) - - - - - - - - - - - - 10/63 - - - - 5/63 16/27
(Agsp) 1/7 3/47 -- —-= -= 1/3 -= .2/30 -- -=- --
(nsc) - - - - - - - - - - - - - - - - - - - - - -
(Arlo) - - - - - - - - - - - - - - - - - - - - - -
®org) - - - - -—- - 2/13 - - - - - - - - - - - -
Brin) - - 2/20  2/17 - - - - - - - - - - -- tx/7 --
®rja) - - - - - - - - - - - - - - - - - - - - - -
Calo) - - - —— - - 12/80 -= == == - -
Capu) -=-  2/13 -= -= =  -= .= - - - -
Cael) - - - -- - - - - - - - - - - - - - - - -
Cafi) 4/20 3/23 3/23 2/17 6/30 - - -- 2/23 -- —- 1/ 3
Cahe) - - - - - - - - - - - - - - - - - - - - - -
Casc). - - - - l4/63 - - - - - - - - - - - - - - - -
Cave) 1/50 5/53 © 3/23 2/ 7 -- -- --  6/30 -- 1/37 3/33
Qain) - - - - - - - - - - - - - - - - - - - - - -
Feid) 9/57 3/13 7/63 ~-- - - - - tr/ 3 ‘tr/ 3 3/13 14/97 6/40
Fesc) - = 15/67 2/20 - = - = - = o= o 2o oo .

O€T




Table 16. (continued)

' . Sites
Taxa 21 22 23 25 26 27 28 29 30 31
GRAMINOIDS:
(Agsm) 5/37 1/ 7 25/93 2/13  4/17 7/27 - - - - - -
(Ggsp) — - —— 1/7 2/37 3/33 -- -- 12/67 1/20 8/80
(Ansc) - - - - - - - - - - 3/43 - - - - - - - -
(rlo) -- == == - - 1/3 -- - - - - - - - -
®Borg) - = - - - - - - - - - - - - - - - - - -
(Brin) - - - - - - - - - - - - - - - - - - - -
®Brja) - - - - - - - - - - - - - - - - - - - -
(Calo) - - - - - - - - 2/23 - - 427 - - - - - -
(Capu) - - - - - - - - - - - - - - - - - - - -
(Cael)‘ - - - - - - 1/37 txr/ 3 - - - - - - - - - -
(Cafi) - - - - - - - - 8/40 7/47 5/40 1/10 7/40 12/50
(Cahe) - - - - - - - = tr/3 =- - - - - - - - -
(Casc) - - - - - - - - - - - - - - - - - - - -
Cave) 1/20 10/83 ~-- - - 6/23 3/27 1/10 --  3/23 - -
(dain) - - - - - - = - - - - - - - = - - - - -
Feid) 3/33 5/63 -~- 8/57 -~ —-—= —= 1/73 - -  1/30
Feso) - == - - - - = - - - -~ 6/47 11/63

TeT

™17
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Table 16. (continued)

Taxa 1

GRAMINOIDS: _ A

Helictotrichon hookeri (Heho) 7/27
Juncus balticus (Juba) - - -
Koelarié cristata (Kocr) 4/13
Poa pattersoni (Popa) - -
Poa spp.. o o=
Stipa comata (Stco) - -
Stipa viridula (Stvi) ' - -

Unknown grasses

FORBS:

Achillea millefolium (Acmi)
Allium cernuum (Alce) - -
Allium textile (Alte) 1/33
Anemone multifida (Anmu) - -

Anemone patens (Anpa) . 2/10
Antennaria rosea (Anro). tr/ 7
Arenaria congesta'(Arcd) 1/ 7
Arenaria hookeri (Arho) - -
Artemisia cana (Arca) = - -~
Artemisia frigida (Arfr) = 8/13

1/ 3 tr/10

€T

i i
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Table 16.

(continued)

Taxa

10

11 12

13

Sites
14

15

16

17

18 19

20

GRAMINOIDS:
(Heho)
(Juba)
(Kocr)
(Popa)
Poa ssp.
(Stco)
(Stvi)
Unknown
grasses

FORBS:
(Acmi)
(Alcé)
(Alte)
(Anmu)
(Anpa)
(Anro)
(Arco)
(Arho)
(Arca)
(Arfr)

13/60

tr/ 3 10/40
- - tr/ 6
1/13 - -

13/

87

2/17

1/10

tr/ 3

1/10

4/23

1/13

\O
~
19,1
w
1
I

5/57
tr/ 7 - -
2/13 - -
tr/ 3 11/77
tr/ 3 - -
- —  3/tr

€eT

T
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Table 16. (continued)

Taxa 21

22

23

25

Sites
26

27

28

29

30

31

GRAMINOIDS:
(Heho) tr/ 3
(Juba) - -
(Koer) 3/20
(Popa) - -
Poa ssp. .
(Stco) - -
(Stvi) - -
Unknown - -
grasses
FORBS:
(Acmi) 1/10
(Alce) - -
(Alte) - -
(Anmu) - -
(Anpa)- ' 1/ 7
(Anro) 1/10
(Arco) - -
(Arho) - -
(Arca) - -
(Arfr) - -

1/ 7
tr/ 3

tr/17

AN S

L R |




Table 16. (continued)

Taxa _ 1

FORBS:
Astragalus bisulatus (Asbi) -

Astragalus eucosmus (Aseu) -
Astragalus gilviflorus (Asgl)
Astragalus pectinatﬁs(ASPe) - -
Astragalus tenellus (Aste) - —
Balsamorhiza saggitata (Basa) - -
Besseya wyomingensis (Bewy) tr/ 3
Buplerum americanum (Buam) - -
Campanula rotundifolia{Caro) - -
Castellija sessiliflora(Case)_ _
Cerastium arvense (Cear) 1/27

Chrysopsis villosa (Chvi) - -

Cirsium undulatum (Ciun) -

Clematis pseudoalpina (Clps) -
Comandra umbellata (Coum) - -

Crepis occidentalis (Croc)

Cryptanthe - interrupta (Crin)

Delphinium bicolor (Debi).

Dodecatheon conjugens (Doco)
Echinaceae pallida (Ecpa) — — -

tr/ 3

tr/23

tr/17

. tr/ 3

tr/20

GET
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Table 16. (continued)

Taxa

10

11 12 13

Sites
14 - 15

16

17

18 19

20

FORBS:
(Asbi)
(Aséuj
(Aégi)

(Aspe)
(Aste).

(Basa)
- (Bewy)
(Buam)
(Caro)
(Case)
(Cear)
~-(Chvi)
(Ciun)
(Clps)
V(Cqum)
(Croc)
(Crin)
(Debi)
{(Doco)
(Ecpa)

-- . 1/10 - -
tr/3 - - 5/30
tr/3 ~— - . - =
-~ /3 --
- 17 --
tr/37 tr/17 tr/ 3

7/37  — -

tr/ 3 10/80

9¢T
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Table 16. (éontinue&)

Sites
Taxa 21 22 23 25 26 27 28 29 30 31

FORBS:
(Asbi) e e e T T S
(Aseu) - - == —= -~ 4/27 1/7 tr/3 -- -+  2/13
(Asgi) -- == == -= -= 1/3 -- == 2/23 tx/ 3
(Aspe) - - - - 5/53 - - - - - - - - - - - - - -
(Aste) - - - - - - - - - - - - - - - - - - - -
(Basa) - - - - 2/17 - - - - - - - - 1/10 - - 1/ 3
(Bewy) - - - - = - - - - - 1/13 - - - - - - 1/ 3
(Buam) - = - - - - - - - - - - - - - - tr/ 7 - _
(Caro) - - - - - - - - - - 1/20 - - - - - - -
(Case) - - - - - - - - - - - - - - - - 1/ 3 - -
(Cear) 1/23 tr/10 2/13 tr/ 3 -- - - - - 1/13 - - 2/37
(Chwi) - =-= == == == 1/10 =-" == == == -
(Ciun) -- --  -=  -= tr/3 =-- -- - -  --
(Clps) o e T
(Coum) 2/27° 4/43 1/40 - - 1/ 3 -~-  3/27 2/ 7 2/33 - -
(Croc) == - = - - - - -=- - - - - 1/10 - - - -
(Crin) I T T T
(Debi) - - -- - .. oo oo oo Lol
(Doco) - = - - - - - - - - - - - - - - - - - -

(Ecpa) - - - - - - - - '1/_7 - - 1/ 3 - - - - - -

LET

(i
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Table 16. (continued)

Taxa . . _ 1 2 3 4 5 6 7 8 9

F‘ORBS :

Erigeron caespitosus (Erca)— — - - - - - - - - - - - - - - 1/13
Erigeron ochroleucus(Eroc)- - . tr/10 tr/ 7 - - /3 -- -- L= =
Epigeron subtrinervis (Ersu} - . 1/10 2/13 3/37 2/20 2/37 tx/ 3 2/37 - -
Erigeron spp. - . -- - - - - - - -- - - - - - -

tr/ 3 - - 1/ 3

Erigeron-f&lvum (Exrfl) _—— - - R i/ 3 -
Eriogonim umbellatum(Erum)
Eriogonum spp. B - - 1/13 - - tx/ 3 1/ 3 - - - - - - -~

8E€T

Evitichum howardii (Erhq)
Erysium asperum - (Eras) -—- -~ - - - - - - - - - -
Frasera specibsa (FrSSB_ i/ 37 -~ 71/ 3 - - - - - - - - =
Fritileria pudieca (Frpu) - - - - - - 1/ 3 - - - - - - - -
Gaillardia aristata (Gaar)- - - - - - - = 1/ 7 - - - 1/ 3 - -
Galiun boreale (Gabo) tr/ 7. -~ 1/10 er/ 3- 2/30 tr/l0 - - - -  1/20
Geum triflorum (Getr) s 2/23 - - tx/ 7 - - -- - - 1/ 3 tx/ 7
Grindelia squarrosa(Grsq) - - =~ - - - - - - - - - - P - - -
Guterrhiza sarothrae(Gusa)- - - - - - - - - - - - ;'__ - -
Haplapappué armeroides (Haar} - - -~ - - - - - - - - ;-7 - - - -
Haplopappus nuttali (Hanu)- - - - ~ - - - - - - - -- -~ - -
Haplopappus spinulosus(Hasp»-- - - - - - - - - - - - - -

Hedysarum boreale (Hebo) - - - - [ - - - - 13 --= - -

L)
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Table 16.

(continued)

Taxa

10

11

12

13-

-Sites
14 15

16

17

18

19

20

FORBS:
(Erca)
(Eroc)
(Ersu)
Erigeron spp.
(Ex£fl)
(Erum)
Eriogonum spp.
(Erho)
(Eras)
(Frsp)
(Frpu)
(Gaar)
(Gabo)
(Getr)
(Grsq)

" (Gusa)
(Haar)
(Hanu)
(Hasp)
(Hebo)

1/13

tr/ 3 tr/ 3

tr/17

6€T

1




Table 16.

(continued)

Taxa

21

22

23

25

26

Sites
27

28 29

30

31

FORBS:
(Erca)
(Eroc)
(Ersu)

Erigeron Spp-

(Exrfl)
(Erum)
Eriogonuim spp.
(Erho)
(Eras) .
(Frsp)
(Frpu)
‘(Gaar)
(Gabo) -.
(Getr)
(Frsq)
(Gusa)
(Haar)
(Hanu)
(Hasp)
(Hebo)

ovt




Table 16. (continued)

Taxa 1

Sites

FORBS:

Hedysarum sulfurescens(Hesu)

Hymenoxys acaulis(Hyac) -.

Leucrocrinum montarnum(Lemo)
Liatris punctata(Lipu) -

Linum perenne (Lipe) -

Lithopermuin ruderale (Liru)

Lomatium cous (Loco) tx/7

Lomatium macrocarpum(Loma) = . -
Lotus purshianus (Lopu) -
Lupinus sericeus (Luse) -
Lupinus wytheii (Luwy) -
Lupinus spp. -
Mertensia viridis Mevi) -

Monarda fistulosa (Mofi)

Musineon divaricatum(Mudi) tr/3

’Myosotis sylvatica Mysy) -
Opuntia polycantha (Oppo) -

Orthocarpus leuteus (Orle) -

%1
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Table 16.

(continued)

Taxa

10

11

12

13

14

Sites
15

16

17 18

19

20

FORBS:

(Hesu)
(Hyac)
(Lemo)
(Lipu)
(Lipe)
(Liru)
(Loco)
(Loma)
(Lopu)

{Luse)

(Luwy) -
Lupinus spp.

(Mgvi)
(Mofi)
" fMudi)
(Mysy)
(Oppo)
(Orle)

1/3  3/53

tr/13 1/13

rAaN
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Table 16. (continued)

Taxa ) 21 22

23 25

Sites
26 27

28 .

29

30

31

FORBS:

(Hesu) ‘ - = - -
(Hyac) - ==
(Lemo) -- -
(Lipu) - - - -
(Lipe) tr/3 tr/3
(Liru) - = - -
(Loco) - - - =
(Loma) == - -

(Lopu) - - - -

(Luse) - - - - =
(Luwy) o= - -

Lupinus spp. - - - -
(Mevi) = - - -
(Mofi) - - - -
(Mudi) - tr/17 - -
_ (Mysy) - =
(Oppo) - T~
“(Orle) ’ - - - -

1/7
1/37

2/40

€yt

i) VR L i
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Table 16. (continued)

Taxa

FORBS:

Orthocarpus tenufolia(Orte)
Oxytropis besseyi (Oxbe)
Oxytropis sericeus (Oxse)
Oxytropis viscida(Oxvi)
Pafoynchia sessiflora(Pase)
Penstemon attenuates (Peat)
. Penstemon erianthus (Peer)
Penstemon nitidus (Peni)
Petalostemon candidum(Peca)

PetaZostemon.purpescens(Pepu)

Phlox alyssifolia(Phal)
Phlox hoodii (Phho)

Phlox kelseyi(Phke)

Phlox muZ%ionra(thu)
Polygala alba(Poal)
Polygonum bistordis (Pobi)
Potentilla graciZZis(Pogrf
Potentilla hippiana(Pohi)

--_1/7

1/23 " 1/13

1/23 -

T

H

~.
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Iable 16.

(continued)

Taxa

10 - 11

12

13

Sites
14 15

16

17

18

19

20

FORBS:

(Orte)
'(Oxbe)
(Oxse)
(Oxvi)
(Pase)
(Peat)
(Peer)
(éeni)
(cha)
(Pepu)
(Phal)
(Phho)
(Phke).
(Phmu)
(?oal)
(Pobi)
(Pogr)
(Pohi)

SvT
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Table 16.

(continued)

Taxa

21 . 22

23

25

26

Sites
27

28

29

30

31

FORBS:

(Orte)
- (Oxbe)
(Oxse)
(Oxvi)
(Pase)
(Peat)
(Peer)
(Peni)
(Peca)
" (Pepu)
(Phgl)
(Phho)
(Phke)
- (Phmu)
(?oal)
{(Pobi)
(Pogt)
(Pohi)

1/3 1/17

tr/3 -

9IvT
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Table 16. (continuéd)

Taxa

o

FORBS:

Ranunculus glaberrimus (Ragl)
Saxifraga rhomboidea(Sarh)
Sisyrinchium sarmentosum(Sisa)
Sedum lanceolatum(Sela) |
Senecio canus (Seca)

Smilicia racemosa(Smra)
Solidago missourensis(Somi)
Solidago. vecidentalis (Sooc)
Tarasicum officianle(Taofj
Thermopsis rhombifolia(Thrh)
Tragopogon dubius (Trdu)

Vieia americana(Viam)

Viola nuttalli(Vinu)

Yuceca glauca(Yugl)

Zygodenus elegans (Zyel)

Zygodenus venOsus(ZyVef

T
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Table 16. (continued)

Sites

Taxa 10 11 12 13 14 15 16 17 18 19 20
FORBS:

(Ragl) - - -, - -~ -~ - -~- -~ - -~ == =
(Sarh) - - T - - - - - - - - - - == - -
(Sisa) - - - - - - - - - - - - - - - 1/7 - - - =
(Sela) tr/20 - - -- @ -=- -= -~ -=  -- --"1/10 -2/17
(Seca) 1720 1/7 =& == - = = M- oo - TT -
(Smra) - - - - 1/20 -=- =-= - - - - - - - - - - R~
(Somi) 1/7 - = - = 2/27 == - e o e .. L.®
(Soocj -~ -= - - -- 1/7 - - Fr/3 - - - - .= - - -
(Taof) -~ - - - - - 7" - - 1/13 - - - -
(Thrh) 1/10 - - - - - - 3/23 18/57 5/30 - - 1/3 - - - _
(Trdu) T T e T
(Viam) - - tr/3 -- 3/23 1/3 ~-- 2/20 1/3 1/3 -- . --
(Vim) -- - - == 210 -- .- -- - - - tr/7  tr)3
(Yugl) & 2%
(Zyel) - - 2/27 2/10 - = -= = == - tx/37/57 1/
(Zyve) /3 1/20 trj3 17 1/3 - - - - -1/13  3/37 -- -:




Table 16. (continued)

Taxa . 21 - 22

23

25

Sites
26 27

28

29 -

30

31

FORBS

(Ragl)

(Sarh) - . - - -

(Sisa) - --
(Sela) - -
(Seca) - -
(Smra) ) - - - -
(Somi) - - - -
(Sooc) - - - -
(Taof) - — = -
(Thrh) o - - 1/10
(Trdu) . . - - -
 (Viam) tr/10 - -
(Vinu) .

(Yugl) . - - -

(Zyel) -, 1/3 " e/57
(Zyve) 1/7 - - .

1/3

6%l

It




Table 16. (continued)
Sites .
Taxa 3 ; 5 6 8 9
" SHRUBS
Apocynum cannabium(Apca) . - - - -~ -~ - ~-- ~-= ==
- - - = - = - = - == . - = 1/3

Arctostayphlos uva-ursi (Aruv)
Artemisi& longifolia(Artlo)
Artemisia tridentata(Artr)
Atriplex canescens (Atca)
Berberis. repens (Bere)
Juniperus horizontalis (Juho)
. Potentilla fruticosa (Pofr)
Prunus virginitana (Prvi)

Rhus trilobata(Rhtr)

Ribes spp.

Rosa acicularis(Roac)

Rosa arkansana (Roar)

Symphoricarpos albus(Syal)

Symphoricarpos occidentalis (Syoc)

TREES

"Pinus flexilus (Pifl)
Pinus ponderosa (Pipo)

Pseudotsuga mensiesii (Psme)

43/60
1/3

1/20

19/67 33/73 31/77 35/83 36/33 34/67 16/43 16/23

22/91 48/138
23/47

- - 4/17

1/13 2/21
- - tr/5

06T
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(continued)

Table 16.
. . Sites
Taxa 10 11 12 13 14 15. 16 17 18. 19 20
SHRUBS:
(Apca) - -= - - - - - - - - - - - - 5/33 - - - - - -
" (Aruv) - == - - - - - = - - - - - - - - - - -
(Artlo) -- - - - - - - - - 3/13 -- - - - - - - -
. (Artr) - - - - - - - - - - - -  5/23 - - - - - - -
(Atca) - - == - - - - - - - - - - - - - - -
(Bere) -=- - - - - - - - - - - -=- - - - - - -  tr/3
(Juho) 27/53 47/77 §0/47 53/73 16/27 17/33 35/50 32/73 28/43 40/73 9/37
(Pofr) 4/20 3/20 "4/30 - - - - - - - - - -- - - 13/50 9/30
(PrVi) - - - - - - - - - - - - - - - = -~ - - 1/13
(Rhtr) -~ - - - - - 2/10 5/13 - - - - - - - - - - - -
Ribes spp. - - - - - - - - - - - - = - - - - - - -
(Roac) /3 -~ tr/3  1/13  2/27 - - - = &4f27 tr/3 - -  1/7
(Roar) - - == - - - - - -  3/23 1/13 - - - - 1/3 - -
~(Syal) - - - - - - 14/73 - - - - - - - - - - 3/23 2/10
(Syéc) - - - - - - - - - = - - - - - - = - - - -
TREES :
(PLif1)’ 2/93 1/93  1/7 = = = = o —— o e oo
(Pipo) tr/2 - - - - - - - - - - - - - - - - - -
‘(Psme) - - - - - - - - - 4/160 -- - - - - - - - -

IST
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Table 16. (continued)

Sites

Taxa 21 22 - 23 25 26 27 28 20 30 - 31

FORBS:

!
3%
g
g
o

I

I

I

I

(Apca) - - - - - - - - - - -
(Aruv) - - - - -- == == - - - = - - - - - -
(Artlo) - = -~ - - - -=  =-= == - == - -
(Artr) - - - = . - - - - N
(Atca) ' - - - - - - T - - 1/10° - -
(Bere) - - - - - - - - - — - - - = - _ - _ -
(Juho) . ’ 63/80 26/63 11/60 57/90 56/63 83/100 25/53 10/27 27/40 20/33
(Pofr) 7 & - - - -
(Prvi) - - - - - - I - -
(Rhtr) - = - - - - - oo oo - /3 - - -
Ribes spp. - - - - - - - - - = - - - - - = - - _ -
(Roac) ' - - - - - - - - - - == 2/13 - - 2/13 - -
(Roar) - - 1/3 - - - - - - - - - - - - -
- (Syal) - - - == == - - - - - - - - =
(Syoc) . .= _—';. S -- oo tr/3 - - - =2 - -

TREES

i

I
=,
~
s
[02]
-
~
9]
[02]

|

|

f

I

I

I

(Pif1) o 10/70 ' . 3/200 5/220
(Pipo): e 72 S
(Psme) I -1/23 ' . -

ST
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Table 17. Edaphic characteristics of 51 creeping juniper sites including pH, organic matter
content, texture, salt hazard, soil depth, erosion, and five important elements.

Organic Phos- Potas—- 'Magne- Sod-= Cal- Salt Soil Surface

Matter Tex~  phorus sium sium ° dfum cium = Hazard Depth Erosion

Sites pH Percent ture!l ppm2 PPm meq3 meq meq mmhos™ - cm Percent

1 7.8 4.5(M)° CL 2(VL) 199 (M) 2.1 Tr.® 36.0 0.6 23.6 3.0
2 7.7 3.2(L) SL 17 (VL) 162 (M) 1.3 Tr. 28.4 . 1.0 12,2 15.0
3 7.0 3.9 L 18 (VL) 107(L) 1.5 Tr. 12.8 1.3 16.8 3.0
b 7.6 2.7(VL) LS 18 (VL) 71(VL) 1.2 Tr. 11.2 0.7 17.9 15.0
5 7.5 3.3(L) L 16 (VL) 171.(M) 1.5 0.1 20.0 0.9 13.4 15.0
6 6.9 3.7(L) CL 9(VL) ‘208 (M) 3.6 Tr. 15.6 0.2 . 10,1 15.0
7 7.8 3.8(L) CL 14 (VL) 180 (M) 0.7 =~ Tr. 34.0 0.6 9.2 38.0
8 6.0 6.2(10) L 26 (VL) 199 M) 2.3 0.1 .15.2 1.9. 9.4 3.0
9 6.6 6.3(H) L 28 (VL) 539(H) 6.2 0.1 19.2 1.2 10.8- 3.0
10 6.0 5.2(M) CL 10(VL) 284 (H) 4.1 0.2 12.8 0.5 14,7 3.0
11 7.6 6.0(H) SiL. - 13(VL). 255(H) 5.0 0.2 28.0 - 1.0 30.7 3.0
12 7.3  6.2(H) Sil, ~ 13(VL) 312 (H) 3.6 0.2 24.4- 1.2 10.6 3.0
13 7.5. 3.9(L) sicC 13(VL) 293(H) 4.0 0.1  42.0 0.6 27.8 3.0
14 7.5 1.6(VL) C 20(VL) 199 (™) 0.7 0.1 98.0 6.2 - 22.7 38.0
‘15 4.4 1,8(VL) C 49 (L) 236 (M) 2.2 0.2 33.0 1.1 22.5 63.0
© 16 6.2 2.2(VL) CL 45 (L) 190(M) 3.3 Tr. 22.0. . 0.4°  20.5 63.0
i7 7.2 6.2(H) Sil. . 23(VL) 351 (H) 2.4 0.2 29.2 1.4 12.2 15.0
18 7.4 6.3(H) L 17(vL) . 519(H) 2.3 Tr. 36.4 2.0 11.0 3.0
19 7.2 7.4(H) SiL 23(VL) 419(H). 2.5 0.1 32.0 1.4 13.8 3.0
20 7.6 6.8(H) SiL 43 (L) 439 (H) 2.0 - Tr. 37.6 0.8 10.3 3.0
21 -7.3 6.8(H) L 21(VL) 399 (1) 3.0 Tr. - 39.0 1.7 17.5 3.0
22 7.9  4.8(M) L 6 (VL) 144 (M) 2.9 Tr. 34.0 - 0.8 14.8 3.0
23 8.0 3.8(L) "cL 9(VL) 312 (H) 1.9 Tr. 21.0 0.9 20.8 15.0
25 6.4 6.8(H) L | 20(VL) 488(H) 2.4 0.1 16.4 0.5 12.8 3.0
26 7.9 .3.9() SiL . 7(VLY . 190(M) 3.9 0.1 30.4 -0.6 15.5 - 15.0
27 8.0 4.8(M) sC . 7(VL) 295(H) 7.3 Tr. 27.2 0.7 16.1 - 3.0
28 8.5 1.0(VL) CL 2(VL)  69(VL) 3.7 Tr. 23.2° 0.4 32.6 38.0
29 7.1 2.4 .33 24,0 0.4 14.3 38.0

4.5M) - CL 14 (VL) 463 (H)
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Table 17.

) .1SiL;81lt Loam;

(continued) .
- Organic - Phos- ' Potas- Magne- Sod- Cal- Salt . Soil Surface
Matter Tex- phorus sium sium - djum cium  Hazard -Depth Erosion
Sites pH Percent. ture! ppm? ppm . megq3 meq meq mmhos* cm Percent -
30 8.0 2.9(VL) SCL 6(VL)  239(M) 4.6 Tr 31.6 0.4 16.4 = 15.0
31.7.7 5.8(1) CL 17(VL)  415(®) 0.7 0.1 - 33.6 0.6 14.4 3.0
32 6.7 3.8(L) CL 103(H) = 200(M) 1.3 'Tr.- . 9.6 0.4 N.M.7 3.0
33 7.5 © 1.5(VL) C . 11(VL) 184() 1.1 0.3 "35.4 3.7 " '15.0
34 7.9 2.1(VL) C. 4(VL) . 236(M) 3.4 0.3 37.1 0.4 " 3.0 .
35 7.5 5.9 CL "6(VL) 333(H) 5.3  0.4° 28.0 0.7 " 3.0°
36 8.0 1.1(VL) 'SCL g(vL) 120(L) 3.3 Tr. 31.2 0.4 " 15.0 _
37 7.8 4.5(M) CL 9(vL) -390(H) 2.6 Tr. 35.2 0.8 " 3.0 i
38 7.7 3.9(L) C 7(VL)-  290(M) 1.4 0.1 40.0 0.6 . " 3.0
39 6.5 6.6(H) - SCL 14(VL)  333(H) 2.8 0.4 17.5 0.3 " 3.0
40 8.3 "0.8(VL) SL 7(vL) 110(L) 3.3 Tr. . 25.2 0.4 " 15.0
41 8.2 .0.8(VL) CL C6(VL)  1e0(M). 3.2 0.1 31.6 0.7 " 38.0
42 6.9 3.5(L) SCL 9(VL)  201(M) - 2.5 0.3 10.0 0.2 " 3.0 H
43 7.4  4.8(M) CL 2(VL) . 342(®) . 4.4 0.3 36.6 0.5 " 3.0 @
44 8.1 3.4(L) C C4(VL)  229(M) 4.3 0.3 28.4 0.4 " 63.0. :
45 8.0 6.4(H) SL 6(VL) 218(M) . 3.0 0.3 28.0 0.6 " 3.0
46 8.1 2.9(L) CL 6(VL) 210(M) 3.5 Tr. 37.2 0.5 " 38.0
47 8.0 5.9(M) SCL 6(VL) 184(M) 3.7 0.3 37.1 0.6 u 38.0
48 8.1 2.7(L). CL 6(VL) 218(M) 4.3 0.3 36.6 0.5 " 15.0
49 8.2 .1.8(VL) CL’ 15(vL) 110(L) 2.9 Tr:  24.4 0.4 - " 63.0
50 7.0 6.3(H) SiL  19(VL) 340(H) 1.9 Tr.-. 37.2 0.8 " " 3.0
51 8.0 1.8(VL) .SC 6(VL) _218(M) 1.0. 0.4 34.6 = 0.4 " 63.0
24 7.0 7.0(H) L. 28(VL) 580(H) - 1.6 Tr. 32.4 1.5 11.2 - 3.0

=Loam; CL—Clay Loam, SCL—Sandyclay Loam; C=Clay; LS=Loamy Sand; SC=Sandy Clay;
SlC—Sllty Clay. . . " L : IV
ppmfpoundsbne million pounds of 5011 o . .
3meq—M111equ1valents/lOOgrams of soil.

“mmhos=millimhos Imho=1/0Ohm
5Rat1ngs from Montana Soils Testlng Laboratory Report, ST-Form 2; VL=Very Low, M—Medlum
H=High. .

6Tr.=Trace; less than 0. l percent
"7N:M.=not measured.
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