Ecology of Pinon-Juniper Vegetation in
the Southwest and Great Basin
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Abstract— Pinon-juniper vegetation is conspicuous in foothills surrounding most moun-
tain ranges in the Great Basin and the Southwest. Utah has the largest percentage of
piRon-juniper vegetation, followed by New Mexico, Nevada, Arizona, and Colorado.
Although pifon-juniper stands may appear to be similar, the vegetation component
varies. The most abundant junipers are Juniperus deppeana, J. monosperma, J. os-
teosperma, and J. scopulorum. The pifions are Pinus edulis in the Southwest and
P. monophylla in the Great Basin. At most locations the tree layer has 1 to 3 species
while the understory is also composed of only a few species. Heavy livestock grazing,
tree cutting, reduction of fire frequency and intensity, large-scale control programs, and
periodic drought have influenced these woodlands over the past 150 years. Generally
woodlands have increased at the expense of grasslands, but there is some debate about
the nature of the increase—whether it represents encroachment into grasslands or
reoccupation of former woodland sites. Several successional models may be applied
to the pifion-juniper woodlands, including Clementsian linear succession, state and
transition approaches, and cusp models.

Introduction

Pinon-juniper vegetation is widely distributed in the West and easily recog-
nized by the size of the tree layer. Utah has the highest percentage of woodlands
followed by New Mexico, Nevada, Arizona, and Colorado (figure 1). Woodlands
in the northwestern U.S. are represented by juniper woodlands and lack pine
representatives.
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Figure 1—Percent of state occupied by piflon—juniper vegetation
(from West and others 1975).
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Several classifications of these pigmy forests have been published. Donart and
others (1978) recognized a pifion-juniper series as well as a juniper-pifion series;
Dick-Peddie (1993) listed a juniper savanna with three series: a oneseed juniper
series, a oneseed / Rocky Mountain juniper series, and a Utah juniper series. West
and Young (2000) lumped all these types into pifion-juniper woodlands within
nine ecological provinces.

Interest in the pifion-juniper woodlands has increased substantially in the last
36 years as evidenced by major symposia presented and proceedings published
during that period (table 1).

Vegetational Composition

Ecological provinces listed by West and Young (2000) for pifion-juniper
woodlands in the Western United States include Colorado Plateau, Great Basin,
northern Rockies, southern Rockies and the Mogollon Rim. Within these wood-
lands, the following juniper species are common: western juniper (J. occidentalis),
Utah juniper (J. osteosperma), Rocky Mountain juniper (J. scopulorum), oneseed
juniper (J. monosperma), alligator juniper (J. deppeana) and redberry juniper (J.
coahuilensis). The pine species are Rocky Mountain pine (P. edulis), singleleaf
pine (P. monophylla), and Mexican pinyon pine (P. cembroides). Many of these
tree species overlap in distribution, but form distinct components on a regional
basis.

Shrubby and herbaceous layers within the pifion-juniper woodland are more
diverse than the tree layer. West and others (1975) listed 31 species in the shrub
layer at 20 locations while Gottfried and Pieper (2000) listed 50 species of shrubs
in 19 locations (table 2). Forbs were more specific for each location and were more
numerous than shrubs and grasses with many annuals (Gottfried and Pieper 2000;
West and others 1975). For example, Gottfried and Pieper (2000) listed nearly 200
species of forbs on 19 locations (table 2). Of these only three occurred on more
than one location: Louisiana sagewort (4rtemisia ludoviciana), wholeleaf Indian
paintbrush (Castilleja integra), and scarlet globemallow (Sphaeralcea coccinea).
Locations cited by West and others (1975) came mainly from the Great Basin and
Intermountain Region while those from Gottfried and Pieper (2000) were mainly
from southwestern locations.

Spatial Variation

Fine Scale

Within pifion-juniper woodlands, vegetational patterns are conspicuous under
trees as well as in the surrounding open spaces. Arnold (1964) described three
distinct zones associated with an individual J. monosperma tree in Arizona. Blue

Table 1—Symposia on pifion—juniper ecology.

Location and Host Year Pages  Articles Citation
Logan, UT, Utah State University 1975 196 18 Gifford and Busby (1975)
Santa Fe, NM, U.S. Forest Service 1977 48 12 Aldon and Loring (1977)
Reno, NV, U.S. Forest Service 1987 581 91 Everett (1987)
Santa Fe, NM, N.M. State Land Office 1993 168 38 Aldon and Shaw (1993)
Flagstaff, AZ, U.S. Forest Service 1994 226 35 Shaw and others (1994)
Provo, UT, U.S. Forest Service 1997 441 78 Monsen and Stevens (1999)
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Table 2—Common understory shrubs and grasses listed for selected locations in the Western

United States

Percent of Percent of
locations locations
(West and (Gottfried and
Common Name Scientific Name others 1975) Pieper 2000)
Shrubs
Big sagebrush Artemisia tridentata 55 37
Antelope bitterbrush Purshia tridentata 40 32
Gambel oak Quercus gambelii 15 21
Yellow rabbitbrush Chrysothamnus viscidiflorus 30 32
Mormon tea Ephedra viridis 15 16
Grasses
Squirreltail Elymus elymoides 45 37
Indian ricegrass Achnatherum hymenoides 35 37
Sandberg bluegrass Poa secunda 30 16
Hairy grama Bouteloua hirsuta 15 21
Blue grama Bouteloua gracilis 15 21
Bluebunch wheatgrass Pseudoroegneria spicatum 25 5
Prairie junegrass Koeleria macrantha 15 0

grama was not present next to the bole of the tree, but contributed 0.6% basal
cover in the canopy zone and 1.4% in the open space. Similar patterns were noted
by Armentrout and Pieper (1988) in New Mexico.

The C; grass patterns around individual trees contrast with the pattern for blue
grama. Clary and Morrison (1973) found that the biomass of cool-season (C5)
grasses was enhanced by the canopy of alligator juniper (J. deppeana) in Arizona
(table 3). Similar results were reported by Schott and Pieper (1985) (table 4) and

Table 3—Total herbage and cool-season grass biomass
(Ib/acre) associated with alligator juniper trees in
eastern Arizona (from Clary and Morrison 1973).

Type

Crown zone

Root zone Open zone

Total herbage
Grass

I Biomass- - - -
377 121
350 73

147
78

Table 4—Percent basal cover of three grass species in
relation to position under oneseed juniper trees in the
Sacramento Mountains in New Mexico (from Schott and

Pieper 1982).

Species Edge Middle Center

Bouteloua gracilis

North 23.8 16.7 1.4

South 231 9.6 1.4
Lycurus setosus

North 2.2 0.4 0

South 2.4 0.2 0
Pipptochaetium fimbriatum

North 0 4.0 2.3

South 0 0.3 1.3
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Pieper (1990) (figure 2). Direction from the tree bole also influenced cover of
blue grama (Bouteloua gracilis), pifion ricegrass (Piptochaetium fimbriatum),
and New Mexico feathergrass (Muhlenbergia pauciflora) (table 4) (Schott and
Pieper 1985).

Biomass of blue grama is generally negatively associated with tree canopy
cover in pifion-juniper woodlands in the Sacramento Mountains of New Mexico.
Biomass of C; generally increased as canopy cover increased (Pieper 1990).
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Figure 2—Canopy cover of alligator juniper on different habitat
types in western New Mexico (from Hill and others 1990).

Intermediate Scales: Elevation and Aspect

Elevation

Within the woodland, as elevation increases pine abundance generally increases
and juniper generally decreases, a pattern exemplified in early studies in northern
New Mexico (Woodin and Lindsey 1954). Similar patterns were also shown for
the Great Basin (Tueller and others 1979). However, later studies indicate that
these patterns may not hold under all circumstances. For example, Kennedy (1983)
showed that density of oneseed juniper peaked at intermediate elevations in the
Sacramento Mountains in New Mexico. Hill (1990) found that alligator juniper
density generally declined with elevation, but tended to level off at intermediate
elevations before declining at the lowest elevations.

In southeastern Arizona and northern Mexico, Whittaker and Niering (1965)
and Perez (1979) found similar patterns. Mexican pine and alligator juniper in-
creased with elevation from lower positions to intermediate elevation and then
declined slightly from intermediate to higher elevations. Undoubtedly many other
factors mediate the influence of elevation on the composition of these woodlands
as well.
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Aspect

Lymbery and Pieper (1983) found that the three tree species in the Sacramento
Mountains of New Mexico were distributed on all aspects. Oneseed juniper had a
slightly lower canopy cover on xeric southwestern slopes while the highest cover
for Rocky Mountain pifion occurred on mesic northwestern aspects. Alligator
juniper grew on all aspects, but had slightly higher canopy cover on southwestern
slopes.

Regional Scales

West and Young (2000) showed regional differences in tree species within the
piflon-juniper woodland, which are also shown by comparisons among various
individual studies. Hill and others (1992) identified 10 distinct woodland habitat
types in the Gila National Forest in western New Mexico (figure 2), and that the
canopy cover of alligator juniper varied from 4 to 18% in these habitat types.
Oneseed juniper is distributed largely in central New Mexico with canopy cover
as high as 85%, while alligator juniper is more abundant in western New Mexico
and Arizona.

Variation in Time

Similar successional patterns were described and diagramed for woodland
locations in Colorado, Arizona, and Utah (Arnold and others 1964, Barney and
Frischknecht 1974, and Erdman 1976). These diagrams showed that climax wood-
land communities could be replaced by skeleton forests with sparse understory
following fire. Eventually the woodlands would pass through successional stages:
annual plants, perennial grass—forbs, shrubby plants, and finally climax juniper or
pifion-juniper woodland. Individual species were different for each stage, but they
were similar in overall stages. These stages appear similar to many Clementsian
linear models, with fire likely to enter at any point in the sequence. An example
from Fort Stanton in the central Sacramento Mountains in New Mexico indicated
that blue grama grassland became reestablished following severe droughts of the
early 1970s, and by 1984 both biomass and composition of blue grama were at
pre-drought levels (Pieper and others 1991).

Tress and Klopatek (1987) presented longer time scales for development of
piflon-juniper woodlands based on modeling approaches. They showed that
understory grasses reached a peak after about 100 years, then declined and pla-
teaued at about 150 years. Shrubs, on the other hand, peaked at about 40 years,
then gradually declined and were only minor components after 150 years. Tree
canopy cover gradually increased and maintained a maximum canopy cover of
about 35% after 180 years. However, these time frames were estimated without
major disturbances such as intense fires. Arnold and others (1964) found similar
changes following mechanical control treatments in northern Arizona.

Later studies have emphasized the importance of altered fire regimes as medi-
ated by heavy livestock grazing that reduced fine fuels necessary to carry fires.
Diagrams showing historical events since European settlement in the 1850s were
presented by Allen (1989), Gottfried and others (1995), and West and Van Pelt
(1987). These diagrams emphasized the role of heavy livestock grazing that re-
duced fine fuels and reduced the incidence and intensity of fires. Gottfried and
others (1995) stated that ... today most local PJ woodland ecosystems are unstable
from a soil perspective, with many moving towards PJ rocklands.”
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These later analyses suggest that state and transition models (Westoby and oth-
ers 1989) might be appropriate. However, the review by Iglesias and Kothmann
(1997) showed no examples of state and transition diagrams for pifilon-juniper
woodlands. Figure 3 shows a tentative state and transition model for loamy upland
sites with residual soils in the central Sacramento Mountains in New Mexico.
In this model, pifion-juniper woodland could be converted to grassland through
cutting, other control methods (mechanical, chemical), or intense fire. Grassland
dominated by blue grama and Carruth’s sagewort (Artemisia carruthii) could be
changed to herbland dominated by wolfstail (Lycurus setosus), broom snakeweed
(Gutierrezia sarothrae), and showy goldeneye (Heliomeris multiflora). Recov-
ery from drought could lead to grassland dominated by blue grama and Carruth
sagewort along with many other grasses and forbs, while heavy grazing could
tend to increase basal cover of blue grama, creeping muhly, and ring muhly
(Muhlenbergia repens and M. torreyi).

The increase in woody components at the expense of grassland has been noted
by several investigators, but interpretations of this change have varied. Krenetsky
(1974) resampled several plots in 1964 that had been sampled in 1943 and 1953,
and found that canopy cover of oneseed junipers increased under grazed and
ungrazed conditions at the expense of grassland in central New Mexico. Miller
(1999) used aerial photos to show that woodlands increased in area from 1935 to
1991 at the expense of grasslands on Negrito Creek in western New Mexico. Allred
(1996) reported that “...researchers from out of state have suggested a pattern.
Ecologists generally assert that pifion and juniper species have either expanded
in range or increased in density throughout the West, usually transgressing into
adjacent grassland.”

Sallach (1986) used photo time sequences to suggest that most of the expansion
has been reoccupation of former pifion-juniper sites: “In pifion-juniper woodland,
Pinus edulis and Juniperus monosperma have reestablished on former sites of
pinon-juniper woodland. There has not been an extension in area of pifion-juniper
woodlands.”

It appears that both types of changes have occurred: (1) encroachment onto
grassland sites where historic fires tended to limit woody components, and (2) re-
occupation of former woodland sites where the trees were removed.

Grassland P-J Woodland

Blue grama 3
Wolftail N
Showy goldeneye OO
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Figure 3—State and transition model for loamy upland
ecological sites with residual soils within the central
Sacramento Mountains in New Mexico.
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