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ARTICLE INFO ABSTRACT

Western juniper (Juniperus occidentalis spp. occidentalis Hook.) woodlands are replacing many lower elevation
(< 2100m) quaking aspen (Populus tremuloides Michx.) stands in the northern Great Basin. We evaluated two
juniper removal treatments (Fall, Spring) to restore aspen woodlands in southeast Oregon, spanning a 15-year
period. The Fall treatment involved cutting 1/3 of the juniper followed by a high severity broadcast burn one
year later in October 2001, The Spring treatment involved cutting 2/3 of the juniper followed by a low severity
broadeast burn 18 months later in April 2002, The cut trees increased the amount of dry fuels to carry fire
through stands. We tested the effectiveness of treatments at removing juniper from seedlings to mature trees,
assessed aspen ramet recruitment and development, and evaluated recovery of the shrub layer. In the Fall
treatment, burning eliminated all remaining juniper trees and saplings, stimulated an 8-fold increase in aspen
density (16,000 ha ") and increased aspen cover 6-fold compared to the untreated controls. After 15 vears,
aspen density in the Spring treatment was about 1/3 of the Fall treatment, however, aspen cover did not differ
from the Fall treatment. Because spring burning was less effective at removing juniper, leaving about 20% of the
mature trees and 50% of the saplings, retreatment of conifers will be necessary to maintain the aspen com-
munity. In the Fall treatment, juniper began establishing within 15 years after conifer control indicating re-
treatment might be necessary earlier than expected. Total shrub cover and density in the Spring treatment was
greater than the control and Fall treatments. Cover and density of sprouting shrub species, particularly western
snowberry (Symphoricarpus oreophilus Gray), increased and were greater in the Spring treatments than the Fall
treatment where they had declined. Shrubs that increased in the Fall treatment were species where seed ger-
mination is enhanced by fire, especially snowbrush (Ceanothus velutinus Douglas ex Hook) and wax currant (Ribes
cereun Dougl.). If an objective is to maintain or increase native understories the Spring treatment was more
effective than the Fall treatment for recovering the shrub layer.
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1. Introduction Seral aspen woodlands have declined due to lack of fire disturbance

and encroachment by conifers (Bartos and Campbell, 1998; Wall et al.,

Quaking aspen (Populus tremuloides Michx.) woodlands are im-
portant plant communities in the interior mountains of the western
United States. Aspen woodlands provide habitat for many wildlife
species (Maser et al,, 1984; Kuhn et al.,, 2011) and may contain a high
diversity of understory shrub and herbaceous species (Bartos and
Mueggler, 1981, 1982; McCullough et al,, 2013). Aspen woodlands are
of two main types, seral and stable stands. In seral aspen woodlands,
disturbance, especially fire, is important for maintaining stands parti-
cularly to prevent replacement by conifers (Strand et al., 2009; Krasnow
et al., 2012; Shinneman et al.,, 2013; Krasnow and Stephens, 2015).
Stable aspen stands are maintained by continual tree recruitment by
root sprouting, although stand maintenance may be enhanced by
overstory mortality from drought, pathogens, and aging (Shinneman
et al., 2013).

2001; Kulakowski et al., 2013; Shinneman et al., 2013: Worrall et al.,
2013), excessive browsing by native ungulates (Gruell, 1979; Bartos
et al., 1994; Kay, 1995), and dieback of stands brought on by recent
large-scale episodic droughts (Worrall et al., 2013). The decline of seral
aspen stands has been well documented in the Rocky Mountain States
(Bartos and Campbell, 1998) and the Great Basin (DiOrio et al., 2004,
Miller and Rose, 1995, Wall et al., 2001). In the northern Great Basin
there has been significant encroachment of western juniper (Juniperus
occidentalis spp. occidentalis Hook.) into aspen woodlands below 2120 m
(Wall et al., 2001). The recovery of aspen woodlands using prescribed
fire can be challenging because of the limited periods when fuel
moisture and weather conditions are favorable for burning (Jones and
DeByle, 1985a). In addition, juniper dominance may reduce understory
cover and biomass and limit abilities for fire to carry in plant
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communities (Miller et al., 2005; Roundy et al., 2014a).

We evaluated aspen, juniper and shrub responses over 15 years
(2002-2016) after prescribed fire treatments (2001) were applied to
control western juniper in upland aspen stands in southeast Oregon.
Vegetation dynamics at these sites were initially evaluated for 3 years
post-treatment (Bates et al., 2006). This evaluation indicated that par-
tial juniper cutting followed by fall (FALL) and spring (SPRING) fire
treatments were effective at increasing cover and density of aspen and
cover of herbaceous understories compared to untreated woodlands,
High severity fall burning was more effective at killing junipers of all
age classes and increasing aspen than low severity spring burning.

The objectives of our study were to: (1) compare recovery of aspen
and shrub density and cover in Fall and Spring treatments to untreated
woodlands; and (2) evaluate cover and density response of western
juniper to treatment. After 15 years, we hypothesized aspen and shrub
cover and density would have continued to increase and be greater in
Fall and Spring treatments compared to untreated woodlands as there
remained large areas of open space for further expansion of aspen and
shrubs three years after treatments. We hypothesized that juniper cover
and density would be greater in Spring than Fall treatments, because
many small trees survived the spring burn (Bates et al., 2006),

2, Materials and methods
2.1. Site description

The study sites were located along a 4 km stretch of Kiger Creek
Canyon on Steens Mountain, Harney County, Oregon (Geo URI
42.829465-118.555172). Sites were on private and public (BLM
-Bureau of Land management) property. Aspen stands were scattered
along toe slopes above the riparian zone and on concave slopes in the
uplands from 1645 to 1930 m elevation, Aspen plots averaged 0.6 ha,
and ranged from 0.2 to 2-ha. Adjacent plant communities were
mountain big sagebrush (Artemisia tridentata spp. vaseyana (Nutt.)
Beetle & A. Young) grassland and curl-leaf mountain mahogany
(Cercocarpus ledifolius (Nutt.) Torr. & Gray) thickets. Aspen stands were
dominated by western juniper. Juniper began establishing in these
stands in the 1860s and juniper that established prior to 1940 domi-
nated the overstory (Miller and Bates, 2001). Juniper woodlands were
rated as being in late to closed phases and all aspen stands were frag-
mented and in decline using descriptions by Bartos and Campbell
(1998), Miller and Rose (1995), and Wall et al. (2001). These stands are
characterized by tree cover dominated by conifers, aspen recruitment
and cover are low and fragmented, and standing dead and fallen large
aspen trees are prevalent.

The Ecological Site Description for the sites are ASPEN 16-35 PZ
(NRCS, 2017). The aspen stands are of the seral montane aspen/conifer
type (Shepperd et al., 2006; Shinneman et al., 2013). Soils were mainly
the Hackwood series, with soil textures ranging from gravelly loams to
loams, extending to depths of 100em or deeper and underlain by
fractured basalt (NRCS, 2006). The closest weather station is the Fish
Lake SNOTEL (Snow telemetry) site, 9-13 km southeast and 400-700 m
higher in elevation than the study sites. Water year precipitation (Oc-
tober 1 - September. 30) at the SNOTEL site has averaged 1049 mm the
past 17 years (Fig. 1). Most aspen areas in the western United States
receive at least 380 mm of precipitation annually or are able to access
addition water from snow drifts, subsurface flow, and elevated water
tables (Jones and DeByle, 1985b).

Western snowberry (Symphoricarpus oreophilus Gray) and wax cur-
rant (Ribes cereum Dougl.) were the most common shrubs. Other shrubs
that were minor components of the shrub layer, included black elder-
berry (Sambucus racemosa L.), rubber and green rabbitbrush (Ericameria
nauseosa (Pall. ex Pursh) G.L. Nesom & Baird; Chrysothamnus viscidi-
florus (Hook.) Nutt.), Wood’s rose (Rosa woodsii Lindl.), and western
serviceberry (Amelanchier alnifolia Nutt.). Occasional trees included
curl-leaf mountain mahogany and common chokecherry (Prunus
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Fig. 1. Water year precipitation (Oct 1-Sept 30), 2000-2016, and 28 year average from
the Fish Creek Snotel, Oregon, (42°43°N; 118°38° min W; Elevation: 2335m). Asterisks
indicate years when aspen plots were measured.

virginiana L.). Species identification used nomenclature from USDA
Plants Database (2017).

2.2, Study design and burn applications

We used a randomized block design (Peterson, 1985). Ten, 0.60-ha
blocks were established in aspen stands in May 2000. A block consisted
of three plots: an untreated woodland (control), juniper cutting fol-
lowed by fall prescribed fire (Fall), and juniper cutting followed by
early spring prescribed fire (Spring). Buffer strips to separate treatments
resulted in treatments plots of about 0,13 ha. Livestock were excluded
from the area two vears prior and the first three years after conifer
treatment,

Cutting involved felling mature (dominant and subcanopy) juniper
trees, evenly distributed through the stand. Junipers were cut in winter
and spring 2001 and allowed to dry prior to burning. An average of 106
(range 55-175) juniper trees were cut in Fall plots, which represented
approximately 1/3 of the dominant and subcanopy juniper. An average
of 232 (range 140-372) juniper trees were cut in Spring plots, re-
presenting approximately 2/3 of the dominant and subcanopy juniper.
The cut trees served to increase the level of dry fuels (0-4 m in height)
to carry fire through stands. Fall burning was applied in October 2001
by personnel of the Bureau of Land Management (BLM), Burns District,
Oregon. The prescribed fire technique used was a spot head fire using
helicopter-dropped delayed action ignition devices (DIADS). DIADS
were chemically injected ping-pongs. To prevent dropping of ignition
devices in Control and Spring treatments these areas were marked with
strips of butcher block paper, located 100-200 m from plots requiring
protection. Spring burning were head fires, applied in late April 2002
using drip torches containing a 50:50 mixture of gasoline and diesel.
Fuel continuity of the cut junipers was sufficient for fire to carry with
minimal re-ignition.

Fire severity was estimated by adapting severity categories devel-
oped by Bartos et al. (1994) for evaluating plant community response to
fire (Bates et al., 2006). Greater litter and fuel moisture content and
higher relative humidity during spring burning resulted in a less severe
fire. About 55% of remaining live juniper and almost 76% of the adult
aspen stems were killed by the fire treatment. Fire severity in the Spring
treatment was rated as having no impact to the understory and having
moderate impact to remaining live juniper. In the Fall treatment, all
downed juniper material but the trunks were fully consumed. Litter and
understory consumption was > 95% and juniper and aspen kill were
99% and 100%, respectively. Fire severity in the Fall treatment was
high (Bates et al., 2006).
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2.3. Vegetation measurements

Pre-treatment measurements were made in July 2000. Post-treat-
ment measurements were made in June 2002-2006, 2009, 2012, and
2016. In each plot, three permanent 40-m transects were established
with transects spaced 10-m apart. Juniper was separated into three size
classes: dominants (trees equal to or greater than 75% of stand height),
sub-canopy (> 1-m height up to 75% of stand height), and saplings
(=1m in height). Aspen was also separated into two classes: trees
(> 5cm DBH) and ramets (<5 em DBH). Tree and shrub canopy cover
were estimated by line intercept along the 40-m transects. Tree den-
sities were estimated by counting all rooted individuals within three,
6 x 40 m belt transects. Densities of aspen ramets, sapling junipers, and
shrub species were estimated by counting all rooted individuals within
three, 2 x 40m belt transects. Herbivory was estimated by counting
browsed aspen leaders in the 2 x 40 m belt transects.

2.4. Statistical analysis

The study sites were included in a prescribed fire project encom-
passing 2850 ha. Burn treatments were applied individually. Because of
fuel characteristics in the burn area, weather, and method of ignition,
there was the potential that some Spring and Control plots would be
unintentionally burned during fall prescribed fire. Of the 10 blocks,
Spring and Control plots in 5 of the blocks (10 plots total) were entirely
or partially disturbed during the Fall treatment and were excluded from
the analysis. A repeated measures mixed model analysis (PROC MIX,
SAS Institute, Release 9.3 Edition, 2012, Cary, North Carolina) for a
randomized block design (df = 4) was used to assess the influence of
year (df = 6), treatment (df = 2), and the year by treatment interaction
(df = 120 and error (df = 59) cover and density of juniper (dominant
and subcanopy, saplings), aspen (ramets, trees) and other tree and
shrub species. An auto-regressive order-one covariance structure was
used because it provided the best model fit (Littell et al., 1996). Sig-
nificance of all tests was set at P < .05. Because of the strong year
effect, years were also analyzed separately using a generalized model
(Proc GLM, SAS Institute) to simplify presentation of the results and to
assist in explaining interactions. Treatment means were separated using
Fisher's protected LSD,

3. Results

3.1. Aspen

Aspen cover and density did not differ among treatments prior to
cutting and buming. The Fall and Spring treatments resulted in large,
but variable, increases in aspen cover and ramet density compared to
the controls (Fig. 2). Thus, treatment by year interaction was significant
for aspen cover and density of aspen trees and ramets (Table 1),

The first growing season after burning, aspen cover (ramets and
trees) in Spring and Fall treatments declined by 60-80% from pre-burn
levels, respectively (Fig. 2A). Aspen cover recovered and by the second
year post-treatment (2003) cover in Fall and Spring treatments was
similar to the Control. Aspen cover in Fall and Spring treatments in-
creased over time and exceeded the Control by the Sth year post-
treatment (2006). Cover of aspen has not differed between Fall and
Spring treatments since 2012, the 11th year after treatment. Aspen
cover in the control decreased over time by 50%, with most of the
decline occurring the past decade.

All aspen trees were top-killed by fire in the Fall treatment. In the
Spring treatment about 50% of the aspen trees survived the fire treat-
ment (Fig. 2B). Tree density increased in Fall and Spring treatments and
were not different than the Control S years post-treatment (2006).
Aspen tree density continued to increase in Fall and Spring treatments
and by 2016, tree density in the Fall treatment was nearly double the
Control. In the Control, aspen tree density declined from about 700
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Fig. 2. Aspen (A) cover (%), (B) tree density (trees ha™"), and (C) ramet density (ramets
ha™"), for Contral, Fall, and Spring treatments, Kiger Canyon, Oregon, 2000-2016. Data

are means = one standard error. Means sharing a common lower case letter within year
are not significantly different (P > .05).

trees ha™! in 2000 to about 430 trees ha~" in 2016, a drop of 40%.

Aspen ramet density was greater in the Fall treatment, in all post-
treatment years (aside from 2005) than the Spring and Control treat-
ments (Fig. 2C). Ramet density in the Fall treatment averaged about
16,000 stems ha™! between 2006 and 2016. Ramet density in the
Spring treatment peaked in 2005 at almost 10,000 stems ha~! after
which density has steadily declined to just over 5000 stems ha™! in
2016. Aspen ramet density in the Control was less than both trecatments
by the 2nd year post treatment, averaging less than 1750 stems ha~!
and, in recent years, ramet density has trended downward. There was
no noticeable ungulate browsing of aspen during the study.

3.2. Western juniper

Juniper cover and density did not differ among treatments prior to
cutting and burning. The Fall and Spring treatments resulted in large
reductions in juniper cover and density compared to the controls
(Fig. 3). Thus, treatment by year interactions were significant for ju-
niper cover and density of all juniper size classes (Table 1). In the Fall
treatment, juniper cover was reduced to zero and did not increase until
15 years after treatment (2016), though cover was below 1% (Fig. 3A).
All dominant and subcanopy juniper were killed (Fig. 3B) and the
density of juniper saplings were reduced by nearly 100% in the Fall
treatment (Fig. 3C). Juniper tree density remained less than the Control
and Spring treatment during the study. By 2016 juniper tree density
(> 1 mtall) was 50 trees ha ™~ in the Fall treatment, about 15 times less
than the Control. In the Fall treatment, juniper began reestablishing
about 8 years after treatment (2009) and by 2016 juniper sapling
density was not different than the Spring treatment.

In the Spring treatment, juniper cover was reduced by 90% the first
year after treatment (Fig. 3A). The Spring treatment was effective at
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Table 1

Tree and shrub response variable P-values from mixed model analysis for the aspen
Recovery study, Steens Mountain, southeast Oregon (2000-2016). Values in bold indicate
significant treatment (Control, Fall, Spring) differences for main (treatment, year) effects
and the interaction (treatment x year).

Response variable Treatment Year Treatment ¥ year
Tree cover

Western juniper < 0.001 0.040 0,008
Quaking aspen 0.006 < 0,001 = 0,001
Curl-leal mountain-mahogany 0.491 0.700 0.389
Common chokecherry 0.053 0.345 0.347
Tree density

Western juniper sapling = 0.001 < 0,001 0.048
Western juniper tree < 0,001 < 0,001 = 0.001
Quaking aspen ramet 0.002 < (.001 0.002
Quaking aspen tree 0.013 0.036 < 0,001
Curl-leal mahogany 0.012 0.016 0.238
Commeon chokecherry 0.464 0.214 0.759
Shrub cover

Big sagebrush 0.693 0.032 0.014
Snowbrush 0.012 0.096 0.137
Gray rabbitbrush 0.249 0.086 0.816
Green rabbitbrush 0.026 0.021 0.005
Black elderberry 0.061 0.670 0.654
Western snowberry = 0,001 0,408 0.019
Wax currant 0.051 0.046 0.446
Wood's rose .053 0.009 0.594
Toral shrub 0.020 0.012 0.008
Shrub density

Big sagebrush 0.079 0.011 0.137
Snowbrush 0.067 0.474 0.039
Gray rabbitbrush 0.464 0.184 0.347
Green rabbitbrush = 0,001 < 0,001 0.042
Black elderberry 0.016 0.535 0.675
Western snowherry = 0,001 0.059 0.501
Wax currant 0.045 < 0,001 0.191
Wood's rose <= 0.001 0,033 0.782
Total shrub = 0.001 0.076 0.029

killing juniper dominants (80% removed), but was less effective on
subcanopy trees and saplings. In the Spring treatment, about 33% of the
subcanopy juniper and 45% of the saplings survived the cut and burn
treatment (Fig. 3C). Juniper cover and tree density increased over time
in the Spring, most noticeably eight (2009) to 15 years (2016) after
treatment. In the Spring treatment, tree cover was about 20% and tree
density was about 50% of the Control, respectively, in 2016. Tree
density in the Spring treatment recovered to pre-treatment levels by
2016, although most of these trees were small, not exceeding 2-m in
height. Juniper cover in the Control increased during the study from
about 48% to 55%. Juniper tree density nearly doubled because sap-
lings were beginning to exceed 1-m in height.

3.3. Other trees

Cover and density of common chokecherry did not differ among
treatments (Fig. 4; Table 1) and cover of curl-leaf mountain mahogany
did not differ among treatments (Table 1). Density of mahogany was
greatest in the Spring and lowest in the Fall treatment (Fig. 4).

3.4. Shrubs

Total shrub and species cover and densities did not differ among
treatments prior to cutting and burning (Fig. 5; Table 1). Shrub cover
was largely eliminated in the Fall treatment and was less than the
Spring treatment in most years following the fires (Fig. 5A). The Fall
treatment was less than the Control until 2012, 11 years after juniper
treatment. Shrub cover was similar between the Spring and the Control
until 2016 when the Spring treatment surpassed the Control. Thus,
treatment by year interaction was significant for total shrub cover
(Table 1). Western snowberry comprised the bulk of shrub cover and
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for Control, Fall, and Spring treatments in 2016, Kiger Canyon, Oregon. Prior to treatment
there were no differences among treatments in shrub species densities. Data are
means + one standard error. Means sharing a common lower case letter within year are
not significantly different (P > .05).

post-treatment dynamies mirrored total shrub cover (Fig. 5B). Western
snowberry comprised 50-75% of total shrub cover in the Spring treat-
ment. After treatment, snowberry cover was 6-8 times greater in the
Spring than the Fall treatment. In 2016, snowberry cover was 2.5-fold
greater in the Spring than the Control. Cover of other shrubs were
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generally less than 1 or 2% or highly variable among treatment plots
generating few significant treatment or year effects. Green rabbitbrush
cover was highest in the Spring treatment (Table 1). Cover of rabbit-
brush, Wood's rose, and wax current (Fig. 5C) varied significantly
among years (Table 1). Cover of these species tended to be greater
between 2006 and 2012 than other years. Snowbrush (Ceanothus velu-
tinus Douglas ex Hook) cover was about 50% greater in the Fall
(1.4 + 0.4%) than Control and Spring treatments (Table 1).

Total shrub and shrub species densities exhibited patterns similar to
shrub cover results (Fig. 6A and B; Table 1). Western snowberry density
was consistently 4 to 6-fold greater in Control and Spring treatments
than the Fall treatment after juniper reduction (Fig. 6A). In the last
several measurement years (2009-2016), densities of other shrub spe-
cies appeared to be separating into distinct treatment responses. In
2016, densities of rabbitbrush and Wood's rose were 2- to 6-fold greater
in the Control and Spring than the Fall treatment (Fig. 6A and B).
Densities of elderberry, snowbrush, and wax currant were 1.5 to 20-fold
greater in the Fall than Spring and Control treatments. These current
differences in density may, in the future, manifest into cover differences
for the various shrub species.

4. Discussion
4.1. Aspen response

The high fire severity Fall treatment was more effective at
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stimulating aspen recruitment than the low fire severity Spring treat-
ment, It is acknowledged that a minimum of 80-90% of mature aspen
be killed to disrupt apical dominance and stimulate greater root
sprouting (Bartos and Mueggler, 1981; Brown, 1985; Schier, 1973), In
the Fall treatment, aspen and juniper mortality was 100% which con-
tributed to the greater ramet response compared to the Spring treat-
ment. In the Spring treatment, survival of 24% of adult aspen stems as
well as surviving aspen ramets and remaining juniper probably limited
aspen sprouting response. Others have measured significantly greater
aspen density in areas impacted by high severity fire compared to
moderate and low severity burned areas (Keyser et al., 2005, Krasnow
and Stephens, 2015).

Greater aspen ramet density in the Fall treatment may also be a
result of higher resource availability and more favorable environmental
conditions. Conifer cutting or burning increases soil water availability
and nutrient availability is enhanced as fire severity increases (Roundy
et al, 2014b, Bates and Davies, 2017). Full sunlight and higher soil
temperatures are important for increasing cytokinin production in root
meristems, which further stimulates aspen ramet response (Farmer,
1962; Schier et al., 1985). In the Fall treatment, the soil surface was
exposed and blackened which typically results in higher soil tempera-
tures the first growing after fire. The greater herbaceous cover and litter
layers may have insulated soils and limited soil heating in the Spring
treatment (Bates and Davies, In review).

The levels of aspen ramet response was lower than many values



LD, Bates, K. W, Davies

reported elsewhere after applying treatments to restore aspen. Burning
or clear-cutting aspen stands has increased aspen ramet numbers from
17,000 to 150,000 stems per hectare (Bartos, 1979; Bartos and
Mueggler, 1981, 1982; Crouch, 1983; Keyser et al., 2005). These values
are 1.2-30 times greater than stem densities reported for the Fall
treatment. Krasnow and Stephens (2015) also measured low aspen
ramet density response following severe wildfire in the Sierra Nevada
range of California. They attribute aspen sprout density to be de-
termined by (1) resource availability and (2) available root mass and
carbohydrate reserves. In our study, aspen stands cccupy small, deeper-
soil areas within a large area of mountain big sagebrush associations in
a 12-18” (30-46 cm) precipitation zone. The location of the aspen
stands within this precipitation zone may limit soil water availability
during the growing season. The aspen stands at our sites were also in
decline, prior to treatment, which may have indicated lower root mass
and energy reserves, therefore limiting ramet response.

However, the continued increase in aspen cover resulting from
growth and expansion into previously unoccupied woedland gaps and
edges indicates that treated stands have likely increased rooting mass
and stored energy reserves. Further expansion of these aspen stands
will, however, be limited by site characteristics. The aspen stands are
only found in deeper soils on toe-slopes and concave slopes where
surface (runoff) and subsurface water sources are likely able to collect.

A factor in the regeneration and growth of aspen in Fall and Spring
treatments was the lack of ungulate browsing of aspen ramets. Aspen
response to fire and conifer treatments can be limited when excessive
browsing of regenerating ramets by ungulates occurs (Bartos ct al,,
1994; Kay and Bartos, 2000; Rhodes et al,, 2017; Seager et al., 2013),
The lack of aspen browsing may have been a result of the fire treatment,
burning 2800-ha surrounding the aspen sites. Bartos and Mueggler
(1981) suggested that prescribing larger burn areas may disperse ani-
mals across the landscape, permitting aspen to reestablish successfully
post-fire.

4.2, Western juniper response

The Fall treatment was initially more effective at removing juniper
and, in following years, maintained lower conifer cover and densities
than the Spring treatment. After fifteen years juniper cover was still less
than 1%, with most of the trees consisting of saplings. However, juniper
sapling density exceeded 600 plants ha™?, after 15 years, in both Fall
and Spring treatments which provides a sufficient number of future
trees to dominate the aspen stands. The rapid increase in juniper sap-
lings in the Fall treatment within the past decade was likely the result of
seed deposited by frugivorous birds, which are the main vectors of ju-
niper seed dispersal (Chambers ct al., 1999). Nearby trees and stands of
mature juniper were likely supplying this seed source. In the Spring
treatment, the steady increase in tree density and juniper cover indicate
juniper will increase earlier than the Fall treatment. However, based on
previous conifer expansion estimates (Miller and Rose, 1995; Wall
et al., 2001; Bates ct al., 2006), juniper is likely to represent a sig-
nificant portion of the overstory of both treatments by the end of this
century absent additional conifer control.

4.3. Shrubs and other trees

Shrub species present in the aspen stands, with the exception of big
sagebrush, are tolerant of fire, sprouting from root crowns and rhizomes
or establishing from seed. The emergence of snowbrush in the fall
treatment was likely due to its presence in the soil seed bank.
Snowbrush seed remains viable in soils for periods exceeding 200 years
and may appear after fire where it was not previously present (Kramer
and Johnson, 1987; Halpemn, 1989; Bradley et al., 1991; Tonn et al.,
2000). The greater cover and density of snowbrush in the fall treatment
was likely enhanced by high fire severity, conditions which increase
snowbrush seed germination and establishment (Anderson, 2001;
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Weiner et al., 2016; Halpern, 1989; Johnson, 1998). Severe fires can
also stimulate seed germination of elderberry and wax currant (Bradley
et al,, 1991, 1992; Quick, 1962) which may explain their greater den-
sities in the Fall treatment. Wax currant is a weak sprouter and plants
may be killed by fire, thus recovery is often dependent on establishment
from seed.

Shrubs that tend to be robust sprouters after fire (rubber and green
rabbitbrush, western snowberry, Woed’s rose) decreased following the
high severity fall fire and recovered after low severity fire in the Spring
treatment. Others have noted that root crowns and rhizomes of these
species may be injured by severe fires, causing their decreased abun-
dance (Anderson and Bailey, 1979; Bartos et al., 1994; Hauser, 2007;
Fryer, 2008; Zschaechner, 1985). Kauffman and Martin (1990) mea-
sured higher shrub mortality after early fall burns with high fuel con-
sumption than after spring burns with low fuel consumption. Fire in the
Fall treatment consumed all round-wood up to the 100-h fuel class and
partially consumed wood in the 1000-h fuel class.! At this level of
consumption sub-surface (2 cm deep) soil temperatures typically exceed
200 °C during fire in encroaching juniper woodlands (Bates et al., 2011,
2014). Mortality of plant roots and meristematic growth points can
occur between 48 and 94°C (Neary et al., 1999). In the Spring treat-
ment, round-wood consumption did not exceed the 10-h and 100-h fuel
classes and fire impacts to the soil were confined to areas with downed
juniper. Under these circumstances sub-surface soil temperatures have
not exceeded 79 °C (Bates et al., 2011, 2014), Thus, low severity fire in
the Spring treatment not only maintained the presence of adult shrubs,
but in areas of fire impact, resulted in survival of belowground root
crowns of shrubs, thus, resulting in recovery of the shrub layer. In ad-
dition, in the Fall treatment, the sprouting response of shrub species
may have been suppressed by the greater densities of aspen.

Curl-leaf mountain-mahogany trees and seed banks are eliminated
by severe fire (Gruell et al,, 1985) which explains its lower density in
the Fall treatment. The reestablishment of mountain mahogany after
severe fires is often dependent on off-site seed sources (Crane and
Fischer, 1986; Noste and Bushey, 1987). The presence of nearby mature
mountain mahogany woodlands are likely providing this seed source.
The higher mahogany density in the Spring treatment was a combina-
tion of survival of trees present prior to burning and establishment from
seed. We attribute the increase in mahogany density in the Spring
treatment to off-site seed dispersal and from the seed bank. Mahogany
seeds in soil seed banks often survive low severity fires (Gruell et al,,
1985; Johnson, 1998).

Chokecherry is adapted to fire by re-sprouting from root crowns and
rhizomes (Volland and Dell, 1981; Brockway and Lewis, 1997). How-
ever chokecherry was only a minor component within the aspen stands
before and after fire. Aspen, especially in the Fall treatment, was able to
occupy and dominate following fire, limiting chokecherry response.

5. Conclusions

Aspen woodlands can be difficult to prescribe burn because favor-
able environmental conditions are often limiting (Jones and DeByle,
1985b; Miller et al., 2000; Wall et al., 2001). Our study indicates that
partial cutling of overstory conifers may be effective at increasing
surface fuels to eliminate remaining live conifers with fire in aspen
woodlands. However, woodland characteristics will vary with site
conditions, conifer encroachment stage, and year (Wall et al., 2001).
Thus, the level of conifer cutting will probably require adjustment when
applied in other areas. The time of year that fire treatments are applied
also influences pre-burn conifer cutting levels. In this study, cutting a
third and two-thirds of the juniper for fall and spring burning,

! 1.h fuels are wood less than 0.64 cm in diameter; 10-h fuels are wood, 0.64-2.54 cm
in diameter; 1060:h fuels are wood, 2.54-7.62cm in diameter; 1000-h fuels are wood,
7.62-20.32 ¢m in diameter.



J.D. Bates, K.W. Davies

respectively, were effective at eliminating or reducing conifer presence
and increasing aspen cover and density. For fall burning treatments it
may be possible to reduce conifer cutting levels. In stands with only half
the juniper cover of our study, felling one-quarter of western juniper
was effective at eliminating remaining juniper that were dominating
sagebrush steppe plant communities (Bates et al., 2011). We are con-
fident that combinations of partial cutting and prescribed fire treat-
ments can be applied to aspen woodlands being invaded by other
conifer species in the western United States.

Lower fire severity in the Spring treatment made it less effective at
controlling juniper and as a result may require earlier conifer retreat-
ment to maintain the aspen communities. However, if a management
objective is to maintain or increase native understories the Spring
treatment was more effective than the Fall treatment for restoring the
shrub layer, as well as the herbaceous understory (Bates et al. 2006;
Bates and Davies, In review). In addition, spring burning is easily
managed and fire can be confined to the treatment area without risk of
escape. This would be important to managers charged with maintaining
sagebrush habitat. Many aspen stands in the Great Basin are intermixed
with sagebrush plant communities which provide habitat for sagebrush
obligate wildlife species, particularly sage-grouse (Davies et al., 2011).
The high numbers of juniper saplings establishing in these aspen stands,
within 15 years of treatment, indicate that retreatment of juniper will
be necessary earlier than previously concluded (Bates et al., 2006). This
indicates that conifer treatments might be expanded to control nearby
stands of seed producing juniper to limit or slow reestablishment in
aspen stands.

Acknowledgements

The authors thank Otley Brothers Ranch, Inc. for providing financial
and logistical support and access to the study area. Many thanks are
extended to the Bureau of Land Management, Burns District Office, for
providing land for conducting the research and in applying the treat-
ments. Special thanks to Jim Buchanan, Range Conservationist (re-
tired), at the Bumns BLM office, for all his efforts in project im-
plementation. Finally, continued measurement of the project is due to
the many student summer range technicians who assisted in the col-
lection of field data. The Eastern Oregon Agricultural Research Center is
jointly funded by the USDA-Agricultural Research Service and Oregon
State Agricultural Experiment Station. USDA-ARS and Oregon State
University are equal opportunity providers and employers. David
Ganskopp and David Bates provided useful comments and suggestions
on earlier drafts.

References

Anderson, M.D., 2001. Ceancthus velutinus. In: Fire Effects Information System, |Online].
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory (Producer). Available: hup://www.fs.fed.us/database/feis/
(2017, June 28).

Anderson, M.1.., Bailey, A.W., 1979. Effect of fire on a Symphoricarpos occidentalis shrub
community in central Alberta. Can. J. Bot. 57, 2820-2823,

Bartos, D.L., 1979, Eifects of burning on the aspen ecosystem. pp. 47-58. In: Johnson, K.,
(Ed.), Wyoming Shrublands; Proceedings of the eighth Wyoming Shrub Ecology
Workshop. University of Wyoming, Laramie, 124 p.

Bartos, D.L., Brown, J.K., Booth, G.D., 1994, 'I'velve years biomass responsc in aspen
communities following fire. J. Range Manage, 47, 79-83.

Bartos, D.L., Campbell, R.B., 1998. Decline of quaking aspen in the interior west - ex-
amples from Utah. Rangelands 20, 17-25,

Bartos, D.1.., Mueggler, W.F., 1981. Early succession in aspen communities following fire
in western Wyeming. J. Range Manage. 34, 315-318.

Bartos, D.L., Mueggler, W.F., 1982. Farly succession following clear cutting of aspen in
northemn Utah. J. Range Manage. 35 764-748.

Bates, 1.D., Davies, K.W., 2017. Quaking aspen woodland after conifer control; herbac.
eous dy ics. For. Ecol. M (In review).

Bates, J.D., Davies, K.W., 2017. Effects of juniper slash treatments on soil nutrient
availability and plant composition in sagebrush steppe. For. Ecol. Manage. 400,
631-644.

Bates, J.D., Davies, K.W., Sharp, R.N., 201 1. Shrub-steppe early succession following
Jjuniper curting and prescribed fire. Environ, Manage. 47, 468-481,

239

Forest Ecology and Management 409 (2018) 233-240

Bates, J.1., Miller, R., Davies, K.W., 2006. Restoration of quaking aspen woodlands in-
vaded by western juniper. Rangel. Fcol. Manage. 59, 88-97.
Bates, J.D., O'Conner, R., Davies, K.W., 2014. Veg p to

western juniper slash. Fire Ecol. 10, 27-48.

Bradley, A.F., Noste, N.V., Fischer, W.C., 1991, Fire ecology of forests and woedlands in
Utah, Gen. Tech. Rep. INT-287. Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Research Station, 128 p.

Bradley, A.F., Fischer, W.C., Noste, N.V,, 1992. Fire ecology of the forest habitat types of
eastern Idaho and western Wyoming. Gen. Tech. Rep. INT-290. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Research Station, 92 p.

Brockway, D.G., Lewis, C.E., 1997. Long-term effects of dormant.season prescribed fire on
plant community diversity, structure and productivity in a longleaf pine wiregrass
ecosystem. For. Ecol. Manage. 96, 167-183.

Brown, J.K., 1985. Fire effects and applications of prescribed fire in aspen. pp. 38-47. In:
Sanders, K., Durham, J. (Eds.), Proceedings -Rangeland Fire Effects; A Symposium,
Nov 27-29, 1984, Buise. ldaho. United Sates Department of Interior Bureau of Land
Management, pp. 124,

Chambers, J.C., Vander Wall, $.B., Schupp, E.W., 1999, Seed and seedling ecology of
pifton and juniper species in the pygmy woodlands of Western North America,
Botanical Rev. 65, 1-38.

Crane, M.F., Fischer, W.C., 1986. Fire ecology of the forest habitat types of central ldaho.
Gen. Tech. Rep. INT-218. U.S, Depart. Agric., For. Ser., Intermountain Research
Station, Ogden, Utah, 8S p.

Crouch, G.L., 1983, Aspen regeneration after clearcutting in southwestern Colorado. J.
Forestry 83, 316-316.

Davies, K.W., Boyd, C.S., Beck, J.L., Bates, J.D., Svejcar, TJ., Gregg, M.A., 2011. Saving
the sagebrush sea: strategies to conserve and restore big sagebrush plant commu-
nities. Biol. Conservation 144, 2573-2584,

DiOrio, A.P., Callas, R., Schaefer, R.J., 2004, Forty-cight year decline and (ragmentation
of aspen (Populus tremuloides) in the South Warner Mountains of California. For, Ecol.
Manage. 206, 307-313.

Farmer, R.E., 1962. Aspen root sucker formation and apical dominance. For. Sci. 8,
403-410.

Fryer, J.L., 2008. Sambucus racemosa. In: Fire Effects Information System, {Online]. U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire
Sciences Laboratory. Available: hitp://www.fs.fed.us/database/feis/ (2017,

June 28).

Gruell, G.E., 1979. Wildlife habitat investigations and I implications on the
Bridger-Teton National Forest. pp. 63-74. In: Boyce, M.S., Hayden-Wing, L.D. (Eds.),
North American Flk, Ecology, Behavior, and Management, second ed. University of
Wyoming Press, Laramie, pp. 294.

Gruell, G., Bunting, S., N h fer, L., 1985. InAl of fire on curlleaf mountain-

hogany in the I in West. In: Lotan, J.E., Brown, J.K., compilers. Fire's
effects on wildlife habitat-symposium proceedings; 1984 March 21; Missoula, MT.
Gen. Tech. Rep. INT-186. Ogden, UT: U.S. Dep. Agric., For. Ser., Intermountain Res.
Sta. Ogden, Utah, pp. 58-72.

Halpern, C.B., 1989. tarly successional patterns of forest species: interactions of life
history traits and disturbance. Fcology 70, 704-720,

Hauser, A.S., 2007. Symphoricarpos occidentalis. In: Fire Effects Information System,
[Online). U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Fire Sciences Laboratory (Producer). Available: htip://www.fs.fed.us/
database/feis/ (2017, June 28).

Johnsen, C.G., Jr., 1998, Vegetation response after wildfires in national forests of
northeastern Oregon. R6-NR-ECOL-TP-06-98. U.S. Depart. Agric., For. Ser., Pacific
Northwest Region, Portland, Oregon, 128 p.

Jones, J.R., DeByle, N.V., 1985, Fire. pp. 77-81, In: DeByle, N.V., Winokur, R.P., (Eds.).
Aspen: Ecology and Management in the Western United States. United States
Department of Agriculture, Forest Sesvice, Rocky Mountain Forest and Range
Experiment Station, General Technical Report RM-119. Fort Collins, Colorado, 283 p.

Jones, J.R., DeByle. N.V., 1985. Climates. pp. 57-64, In: DeByle, N.V., Winokur, R.P.,
(Eds.). Aspen: Ecology and Management in the Western United States. United States
Department of Agriculture, Forest Service, Rocky Mountain Forest and Range
Experiment Station, General Technical Report RM-119. Fort Collins, Colorado, 283 p.

Kauffman, J.B., Martin, R.E.. 1990. Sprouting shrub response to different seasons and fuel
consumption levels of prescribed fire in Sierra Nevada mixed conifer ecosystems.
Forest Sci. 36, 748-764.

Kuy, C.E., 1995, Aboriginal overkill and native burning: implications for medern cco-
system management, Western . Appl. Forestry 10, 121-126,

Kay, C.E., Bartos, D.L., 2000. Ungulate herbivory on Utah aspen: assessment of long-term
exclosures. J. Range Manage. 53, 145~153.

Keyser, T.L., Smith, F.W., Shepperd, W.D., 2005. Trembling aspen response to a mixed-
severity wildfite in the Black Hills, South Dakota, USA. Can. J. For. Res. 35,
2679-2684.

Kramer, N.B., Johnson, F.D., 1987. Mature forest seed banks of three habitat types in
central 1daho. Can. J. Bot. 65, 1961-1966.

Krasnow, K.D., Halford, A.S., Stephens, S.L., 2012. Aspen restoration in the eastern Sierra
Nevada: effectiveness of prescribed fire and conifer removal. Fire Ecol. 8, 104-118.

Krasnow, K.I., Stephens, S.1.., 2015. Evolving paradigms of aspen ecology and manage-
ment: impacts of stand condition and fire severity on vegetation dynamics. Ecosphere
6 (1), 12

Kuhn, T., Safford, H., Jones, B., Tate, K., 2011. Aspen (Populus memuloides) stands and
their contribution to plant diversity in a semiarid coniferous landscape. Plant Eeol.
212, 1451-1463.

Kulakowski, ., Kaye, M.W., Kashian, D.M., 2013. Long-term aspen cover change in the
western US. For, Ecol. Monage, 299, 52-59,

Littel), R.C., Milliken, G.A., Stroup, W.W., Wolfinger, R.D., 1996. SAS System for Mixed

ion r | burning of




J.D. Bates, K.W. Davices

Models. SAS Institute, Cary, North Carolina.

Maser, C., Thomas, J.W., Anderson, R.G., 1984, Wildlife habitats in managed rangelands -
the Great basin of southeastern Oregon - the relationship of terrestrial vertebrates 1o
plant communities. United States Department of Agriculture, Forest Service, Pacific
Northwest Forest Experiment Station General Technical Report, PNW-172, Portland,
Oregoen, 35 p.

McCullough, S.A., 0'Geen, A.T., Whiting, M.L., Sarr, D.A., Tate, K.W., 2013. Quantifying
the consequences of conifer ion in aspen Is: decline in a biodiversity-
supporting community. Environ. Monit. Assess. 185, 5563-5576.

Miller, R.F., Bates, J., 2001. Stand characteristics of western juniper in Kiger Canyon,
Otegon. pp. 35-43. In: Miller, R.F., Bates, J.D. (Eds.), History, Ecology. and
Management of Western Juniper Woodlands and Associated Shrublands: 2000
Annual Report. Eastern Oregon Agric. Research Center, Bums, Oregon, pp. 80.

Miller, R.F., Bates, J.D., Svejcar, T.J., Pierson, F.B., Eddleman, L.E., 2005. Biology.
Ecology, and Management of ¥ Juniper. Oregon State Univ. Agric. Exper. Sta.,
Tech. Bull. 152, June 2005. Corvallis, 77 p.

Miller, R.F., Rose, J.R., 1995. Historic expansion of Juniperus occid
Oregon. Great Basin Naturalist 55, 37-45.

Miller, R.F., Svejear, T.J., Rose, J.R., 2000. Impacts of western juniper un plant com-
munity composition and structure. J. Range Manage. $3. 574-585.

Neary, D.G., Klopatek, C.C., DeBano, L.F., Flolliot, P.F., 1999. Fire effects on below
ground sustainability: a review and synthesis. Forest Ecol. Manage, 122, 51-71.

Noste, N.V., Bushey, C.L., 1987, Fire response of shrubs of dry forest habitat types in
Montana and Idaho. Gen. Tech. Rep. INT-239, U.S. Depart. Agric., For. Ser.,
Intermountain Research Station, Ogden, Utah, 22 p.

NRCS, 2006. Soil Survey of Harney County Area, Oregon. USDA Natural Resource
Conservation Service, Washington, District of Columbia, USA.

NRCS, 2037. Ecological site description. USDA Natural Resource Conservation Service.
Washington, District of Columbia, USA. Last accessed 1 May 2017, https://esis.sc.
cgov.usda.gov/Welcome/pgReportl.ocation.aspx?type = ESD.

Peterson, R.G., 1985. Design and Analysis of Experiments. Marcel Dekker Inc., New York,
pp. 429.

Schier, G.A., 1973. Seasonal preduction of cytokinin in sucker production from excised
roots of Populus tremuloides and the role of endogenous auxin. Can. J. Forest Sdi. 3,
459-461.

Schier, G.A., Jones, J.R., Winokur, R.P., 1985. Vegetative regeneration. pp. 29-34. In:
DeByle, N.V., Winokur, R.P., (Eds.)}, Aspen: Ecology and Manag in the W
United States. United States Department of Agriculture, Forest Service, Rocky
Mountain Forest and Range Experiment Station, General Technical Report RM-119.
Fort Collins, Colorado, 283 p.

Quick, C.R., 1962. Resurgence of a gooseberry population after fire in mature timber. J.
Forestry 60, 100-103,

1 h

in n

240

Forest Ecology and Management 409 (2018) 233-240

‘Tonn, J.R., Jurgensen, M.F., Mroz, G.D., Page-Dumroese, D.S., 2000. Miller Creek: eco-
system recovery in a western Montana forest 30 years after prescribed burning and
wildfire. In: Moser, W.K., Moser, C.F., (Eds.), Fire and Forest Ecology: Innovative
Shiviculture and Vegetation Management: Proceedings of the 21st Tall Timbers Fire
Ecology Confe an | ional Symposium; 1998 April, Tallahassee, Fl.. No.
21. Tallahassee, FL: Tall Timbers Res., Inc:, pp. 67-73.

Roundy, B.A., Miller, R.F., Tausch, R.J., Young, K., lulet, A,, Rau, B,, Jessop, B.,
Chambers, J.C., Eggett, D., 2014a, Understory cover responses to pinon-juniper
treatments across tree dominance gradients in the Great Basin. Rangel. Ecol. Manage.
67, 482-494.

Roundy, B.A., Young, K., Cline, N., Hulet, A., Miller, R.F., Tausch, R.J., Chambers, J.C.,
Rau, B., 2014b. Pifon-juniper reduction increases soil water availability of the re-
source growth pool. Rangel. Ecol. Manage. 67, 495-505.

Rhodes, A.C., Wan, H.Y., St. Clair, 5.B., 2017. Herbivory impacts of elk, deer and cattleon
aspen forest recruitment along gradi of stand composition, topography and cli-
mate. For. Ecol. Manage. 397, 3947,

Seager, S.T., Eisenberg, C., St. Clair, 5.B., 2013. Patterns and consequences of ungulate
herbivory on aspen in western North America. For. Fcol. Manage. 299, 81-90.

Shepperd, W.D., Rogers, P.C., Burton, D., Bartos, D.L., 2006. Ecology, biodiversity,
management, and restoration of aspen in the Sierva Nevada. RMRS-GTR-178. USDA
For. Ser., Rocky Mountain Res. 5ta., Fort Collins, CO.

Shinneman, D.J., Baker, W.L., Rogers, P.C., Kulakowski, 1., 2013. Fire regimes of quaking
aspen in the Mountain West. For. Ecol. Manage. 299, 22-34,

Strand, E.K., Vierling, L.E., Bunting, 8.C,, Gessler, P.1., 2009. Quuntifying successional
rates in western aspen woodlands: Current conditions, future predictions. For. Ecol.
Manage. 257, 1705-1715.

USDA Plants Database, 2017. https://plants.usda.gov/java/, Last accessed May 7, 2017,

Volland, L.A., Dell, J.D. 1981. Fire effects on Pacific Northwest (orest and range vege-
tation. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Region, Range Management and Aviation and Fire Management, 23 p.

Wall, T., Miller, R.F-., Svejcar, T.J., 2001. Juniper encroachment into aspen in the
northwest Great Basin. J. Range Manage. 54, 691-698.

Weiner, N.l.. Strand, E.K., Bunting, $.C., Smith, A.M.S., 2016. Duff distribution influences
fire severity and post-fire vegetation recovery in sagebrush steppe. Ecosystems 19,
1196-1209.

Worrall, J.J., Rehfelde, G.E., Hamann, A., Hogg, E.H.. Marchetti, S.B. Michaelian, Gray,
L.K., 2013. Recent declines of Papulus tremulcides in North America linked to climate.
For. Ecol. Manage. 299, 35-51.

Zschaechner, G.A., 1985. Studying rangeland fire effects: a case study in Nevada. In:
Sanders, Ken; Durham, Jack (Eds.), Rangeland fire effects: Proceedings of the sym-
posium; 1984 November 27-29; Boise, ID. Boise, ID: U,S. Department of the Interior,
B of Land Manag: Idaho State Office, pp. 66-84.






