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Highlight 

Western juniper invasion of sagebrush-bunchgrass vegeta- 
tion in southwestern Idaho was verified. The invasion started 
about 1860 and is continuing at present. Juniper was found 
to be climax on rocky ridges and rimrocks where soil devel- 
opment is limited. Seral juniper stands were found on the 
deeper soils of valley slopes and bottoms. These sites were 
previously occupied by productive sagebrush-grass stands. It 
appears that juniper control would be more beneficial on 
invaded sites than on climax juniper sites. 

The distribution of western juniper (Juniper-us 
occidentalis subsp. occidentalis) in Idaho is con- 
fined to the soithwestern portion of the state, 
mainly in Owyhee County (Vasek, 1966). The stands 
in Idaho constitute the eastern extremity of the 
range of this species, which extends from the south- 
ern Sierra 6 evada Mountains north through 
Oregon and into southern Washington (Fig. 1). 
Utah juniper (J. osteosperma), the other species 
which occupies sizeable areas in the state is con- 
fined to the eastern portion, and is clearly separated 
geographically from western juniper. 

In Idaho, western juniper currently occupies 
some 400,000 acres. Land managers, stockmen, and 
others have become concerned in recent years by 
the apparent increase in the area occupied by this 
species and by the effects of this increase on forage 
supplies for livestock and big game. It was evident, 
however, that knowledge of the nature of western 
iuniner and its behavioi in Idaho was not sufficient 

.J 

to $ovide either a valid assessment of the problem 
or L rational basis for management. An &estiga- 
tion aimed at providing this information was begun 
by the authors in 1964. The present paper reports 
the results of the first stage of this research. 

Successional changes in the pinyon-juniper zone 
of the Southwest and Intermo&t&n Regions have 
been documented by numerous individuals (Mil- 
ler, 192 1; Cottam and Stewart, 1940; Johnsen, 1962; 
and Christensen and Tohnson, 1964). Generally 
overgrazing, lack of recurring fires, greater seed 
dispersal or an overall climatic shift have been con- 

IThis study was financed in part under the McIntire- 
Stennis Cooperative Research Program, specifically Idaho 
Project M. S. -1 “Site Relationships and Productivity of 
Foothill Grazing Lands.” Received August 15, 1968; ac- 
cepted for publication March 3, 1969. 

sidered the causes of these changes (Phillips, 1910; 
Leopold, 1924; Cottam and Stewart, 1940; and 
Parker, 1945). 

The effects of these changes have also been re- 
ported. Usually they include reduced grazing capac- 
ity, increased difficulty of handling livestock, de- 
creased water yields, greater scenic attraction and 
greater cover but less forage for wildlife (Hull and 
Doran, 1950; Arnold and Schroeder, 1955; Arnold 
et al., 1964; and Skau, 1964). 

A vigorous program of juniper control and im- 
provement of ranges dominated by various species 
of juniper has been carried on in the southwest 
during the past few years. Chaining, bulldozing 
and burning of individual trees appear to be the 
most satisfactory methods developed to date (Cot- 
ner and Jameson, 1959; Arnold et al., 1964). It is 
evident from the literature, however, that more re- 
search is needed to understand the ecology of juni- 
per and solve the management problems of juniper 
rangelands in the Southwest. 

Few studies have been made of juniper in the 
Pacific Northwest. The principal studies reported 
to date are those of Driscoll (1964, 1964a), who 
classified western juniper vegetation into nine as- 
sociations and related these to soil units. These as- 
sociations apparently occupy distinct habitat-types 
which possess distinctive understories and have dif- 
ferent potentials for response to management. 
Driscoll described no communities as recently in- 
vaded by juniper, but mentioned patchinets of 
juniper in two associations, and attributed this to 
the effects of fire. Illustrations of several of the as- 
sociations (Driscoll, 1964a, Figs. 22, 24) indicate a 
preponderance of young juniper but no age class 
data are provided. 

Study Area and Methods 

The study area is located on the Owyhee Plateau and ad- 
jacent mountains in the west central portion of Owyhee 
County, Idaho (Fig. 1). The elevation of the area ranges 
from 4,500 ft on the plateau to 7,000 in the mountains near- 
by. Annual precipitation ranges from approximately 14 to 20 
inches. The soils belong mainly to the Chestnut Great Soil 
Group or associated lithosols and most are derived from 
rhyolitic parent materials. 

The vegetation consists of two major types, namely sage- 
brush-grass and juniper dominated communities. The dom- 
inant species involved in addition to western juniper are 
mountain big sagebrush (Artemisia tridentata subsp. vase- 
yana), low sagebrush (A. arbuscula), Idaho fescue (Festuca 
idahoensis) and bluebunch wheatgrass (Agropyron spi- 
catum). The two principal communities of the sagebrush- 
grass vegetation are mountain big sagebrush-Idaho fescue- 
bluebunch wheatgrass on relatively deep, well drained 
soils and low sagebrush-Idaho fescue on soils that are shal- 
low above a restrictive layer of clay pan or bedrock (Fosberg 
and Hironaka, 1964). 

The area was first settled by white men in the 1860’s 
when gold and silver were discovered. Ranching began in 
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FIG. 1. Distribution of the two subspecies of western juniper. 

1869, and the area was heavily stocked within 20 years. Cat- 
tle were the principal livestock until the 1890’s when they 
were largely replaced by sheep. Sheep numbers declined 
greatly around 1920 and since that time cattle have again 
been the principal grazing animal. The area is also well 
stocked with mule deer. 

A general reconnaisance of vegetation and soils was fol- 
lowed by detailed sampling of 18 selected areas. Since re- 
connaisance indicated the occurrence of two major juniper 
communities, one dominated by mature juniper and the 
other by younger stands, both types were sampled. Uniform- 
ity of vegetation, soils, and topography, and relative free- 
dom from disturbance were the criteria of selection for the 
sampling sites. 

At each site measurements of vegetation, soils and topo- 
graphic factors were made. All juniper trees within five plots 
of 20-ft radius each were counted and measured for stem 
diameter at one foot above the ground, height, crown diam- 
eter, and age. Ages were determined from increment cores 
obtained at one foot above ground. 

Shrubs were sampled by counting individuals within four, 
4 x lOO-ft belt transects and measuring crown intercept 
along one side of each transect. Shrubs were counted and 
tallied according to three classes: seedling, mature, and 
dead. 

Herbaceous vegetation was sampled by use of 1 x 2-ft 
frequency plots. Ten frequency plots were placed along one 
side of each transect. Only plants rooted within a plot were 
tallied. 

Soil samples were taken from two pits on each site. One 
pit was placed in an opening between juniper trees, and 
the second beneath a juniper. Each soil pit was dug either 
into the C horizon or to bedrock and detailed descriptions 
by genetic horizons were made. The analyses performed on 
bulk samples taken from each horizon included texture, bulk 
density, pH, exchangeable ions, and exchange capacity. 

Elevation, slope, and aspect as well as general land form 
were recorded for each site. 

Classification and Description of Communities 

Tree age was used as the basis for separating in- 
vading stands from parental juniper stands. The 
age of the oldest tree in each stand was considered 
as a minimum estimate of the length of time juni- 
per had been present on a particular site. 

On this basis the eighteen stands sampled were 
classif ied in to two groups. The younger group con- 
tained eleven stands with maximum tree age rang- 
ing from 33 to 88 years. These stands contatned no 
large dead trees or stumps and no juniper charcoal 
was found in the soil. Apparently juniper has ex- 
isted on these sites for less than 100 years. 

The second group of seven sites contained much 
older trees (185 to 365 years) as well as numerous 
large dead junipers and- rotted stumps. Evidently 
these stands have been dominated by juniper for at 
least several hundred years and they are considered 
to represent climax vegetation. O’verstory charac- 
teristics most distinctive of the two communities 
are those features resulting from differences in 
stand ages. Age class distributions (Fig. 2) show 
that climax stands contained junipers ranging in 
age from seedling to several hundred years, with 
most individuals falling into the intermediate age 
classes. The curve for seral juniper stands is quite 
different, and indicates a many aged population 
with a maximum age of nearly 100 years. 

The aspect of these two communities differs pri- 
marily in the growth forms of young and old trees. 
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FIG. 3. Growth form of juniper in (top) climax and (bottom) 
seral stands. 

The most conspicuous trees on climax sites were 
those over 150 years old. These trees were usually 
large, heavily limbed from near the base and pos- 
sessed round-topped crowns lacking strong terminal 
leaders (Fig. 3 top). Associated with the old trees 

was a fruticose lichen, Letharia uulpina. This li- 
chen is conspicuous due to its bright yellow color, 
erect multibranched form and the large colonies 
which it forms. The lichen colonies become at- 
tached to the bare wood of dead or dying branches. 
No lichen colonies were found in invading juniper 
stands, due apparently to the lack of old trees. The 
invading stands were composed of younger trees 
with conical shaped crowns and prominant ter- 
minal leaders (Fig. 3 bottom). 

Juniper canopy cover and density (Table 1) were 
variable on both climax and invaded sites, but for 
different reasons. The numbers of trees and 
amounts of canopy cover on climax sites appeared 
to depend considerably on the amount of fractur- 
ing of bedrock, i.e. the number of locations where 
junipers could grow. The number of trees on in- 
vaded sites was largely a matter of how far invasion 
had progressed and of stand age. It was possible to 
find invaded sites with only a few trees per acre and 
others with a closed juniper canopy. The data in 
Table 1 do not represent the maximum density or 
cover of juniper to be found in invading stands. 
Seral stands sampled more recently have contained 
up to 420 adult juniper/half acre. No climax stands 
have been found with anything near this density of 
trees. 

The understory vegetation differed markedly be- 
tween the two juniper communities. Only two 
shrubs, big sagebrush and bitterbrush (Purshia tri- 
dentata) occurred on climax sites and then usually 
with less than 1 percent crown cover (Table 1). 
These two shrub species were much more impor- 
tant on invaded sites. Depending on the degree of 
juniper invasion, these species plus lesser amounts 
of snowberry (Symphoricarpos vaccinioides) and 
green rabbitbrush (Chrysothamnus uiscidiflorus) 
provided up to 20yo crown cover on invaded sites. 

The constancy and frequency of herbaceous spe- 
cies on all sites are shown in Table 2. The principal 
species in both communities were perennial bunch- 
grasses. Bluebunch wheatgrass, Idaho fescue and 
Sandberg bluegrass (Poa secunda) occurred with 
high constancy and substantial frequency in both 
climax and invading juniper stands. Thurber nee- 

Table 1. Foliage cover and density of woody species in climax and seral stands of juniper vegetation. 

Species 

Juniperus occidentalis 
Cercocarpus ledifolius 
Artemisia tridentata subsp. vaseyana 
Purshia tridentata 
Symphoricarpos vaccinioides 
Chrysothamnus viscidiflorus 

Climax stands 

% Crown cover Density/‘/ A. 

Avg Range Avg Range 

47 16-86 24 14-43 
1 o-5 3 O-10 
1 0 43 14-108 
1 o-3 43 o-95 

Seral stands 

% Crown cover Density/‘/ A. 

Avg Range Avg Range 

22 5-46 43 IO-51 

9 3-16 287 20-3 13 
3 O-8 51 O-68 
1 O-6 62 O-170 
1 o-3 47 O-156 
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Table 2. Association table for principal species of climax and seral juniper stands. 

PERCENT FREQUENCY 

Species 
Climax Stands Seral Stands 
1 2 3 4 51319 6 7 11 12 14 15 16 17 18 20 21 

Artemisia tridentata 
subsp. vaseyana 7 3 5 3 5 45 13 40 38 31 35 43 8 36 

Purshia tridentata 3 3 3 8 533358 10 
Symphoricarpos vaccinioides 8 8 3 20 25 
Chrysothamnus viscidiflorus 318 5 8 823 

Agropyron spicatum 
Festuca idahoensis 
Poa secunda -- 
Sitanion hystrix 

thurberiana Stipa 
Koeleria cristata 

columbiana Stipa 
Bromus tectorum 

Collinsia parviflora 
Gayophytum humile 
Cryptantha affinis 
Microsteris gracilis 

Phlox longifolia 
Lupinus caudatus 
Microseris nutans 
Arabis holboellii 
Antennaria dimorpha 
Astragalus purshii 

acuminata Crepis 
Sisyrinchium inflatum 
Erigero'n pumilus 
Balsamorhiza sagitatta 
Eriogonum heracleoides 
Mertensia longiflora 
Eriogonum umbellatum 
Phacelia leucophylla 
Astragalus beckwithii 
Lupinus laxiflorus 
Allium acuminatum 
Penstemon speciosus 
Senecio integerrimus 
Erigeron bloomeri 

Tortula ruralis -- 

5 10 45 58 33 48 3 

3 23 10 10 
3 8 5 
23 23 5 15 60100 10 80 15 

78 68 54 75 63 23 45 
63 15 30 13 13 3 5 
50 50 45 43 60 13 28 
8 20 5 10 10 45 

8 13 3 15 5 
8 8 8 
28 15 3 3 8 5 

3 313 
5 3 5 3 3 

5 3 3 
13 

83 90 93 75 90 55 73 55 78 73 75 
38 28 35 10 3 48 65 18 30 5 38 
30 28 13 18 60 8 5 15 20 3 15 
58 38 73 30 10 28 75 63 30 40 

10 5 58 25 40 63 48 18 40 38 
8 13 28 43 65 3 30 48 33 18 

5 25 35 18 38 23 8 15 53 
13 18 3 8 8 68 8 13 3 
3 3 3 3 3 
13 25 15 

&& 10 5 3 15 5 
5 18 3 10 13 3 3 3 63 

28 8 13 10 
5 13 13 8 

18 18 18 3 18 20 15 18 23 48 45 25 58 38 30 53 68 
20 43 38 13 5 30 32 40 15 40 75 78 58 10 13 45 60 73 
43 60 33 40 38 52 70 65 35100 83 43 65 65 53 83 43 38 
15 30 13 23 18 3 5 3 8 5 8 3 830 
30 8 20 15 18 20 5 33 3 5 

5 8 3 5 
5 8 20 20 15 58 

.3 3 3 3 
60 3 10 

8 3 5 3 3 
25 5 18 

18 3 8 
3 5 3 

3 3 10 
10 3 3 

45 48 28 20 13 10 13 8 5 5 5 10 5 20 

dlegrass (Stipa thurberiana) was most characteristic 
of climax sites. Four annual forbs, collinsia (Col- 
linsia parviflora), cryptantha (Cryptantha affinis), 
groundsmoke (Gayophy turn humile) and micros- 
teris (Microsteris gradis), all native, were the most 
constant and frequent forbs in both communities. 
A group of 13 perennial forbs, notable because of 
their absence from climax juniper vegetation oc- 
curred in seral stands with approximately 50 per- 
cent constancy. These forbs are common associates 
of sagebrush-bunchgrass communities of the study 
area. 

A moss, Tort&a ruralis, was a charcteristic plant 
of climax juniper sites. It grew for the most part in 
duff beneath old trees, and was much less abundant 
in seral stands. 

Differences in understory vegetation between the 
two communities can be summarized as follows. On 
climax juniper sites the vegetation was sparse, and 
occurred in patches. Shrubs and herbaceous plants 
formed a mosaic of small units alternating with 
patches of rock outcrop, juniper trees and gravel 
pavement (Fig. 4 top). Seral stands contained a 
greater amount and variety of vegetation. The un- 
derstory was basically sagebrush-bunchgrass vegeta- 
tion with young juniper superimposed upon this 
community (Fig. 4 bottom). 

In the case of the invaded sites, present vegeta- 
tional characteristics can be expected to change in 
the near future, as the juniper stands develop. 

Topo-edaphic characteristics of the climax and 
seral sites are strikingly different. The topography 
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Table 3. 
stands. 

Soil characteristics of climax and seral juniper 

Cation 
Bulk 

Horizons density 
exchange cap. % Base 

Exchange. 
calcium PH 

meq/lOOg sat. meq/lOOg paste 

Climax Juniper Soils (Average for 5 sites) 
All 1.50 14 82.8 
A12 1.43 14 81.4 
Bl 1.44 12 75.8 
B2 1.60 11 76.5 
C 1.69 - 

Seral Juniper Soils (Average for 5 sites) 
All 1.23 19 70.7 
A12 1.23 14 76.9 
Bl 1.53 15 78.0 
B2 1.56 14 79.5 
B3 1.68 12 80.5 
C 1.54 - 81.3 

8.8 7.0 
8.5 6.8 
6.5 6.5 
5.5 6.4 
- - 

9.0 
9.1 
7.2 
7.0 
5.1 
- 

6.4 
6.6 
6.6 
6.5 
6.6 
6.5 

densities and higher exchange capacities. Basic ions 
occupied about-75% of the toLa1 exchange spots. 
Exchangeable calcium was comparable with* the 
values for the other soil group. The pH was slightly 
acid. 

Nature of Juniper Invasion 
Juniper invasion is wide spread throughout west- 

central Owyhee County and from the age class dis- 
tribution it is apparent that this process began in 
the 1860’s. The rate of invasion was slow until 
about 1900, then increased to a maximum between 
1930 and 1940. Since 1940 invasion has showed, 
but is still ocurring. At present juniper has more 
than doubled the area occupied in 1860. 

This invasion is largely a down-slope spread from 
old juniper stands on ridges or rimrocks (Fig. 6). 
Occasionally young junipers were found growing 

FIG. 6. Down-slope invasion of young juniper. The large old 
junipers on the rimrock are the apparent 
juniper invasion on the lower slope. 

seed source of the 

at considerable distances from the nearest stand, 
but most invading stands are continuous with cli- 
max stands. 

Sites with deep permeable soils were most sub- 
ject to juniper invasion. These sites were occupied 
previously by big sagebrush-bluebunch wheatgrass 
vegetation on southerly aspects and big sagebrush- 
Idaho fescue-bluebunch wheatgrass on northerly 
exposures. Limited invasion of low sagebrush-Idaho 
fescue stands was found but the trees were usually 
dwarfed and few juniper seedlings occurred. 

As juniper invades a big sagebrush-bunchgrass 
stand, it changes certain characteristics of the site. 
Comparison of soil pits dug immediately under juni- 
pers and those in adjacent open areas between trees 
suggests some of the soil changes resulting from juni- 
per invasion. The most obvious soil change was the 
accumulation of an organic horizon on the mineral 
soil. This organic horizon was largely composed of 
juniper liter in varying degrees of decomposition 
and as much as six inches thick. It caused a small 
increase in percent organic matter of the A horizon. 
Also the cation exchange capacity, percent base sat- 
uration, especially exchangeable calcium, and pH 
were increased under junipers. These changes were 
particularly true of the upper soil horizons. In 
general it appears that juniper related soil changes 
are not particularly detrimental and may in fact 
increase soil fertility. 

Management Implications 

At this stage of the investigation it is premature 
to make specific management recommendations re- 
garding areas in Idaho now occupied by western 
juniper. The study has advanced far enough, how- 
ever, to demonstrate important differences in plant 
cover, soils, and topographic situation between 
climax and seral stands. The climax stands 
of juniper, confined almost entirely to rocky ridges 
and rimrocks, have a relatively sparse understory, 
and appear best suited to support their present vege- 
tation. Development of the shrub and herbaceous 
understory appears to be limited primarily by the 
nature of the soil and substratum, and could not be 
expected to respond in any great degree to thinning 
or removal of juniper. Increased erosion could also 
be a result of such action. The combined land use 
values of grazing, wildlife cover, recreation, and 
watershed protection are probably best served by 
the present cover, as maintained by conservative 
grazing and with limited harvest of juniper for 
fence posts, etc. 

The seral stands present a different management 
situation. On these deeper soils there is a serious 
loss of forage as the invading juniper stands de- 
velop. It appears that these sites are likely to be oc- 
cupied in time by dense stands of juniper with vir- 
tual elimination of desirable understory vegetation. 
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Furthermore, there is nothing to indicate that the 
invasion of these sagebrush-grass ranges has reached 
its limit. Ecologically it appears quite possible that 
the potential limit of western juniper in the study 
area may be the full extent of the mountain big 
sagebrush-Idaho fescue community or even of drier 
sagebrush communities. In this case, the area pres- 
ently invaded could increase by many times. 

It appears likely that some artificial control of 
juniper will be warranted on these invaded sage- 
brush-grass ranges. Based upon results from the 
southwestern states, these measures could range 
from chaining or bulldozing to methods involving 
less expense and soil disturbance such as burning 
or herbicidal killing of individual trees, combined 
with harvest of selected trees for use as fence posts 
and poles. The optimum situation on these lands 
may prove to be a controlled stand of juniper, 
sparse enough to have little effect on the composi- 
tion and forage production of the rangelands con- 
cerned. 
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Highlight 

Forage production on clay upland range sites is related 
to seasonal precipitation, with May + June precipitation 
the most reliable predictor of total forage production. 
annual carrying capacities, based on May + June precipi- 
tation, for a clay upland site range from 2 acres/AUM in 
wet years through 3 acres/AUM in average years to 4 acres/ 
AUM in dry years. 

Effects of climatic factors on plant growth have 
been intensively studied and general influences of 
such factors on anatomical, morphological, and 
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physiological development of plants are well 
known. Plant and moisture relationships have been 
particularly emphasized because of the influence of 
precipitation and soil moisture on forage produc- 
tion, vigor of growth, seed production, chemical 
composition, vegetative composition, and ecolog- 
ical succession. 

Professional range and livestock managers, con- 
servationists, and ranchers are interested in forage 
production since grazing capacity of a range and 
livestock production are intimately related to the 
quantity of usable forage produced. Since the 
grasslands of western Kansas are generally deficient 
in precipitation, production is closely related to the 
effective moisture that penetrates the soil. 

Tomanek and Albertson (1957) studied produc- 
tion of native prairies during 1952 and 1953, dur- 
ing which precipitation was below normal. Pro- 
duction declined with increased grazing intensity 
and with prolonged abnormal climatic conditions. 
Tomanek (1948) reported that yields on moder- 
ately grazed ranges were markedly greater than on 
ungrazed or heavily grazed ranges. Albertson et al. 


