THE IMPACTS OF JUNIPER ENCROACHMENT ON
UNDERSTORY COVER AND DIVERSITY?
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SUMMARY

Western juniper (Juniperus occidentalis) has been actively invading shrub steppe
communities in the Pacific Northwest during the past 120 years. The majority of these
stands are still in a state of transition from shrub steppe to juniper woodland. In addition
to different stages of stand development, juniper expansion occurs in different plant
communities occupying different soils and topographic positions. Despite this high
degree of vanability, juniper woodlands are frequently treated generically in resource
inventories, management, and wildlife habitat assessments. The goal of this study was to
evaluate the influence of juniper dominance on plant community dynamics across several
plant communities commonly impacted by western juniper encroachment in southeastern
Oregon and northeastern California. The increase in juniper dominance had little impact
on low sagebrush and an inconsistent affect on bitterbrush. However, as juniper
dominance increased to about 50% of maximum canopy cover, mountain big sagebrush
declined by nearly 80% of its maximum potential. Aspen also significantly declined as
juniper dominance increased. Herbaceous cover and species diversity declined, and
bareground increased with increasing juniper dominance in the mountain big
sagebrush/Thurber needlegrass community. However, herbaceous cover on the deeper
soils characterized by Idaho fescue and Columbia needlegrass did not decrease with
increasing juniper dominance.

INTRODUCTION

In the Intermountain West the conversion of shrub steppe communities to juniper
woodlands has been an actively ongoing process during the past 120 years. Over ninety
percent of the 8 million acres of western juniper woodlands have developed in the last
100 years. Before settlement, juniper was primarily confined to rocky ridges or surfaces
with sparse vegetation. However, newly formed juniper woodlands now occupy more
productive sites with deep well-drained soils (Burkhardt and Tisdale 1969, Miller and
Rose 1995). The replacement of shrub steppe communities with juniper woodland has
been largely attributed to reduced fire frequency (Burkhardt and Tisdale 1976, Miller and
Rose 1999). Heavy livestock grazing between 1880 and 1930 removed fine fuels
(herbaceous biomass) which, previously had carried the fires.

Western juniper woodlands influence a large land area and occupy a broad array
of environments. Despite the heterogeneity of the landscape occupied by juniper and the
various stages of woodland development occupying these landscapes, juniper woodlands
are frequently treated generically in resource management, inventories, and wildlife
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habitat assessments. In addition, the classification of plant communities have frequently
ignored woodland succession. Given the diverse landscapes occupied by western juniper,
it is very likely that stand development and understory/overstory relations will be
strongly influenced by soils, aspect, elevation, etc. The stage of woodland development
will also affect composition and structure of the understory.

The objective of this study was to evaluate the influence of juniper dominance on
plant community dynamics across several major communities common throughout the
range of western juniper. Our specific objectives were to 1) evaluate the impacts of
Jjuniper on understory structure and composition across different plant communities
common In the sagebrush steppe and 2) measure tree density and cover at full woodland
development among different plant communities.

METHODS

The study area was located in southeastern Oregon and northeastern California.
A combination of basin and range and weathered mountains of volcanic origin
characterize the topography. The climate is cool and semiarid, characteristic of the
northern Intermountain Region. Mean annual precipitation in the juniper zone across the
study area typically varies between 12 and 16 in. (Taylor 1993). Three rangeland cover
types were studied: low sagebrush, mountain big sagebrush, and aspen (Table 1). Aspen
stands evaluated were associated with shrub steppe communities in the Steens Mountain
and the south Warner Mountains below 7,000 ft. Study sites spanned from aspen on deep
loamy soils to low sagebrush on shallow heavy clay soils, thus providing a variety of
soils, landforms, and topographic positions. Elevation of study plots varied from 4750 to
6900 ft. One hundred and eight stands were measured across the study area. To evaluate
the impacts of western juniper on understory composition and structure, we selected sites
where disturbance (grazing, roads, etc.) appeared to have had minimal affect on

community dynamics. We also selected sites where fire had been absent at least during
the last 50 years.

Plant communities measured are reported in Table 1. Stages of woodland
development were categorized into one of four successional stages: early, mid, late, and
closed, based on annual tree growth and stand structural characteristics (Table 2). Two
tree growth characteristics were used: annual lateral and terminal leader growth on
sapling and full size trees. Stand structure characteristics used were tree cover, tree
height, and proportion of live to dead shrub canopy. The key characteristic for stand
closure was limited sapling leader growth, typically less than % in. We attempted to
locate plots within each community in the four different phases of woodland
development.

Tree and shrub cover and density as well as herbaceous and bareground cover
were measured. Diversity and richness of plant species were also evaluated. Aspect,
slope, and elevation were recorded for each stand and soils were described. Rill and

gullies were noted if present on a site because they provided indirect evidence of soil
movement.
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RESULTS
Juniper Cover and Density in Fully Developed Woodlands

Tree cover and density in fully developed juniper woodlands varied widely across
different plant communities (Table 3). Woodland canopy cover of closed stands ranged from
19% 1n the low sagebrush/Sandberg bluegrass community to a high of 90% in aspen community.
Tree density in closed juniper stands also varied widely across communities ranging between 26
and 700 trees/ac in closed stands. As woodland development approached stand closure,
maximum density of young trees (less than 10 ft tall) declined (Fig. 1).

Table 3. Mean and range of juniper cover and density (trees > 10 ft tall) in closed stands for six
community types. Means followed by different letters were significantly different (p< 0.0001)
for cover or density between community types.

Community Type % Cover Trees/Ha

(range) (range)
Low sagebrush/Sandberg 21" 34°
bluegrass (n=4) (19-24) (26-45)
Mountain big sagebrush/ 34° 140°
Thurber needlegrass (n=6) (25-41) (90-195)
Mountain big sagebrush/ 43 140
bluebunch wheatgrass (n=2)* (35-47) (105-180)
Mountain big sagebrush/ 48° 194
[daho fescue (n=15) (34-58) (100-290)
Mountain big sagebrush- 63 360
snowberry/Columbia

needlegrass (n=1)*

Quaking aspen (n=3) 84¢ 535
(78-90) (366-700)

Shrub and Aspen Canopy in Response to Juniper

Increasing juniper density had little affect on low sagebrush cover. This may partially be
due to the open nature of these stands. However, there was a strong relationship between juniper
and mountain big sagebrush canopy cover (Fig. 2). The shrub layer declined by nearly 80% of
maximum potential in the mountain big sagebrush/Thurber needlegrass, mountain big
sagebrush/Idaho fescue, and mountain big sagebrush-snowberry/Columbia needlegrass
communities when juniper canopies reached 50% of maximum woodland cover. The response

* Not included in analysis because n<3.
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Figure 1. The relationship between understory juniper tree density (trees <3m tall) and mature
overstory tree canopy cover for mountain big sagebrush communities. The line represents a
boundary layer of maximum juvenile juniper trees occurring with varying juniper overstory
canopy cover.
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Figure 2. The relationship between juniper and mountain big sagebrush cover for the mountain
big sagebrush/Thurber needlegrass (ARTRV/STTH), mountain big sagebrush/ Idaho fescue
(ARTRV/FEID), and mountain big sagebrush-snow berry/Columbia needlegrass (ARTRV-
SYOR/STCO) communities.

16



of bitterbrush to increasing juniper dominance was inconsistent. Several closed juniper stands
contained 80% dead bitterbrush, while three closed stands showed little bitterbrush mortality and
active recruitment. We also measured a 50% reduction in bitterbrush leader growth across the
majority of late to closed woodlands compared to open stands. We sampled only two curlleaf
mountain-mahogany stands that contained a closed juniper canopy. In both stands > 90% of the
curlleaf mountain-mahogany canopy was dead. Aspen canopy and density also declined as
juniper increased (Fig. 3).

Herbaceous Cover and Bareground in Response to Juniper

Western juniper had little impact on herbaceous and bareground cover and species
diversity in the tree interspace in low sagebrush/Sandberg bluegrass communities (Table 4, 5, &
6; Fig. 4). However, in mountain big sagebrush communities soil characteristics appeared to
determine the affects on juniper on understory vegetation. In the drier mountain big sagebrush
communities characterized by shallow soils (often underlain by a hardpan between 12 and 24
inches below the surface) juniper significantly increased the amount of bareground (Table 5) as
well as decreased plant herbaceous cover (Table 4 & Figure 5) and species diversity (Table 6).
The dominant grass on these sites was often Thurber needlegrass. On deeper well drained soils
characterized by an understory of Idaho fescue, increasing juniper had little affect on herbaceous
cover. However, the affects juniper had on plant diversity varied across stands measured in the
mountain big sagebrush/Idaho fescue community. In some stands a decline in species diversity
as juniper increased was primarily due to a decline in the abundance of forbs. However, in other
stands, species diversity did not change with the increase in juniper dominance. There was no
increase in bareground on these Idaho fescue communities where juniper canopies were fully
developed.

DISCUSSION

The need for sound information on western juniper succession arises from the fact that
the majority of western juniper woodlands have not yet reached full development. In addition,
this species is still expanding its range rapidly. Gedney et al. (in press) reported that 65% of the
2.2 million acres of western juniper woodland in Oregon have less than 30% tree canopy Cover.
An additional 2.7 million acres of western juniper were classified as savanna (<10% tree cover).
If juniper woodland canopy cover can potentially exceed 30% in mountain big sagebrush and
20% in low sagebrush communities at stand closure this would indicate that the majority of
western juniper in Oregon are still in a state of transition from shrub steppe to juniper woodland.

Understory Response
During woodland succession, the decline in mountain big sagebrush canopy is not

proportional to the increase in juniper canopy. As juniper approaches 50% of maximum
potential canopy cover in mountain big sagebrush communities, mountain big sagebrush
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Figure 3. The relationship between juniper canopy cover and aspen canopy cover (p< 0.0001)
and density (p<0.003)
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Table 4. Perennial grass and forb cover (%) for early and closed stages of woodland
development across different plant communities (ns = not significantly different).

Community Type % Cover P
Early Closed
Low sagebrush/Sandberg
bluegrass
P. Grass 8 11.1 ns
P. Forb 4.1 4.4 ns
Total 1) 16.5 ns
Mountain big sagebrush/Thurber
needlegrass
P. Grass 14 4 .001
P. Forb 2 1 ns
Total 16 5 .001
Mountain big sagebrush/Idaho
fescue Devils Garden
P. Grass 7.8 9.9 ns
P. Forb 2] 1.1 ns
Total 9.9 11 ns
Mountain big sagebrush/Idaho
fescue Steens Mt.
P. Grass 16 15 ns
P. Forb 16.5 12 ns
Total 32.5 27 ns
Quaking aspen
P. Grass 9.5 4.4 ns
P. Forb 5 7.3 ns
Total 14.5 BT ns

declines to approximately one fifth of maximum canopy cover (Fig. 2). In pinyon-juniper in
Nevada and Utah, Tausch and West (1995) reported shrubs declined to one fourth of maximum
when pinyon-juniper cover reached 50% of maximum. Although we measured a decline in
bitterbrush canopy and an increase in shrub skeletons with the increase of Juniper, the response
of bitterbrush was not consistent. However, leader growth was usually less in closed versus open
woodlands. In central Oregon Adams (1975) reported a decline in big sagebrush and bitterbrush
with an increase in western juniper canopy. Adams concluded that existing plants of bitterbrush
lived out their normal life span during woodland development but recruitment was drastically
limited. Juniper also readily invaded aspen stands. Both aspen density and cover declined as
juniper canopy cover increased. In the absence of fire, juniper will likely continue to invade and
replace aspen stands. Grazing by both domestic and wild large herbivores is also a major factor
influencing aspen recruitment.

19



Table 5. Percent bareground in the tree interspace for five community types.

Community Type % Cover
Open n Closed n Prob

Low sagebrush/Sandberg 56 5 54 4 ns
bluegrass
Mountain big sagebrush/ 55 5 90 7 .001
Thurber needlegrass
Mountain big sagebrush/ 34 6 32.4 9 ns
Idaho fescue (Devils Garden)
Mountain big sagebrush/ 16 9 18 6 ns
Idaho fescue (Steens)

_Quaking aspen 5 8 3.8 3 ns

Table 6. Mean plant diversity indices within community types for early and closed Jjuniper
woodlands. Hills diversity numbers: NO = species number; N1 = Shannon’s index, the number
of abundant species; N2 = Simpson’s index, the number of very abundant species. Neither
mountain big sagebrush nor juniper cover were included in diversity indices.

Community Type NO N1 N2
Low sagebrush/Sandberg bluegrass
open (n=5) 35 8.4 5.9
closed (n=4) 37 9.5 6.4
Mountain big sagebrush/
Thurber needlegrass
open (n=5) 45 10.6 72
closed (n=6) 39 2.5 1.6
Idaho fescue (Devils Garden)
open (n=6) 33 9.2 6.3
closed (n=9) 38 4.0 2.4
Idaho fescue (Steens Mt)
open (n=9) 43 10.7 6.2
closed (n=6) 41 10.3 6.6
Quaking aspen
open (9) 35 8.8 57
closed (4) 35 8.9 5.7

The response of herbaceous species to increasing juniper dominance did not always fit
the common belief that as western juniper increases the herb layer declines. Across southeastern
Oregon and northeastern California the response of herbaceous plant cover in mountain big
sagebrush/Thurber needlegrass communities consistently declined as western juniper increased.
The majority of these soils had a restrictive layer between 12 and 20 in. deep. We observed a
very high density of juniper roots in the soil layer above the hardpan in our soil pits. In this same
community, Bates et al. (1999) reported a 3 fold increase in herbaceous cover during the second
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growing season following western juniper removal. However, in the mountain big
sagebrush/Idaho fescue community there was no significant difference in herbaceous cover
between early and closed woodlands. These sites occupied deeper soils underlain by fractured

bedrock. In the soil pits we observed a lower concentration of juniper roots in the upper 20
inches.

The amount of bareground in the tree interspace was greater in closed stands compared to
earlier stages of development only in the mountain big sagebrush/Thurber needlegrass
community. Although juniper cover averaged 34% in closed stands, little plant or litter cover
protected the interspace, which accounted for 66% of the total area. We observed considerably
more surface soil movement on this community than any other community.

However, the relationship of juniper cover and understory changes under poor grazing
practices, where perennial herbaceous cover will significantly decline in juniper woodlands. We
have observed significant increases in bareground across all juniper woodlands where past
grazing practices have been abusive.
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Figure 4. The relationship between perennial herb and j uniper cover in the mountain big
sagebrush Thurber needlegrass community.
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Floristics and Diversity

We encountered 335 vascular plant species across the 105 stands we measured. The
contribution of perennial forbs was highly variable among and within communities. Mean forb
cover ranged between 1 and 16.5% among communities. On Steens Mountain, forbs accounted
for a significant portion of the understory vegetation, while contributing <2% of the ground
cover in northern California.

MANAGEMENT IMPLICATIONS

The identification of woodland successional stage and site variability in western juniper
woodlands is extremely important when evaluating potential resource problems, assessing
wildlife habitat values, and developing management plans. As shrub steppe communities are
converted to juniper woodlands, community structure, composition, function, processes, and
wildlife habitat suitability are altered. The conceptual model presented in Figure 5 (derived from
Archer 1989) illustrates the conversion of a mountain big sagebrush steppe community to juniper
woodlands in the absence of fire. During the early phases of woodland development, transition
is easily reversible with fire. Juniper establishment during the early seral stages of shrub steppe
is limited by a low density of shrubs. By the mid- to late stages of transition, a threshold is
crossed when the natural reversal to shrub steppe communities by fire is unlikely. As shrubs
decline the probability of a fire event intense enough to kill large juniper trees rapidly decreases.
Juniper establishment declines with woodland maturity because of a decrease in safe seedling
establishment sites provided by the shrubs. On-site seed input also declines because of the loss
of the fruit crop through increasing tree competition. As juniper woodlands close and mast Crops
(Miller and Rose 1995) and shrubs are lost, fauna dependent on berries or shrubs also decline.

As community structure changes during woodland development, management options,
wildlife habitat suitability, and important ecological variables such as hydrologic, nutrient, and
energy cycles also change. Crossing ecological thresholds not only results in a significant
reduction in the role of fire, but depending on the site may result in the loss of native plant
species and loss of soils. Proper identification of the community and soils will indicate the
effects of stand closure 6n a given site. The state of woodland transition can be identified by
structural characteristics described in Table 1. Tree canopy cover and density alone are only of
value if the range within a community has been defined. To improve interpretation, the spatial
and temporal heterogeneity of a site or landscape in question must be identified when conducting
inventories, designing research, or in developing management plans and classification schemes.

22

5



'sqQnIys Aq papraoxd soyis ojes pue Jndul PaSs Ul 9SEAIOOP B 0} NP SAUI[OSP JUSWIYSI[qRISa 221 “syndul

A11509 K19 10 20UBQINISIP Jofew € JO 99uasqe oY) ur mo| K194 st addays qnIys 0} joeq SUIIOAAI pUB pIoysa1y) ay) SuISSOId PUB[POOM
ayi jo Ayqiqeqoxd oy, [[e) W < $991 [1y 0} Jeay YSnous ayeIouss 1o pue)s ay) y3noay) ALeds 0y AjexIun s1 211y 219y [9A3] & 03 doIp
S[ony AI10)SIopun USYM PIsSOId U29q SEY P[OYSIIY) ¥ "IOUBUIWIOP UIES S0} Tadun( se aurfoap sqnIys Jo souBpUNQGE 9y} I1J JO IOUISqE
oyl U (6861 10YoTy Ia)je P[apPOW) 2l JO 9oUsqe oy} ul Ajunurods oddojs qnuys e ur segueyd jo wederp [enjdoouo’) *g aandiy

MO <— S|eAlaju| all4 ueapy » ybBiH

uawysijqels
MO < > ybIH A|L ustiqey m_ll...Y ybiH €——— mo"

sadiunp
+
< uaAlQ ai14 >

Jadiunp W
& paso|o W 3
= Q2 0
i c =
® = o
Pioysaayl 1 m
o =
= m

<
® 3
S -1
z £ 8
c Q0 =
o Alies 0 =
| % aam«w.n:._:w-hma_::ﬁl\\\\i addels qniys m.w
= : pue|sse.s o 2
@ qio4 |eluuaiad 3
0

<«—— puejpoopp s2diunp —— < addajg qniys ——

23



LITERATURE CITED

Adams, A.-W. 1975. A brief history of juniper and shrub populations in southern Oregon.
Wildlife Res. Rep. No. 6, Oregon State Game Commission, Corvallis OR.

Anderson, E-W. 1956. Some soil-plant relationships in eastern Oregon. Journal of Range
Management 9:171-175. -

Archer, S. 1989. Have southern Texas savannas been converted to woodlands in recent
history? American Naturalist 134:545-561.

Bailey, R.B. 1994. Description of the Ecoregions of the United States. USDA Forest Service
Misc. Publication 1391.

Bates, J.D., R.F. Miller, and T. Svejcar. 1999. Understory vegetation response and nitrogen
cycling following cutting of western juniper. Journal of Range Management (in press).

Burkhardt, J. W., and E. W. Tisdale. 1969. Nature and successional status of western juniper
vegetation in Idaho. Journal of Range Management 22:264-270.

Burkhardt, J. W., and E. W. Tisdale. 1976. Causes of Jjuniper invasion in southwestern Idaho.
Ecology 57:472-484.

Gedney, D.R., D.L. Azuma, C.L. Bolsinger, and N. McKay. (in press). Western juniper in
eastern Oregon. USDA Forest Service General Technical Report PNW-#.

Miller, R. F. and J. A. Rose. 1995. Historic expansion of Juniperus occidentalis (western
Juniper) in southeastern Oregon. Great Basin Naturalist 55:37-45.

Miller, R. F., and P. E. Wigand. 1994. Holocene changes in semiarid pinyon-juniper
woodlands. BioScience 44:465-474.

Miller, R.F, and J.A. Rose. 1999. Fire History and Juniperus occidentalis Hook. encroachment
in Artemisia steppe. Journal of Range Management (in press).

Puchy, C.A. and D.B. Marshall. 1993. Oregon wildlife diversity plan. Oregon Depart. of Fish
and Wildl., Portland, OR.

Tausch, R.J. and N.E. West. 1995. Plant species composition patterns with differences in tree
dominance on a southwestern Utah Pinon-Juniper site. p. 16-23. In: Desired Future
Conditions for Pinon-Juniper Ecosystems. USDA For. Ser. Gen. Tech. Rep. RM-258.

Taylor, G.H. 1993. Normal annual precipitation; state of Oregon. Oregon Climate Service,
Oregon State Univ., Corvallis, OR.

24



