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Executive Summary

Increasing density of pinyon (Pinus spp.) and juniper
(Juniperus spp.) woodlands (hereinafter “pinyon-juniper”), as
well as expansion of these woodlands into adjacent shrublands
and grasslands, has altered ecosystem function and wildlife
habitat across large areas of the interior western United States.
Although there are many natural and human-caused drivers
of woodland infilling and expansion, restoration of sagebrush
(Artemisia spp.) habitat through removal of pinyon-juniper
is considered an urgent management objective in many
locations, particularly in support of sagebrush-dependent
wildlife species of conservation concern. In December 2020,
the Bureau of Land Management (BLM) established the
Pinyon-Juniper Management Categorical Exclusion (PJCX)
to expedite the regulatory process for pinyon-juniper removal
projects on public lands, largely intended to benefit mule deer
(Odocoileus hemionus) and greater sage-grouse (Centrocercus
urophasianus) habitats. During final preparation of this report,
the BLM discontinued use of the PICX (as of November,
2022), but the pinyon-juniper tree removal techniques assessed
in this report are commonly used and understanding their
effects remains relevant to land use planning.

To address areas of uncertainty relative to potential
ecological effects of the PJCX, we conducted a review of the
peer-reviewed science literature to better understand the likely
responses of vegetation, environmental (for example, soils),
and wildlife variables to specific tree removal techniques
permitted by the PJCX. In brief, the PJCX permitted removal
of trees by either manual cutting, mechanical cutting, or
mastication; allowed certain methods to redistribute or
remove resulting tree biomass after treatment; and prohibited
broadcast burning, roadbuilding, removal of old-growth, and
seeding of non-native species. Specifically, we conducted our
review to address the following questions:

3U.S. Geological Survey

4University of Idaho

1. How will PICX removal techniques affect plant
communities, soils, and abiotic resources?

2. How do these pinyon-juniper removal techniques affect
wildlife communities, including both woodland- and
sagebrush-dependent species?

3. What are the potential ecological implications of
different pinyon-juniper removal treatment types and
implementation strategies (for example, treatment sizes)
over time?

4. What are the most important gaps in our scientific
understanding of how treatments might affect targeted
ecosystems over space and time (for example, potential
effects of climate change)?

To answer these questions, we considered studies
related to pinyon-juniper ecosystems, focusing on research
that occurred over a large portion of the interior western
United States that is the primary focus of the PJCX. We also
focused on papers published from 2014 onward, to avoid
excessive overlap with other recent reviews on pinyon-juniper
management effects. Using strict criteria, including only
considering research that tested responses for statistical
significance, we identified 48 papers that primarily examined
treatment effects on vegetation and other environmental
variables (1,709 responses), and 11 papers that addressed
effects on wildlife (132 responses). Responses to the PICX-
permitted treatments were summarized as either positive
(that is, a significant increase), negative (that is, a significant
decrease), or non-significant (that is, no significant difference).
Responses were assigned to categories (for example,

Native Annual Grass/Forb Abundance) and hierarchical
treatment levels.

We found that there were large proportions of
non-significant responses among all categories combined,
with roughly half or more of all responses non-significant (48
percent for wildlife, 60 percent for vegetation-environmental),
comparable to other recent systematic reviews of
pinyon-juniper treatment effects. However, we also found
that when there were significant responses, some important
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trends potentially emerged. Important undesirable outcomes
included far more positive than negative responses of exotic
grass and forb abundance among nearly all treatment types.
Cutting treatments were also more likely to decrease biocrust
cover and microbial activity. Potentially beneficial outcomes
included mostly positive responses among sagebrush obligate
species, including more positive than negative responses

for mule deer and sage-grouse. Some treatment types (for
example, mastication) also resulted in more positive than
negative responses for native grasses and forbs (although,
non-significant responses were the majority). We also
highlighted many limitations of this review, including how
responses often come from few studies, and how some
response-treatment category combinations lack adequate
response data. Moreover, the existing research is often
insufficient to address many key questions about treatment
effects, largely owing to short time-scales and limited spatial
extents of observations, which do not match the size of
treatments being implemented by land managers, nor capture
long-term, post-treatment ecological dynamics. We also
identify a lack of research that addresses key interactions that
could undermine restoration objectives, including potential
effects of climate change and grazing on post-treatment
environments. Thus, we emphasize the importance of
integrating these factors into future pinyon-juniper treatment
research, and we stress the need for use of monitoring
programs and research studies that partake in data collection
and analysis over long durations and broad spatial scales.

Introduction

Pinyon pine (Pinus spp.) and juniper (Juniperus spp.)
trees are the foundation species of wooded ecosystems (that is,
“pinyon-juniper” woodlands and savannas) that are estimated
to cover at least 33 million hectares (ha) in the 11 western
United States (Romme and others, 2009; Miller and others,
2019). Pinyon-juniper ecosystems provide valuable habitat for
numerous wildlife species, and Native Americans traditionally
relied on these trees (especially pinyon pine) for resources
including materials, medicine, and food (Monsen and Stevens,
1999; Stevens, 2002). Prior to Euro-American settlement, the
area covered by pinyon-juniper ecosystems expanded and
retracted over time, largely varying in response to shifts in
climate and associated changes in disturbance regimes (Miller
and Wigand, 1994). After Euro-American settlement began in
the late 19th century, pinyon-juniper ecosystems were often
cut or cleared for a variety of reasons, including to produce
timber and fuel for mining activities and to increase forage for
livestock (Miller and others, 2019). However, land-uses such
as livestock grazing and fire exclusion, as well as changes
in climate, have enhanced growing conditions for pinyon
and juniper trees across portions of their range (Romme
and others, 2009; Shinneman and Baker, 2009; Miller and
others, 2019).

There is concern among land managers and others that
infilling of existing pinyon-juniper stands and expansion of
pinyon and juniper trees into adjacent sagebrush (Artemisia
spp.) shrubland and grassland ecosystem types are changing
the availability of biotic and abiotic resources, altering wildlife
habitat, and increasing vulnerability to erosion and severe
disturbance events (Miller and others, 2019; Hartsell and
others, 2020). As a result, restoration of sagebrush habitat
to support sagebrush-dependent species is a key focus of
pinyon-juniper woodland reduction and tree removal across
large portions of the interior western United States (Reinhardt
and others, 2020; Natural Resources Conservation Service
[NRCS], 2021). Pinyon-juniper removal is considered a
particularly urgent management objective in ecosystems that
support populations of the greater sage-grouse (Centrocercus
urophasianus), a sagebrush-obligate species that is considered
at risk throughout its range due to declining habitat (Farzan
and others, 2015; Remington and others, 2021). Because
of this urgency, in December of 2020, the Bureau of Land
Management (BLM) established the Pinyon-Juniper
Management Categorical Exclusion (PJCX; Department of
the Interior [DOI], 20203) based in part on a BLM verification
report that found the removal of pinyon-juniper is a “...
category of action that normally does not result in significant
effects” (Bureau of Land Management [BLM], 2020).
Categorical exclusions are a regulatory approach that can
expedite land management actions in accordance with the
National Environmental Policy Act (NEPA) following review
by the Council on Environmental Quality (https://ceq.doe.gov/
nepa-practice/categorical-exclusions.html). The PICX
expedited the process for pinyon-juniper removal projects
because the permitted treatment methods were generally
not expected to have a “significant effect on the quality of
the human environment” and, therefore, analysis through an
environmental assessment or environmental impact statement
was not required for NEPA compliance (BLM, 2020).
Moreover, the BLM developed the PJCX in response to a
U.S. Department of Interior (DOI, 2017) Secretarial Order
to “advance the goals of enhancing and restoring habitat” for
greater sage-grouse and mule deer (Odocoileus hemionus).
Thus, a stated goal of the PJCX was to enhance and restore
wildlife habitat through “management of encroaching pinyon
pine and juniper trees for the benefit of mule deer and
sage-grouse habitats” (BLM, 2020).

Given the tremendous range of environmental
and climate conditions suitable for pinyon-juniper and
sagebrush ecosystems in the western United States (Baker
and Shinneman, 2004; Romme and others, 2009), there is
likely great variability in ecological response to the various
pinyon-juniper removal treatment types (for example,
Creutzburg and others, 2014; Bates and others, 2014a;
Roundy and others, 2014a). Previous literature reviews on
the effects of pinyon-juniper treatments (for example, Jones,

3During final preparation of this report, the proposed BLM PJCX was
discontinued (https://www.blm.gov/policy/pim-2023-002)


https://ceq.doe.gov/nepa-practice/categorical-exclusions.html
https://ceq.doe.gov/nepa-practice/categorical-exclusions.html
https://www.blm.gov/policy/pim-2023-002

2019; Miller and others, 2019) have emphasized that although
pinyon-juniper removal can have ecological benefits (for
example, enhanced perennial herbaceous cover, reduced
soil-water runoff), it may also produce undesirable effects

(for example, increased exotic plant cover). Research and
literature reviews on treatment effects have also shown that
pinyon-juniper tree removal can benefit some grassland- and
shrubland-associated wildlife species (for example, Olsen and
others, 2021a), but positive trends have not been evident for
most species or taxonomic/functional groups, including some
sagebrush-dependent species (Bombaci and Pejchar, 2016;
Jones, 2019). Moreover, even when pinyon-juniper removal
accomplishes near-term goals, the long-term responses of plant
communities and wildlife species are understudied and thus
often remain uncertain (Bombaci and Pejchar, 2016; Hartsell
and others, 2020). Such variability in response and uncertainty
regarding duration of treatment effects are problematic for
land managers who wish to thin or remove pinyon and juniper
trees to protect biological and environmental resources from
consequences of woodland expansion. Indeed, predicting

the ecological effects of pinyon-juniper removal treatments
remains challenging, even with the aid of recent literature
reviews on this topic (for example, Bombaci and Pejchar,
2016; Jones, 2019; Miller and others, 2019), in part due to
knowledge gaps regarding post-treatment ecosystem response
under a diversity of environmental settings, developmental
stages, natural disturbance dynamics, treatment approaches,
and time periods (Baker and Shinneman, 2004; Romme and
others, 2009; Hartsell and others, 2020).

To better address these areas of uncertainty relative to
the PJCX, we conducted a literature review on the effects of
the specific pinyon and juniper removal techniques permitted
by the PICX. Our overarching goal was to assess the
peer-reviewed science to summarize the potential ecological
effects of these treatments as they pertain to pinyon-juniper
and sagebrush ecosystem components, processes, and habitat.
Specifically, we conducted our review to address the following
questions:

1. How will PJCX removal techniques affect plant
communities, soils, and abiotic resources?

2. How do these pinyon-juniper removal techniques affect
wildlife communities, including both woodland- and
sagebrush-dependent species?

3. What are the potential ecological implications of
different pinyon-juniper removal treatment types and
implementation strategies (for example, treatment sizes)
over time?, and

4. What are the most important gaps in our scientific
understanding of how treatments might affect targeted
ecosystems over space and time (for example, potential
effects of climate change)?

Background 3

To answer these questions, we considered studies
from pinyon-juniper ecosystems occurring over a variety of
environmental settings in the 11 western United States that
were most likely to be targeted by treatments permitted by the
PJCX. To set the stage for our review, we provide background
information that describes the pinyon-juniper species and
ecosystems most likely to be affected by the PJCX, the effects
of tree expansion into sagebrush ecosystems and for associated
wildlife, and the historical management of pinyon-juniper
woodlands, including treatment methods permitted under
the PJCX.

Background

Pinyon and Juniper Species and Ecosystems
Addressed in this Review

We focused our review on six widespread pinyon and
juniper tree species of the interior western United States
(fig. 1) that primarily occupy semiarid environments with cool
to cold winters, are often the focus of woodland reduction
treatments, and have ranges that overlap substantially with
both greater sage-grouse (fig. 2) and mule deer (fig. 3),
which are the primary wildlife species expected to benefit
from treatments permitted by the PJCX. These tree species
include western juniper (Juniperus occidentalis), Utah juniper
(J. osteosperma), oneseed juniper (J. monosperma), Rocky
Mountain juniper (J. scopulorum), singleleaf pinyon (Pinus
monophylla), and two-needle pinyon (P. edulis). We do not
consider pinyon and juniper species that are primarily found in
Madrean woodlands farther south, more humid climates to the
east, warm to hot Mediterranean climates to the southwest (for
example, J. ashei, J. deppeana, J. pinchotii, J. virginiana, P.
cembroides, P. quadrifolia), or at high elevations in the Sierra
Nevada (J. grandis). These tree species are assumed not to
be the focus of the PJCX, as they are generally distant from
historical sage-grouse populations and, with the exception
of J. deppeana, only marginally overlap with the range of
mule-deer.

The six pinyon and juniper species collectively span a
distributional gradient from winter- to summer-dominated
precipitation regimes. This gradient occurs along a generally
northwest to southeast extent of the western United States,
culminating in relatively strong summer monsoonal
precipitation regimes in the interior southwestern United
States. Three of the juniper species of interest are distributed
uniquely along this gradient, with only marginal range overlap
(fig. 14). J. occidentalis is primarily found in the northwestern
Great Basin, where a large majority of annual precipitation
falls in winter to early spring as snow or rain. J. monosperma
is located in the southeastern portion of the western interior
U.S., where summer monsoonal precipitation is substantial
and can comprise more than half of annual precipitation. J.
osteosperma is geographically intermediate to the other two
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review. Distribution data obtained from the U.S. Forest Service National Individual Tree Species Atlas (Ellenwood and others, 2015).
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juniper species, mostly occurring on the Colorado Plateau and
in central and northeastern portions of the Great Basin, where
precipitation regimes range from seasonally bimodal (to the
east) to winter dominated (in the west). Scattered populations
of these juniper species also occur elsewhere, including

the Columbia Plateau and coastal ranges (J. occidentalis),
Wyoming Basin (J. osteosperma), and southwestern High
Plains (J. monosperma). J. scopulorum has more substantial
range overlap with the three other juniper species, but it
typically occurs with cooler soil temperature regimes and
higher elevations, and it also extends into the northern Rocky
Mountains and northwestern Great Plains.

Similar to junipers, the distributions of pinyon pine
species (fig. 1B) are also influenced by seasonal gradients
in precipitation. P. monophylla is found throughout the
central Great Basin and into southern California, where
most precipitation arrives during winter and spring. P. edulis
occupies the Colorado Plateau, scattered locations in the
Southern Rocky Mountains, and the mountains/plateaus of
Arizona and New Mexico, where precipitation regimes are
moderately to strongly bimodal (summer-winter). Overlapping
species ranges result in extensive cover of pinyon-juniper
woodlands consisting of P. monophylla and J. occidentalis in
the central Great Basin, P. edulis and J. osteosperma on the
Colorado Plateau and western portions of the southern Rocky
Mountains, and P. edulis and J. monosperma in central to
southern Arizona and New Mexico and southern Colorado.
Pure pinyon or pure juniper woodlands can also be found; J.
occidentalis in particular extends throughout the northwestern
Great Basin, well beyond the range of pinyon.

These six tree species form woodland or savanna
ecosystems that generally occupy a zone between arid
shrubland or grassland environments at lower elevations
and forests at higher elevations. Topographic settings, soil
conditions (depth, texture, and moisture-temperature regimes),
and climate can vary substantially within this zone, and the
structure and composition of pinyon-juniper ecosystems vary
with changes in these biophysical environments (Romme and
others, 2009). Regional- to landscape-scale variation in the
structure and composition of pinyon-juniper ecosystems is
largely determined by ecophysiological differences between
junipers and pinyons that result in unique species adaptations
to climate conditions and biophysical settings (Romme
and others, 2009). Juniper species tend to be more drought
tolerant than pinyon and often occupy drier, lower elevation
settings within a given landscape (with the exception of J.
scopulorum), while pinyon is more likely to dominate more
mesic locations than juniper, often at higher elevations.

Historical disturbance regimes that varied among
biophysical settings also influenced compositional and
structural differences among pinyon-juniper woodlands.
Prior to widespread livestock grazing and fire suppression,
most pinyon-juniper woodlands had complex stand structures
shaped by infrequent, high-severity crown fire (Shinneman
and Baker, 2009), although some savannas were likely
maintained by relatively frequent surface fire (Baker and
Shinneman, 2004; Romme and others, 2009). Drought, insects,

and disease also contributed to patchy and occasionally
extensive mortality in pinyon-juniper ecosystems (Shaw and
others, 2005; Romme and others, 2009). These disturbance
dynamics, coupled with spatially variable environmental
conditions, produced a variety of pinyon-juniper structural
ecosystem types, including woodlands, savannas, and wooded
shrublands, with ecotones that shifted among types as
moisture and disturbance regimes changed over time (Nowak
and others, 1994; Romme and others, 2009). Pinyon pine and
juniper species tend to be long-lived, with individual trees
commonly reaching 300—600 or more years in age in some
regions (for example, Landis and Bailey, 2005; Shinneman
and Baker, 2009). However, old-growth and persistent
woodlands may have historically been more limited to
relatively fire-safe environments in many regions, including
large portions of the Great Basin (Waichler and others, 2001;
Weisberg and others, 2008).

Both increases (via woodland expansion or infilling)
and decreases (via drought-induced dieback or decline) in
pinyon and juniper populations over recent decades have
been documented over extensive areas using remotely sensed
imagery and forest inventory data (for example, Shaw and
others, 2005; Brewer and others, 2017; Filippelli and others,
2020; Stanke and others, 2021). Expansion of pinyon and
juniper trees has been attributed to several factors, including
natural expansion in response to favorable climate shifts
over time, and the effects of land use, especially livestock
grazing, fire suppression, and reestablishment of historically
cleared woodlands (Miller and Wigand, 1994; Romme and
others, 2009; Miller and others, 2019). In contrast, recent and
extensive pinyon pine mortality events (Shaw and others,
2005) suggest tree populations at lower shrubland-woodland
ecotones may be particularly vulnerable to future climates that
are expected to be warmer and drier for much of the region
(Urza and others, 2020; Rodman and others, 2022).

Tree removal and thinning treatments in the interior
western United States have been instituted to limit infilling of
wooded shrublands and expansion of persistent pinyon-juniper
woodlands into adjacent shrublands. As pinyon and juniper
trees expand into non-wooded ecosystems and transition
from early- to late-successional stages (or development
phases), plant community composition, disturbance regimes,
ecosystem function (hydrologic, energy, and nutrient cycles;
carbon-storage), and habitat for wildlife are increasingly
altered (Bender and others, 2007; Rickart and others, 2008;
Coates and others, 2017; Severson and others, 2017a; Miller
and others, 2019). Three phases of successional development
of pinyon-juniper woodlands (table 1) that are based on
relative dominance of trees versus shrub-herbaceous layers
have been described (Miller and others, 2005, 2019) and can
be quantified based on a tree dominance index (Williams and
others, 2017). Classification of pinyon-juniper woodlands
using these three phases of successional development is often
used for making management decisions and determining
appropriate treatment actions, with Phase I representing early
stages of tree expansion and Phase III representing a more
advanced woodland developmental stage (table 1).



Table 1.
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Three phases of successional development of pinyon-juniper (Pinus-Juniperus ssp.) woodlands based on relative dominance

of trees versus shrub-herbaceous layers, quantified based on a tree dominance index (adapted from Miller and others, 2005, 2019;

Williams and others, 2017).

Phase Description Total tree dominance index values
I Trees are present but shrubs and herbs are the dominant vegetation total tree / total tree + shrub + perennial grass = less than
influencing ecological processes on the site 0.34 (tree cover less than one-third)
1T Trees are codominant with shrubs and herbs and all three vegetation  total tree / total tree + shrub + perennial grass = 0.34-0.67
layers influence ecological processes on the site (tree cover one-third to two-thirds)
I Trees are dominant vegetation on the site and the primary plant layer  total tree / total tree + shrub + perennial grass = more than

influencing ecological processes on the site

0.66 (tree cover more than two-thirds)

Dynamics and Effects of Pinyon-Juniper
Expansion on Plant and Wildlife Communities

Pinyon and juniper tree expansion into adjacent
sagebrush shrubland and sagebrush steppe ecosystems can
result in numerous biophysical changes, including reduced
shrub and understory herbaceous cover and plant species
richness (Tausch and Tueller, 1990; Monaco and Gunnell,
2020), altered hydrologic function and increased water run-off
and soil erosion (Wilcox, 1994; Williams and others, 2019),
and enhanced woody fuel accumulation that can increase fire
severity and potential for subsequent invasion by exotic annual
grasses that promote frequent fire (Tausch, 1999; Shinneman
and Baker, 2009). The types of sagebrush communities
affected by pinyon and juniper tree expansion vary depending
on ecoregion, topographic setting, and temperature/
precipitation regimes that influence soil conditions, but
commonly include communities dominated by Artemisia
tridentata ssp. wyomingensis (Wyoming big sagebrush) or A4.
nova (black sagebrush) in relatively warm-dry environments,
and A. tridentata ssp. vaseyana (mountain big sagebrush) at
higher elevations under relatively cold-moist conditions. The
specific effects of tree expansion can vary among different
sagebrush communities and their environmental settings.

As an example, Wyoming big sagebrush communities are
generally less resistant than mountain big sagebrush to exotic
annual grass invasion and dominance after fire (Chambers and
others, 2014).

Expansion of pinyon-juniper trees also alters the
structure and composition of habitat with mixed results
for the fauna that occupy affected areas. Declines in
sagebrush cover resulting from increased pinyon-juniper
cover can have implications for wildlife species that
use shrub and associated herbaceous features as habitat.
Avian species associated with sagebrush steppe, especially
sagebrush-obligates like Brewer’s sparrow (Spizella breweri),
sage thrasher (Oreoscoptes montanus), and sagebrush sparrow
(Artemisiospiza nevadensis), have become less abundant in
areas of pinyon-juniper expansion (Knick and others, 2005;
Noson and others, 2006). In contrast, many avian species
associated with conifer woodlands have increased across
the sagebrush biome (Maestas and others, 2021). A notable
exception to this pattern is the pinyon jay (Gymnorhinus
cyanocephalus), which has experienced population declines

across much of its range (Sauer and others, 2017; Boone and
others, 2018; Remington and others, 2021). Pinyon-juniper
woodlands support very high bird abundance and diversity
compared to other habitat types (Paulin and others, 1999),
and more than 70 species of birds can occupy pinyon-juniper
woodlands during the breeding season (Balda and Masters,
1980). For some avian species, including the black-throated
gray warbler (Setophaga nigrescens) and gray flycatcher
(Empidonax wrightii), pinyon-juniper may represent essential
breeding habitat (Bombaci and Pejchar, 2016). Pinyon-juniper
woodlands provide habitat for a high diversity of mammals
as well, with greater than (>) 60 species recorded in these
woodlands in Colorado alone (Finch and Ruggiero, 1993).
Pinyon-juniper woodlands thus represent an important
contribution to biodiversity, and reductions in the extent of
pinyon-juniper woodlands, although beneficial for sagebrush
obligates in certain environments, may have negative impacts
for other species.

Two species of particular management interest have
been affected by expansion of pinyon-juniper cover: greater
sage-grouse and mule deer. Generally, sage-grouse avoid
or are negatively affected by pinyon-juniper cover during
nesting (Doherty and others, 2010; Severson and others,
2017b), brood-rearing (Atamian and others, 2010; Casazza
and others, 2011), and wintering seasons (Doherty and others,
2008). The mechanisms responsible for these patterns are still
under investigation, but forage abundance for sage-grouse is
negatively associated with pinyon-juniper cover (Severson
and others, 2017b), and expansion of pinyon-juniper may
facilitate habitat use by avian predators of sage-grouse
via increasing perch availability (Wolff and others, 1999;
Manzer and Hannon, 2005; Young, 2022). Patterns of
selection by sage-grouse appear to vary with respect to
the amount of pinyon-juniper cover in sagebrush habitats.
Specifically, areas of pinyon-juniper cover classified as Phase
I or III successional development are generally avoided
but individuals vary in their response to Phase I (Coates
and others, 2017; Rabon and others, 2021a; see table 1 for
description of phases). This variation may be at least partially
tied to reproductive status, such that hens with broods are
more likely to avoid areas of Phase I pinyon-juniper cover
than hens without broods (Rabon and others, 2021a), or
may be explained by habitat conditions associated with
pinyon-juniper expansion, such as higher elevation and more
productive ecological sites (Gibson and others, 2016; Coates
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and others, 2017). Similarly, most used leks are in habitat
with less than (<) 1 percent pinyon-juniper cover within 5
kilometers (km), and leks are abandoned when cover is >4
percent within 1 km (Baruch-Mordo and others, 2013; Knick
and others, 2013). When individual sage-grouse do use areas
affected by pinyon-juniper expansion, movement rates are
faster compared to those in areas without pinyon-juniper,

and survival rates are reduced (Prochazka and others, 2017).
There are also behavioral consequences for sage-grouse

that are associated with proximity to pinyon-juniper cover.
Sage-grouse that increase movement rates when encountering
pinyon-juniper cover may require larger areas of the landscape
to meet resource needs, and hens with larger home ranges
have higher stress hormone levels and lower reproductive
success (Rabon and others, 2021b). Because of these factors,
it has been suggested that areas of early-phase pinyon-juniper
expansion selected by sage-grouse may function as ecological
traps (where animals show a maladaptive preference for
lower quality habitat; Schlaepfer and others, 2002; Coates and
others, 2017).

Pinyon-juniper expansion may have complex
consequences for mule deer because it alters relationships
between available forage and cover. Mule deer are considered
a shrub-dependent ungulate, and during summer, adult
females are particularly reliant on understory shrub and
forb communities to meet energetic demands of lactation
and to store energy for winter (Parker and others, 2009;
Tollefson, 2011). As pinyon-juniper canopy cover increases,
forage availability or quality can decrease, a response
that can be measured by negative associations between
levels of body fat and the amount of pinyon-juniper cover
within an individual deer’s home range (Bender and others,
2007). Despite this consequence, mule deer select for some
pinyon-juniper woodlands within their home range, possibly
because of the cover provided by conifer trees (Bender and
others, 2007). Similarly, although mule deer in the White
Mountains of California and Nevada largely avoid high
levels of pinyon-juniper cover (>40 percent), they select for
areas of low and intermediate pinyon-juniper cover (10—40
percent) during resting periods, suggesting that low levels of
pinyon-juniper cover provide benefit for either avoidance of
predators or thermal stress (Morano and others, 2019).

Historical Management of Pinyon-Juniper
Woodlands by Land Management Agencies

Historical clearing of pinyon and juniper by land
management agencies was usually conducted to improve
forage conditions for livestock and big game species.
Extensive clearing efforts largely began after World War I1
(Miller and others, 2019), using various mechanical methods
such as “chaining” (pulling a chain between two tractors to
knock over trees), bulldozing, disking/harrowing (pulling a
series of disks or other implements to uproot plants and (or)
prepare soil for seeding), and cutting (for example, using
heavy equipment, such as feller-bunchers, or manually, using
chainsaws). Since the late-1970s, prescribed fire has been

another commonly used technique to clear pinyon-juniper
woodlands. In early phases of pinyon-juniper woodland
development, when ladder fuels are more abundant, prescribed
fire can spread effectively, resulting in higher mortality of
small trees compared to use of mechanical methods (Baker
and Shinneman, 2004; Bates and others, 2014b; Miller and
others, 2019). However, prescribed fire can pose greater risks
of exotic species invasions or soil erosion compared to some
mechanical treatments, particularly on more vulnerable sites
(for example, Bates and others, 2014a; Karban and others,
2022). More recently, a suite of mastication techniques

(also referred to as mulching, chipping, or shredding) are
increasingly used, and clearing is often followed by herbicide
application and seeding of perennial herbaceous species that
are intended to improve forage, reduce erosion potential,

and provide competition for exotic annuals (Miller and
others, 2019).

Historical clearing of pinyon-juniper was largely
indiscriminate relative to woodland development stage (that is,
whether stands represented recent expansion of young trees or
persistent old growth), and consideration of site potential for
invasion by annual plant species was often inadequate (Miller
and others, 2019). Contemporary pinyon-juniper treatments
are increasingly likely to consider the developmental stage of
the woodland and the potential for invasion of exotic species
(for example, Tausch and others, 2009). Moreover, modern
justifications for tree removal often focus on ecological
restoration intended to improve wildlife habitat (Natural
Resource Conservation Service [NRCS], 2019), restore
hydrologic functions (for example, reducing water run-off
and soil loss), and decrease risk of high-severity fire through
woody fuel reduction (Miller and others, 2019; Hartsell and
others, 2020).

The true extent and effects of past clearings are not well
known, as older detailed historical treatment records are rare,
and post-treatment monitoring was often absent. However, key
patterns emerge based on our search of compiled historical
data over the previous four decades (1980-2019) available
in the Land Treatment Digital Library (LTDL; Pilliod and
others, 2019; fig. 4; table 2). Although the historical data in
the LTDL are incomplete, as pinyon-juniper treatment records
from some BLM offices were not reliably reported or were
unavailable, they provide the best available representation
of the geographic distribution of historical pinyon-juniper
treatments in the western United States. Pinyon-juniper
clearing and restoration treatments of all types occurred
mostly in the central and northwestern portion of the collective
range of the six tree species addressed in this review (fig. 4).
Based on available data, Oregon and Idaho collectively
accounted for more than half (about 57 percent) of all
recorded pinyon-juniper treated area in the western United
States from 1980 to 2019. Historical pinyon-juniper removal
treatment sizes ranged widely. The largest recorded project
area was 26,579 ha (combined individual treatment area),
but the average project size among most states was <1,000
ha (table 2). Moreover, individual treatment sizes <500 ha
comprised a large majority of the total number of treatments in
each state (range 71-95 percent; data not shown).
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Figure 4. The area (in hectares [ha]) of pinyon-juniper treatments between 1980 and 2019 for Bureau of Land Management (BLM) field
office management units in the western United States based on data available in the U.S. Geological Survey Land Treatment Digital
Library (LTDL; Pilliod and others, 2019). Not all historical treatments and their records are available in the LTDL, and there may be other
sources of error in available records. Refer to text and table 2 for search criteria used.
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Table 2. Pinyon-juniper removal projects in the western United States (1980-2019) by number per decade (and total) and by mean,
standard deviation, and largest treated area (in hectares [ha]) by project.

[Data were obtained from the U.S. Geological Survey Land Treatment Digital Library (LTDL; Pilliod and others, 2019). Projects were included if a completion
date was provided. Search terms included all combinations of treatment types provided within the Tree/Brush Control, Vegetation Disturbance, and Prescribed
Burn categories in the LTDL, and for which pinyon, juniper, or “PJ” were explicitly identified in project documents. Numbers of projects per decade were based
on completion dates; treatment sizes included a few projects begun during 1980-2019 but completed in 2020. Not all historical treatments and their records are
available in the LTDL, and there may be other sources of error in available records. ha, hectares]

Number of projects

Treated area (ha) per project

State 1980-89 1990-99 200009  2010-19  Total Mean :;::'adt?;: Largest
Arizona 2 4 7 4 17 988 1,103 3,381
California 37 28 77 382 735 5,623
Colorado 10 10 90 47 157 233 452 4,620
Idaho 12 8 18 70 108 1,133 3,133 26,579
Montana 17 1 35 315 381 1,355
New Mexico 19 81 12 12 415 822 4,790
Nevada 1 0 45 23 69 537 996 4772
Oregon 28 48 163 99 338 895 2,194 26,340
Utah 2 21 99 30 172 585 1,160 13,397
Washington 0 0 0 0 0 0 0 0
Wyoming 28 38 12 80 399 487 2315

Treatment Methods Permitted Under the PJCX

The PJCX permitted certain actions and treatment
areas that are up to about 4,047 ha (10,000 acres) in size
within sagebrush shrublands and adjacent sagebrush steppe
communities. Specific treatment actions allowed under the
PJICX (DOI, 2020; BLM, 2020) included: (1) manual (hand)
cutting using chain saws; (2) mechanical cutting using
equipment such as feller-bunchers; and (3) mastication, in
which a rotating metal cylinder attached to a machine (for
example, a skid-steer or front-loader) shreds trees and other
vegetation, typically leaving one to several inches of mulch on
the ground near the location of the tree. After cutting and (or)
mastication, additional methods are permitted to redistribute
or remove tree biomass, including:

1. lop and scatter techniques, in which the cut tree
components, such as branches and tree tops, are
distributed on the ground;

2. yarding and piling of cut trees, which involves
hauling and placing logs horizontal and parallel at a
collection point;

3. pile burning, which is burning of woody debris (slash)
piles; and

4. removal of cut trees for commercial and non-commercial
uses or products (for example, sawlogs, fuelwood).

Seeding or manual planting of seedlings of native species
were also allowed by the PICX. However, the PJCX did
not allow cutting “old-growth trees” (trees that established
prior to Euro-American settlement), chaining, broadcast or
jackpot burning (that is, prescribed burning that either occurs
broadly throughout the understory or in patchy mosaics to
target scattered concentrations of cut vegetation, respectively),
seeding or planting non-native species, or pesticide or
herbicide use. Construction of roads (temporary or permanent)
and permanent infrastructure were also not allowed by
the PICX.



Methods

Criteria and Scope of this Review

We used the following criteria for a research paper to
qualify for assessment in this review:

1. PJCX-permitted treatments were performed on
one or more of the six pinyon and juniper species
described earlier;

2. biotic or abiotic responses to treatments were tested for
significance using controls or pre-treatment conditions,
with the exception of two papers that measured wildlife
habitat selection in treated areas only;

3. the paper was unique and not previously published (for
example, not a review); and

4. the paper was published and externally peer-reviewed
(for example, we did not include government reports,
conference proceedings, or graduate student theses).

For the final criterion, we only included peer-reviewed
literature published after January 1, 2014 (extending to
March 2021, when the review started), to avoid redundancy
with two recent systematic reviews of pinyon-juniper removal
treatment effects that incorporated older literature. Bombaci
and Pejchar (2016) systematically reviewed 19 studies on
mechanical and non-mechanical (that is, prescribed fire)
pinyon-juniper tree reduction treatment effects on wildlife
abundance, summarized by taxonomic or functional group.
Jones (2019) systematically reviewed studies addressing
mechanical treatments of pinyon-juniper woodlands,
summarized by four primary ecosystem responses, including
change in vegetative species groups, soil erosion, hydrological
function, and sage-grouse. These reviews considered a wide
range of treatment types, including methods not allowed
by the PJCX (for example, chaining, herbicide application,
prescribed fire, seeding non-native species). However, these
two publications, as well as related reviews that considered
pinyon-juniper treatments (for example, Miller and others,
2019; Hartsell and others, 2020), provided a foundational
basis to which we compare our findings and better identify key
knowledge gaps regarding treatment effects.

Systematic Search Methods Used

We used Web of Science and Google Scholar to perform
systematic literature searches and assess the impacts of
PJCX-permitted treatments on biotic and abiotic ecosystem
components and processes. The keyword searches listed
below (limited to papers published from January 2014 to
March 2021) were used to identify potentially relevant
pinyon-juniper papers that were then further assessed to
determine if they met our four criteria (described above) for
inclusion. Vegetation-, soils-, and abiotic-related (for example,
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hydrologic function) papers (hereinafter collectively referred
to as “vegetation-environmental”’) were identified using the
first two search-groupings, whereas wildlife-related papers
were identified using all three groupings (below):

1. juniper or pinyon or pifion or “Pinus edulis” OR
“Pinus monophylla” OR “Juniperus osteosperma” OR
“Juniperus occidentalis” OR “Juniperus monosperma”
OR “Juniperus scopulorum,”

2. [search (1)] AND any of the following treatment
keywords: “treatment” OR “tree removal” OR
“woodland reduction” OR “woodland clearing” OR
“habitat manipulation” OR cut* OR mulch* OR
masticat* OR thin* OR lop-and-scatter OR yard* OR
pile OR piling OR pile burn* OR seeding OR seeded
OR planting OR planted OR sawlog* OR fuelwood OR
remov* OR “wood product” OR fuel*, and

3. [search (1) and (2)] AND any of the following wildlife
keywords: wildlife OR animal* OR reptile* OR lizard*
OR amphibian* OR frog* OR toad* OR snake* OR
salamander* OR bird* OR raptor* OR mammal*

OR rodent* OR rabbit* OR bat* OR predator* OR
carnivore* OR mustelid* OR herbivore* OR “game
species” OR ungulate* OR insect* OR invertebrate®
OR arthropod* OR omnivore* OR fish* OR avian OR
habitat OR “mule deer” OR “sage-grouse”

Summarizing Responses from Relevant
Literature

For each paper that met our four criteria, we extracted
information on the tree species treated, treatment type, study
duration, spatial extent, and the type of response to treatment
that was measured and reported. For our assessment of
treatment effects, we considered a response to be a comparison
between an untreated control or pre-treatment condition (if
no control) and a post-treatment condition, including when
a response was analyzed among multiple years and (or)
multiple sites within a single study. For example, if a paper
examined native perennial grass response to cutting at 1, 3,
and 10 years post-treatment, each of those three responses
were included in our analysis. We tallied responses to each
type of PJCX-permitted treatment as either positive (that is, a
significant increase), negative (that is, a significant decrease),
or non-significant (that is, no significant difference) based on
measures of statistical relevance provided by each study (for
example, as indicated by significance values or confidence
intervals). Because there is uncertainty regarding the statistical
independence of multiple responses from a single study,
we limited our assessment to simple comparisons of the
proportions of positive, negative, or non-significant responses
for categories of interest, rather than performing additional
statistical analysis.



14 Ecological Effects of Pinyon-Juniper Removal in the Western United States—A Synthesis, January 2014-March 2021

For vegetation-environmental responses to
PJCX-permitted treatments, we classified and reported
responses among the following 19 categories, capitalized,
as follows:

1. Native herbaceous plant abundance responses included

b) General Shrub Abundance included responses of
non-sagebrush shrubs and instances in which shrub
responses were grouped (irrespective of species).

6. Measures of Tree Abundance (for example, cover,

density, basal area) represented the response of trees to

measures of cover, density, or biomass and were reported
among three categories:

a) All Native Grass/Forb Abundance included all native
herbaceous plant abundance responses, irrespective
of whether life-cycle duration (annual or perennial)
was reported or not (responses placed in either of the
two following categories were also included in this

category)

b) Native Annual Grass/Forb Abundance included
responses for which a species or group of species
were reported as annuals; and

¢) Native Perennial Grass/Forb Abundance included
responses for which a species or group of species
were reported as perennials.

2. Exotic herbaceous plant abundance responses were
classified using the same logic as for native plants, but
there were no exotic perennial grass/forbs reported
uniquely in papers reviewed here, resulting in two
categories:

a) All Exotic Grass/Forb Abundance and

b) Exotic Annual Grass/Forb Abundance (when
life-cycle duration was indicated).

. General understory vegetation abundance responses
were classified using the same structure as for native and
exotic plants, but irrespective of whether information
was provided on native status, resulting in three
categories for reporting:

a) All Understory Abundance (including a few cases
in which authors did not distinguish shrubs from
herbaceous species)

b) Annual Grass/Forb Abundance, and
c¢) Perennial Grass/Forb Abundance.

. The Native Plant Species Richness/Diversity response
category included any measure of native species richness
or diversity, regardless of plant life form.

. Shrub abundance responses (cover, biomass, density)
were reported using two categories:

a) Sagebrush Abundance included Artemisia spp.
responses only; and

treatments over time and included indicators of either
woodland regrowth or physiological responses of
remaining trees.

7. Ground-cover responses were assessed among four
categories:

a) Downed Woody Debris included responses that
measured wood particles/pieces (from both shrubs
and trees);

b) Litter included responses that measured cover or
depth of dead herbaceous material;

¢) Bare Ground Cover included cover measurements of
bare soil; and

d) Biocrust Cover/Microbial Activity measured biocrust
cover or indicators of soil microbial abundance/
activity.

8. Abiotic-water responses included two water-related
parameters:

a) Hydrologic responses that measured water runoff,
flow velocity, or sediment yield; and

b) Soil Water included measures of soil water content
or availability (for example, soil matric potential).

9. The Carbon Storage response category included
measurements such as root, soil, and aboveground
carbon stocks.

Other vegetation-environmental responses were
not included because they were too few or ambiguous to
categorize meaningfully, such as disparate changes in soil
chemistry or diversity measures that did not delineate native
from non-native species.

We organized wildlife responses to the PJCX-permitted
treatments into four groups:

1. Habitat-Related (including variation in habitat use and
selection);

2. Reproductive (including variation in nest success [that
is, successful hatching of eggs] and nest abundance);

3. Other Demographic (including variation in density,
survival, and population growth rate, but not including
metrics of nest success or abundance); and

4. Community (including variation in species abundance,
richness, diversity, evenness, and biomass).



We further placed wildlife species into one of five habitat
functional groups, following Bombaci and Pejchar (2016):

1. Generalist (species that commonly use >2 habitat types);

2. Sagebrush obligate (species that primarily use sagebrush
habitat);

3. Shrubland-grassland (species that use both of these
habitat types);

4. Woodland-shrubland (species that use both of these
habitat types); and

5. Woodland (species that primarily use woodland habitat
or woodland edges).

Finally, we summarized the spatial and temporal aspects
of the reviewed pinyon-juniper treatment papers to provide
geographical, ecological, and treatment context. Studies were
summarized based on environmental setting, geographic
location, study size, and study duration, and these context
results were delineated based on the broadly defined response
types (that is, vegetation-environmental and wildlife).

Results

In the summaries of responses to treatments provided
below, reported percentages always represent the
proportion of the total number of responses () for a given
response-treatment category combination. The total number
of papers ([n]) from which responses were obtained are also
provided. Both provided values correspond to tables 3—6.

Vegetation-Environmental Responses to
Treatments

Number of Papers and Responses Found

Using the search criteria described above, we
found 719 potentially relevant papers describing
vegetation-environmental responses to pinyon-juniper
treatments. Upon further review, we determined that only
48 were directly relevant, 10 of which were included in
the analysis by Jones (2019). Most of the initial papers
were excluded because either they had no relevance to the
review (for example, medicinal use of Juniperus species),
PJCX-permitted treatments were not conducted (for example,
modeling or review papers), relevant treatments were
combined with those not permitted by the PJCX (for example,
cutting followed by prescribed fire), treatments were not
conducted on pinyon-juniper species addressed in this review,
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or significance of treatment effects was not reported. We found
papers that tested for effects relevant to all PICX-permitted
treatments except yarding and piling of cut trees (which was
never specifically mentioned).

The 48 papers reported 1,709 relevant responses to
PJCX-permitted treatment types (fig. 5; app. 1). All studies
included cutting (37 papers) or mastication (23 papers) as a
primary treatment (fig. 5). Three studies combined cutting
and mastication, and we assigned these to the cutting category
for our assessment because only a few masticated plots were
combined with a larger number of cut plots (Roundy and
others, 2018, 2020) or because large trees were cut and only
small trees were masticated (Ashcroft and others, 2017).
When cutting was the primary treatment, 73 percent of
variables were measured following cutting alone, with the
remaining responses measured when secondary treatments of
pile burning, off-site tree removal, or seeding native species
followed cutting. Additionally, there were instances in which
seeding was conducted following pile burning or off-site
tree removal, as well as instances in which those treatments
were conducted with no seeding. We highlight differences at
this “tertiary level” (fig. 5) only when they vary from those
reported at the secondary level. For mastication, only one
paper (Redmond and others, 2014) included a secondary
treatment of seeding native species. We report these seeding
responses only when they differ from overall mastication
results.

Geographical, Ecological, and Treatment Context
of Studies Included

For purposes of this summary, a “study site” was defined
as a location in which one or more plots were measured.
Among the 48 papers that addressed vegetation-environmental
responses, most included more than one study site, with a total
of >200 unique locations reported. In some instances, authors
did not provide precise study site locations and (or) treatment
responses were summarized using numerous sites. As such,
study site locations displayed in fig. 6 are a combination of
provided (that is, authors reported geographic coordinates)
or estimated (that is, authors provided a map that was used to
approximate site location). Many sites located in the Central
Basin and Range, Northern Basin and Range, Eastern Cascade
Slopes, Southern Rockies, Wasatch and Uinta Mountains,
and Colorado Plateau could not be mapped with confidence
due to lack of or vague location information provided by
authors, including data from more than 100 treated sites in
Utah assessed in a retrospective study by Monaco and Gunnell
(2020). Furthermore, some locations represent more than one
site in very close proximity, and other locations represent
individual sites that were utilized in more than one paper.
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Summary Response Level:

All Treatments

All treatments combined n = 1709 (48)

All Cutting Treatments
n = 1240 (37)

All Mastication Treatments

Primary treatment n =469 (23)

Prima ry and (|f any) Cut Only Cut and Pile Burn Cu}::n:‘i\j:e Cut and Seed Mastication Only Mastl;:::;m e
secondary treatment n=906 (29) n =146 (6) =146 (5) n =185 (5) n =459 (23) n=10(1)
zere Cuizere Cl‘JI'tr:;]d Cl'Jl'tr:Sd Cut and
Primary, secondary, and Pile Burn Pile Burn
X K onl and Seed Removal Removal Seed Only
(if any) tertiary treatment n=71V(5) e Only and Seed n=42(1)
n=78(5) n=68(2)

Figure 5.

Flowchart depicting the hierarchical treatment framework used to assess vegetation-environmental responses: the

combined, primary, and secondary treatment levels are consistently reported in this assessment. The total number of responses and
total number of peer-reviewed papers (n = responses [papers]) from which the data were obtained are indicated in each box (a single

paper may have tested responses to more than one treatment or combination of treatments).
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Figure 6. Approximate vegetation-environmental and wildlife study site locations used to summarize Pinyon-Juniper Management
Categorical Exclusion treatment effects in this review, superimposed on Level lll ecoregions (U.S. Environmental Protection
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sites could be mapped. Numbers for a particular site correspond to individual research papers as listed in References Cited, with
various combinations of Sagebrush Steppe Treatment Evaluation Project (SageSTEP) papers indicated by ‘SS’ and a unique number that
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Reported study sites were located across seven western
states, with the majority (56 percent) of sampling conducted
in either Utah (34 percent) or Oregon (22 percent). Across
8 ecoregions, most sampling occurred in the Central Basin
and Range (52 percent), followed by the Blue Mountains
(16 percent), and Northern Basin and Range (15 percent).
Five additional ecoregions accounted for <6 percent of
sampling each. One additional paper (Monaco and Gunnell,
2020) that analyzed 129 previously sampled study sites in
Utah (primarily in the Central Basin and Range, Colorado
Plateau, Wasatch and Uinta Mountain ecoregions) lacked
information necessary to adequately determine the exact
locations of sites that qualified for our review. Among research
papers, many study sites were located near the margins of
rangeland-dominated ecoregions, likely reflecting areas with
higher potential for tree expansion along ecotones. Study sites
were also located across a broad range of climatic conditions,
with reported mean annual precipitation (represented by
30-year norms and [or] conditions around time of treatment)
ranging from 229 to 573 millimeters (mm; 40 papers) and
elevation ranging from 800 to 3,900 meters (m; 47 papers).

Among all papers, pinyon and juniper species were
mostly studied when occurring together, with 37 papers
reporting at least one site that was a pinyon-juniper woodland.
Eleven papers reported exclusively on J. occidentalis and no

A

P.monophylla
P, edulis

J. scopulorum
J. monosperma
J. occidentalis
J. osteosperma
Pinyon only
Juniper only
Pinyon-juniper

papers reported on pinyon species without juniper present.
The most studied species in our review were J. osteosperma
(27 papers), J. occidentalis (22 papers), and P. edulis (25
papers), while papers examining treatment of P. monophylla
(17 papers), J. monosperma (6 papers), or J. scopulorum

(3 papers) were less common (fig. 74). Five papers did

not specify the pinyon and (or) juniper species treated.
Successional development of pinyon-juniper woodlands being
studied ranged from Phase I to Phase III (see definitions in
table 1), with 12 papers comparing responses to treatments
at different developmental phases. However, roughly 80
percent of reported treatments were applied in Phase II or
III, and authors sometimes used different criteria to designate
development phases (for example, tree cover versus tree
dominance index).

Study sites and treatment sizes represented varying
spatial extents. The total area spanned by study sites for any
given paper ranged from local scale (<1,000 ha, 22 papers), to
large-landscape scale (about 1,000—100,000 ha within a single
ecoregion, § papers), to multi-ecoregional (11 papers). Of the
11 multi-ecoregional papers, 10 were sampled as part of the
Sagebrush Steppe Treatment Evaluation Project (SageSTEP),
which is a long-term experimental project designed to evaluate
sagebrush steppe restoration methods in the Great Basin
(Mclver and Brunson, 2014). The total pinyon-juniper treated
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Number of vegetation-environmental papers
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J. scopulorum
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Pinyon-juniper
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Figure 7.

Number of (A) vegetation-environmental and (B) wildlife papers assessed by pinyon-juniper

species studied, and by whether pure pinyon (Pinus spp.), pure juniper (Juniperus spp.), or mixed
pinyon-juniper communities were studied (n = 48 papers for vegetation-environmental, n= 11 papers

for wildlife).



area also varied widely by study, ranging from 0.2 to 2,800
hectares when reported (40 papers). Twenty-eight papers
examined effects where <200 hectares of pinyon-juniper were
treated in total, 11 papers evaluated effects where 200—1,000
hectares were treated, and one paper examined effects where
2,800 hectares of pinyon-juniper were treated. When the

sizes of individual treatments were reported (38 papers), most
treatments were implemented in small (<8 ha; 17 papers)

or medium-sized (8—30 ha; 17 papers) patches, with only 5
papers measuring responses in large, contiguous treatment
patches (50—-166 ha; including one paper that also included a
medium-sized patch).

The temporal sampling design and duration of studies
also varied greatly; for example, many papers analyzed
measurements taken before and after experimental treatments,
while others were retrospective studies of previous land
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management treatments of various ages. When the maximum
time since treatment was reported (46 papers), the number

of papers that measured at less than or equal to (<) 3, 4-8,
and 9—13 years after treatment was similar, accounting for
approximately a third of all papers each (fig. 84). Only one
paper included responses that were measured >14 years after
treatment (at 25 years; Bates and others, 2017b). However,
even more germane to our assessment of results among papers,
when considering responses that we could confidently place
into one of the aforementioned time periods (n = 1,619), 49
percent of responses were measured <3 years posttreatment,
while only 3 percent of responses were measured greater than
or equal to (>) 14 years posttreatment (fig. 8B). The earliest
treatment considered in our review occurred in 1991 and the
most recent in 2018.

A
> 14 Years m Wildlife
Vegetation-Environmental
9-13 Years I
18 Vears PN
<3Vears [N EXPLANATION
: : : . . > (greater than or equal to)
0 5 10 15 20 95  <(lessthan or equal to)
Number of papers
B
> 14 Years m Wildlife
Vegetation-Environmental
9-13 Years
4-8 Years I
<3Years -
0 100 200 300 400 500 600 700 800

Number of responses

Figure 8. Number of (A) papers by maximum duration after treatment year and (B) number of responses by years since treatment. The
maximum duration reported for vegetation-environmental and wildlife responses was 25 years and 11 years, respectively. Maximum
duration after treatment year (A) could not be derived from all papers; thus, data are from n =46 papers for vegetation-environmental,
11 for wildlife. Years since treatment (B) could not be determined for all responses; thus, data are from n= 1,619 [40] for

vegetation-environmental and n = 59 [6] for wildlife.



20 Ecological Effects of Pinyon-Juniper Removal in the Western United States—A Synthesis, January 2014-March 2021

Native Herbaceous Plant Abundance Responses
to Treatments

Pinyon-juniper removal treatments generally did
not benefit native herbaceous plant abundance, with most
responses reported as non-significant across and among
treatment types (fig. 9). However, when significant effects
were observed, the relative dominance of positive versus
negative responses varied among individual treatment types
(appendix 1). When all native herbaceous species were
considered (All Native Grass/Forb Abundance, n = 199 [16]),
the majority of responses to all treatments combined were
non-significant (57 percent), and there were slightly more
positive (24 percent) than negative (20 percent) responses
(fig. 9). Notably, following mastication there were >8 times
more positive (42 percent) than negative (5 percent) All
Native Grass/Forb Abundance responses (7 = 19 [6]). Though
a less pronounced difference, cutting only (n = 87 [10]) also
had more positive (25 percent) than negative (11 percent)
responses. When secondary treatments occurred after cutting,
off-site tree removal (n = 51 [2]) had the highest percentage
(73 percent) of responses that were non-significant, while pile
burning (n = 42 [2]) had the highest percentage (50 percent)
of negative responses (and higher than either positive or
non-significant responses). Seeding following cutting (n = 62
[2]) had a higher proportion of non-significant (44 percent)
than either positive (26 percent) or negative (31 percent)
responses for All Native Grass/Forb Abundance.

When considering native plants based on life-cycle
duration (Native Annual Grass/Forb Abundance, n =25
[4]), responses to all treatments combined were mostly
non-significant (60 percent), and positive responses (28
percent) were more frequent than negative (12 percent; fig. 9).
Cutting treatments accounted for most of these responses (n
=19 [3]) and resulted in similar trends (fig. 9). Among all
treatments combined, Native Perennial Grass/Forb Abundance
(n =166 [13]) also had mostly non-significant responses (56
percent), with positive responses (23 percent) slightly more
common than negative (21 percent). Cutting accounted for
most Native Perennial Grass/Forb Abundance responses (n
= 158 [11]). At the tertiary level of treatment effects, seeding
made an apparent difference in Native Perennial Grass/Forb
Abundance. Specifically, when pile burning (n = 12 [2]) and
off-site tree removal (n = 14 [2]) followed cutting with no
subsequent seeding, there were no positive responses for
either treatment. However, when seeding did occur, 42 percent
of responses were positive for pile burning (n = 24 [2]) and
11 percent for tree removal (n = 28 [2]); although, negative
responses were similar between seeded and non-seeded sites
for both cutting and pile burning. Following mastication
treatments, both Native Annual Grass/Forb Abundance (n
=6 [1]) and Native Perennial Grass/Forb Abundance (n = 8
[4]) had 50 percent positive and 50 percent non-significant
responses.

Exotic Herbaceous Plant Abundance Responses
to Treatments

Unlike the relatively variable response of native
herbaceous species abundance, exotic herbaceous species
abundance was nearly always more positive than negative
following pinyon-juniper removal (fig. 9). There were 6
times more positive (42 percent) than negative (7 percent)
All Exotic Grass/Forb Abundance (n = 103 [18]) responses
to all treatment types combined. Following both cutting only
(n =29 [7]) and mastication treatments (n = 31 [9]), more
than half of all responses were positive (52 percent and 58
percent, respectively), with no negative responses for either
treatment. When pile burning followed cutting (n = 23 [4]),
there were >2 times more positive (30 percent) than negative
(13 percent) responses. Seeding following cutting (n = 29 [5])
also resulted in more positive than negative responses (21
percent and 17 percent, respectively), although the difference
was less substantial. Off-site tree removal (n = 18 [2]) was
the only treatment to result in more negative (22 percent)
than positive (17 percent) responses in the All Exotic Grass/
Forb Abundance category, but data were from just two related
studies in the same location (Kerns and Day, 2014; Kerns and
others, 2020). When comparing exotic plant responses based
on life-cycle duration, Exotic Annual Grass/Forb Abundance
(n="70 [12]) responses to all treatments combined were >4
times more positive (44 percent) than negative (10 percent),
with 46 percent non-significant responses. Additionally,
both cutting only (n = 18 [5]) and all mastication (n = 23
[6]) treatments had 61 percent positive responses, with the
remaining non-significant. There were no response data
available for exotic perennial grass/forb abundance among
studies we considered.

General Understory Vegetation Abundance
Responses to Treatments

When all herbaceous plants were considered irrespective
of life-cycle duration or native status (All Understory
Abundance, n = 786 [36]), 56 percent of responses were
non-significant, and there were >5 times more positive
(37 percent) than negative (7 percent) responses. Among
nearly all individual treatment types, either the majority
or the largest proportion of All Understory Abundance
responses were non-significant, and positive responses were
substantially more common than negative. The exception
was for mastication followed by seeding, which had mostly
(57 percent) positive All Understory Abundance responses,
but data were from a single study (n = 7 [1]). Among all
treatments combined, Annual Grass/Forb Abundance (n = 180
[20]) had mostly non-significant responses (52 percent), and
7 times more positive (42 percent) than negative (6 percent)
responses. Perennial Grass/Forb Abundance responses among
all treatments combined (rn = 376 [22]) were also mostly
non-significant (58 percent), and there were >3 times more
positive responses (32 percent) than negative responses (10
percent, fig. 9).
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Figure 9. Proportion of understory vegetation category responses that were negative, positive, or non-significant by Pinyon-Juniper

Management Categorical Exclusion treatment type (see fig. 5, table 3). An exclamation mark (!) within a bar indicates 2 or fewer

number

responses, a diamond (¢) indicates 3-9 responses, and unmarked bars represent 10 or more responses. For each category, n

of responses (number of papers) evaluated.
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Table 3. Number of responses (number of papers) by Pinyon-Juniper Management Categorical Exclusion treatment type for

herbaceous plant abundance response categories.

[Many papers included more than one treatment and (or) more than one response variable, so the total studies by treatment and response variable is less than the

sum of each row and column.]

Response category

Treatment type Native grass/forb Exotic grass/forb All understory
Perennial Annual All Annual All Perennial Annual All
All cutting 158 (11) 19 (3) 180 (12)  47(9) 72 (12) 307 (19) 132 (17) 594 (26)
Cut only 80 (9) 4(1) 87(10)  18(5) 29 (7) 219 (15) 83 (11) 406 (20)
Cut and pile burn 36 (2) 6(2) 42 (2) 17 (4) 23 (4) 39 (3) 25 (4) 86 (5)
Cut and tree removal 42 (2) 9(2) 51 (2) 12 (2) 18 (2) 47 (4) 22 (3) 86 (4)
Cut and seed 52(2) 10 2) 62 (2) 19 (4) 29 (5) 54 (3) 32(5) 121 (5)
All mastication 8 (4) 6(1) 19 (6) 23 (6) 31(9) 69 (11) 48 (9) 192 (21)
Mastication only 8 (4) 6(1) 19 (6) 21 (6) 29 (9) 69 (11) 45 (9) 185 (21)
Mastication and seed 0(0) 0(0) 0(0) 2(1) 2(1) 0(0) 3(1) 7(1)
All treatments combined 166 (13) 25 (4) 199 (16)  70(12) 103 (18) 376 (22) 180 (20) 786 (36)

Native Plant Species Richness/Diversity
Response to Treatments

Among all treatments combined, Native Plant Species
Richness/Diversity (n = 54 [7]) responses were mostly
non-significant (65 percent) and with slightly lower
proportions of positive (15 percent) than negative (20 percent)
responses (fig. 10). Following cutting treatments (n = 40 [3]),
negative responses (23 percent) were >1.5 times more frequent
than positive (13 percent). In contrast, following mastication
treatments (n = 14 [4]), positive responses (21 percent) were
1.5 times more numerous than negative (14 percent). Among
secondary treatments following cutting, pile burning (n =
18 [2]) had 39 percent negative and no positive responses,
while seeding after cutting (n = 28 [3]) had a slightly lower
proportion of positive (14 percent) than negative (18 percent)
responses. At the tertiary treatment level, when seeding
occurred after off-site tree removal (n = 12 [2]), positive
responses (17 percent) were >2 times more frequent than
negative (8 percent); however, when there was no seeding
after off-site tree removal (n = 6 [2]), positive and negative
responses were each 17 percent.

Shrub Abundance Responses to Treatments

Treatments had mostly non-significant effects on
measures of shrub abundance (fig. 10); however, of those with
significant effects, positive responses were generally more
common than negative. Among all treatment types combined,
General Shrub Abundance (n = 165 [27]) had mostly
non-significant responses (69 percent), but positive responses
(26 percent) were >5 times more frequent than negative

(5 percent). Notably, following cutting treatments there were
>14 times more positive (29 percent) than negative (2 percent)
General Shrub Abundance responses (7 = 112 [19]), with the
remaining responses non-significant. Concerning secondary
treatments conducted after cutting, off-site tree removal (n =

4 [2]) had only non-significant responses, seeding (n =9 [4])
had 78 percent non-significant responses, and pile burning (n
=9 [4]) had 67 percent non-significant responses. Following
mastication, responses (n = 53 [15]) were also largely
non-significant (70 percent), and positive responses were >1.5
times more frequent than negative (19 percent and 11 percent,
respectively). There were relatively few Sagebrush Abundance
responses recorded among studies (n = 37 [7]), but 46 percent
of responses to all treatments combined were positive, with
the remaining non-significant (54 percent; fig. 10). Most
Sagebrush Abundance responses were measured after cutting
only (n =34 [6]), and the few responses following mastication
followed a similar pattern (one positive, two non-significant).

Tree Abundance Responses to Treatments

Among all treatments combined, Tree Abundance
responses (n = 86 [17]) were largely negative (63 percent),
with 8 percent positive and 29 percent non-significant
responses (fig. 10). Tree Abundance responded similarly
to cutting (n = 56 [12]) and mastication (n = 30 [8], with
64 percent and 60 percent of all responses negative after
treatment, respectively. When secondary treatments were
conducted following cutting, tree removal (n = 7 [2]) and pile
burning (n = 6 [3]) both had only negative responses, while
seeding (n = 12 [4]) had 75 percent negative and 25 percent
non-significant responses.
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Figure 10. Proportion of richness and diversity, shrub, and tree category responses that were negative, positive, or non-significant
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evaluated.
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Table 4. Number of responses (number of papers) by Pinyon-Juniper Management Categorical Exclusion treatment type for diversity,

shrub, tree, and ground cover response categories.

[Many papers included more than one treatment and (or) more than one response variable, so the total studies by treatment and response variable is less than the

sum of each column.]

Response category

Native plant Downed Biocrus
Treatment type r(:f:hm:)?s/ ::E:h G:::::' Trees woo(_iy Litter glr;:t:: d micr_ol_)i:lll
iversity debris activity
All Cutting 40 (3) 34 (6) 112 (19) 56 (12) 44 (6) 61 (12) 67 (11) 41(7)
Cut Only 0 (0) 34 (6) 97 (15) 37 (8) 32 (5) 51 (10) 58 (9) 27 (6)
Cut and Pile Burn 18 (2) 0(0) 9 (4) 6(3) 1(1) 1(1) 3(2) 13 (2)
Cut and Tree Removal 18 (2) 0 (0) 4(2) 7(2) 1(1) 5(2) 6(3) 1(1)
Cut and Seed 28 (3) 0 (0) 9(4) 12 (4) 10 (1) 4(1) 1(1) 0 (0)
All Mastication 14 (4) 3(2) 53 (15) 30 (8) 33 (5) 18 (7) 33(9) 21 (4)
Mastication Only 14 (4) 3(2) 51(15) 29 (8) 33 (5) 18 (7) 33(9) 21 (4)
Mastication and Seed 0 (0) 0 (0) 2 (1) (D) 0(0) 0(0) 0 (0) 0 (0)
All treatments combined 54 (7) 37(7) 165 (27) 86 (17) 77 (9) 79 (15) 100 (16) 62 (8)

Ground Cover Responses to Treatments

Among all treatments combined, Downed Woody
Debris (n =77 [9]) had >3 times more positive (48 percent)
than negative (14 percent) responses (fig. 11). Importantly,
most of the Downed Woody Debris responses were reported
by fuel size class (ranging from 1-hour [hr] to 1000-hr;
n=157). Downed Woody Debris positive responses were
most pronounced following cutting treatments (n = 44 [6]),
with >12 times more positive (64 percent) than negative (5
percent) responses. When secondary treatments followed
cutting, seeding (n = 10 [1]) had 80 percent non-significant
responses, while tree removal and pile burning had only one
response each (positive and negative, respectively). Following
mastication, 45 percent of Downed Woody Debris (z = 33 [5])
responses were non-significant, with the remaining responses
split evenly between positive and negative. While this may
seem counterintuitive, the Downed Woody Debris category
includes dissimilar fuel types (for example, measurements
of mulch and 1,000-hr woody debris) and a range of years
since treatment, resulting in variable responses. When all
treatments were combined, Litter (z =79 [15]) had mostly
non-significant responses (68 percent) and >2 times more
positive (22 percent) than negative (10 percent) responses
(fig. 11). This trend was similar for both cutting (n = 61
[12]) and mastication (n = 18 [7]). Concerning secondary
treatments after cutting, there were only four Litter responses
(one negative and three non-significant) for seeding, only
one positive response for pile burning, and five responses for
off-site tree removal (four non-significant and one positive).

Bare Ground Cover was generally unchanged after treatment,
with mostly non-significant responses (66 percent) among

all treatment types combined (n = 100 [16]), but with nearly

6 times more negative (29 percent) than positive (5 percent)
responses (fig. 11). Mastication (n = 33 [9]) resulted in 13
times more negative (39 percent) than positive (3 percent)
Bare Ground Cover responses, and cutting only (7 = 58 [9])
resulted in 14 times more negative (28 percent) than positive
(2 percent) responses. However, secondary treatments
following cutting suggest potential for increasing Bare Ground
Cover. Two of three Bare Ground Cover responses for pile
burning treatments were positive, and one of six responses
after off-site tree removal were positive (the remaining were
non-significant). There was little evidence that treatments
benefited Biocrust Cover/Microbial Activity (n = 62 [8]),

with 71 percent of responses non-significant among all
treatment types combined, and >3 times more negative (23
percent) than positive (6 percent) responses (fig. 11). Biocrust
Cover/Microbial Activity responses to cutting only (n =27
[6]) were predominantly negative (52 percent), with the
remaining responses non-significant (48 percent). Following
secondary treatments after cutting, pile burning had 92 percent
non-significant and 8 percent positive responses (7 = 13 [2]),
while tree removal had only one non-significant response, and
seeding had no responses. Few studies reported on Biocrust
Cover/Microbial Activity following mastication (n =21

[4]), with 86 percent non-significant and 14 percent positive
responses.
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Proportion of ground cover category responses that were negative, positive, or non-significant by Pinyon-Juniper

Management Categorical Exclusion treatment type (see fig. 5, table 4). Missing bars for a treatment type indicate no data were
available. An exclamation mark (!) within a bar indicates 2 or fewer responses, a diamond (¢) indicates 3-9 responses were available,
and unmarked bars represent 10 or more responses. For each category, n = number of responses (number of papers) evaluated.

Abiotic-Water Responses to Treatments

When all treatments were combined, Soil Water (n
=47 [6]) had a slight majority of positive responses (51
percent), with most (47 percent) of the remaining responses
non-significant (fig. 12). Notably, most of the Soil Water
responses (n = 38 [3]) were included in the three papers
(Ashcroft and others, 2017; Roundy and others, 2018, 2020)
that were assigned to cutting treatments, but in which some
mastication was also conducted. Following cutting only
(n =41 [4], including 38 responses with some degree of
mastication), responses were 56 percent positive, 42 percent
non-significant, and 2 percent negative (fig. 12). When
off-site tree removal followed cutting (rn = 6 [2], including
4 responses with some degree of mastication), there were
83 percent non-significant responses, with the remaining
positive (17 percent; fig. 12). Hydrologic responses (n =
157 [6]), which include measures of water runoff/flow and
sediment yield, were mostly non-significant (83 percent),
but there were more negative (11 percent) than positive (6
percent) responses among all treatment types combined
(fig. 12). Hydrologic responses to cutting and mastication
treatments (n = 103 [5] and n = 54 [3], respectively) were
also mostly non-significant (82 percent and 85 percent,
respectively). However, the remaining responses to cutting
were split nearly evenly between positive and negative, while
the remaining mastication responses were only negative.
Regarding secondary treatments after cutting, off-site tree

removal had just twelve Hydrologic responses from a single
study (Ashcroft and others, 2017), and these were evenly split
between negative and non-significant. No included studies
evaluated Hydrologic response variables for pile burning or
seeding after cutting treatments.

Carbon Storage Responses to Treatments

The overall effects of treatments on Carbon Storage (n
= 59 [5]) were ambiguous, as 80 percent of responses from
the reviewed studies were non-significant, and the remaining
responses were split evenly (10 percent each) between
positive and negative (fig. 12). No clear patterns emerged
for belowground (that is, soil and root) Carbon Storage
(n=52), with 88 percent of responses non-significant, 10
percent positive, and 2 percent negative. There were only 6
total responses (7 = 5 negative, 1 positive) for aboveground
Carbon Storage, and one additional non-significant response
measured both total above and belowground Carbon Storage.
The majority of Carbon Storage responses were for cutting
only (n =32 [3]), with 66 percent of responses non-significant,
16 percent positive, and 19 percent negative. Only one
paper reported on pile burning (r» = 9) following cutting,
with all responses non-significant. Mastication treatment
effects on Carbon Storage (n = 18 [3]) were overwhelmingly
non-significant (94 percent), with the remaining responses
positive.
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Figure 12. Proportion of water-related and carbon storage category responses that were negative, positive, or non-significant by
Pinyon-Juniper Management Categorical Exclusion treatment type (see figure 5, table 5). Missing bars for a treatment type indicate
no data were available. An exclamation mark (!) within a bar indicates 2 or fewer responses, a diamond (¢) indicates 3-9 responses,
and unmarked bars represent 10 or more responses. For each category, n= number of responses (number of papers) evaluated.

Wildlife Responses to Treatments

Number of Papers and Responses Found

We identified 238 papers that met our search criteria for
wildlife responses to PJCX-permitted treatments in the Web
of Science database. We reviewed an additional 100 of the
most relevant papers returned by the Google Scholar database,
44 of which were already included in our Web of Science
search. Of the 294 papers assessed, 11 of them were relevant
based on our selection criteria. Most of the excluded papers
either did not measure wildlife responses, did not include
PJCX-permitted treatments, or did not include pinyon-juniper
species addressed in this review. One of the included papers
(Mclver and Macke, 2014) was also included in the review by
Bombaci and Pejchar (2016).

Most of the 11 papers that met our selection criteria
considered more than one type of treatment. In total, eight
considered cutting, five included mastication, five included
pile burning, one included seeding, and one included tree
removal (table 6; fig. 13). In one of the papers that included
mastication (Bristow and others, 2020), 9 percent of plots had
been burned by wildfire before treatment; these plots were
combined with unburned plots in the reported responses and,
thus, were included in our results. Two papers included both

cutting and mastication treatments. One of these reported
wildlife responses separately for each treatment (Mclver
and Macke, 2014), whereas the other paper reported most
responses (18 of 28) for both treatments combined (Magee
and others, 2019; fig. 13). Thus, for this second paper, we
report the 18 combined cutting and mastication responses
in a separate category. Six papers included either secondary
or tertiary treatments (four papers had cutting then pile
burning; one had cutting then tree removal; and one had
cutting followed by pile burning and seeding). We did not find
any papers that specifically mentioned wildlife responses to
yarding and piling treatments.

From the 11 papers, we identified 132 responses to
treatments, of which 48 percent were non-significant, 22
percent were positive, and 30 percent were negative. However,
the prevailing direction (positive or negative) of significant
responses varied by treatment type, response type, taxonomic
group, and habitat functional group (figs. 14-16). In general,
regardless of the treatment type, Habitat-Related responses
were most frequently reported (n = 74 [5]; table 6), with
Community-Level (n =31 [4]) and Demographic (other
than reproductive; n = 24 [3]) responses also common.
Reproductive (n = 3 [3]) responses were infrequently reported
(table 6).]
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Table 5. Number of responses (number of papers) by Pinyon-Juniper Management Categorical Exclusion treatment type for soil water,
hydrologic, and carbon storage response categories.

[Many papers included more than one treatment and (or) more than one response variable, so the total studies by treatment and response variable is less than the
sum of each column.]

Response category

Treatment type ; -
Soil water Hydrologic Carbon storage
All Cutting 47 (6) 103 (5) 41 (4)
Cut only 41 (4) 91 (4) 32(3)
Cut and pile burn 0 (0) 0(0) 9(1)
Cut and tree removal 6(2) 12 (1) 0(0)
Cut and seed 0(0) 0(0) 0(0)
All Mastication 0(0) 54 (3) 18 (3)
Mastication only 0(0) 54 (3) 18 (3)
Mastication and seed 0(0) 0(0) 0(0)
All treatments combined 47 (6) 157 (6) 59 (5)

Table 6. Number of responses (number of papers) by Pinyon-Juniper Management Categorical Exclusion treatment type for wildlife
response categories.

[One paper included both cutting and mastication treatments but reported responses (Community response type) to each treatment separately. A second paper
included both cutting and mastication treatments but reported some responses (Habitat-Related response type) to each treatment separately and other responses
combined. Many papers included more than one treatment and (or) more than one response variable, so the total studies by treatment and response variable is
less than the sum of each column.]

Response category

Treatment type Habitat-related Reproductive dem(t))tghr:)hic Community
All cutting 9(2) 3(3) 24 (3) 18 (3)
Cut only 0 (0) 1(1) 0 (0) 9(1)
Cut and pile burn 9(2) 2(2) 24 (3) 3(1)
Cut and tree removal 0(0) 0(0) 0(0) 6(1)
All cut and mastication 18 (1) 0(0) 0(0) 0(0)
All mastication 47 (4) 0(0) 0 (0) 13 (2)

Total treatments combined 74 (5) 303 24 (3) 31 (4)
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Summary Response Level:

All Treatments
All treatments combined n=132(11)

Cutting Treatments Cuttingland PR
Primary treatment g_ Mastication Mastication Only Treatments
n=>54(8) n=18(1) n =60 (5)

Primary and ('f any) Cut Only Cut and Pile Burn e/ s
Removal
secondary treatment n=10(2) n=38(5) n=6(1)
. . Cut and Cutand
Primary, secondary, and (if any) - e
tertiary treatment Only and Seed
n=28(4) n=10(1)

Figure 13. Flowchart depicting the hierarchical treatment framework used to assess wildlife responses: the combined, primary,

and secondary treatment levels are consistently reported in this assessment. The total number of responses and total number of
peer-reviewed papers (n=responses [papers]) from which the data were obtained are indicated in each box (a single paper may have
tested responses to more than one treatment or combination of treatments).
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Figure 14. Proportion of wildlife responses that were positive, negative, or non-significant within taxonomic groups
and by Pinyon-Juniper Management Categorical Exclusion treatment type (see fig. 13, table 6). Missing bars for a
category indicate no data were available. An exclamation mark (!) within a bar indicates 2 or fewer responses, a
diamond (0) indicates 3-9 responses, and unmarked bars represent 10 or more responses. For each category, n=
number of responses (number of papers) evaluated.
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Geographical, Ecological, and Treatment Context
of Studies Included

There were 52 reported study sites among our 11
papers that addressed wildlife responses to PJCX-permitted
treatments (maximum = 29 sites; Magee and others, 2019).
Study sites were distributed across seven western states, with
the majority (73 percent) of sampling conducted in Colorado
(60 percent) and New Mexico (13 percent). Nine woodland
sites within the SageSTEP network were sampled in one
paper, which reported butterfly responses (Mclver and Macke,
2014). One location was sampled in two papers, both of which
reported sage-grouse responses (Severson and others, 2017c,
2017d). Most papers did not provide coordinates of study sites
and thus we do not specifically organize studies by ecoregion;
however, approximate locations are mapped (fig. 6) and most
sites are in or near the Southern Rockies and the Northern
Basin and Range ecoregions. Studies occurred across a broad
range of elevations (800-2,832 meters [m]; 10 papers) and
annual precipitation (242—462 millimeters [mm]; 7 papers).

All 11 papers specified the pinyon and (or) juniper
species treated. The most commonly treated tree species was
Pinus edulis (seven papers), while only one paper examined
treatment of P monophylla. No papers treated pinyon species
alone, and most included at least one pinyon and one juniper
species (eight papers; fig. 7B).

Study areas ranged from local to regional scales, with
the smallest study encompassing approximately 120 ha and
the largest spanning multiple ecoregions and four states. The
paper with regional scale extent included study sites within the
SageSTEP network and reported butterfly responses (Mclver
and Macke, 2014). Total PJCX treatment area ranged from
7 ha to approximately 6,500 ha when reported (9 papers);
however, the actual area studied did not always encompass the
entire treatment area. When the sizes of individual treatments
were reported (5 papers), treatments ranged from 1 ha to a
mean of 144 ha. The two papers that studied the same location
included a total area of 6,488 ha that was treated from 2007
to 2014 and reported sage-grouse responses (Severson and
others, 2017¢, 2017d).

Time since treatment ranged from <1 to 11 years. Four
papers measured responses <3 years and 48 years after
treatment, and three papers measured responses 9—11 years
after treatment (fig. 88). When considering responses that
we could confidently place into one of the aforementioned
time periods reported (n = 59), 39 percent of responses were
measured <3 years, and 6 percent were measured 48 years;
the remaining responses were reported across temporal scales.
The earliest treatment application occurred in 2002 and the
most recent was in 2018.

Habitat-Related Responses

Papers that measured Habitat-Related wildlife responses
relative to PJCX-permitted treatments focused on mule deer
(n =19 [2]), greater sage-grouse (n =5 [1]), and songbirds
(n=50[2]; fig. 15). For mule deer, habitat selection was
inconsistent by season, treatment age, and primary land cover
type. In one paper, selection by mule deer was generally for
pinyon-juniper savanna more than pinyon-juniper woodlands,
and the deer selected for recently treated (that is, 2 years
previously) areas in summer but for older treatment (that
is, 4 years previously) areas in winter (Sorensen and others,
2020). In the second paper, mule deer selected for lower
vegetation heights, but treatment age was not associated with
habitat selection (Bristow and others, 2020). For sage-grouse,
Habitat-Related responses included both habitat use and
selection. In a Before-After-Control-Impact (BACI) study,
extent of nesting habitat was predicted to have increased each
year after three consecutive years of treatment (Severson
and others, 2017¢). When habitat selection was measured,
sage-grouse selected for older-treated areas (22 percent
increase in probability of use each year after treatment) and
sites closer to treatments (5.5 percent decrease in probability
of use for every 100 m away from treatments; Severson and
others, 2017c).

Finally, responses for songbirds were studied exclusively
for habitat use. Most pinyon-juniper specialists and other
woodland species used treated areas less or no differently than
they used control areas, whereas one shrubland-grassland
species (lark sparrow [Chondestes grammacus]) used treated
areas more than it used control areas (Magee and others,
2019). Bird species associated with both dense and open
woodlands used treated areas less than they used control areas
(Bombaci and others, 2017).

Community-Level Responses

Papers that measured response of Community-Level
parameters to treatments focused on butterflies (n = 18 [1]),
birds (n = 6 [1]), and small mammals (n =7 [2]; fig. 15).

For butterflies, abundance and richness of local species did
not differ between treatment and control areas (Mclver and
Macke, 2014). Additionally, transient whites, legume-feeding
sulfurs, and Melissa blues (Plebejus melissa) were more
abundant in treated areas relative to control areas, whereas
juniper hairstreaks (Callophrys gryneus) were less abundant
(Mclver and Macke, 2014). For birds, richness and overall
abundance for a community of songbirds and raptors declined
faster in treated than in untreated sites, but species diversity
did not change (Fair and others, 2018). Finally, for small
mammals, species richness, evenness, and biomass (that is, the
sum of the mean masses of each captured individual) did not
change after treatment (Hamilton and others, 2019). In another
study, abundances of deer mice (Peromyscus maniculatus)

and least chipmunks (7amias minimus) did not differ between
treated and control areas (Bombaci and others, 2017).



Reproductive Responses

Papers that measured Reproductive responses to
treatments focused on greater sage-grouse (n =2 [2])
and pinyon jays (Gymnorhinus cyanocephalus; n =1 [1];
fig. 15). For sage-grouse, nest success was higher (19 percent
increase) within treated areas relative to the control area
(Severson and others, 2017d). Nest abundance was predicted
to have increased by 9.5 percent during each of the 3 years
after treatment (Severson and others, 2017c). Pinyon jays
abandoned nesting in treated sites, although they did often nest
near treatments (Johnson and others, 2018).

Other Demographic Responses

Three papers measured Other Demographic responses
to treatments and focused on greater sage-grouse (n = 2
[1]), small mammals (n = 7 [1]), and songbirds (n = 15 [1];
fig. 15). Annual survival and population growth rate of female
sage-grouse did not differ significantly between treatment
and control areas (Severson and others, 2017d). Density of
small mammals, both overall and for most species, did not
change after treatment (Hamilton and others, 2019). The one
exception to this pattern was for the pifion mouse (Peromyscus
truei), which declined in density following treatment. Finally,
some sagebrush, grassland, and shrubland songbird species
had higher density, and one shrubland-grassland species (rock
wren; Salpinctes obsoletus) and one woodland-shrubland
species (gray flycatcher) had lower density, in treated areas
relative to control areas (Holmes and others, 2017).

Discussion

Among the most notable findings from this review is that
ecological responses following PJCX-permitted treatments
were often non-significant, and therefore did not indicate
either desirable or undesirable management outcomes. Across
the entire spectrum of treatments and response categories,
roughly half of all responses were non-significant (60 percent
for vegetation-environmental, 48 percent for wildlife). The
relative dominance of non-significant results found here is
comparable to other systematic reviews of pinyon-juniper
treatment effects. For instance, Jones (2019) reported that
64 percent of perennial herbaceous responses to mechanical
pinyon-juniper tree removal were non-significant. Compared
to our finding of an even split between significant and
non-significant wildlife responses, Bombaci and Pejchar
(2016) found that a substantial majority (69 percent) of
wildlife responses to pinyon-juniper treatments were
non-significant. Although these previous reviews included
treatment types not permitted by the PJCX, collective review
results suggest tree removal treatments neither significantly
increased many valued ecosystem components and processes
nor decreased undesirable ones.

Discussion K] |

Importantly, the predominance of non-significant effects
may belie the potential for desirable outcomes for land
managers, at least under certain environmental conditions
and within certain time periods after treatment. This is in part
because more comprehensive or fully crossed experimental
designs may consider a range of conditions and treatments
that are unlikely to be utilized by land managers or are
measured at time intervals for which desirable outcomes
are not expected or achieved. The objective of experimental
research is often to better understand the range of treatments,
environmental conditions, and their interactions over time,
under which successful outcomes can be achieved, and not
an expectation that desirable results will occur under all such
conditions or time steps. Furthermore, studies that encompass
broader spatial scales often pool responses of numerous
sites (for example, Monaco and Gunnell, 2020), potentially
diminishing their impact when combined with a similar
number of responses from highly localized studies, and thus
underscoring the need to better address research differences
among disparate spatial scales. Thus, whether non-significant
responses dominated or not among our findings, we highlight
directional trends in responses (both positive and negative)
to improve our understanding of the types of treatments and
environmental conditions that may drive those directional
outcomes. We discuss key considerations regarding potential
trends, below.

Trends and Variability among
Vegetation-Environmental Responses to
Treatments

Notable differences among individual response categories
to treatments are provided in table 7 and are operationally
defined here as those with at least 10 responses and a
substantial difference (>25 percent) between the proportion
of positive and negative responses. Based on these criteria,
the most evident trend in vegetation-environmental responses
is one that is largely undesirable for restoration purposes:
overall exotic grass and forb abundance generally had far
more positive than negative responses among nearly all
treatment types (fig. 9, appendix 1). All mastication treatments
and cutting only resulted in the highest proportion of positive
responses (58 and 52 percent, respectively) for exotic species
abundance (with no negative responses for either). The
increase in exotic annual species after treatment is similar to
review findings by Jones (2019) in which half of non-native
annual species responses increased while the other half
were non-significant following treatments in pinyon-juniper
ecosystems (including treatment types not permitted by the
PJCX). Exotic annual species are increasingly identified as
a threat to successful restoration of sagebrush habitat, due to
factors such as direct competition with native species, altered
nutrient and soil water availability, and initiation of a frequent
fire regime that favors exotic species persistence (for example,
Huffman and others, 2017; Wilder and others, 2019; Monaco
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and Gunnell, 2020). Moreover, some treatments decreased
native species richness and abundance, especially cutting
followed by pile burning. Another undesirable outcome is
the general decrease in biocrust cover and microbial activity
following cut only treatments, with mostly (52 percent)
negative and no positive responses. Loss of biocrusts alters
soil chemistry and soil water content and can destabilize
native plant communities while facilitating invasion of exotic
plants (Ponzetti and others, 2007; Condon and Pyke, 2018).

Improvement of the understory plant community to
restore ecosystem function and wildlife habitat is among the
most desirable treatment effects of pinyon-juniper removal
by land managers (Miller and others, 2019). In this review,
abundance of native herbaceous plant species was found to
increase more often after mastication than following cutting.
Mastication leaves shredded tree material distributed over
the soil surface which can increase available soil water and
nitrogen mineralization that are beneficial to both native and
exotic plant species (Young and others, 2013b; Aanderud
and others, 2017). For shrubs, which are a critical habitat
component for species such as sage grouse, cutting only was
most likely to result in increased abundance, including for
sagebrush. Cutting can increase available light, soil moisture
and nutrients after treatment, and can potentially prolong the
growing season, which improves conditions for native shrub
development in semiarid environments (for example, Roundy
and others, 2014b). However, meeting native understory
restoration objectives after tree removal, especially for shrubs,
should be weighed against our finding of a higher likelihood of
non-significant responses among all treatment types. Indeed,
despite increases after treatment, researchers have found that
shrub composition was that of an immature community at high
tree dominance sites (Freund and others, 2021), shrub cover
remained far below site potential (Bates and others, 2017b),
or shrubs that established were of little importance to wildlife
(Dittel and others, 2018).

There were also consistently more positive than negative
responses for general understory vegetation (that is, including
both native and exotic species) among nearly all treatment
types (except pile burning), which can be considered a
desirable outcome for some management objectives, such
as minimizing soil-water runoff (for example, Williams
and others, 2019). Additionally, we found cutting and
mastication without secondary treatments resulted in more
positive than negative responses for perennial plant species
abundance (native and exotic), similar to results found
by Jones (2019). Monaco and Gunnell (2020) also found
pronounced return of perennial plant species across a range
of prior treatment conditions in Utah, likely resulting from
both unaided recovery and due to positive effects of seeding.
However, depending on the abundance and composition of
exotic species, such understory responses may also result in
enhanced fire risk, loss of native diversity, and inadequate
wildlife habitat conditions (Arkle and others, 2014; Chambers
and others, 2021).
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Other potential trends identified in this review include
decreases in bare ground cover following cutting only and
mastication treatments, as well as increases in downed woody
debris and litter among many treatments (table 7). These
soil surface conditions may help enhance soil moisture and
nutrients beneficial for native plant species recovery, as well as
prevent water runoff and soil loss (Williams and others, 2019).
Indeed, soil water content increased more than decreased
following cut only treatments assessed in this review
(including several sites with some degree of mastication), as
both cutting and mastication treatments have been shown to
increase soil moisture (Young and others, 2013a; Roundy and
others, 2014b). Both ground cover and soil moisture have
been shown to aid the establishment and eventual persistence
of native perennial herbaceous species and can facilitate soil
crust development, but they can also aid the establishment of
exotic annual plants, depending on factors such as the seasonal
timing of precipitation, soil texture, and seedbank conditions
(Roundy and others, 2018; Johnston, 2019). Another potential
disadvantage is that abundant herbaceous litter and woody
debris enhance highly flammable surface fuel loadings that
may increase the risk that subsequent fire will counteract
restoration gains (Coop and others, 2017) by increasing fire
intensity effects on soils (Brooks, 2008).

The reasons for variable outcomes among studies
include not only the effects of specific treatment types, but
also treatment interactions with environmental settings
(for example, edaphic conditions), plant composition and
developmental stage of woodlands prior to treatment, and
pre- and post-treatment effects of disturbance (for example,
fire), land use (for example, grazing), and climate (for
example, Bates and others, 2014a; Williams and others, 2020).
Unfortunately, there were far too many sources of variation
among studies to accurately account for such interactions in
this review, as well as inconsistent or insufficient reporting of
key environmental conditions among many papers reviewed.
However, we can provide some context and examples from
the relevant scientific literature. For instance, sites in wetter
and cooler climates tend to have higher resistance to exotic
species invasion and greater resilience after disturbance, and
thus are more likely to support recovery of native grasses
and forbs, compared to warmer and drier environments
(Chambers and others, 2014, 2016; Roundy and others, 2018).
Thus, exotic annual species responses to treatment can vary
greatly along environmental gradients, with warmer-drier
soil temperature-precipitation regimes generally less resistant
to exotic annual invasion after treatment, while sites with
cool-moist soil types are generally more conducive to
successful recovery of native plant species after treatment
(Chambers and others, 2019, 2021). Competition from
successfully restored native perennial plants can reduce exotic
plant abundance (Prévey and others, 2010; Davies and others,
2019), as was found in sites with cooler fall and wet winter
climates in the Great Basin (Roundy and others, 2018).
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Soil moisture and temperature regimes alone do not
always strongly correspond to expected vegetation trajectories
after treatment. For example, Monaco and Gunnell (2020)
found pronounced return of perennial plant species in a
study of 129 previously treated woodland sites distributed
across a range of climatic and environmental settings in
Utah. Thus, other interactions among multiple factors,
including pre-treatment vegetation, seed bank composition,
post-treatment climatic variability, and woodland development
also need to be considered (Miller and others, 2019). For
example, the relative success of seeding to limit exotic plant
invasion is often dependent on the abundance of nonnative
plants before treatment, especially in less resistant and resilient
landscapes (for example, Urza and others, 2019). Variability
in climate conditions after seeding is also a key determinant
of successful reestablishment of native shrubland species, and
meeting restoration objectives in these semi-arid environments
through planting or reseeding remains a challenge due to this
factor (Arkle and others, 2014; Brabec and others, 2015).
Finally, pre-treatment woodland floristics and structural
conditions may also be critical for post-treatment restoration
success, though results can be highly variable (Stephens and
others, 2016; Williams and others, 2017; Wilder and others,
2019; Bates and others, 2000). For instance, although cutting
stands in earlier stages of woodland development may be
more likely to retain a mature shrub component (Miller and
others, 2019), post-treatment shrub abundance and growth
responses vary among studies, likely due to differences among
treatments, development phases, and environmental settings
(for example, Williams and others, 2017; Bernau and others,
2018; Freund and others, 2021). In contrast, some research
suggests tree removal in more advanced pinyon-juniper
development stages can enhance hydrologic functionality
under certain environmental conditions (Williams and
others, 2020), which may promote greater resiliency after a
subsequent disturbance (Jacobs, 2015).

Trends and Variability among Wildlife
Responses to Treatments

Although the number of papers reporting wildlife
responses were far fewer than for those reporting
vegetation-environmental responses, overall, authors again
reported largely non-significant responses (48 percent), less
than that found by Bombaci and Pejchar (2016). However,
we were able to identify some potentially important trends
and patterns. Wildlife responses varied by taxonomic group
(appendix 2). There were more positive than negative
responses for mule deer and sage-grouse compared to other
groups of species. However, mule deer responses were
restricted to consideration of habitat-related responses, and
demographic responses were not reported. For birds other
than sage-grouse, there were far more negative than positive
responses, although most studies focused on woodland

or woodland-shrubland species. For small mammals and
butterflies there were mostly non-significant responses.
However, in cases where communities were studied for these
two species groups, positive responses for some species

and negative responses for others may have canceled each
other out, creating the appearance of community-level
non-significant responses.

Positive responses from sage-grouse were limited to
habitat-related and reproductive responses. Selection of
nesting sites in treated areas and increasing nest success was
observed as soon as one year after conifer removal and there
were (non-significant) trends of increasing hen survival for
three years. The fact that nest success began increasing within
one year of conifer removal suggests that this response may
not have been mediated via changes in cover from shrubs, but
instead was mediated directly by effects of tree removal (that
is, via rapid changes in numbers of predators or improved
forage availability). Increases in shrub cover would likely
require multiple growing seasons to achieve magnitudes
large enough to contribute to increased nest success. Indeed,
a study that reported increases in sage-grouse nest success
(Severson and others, 2017d) did not observe increased
shrub cover within three years after conifer removal (but did
observe increased shrub height), as reported in a companion
paper (Severson and others, 2017b). Instead, this pattern
may be in direct response to conifer removal (that is, grouse
respond to tree structures themselves) or a flush of growth in
herbaceous cover brought on by added sunlight or moisture, or
mediated through other responses such as an altered predator
community (Severson and others, 2017b; Olsen and others,
2021b). The non-significant trend towards improved hen
survival suggests a lag effect that may reflect the time needed
for improved resource availability to be realized (Severson and
others, 2017d). Thus, understanding of sage-grouse responses
to conifer removal will benefit from long-term (>3 years
post-removal) monitoring.

Studies investigating mule deer responses were even
more limited, focusing only on habitat selection behavior after
mastication. The fact that 89 percent of the responses were
positive or non-significant suggests that this species is likely
to respond well to PJCX-permitted treatments. Furthermore,
these results are consistent with observations suggesting that
despite the value of some trees for cover, this species generally
avoids areas with higher tree cover (Morano and others, 2019).
That said, the studies we evaluated (Sorensen and others,
2020; Bristow and others, 2020) reported conflicting evidence
as to whether these positive responses would increase or
decrease with time since treatment. Finally, habitat selection
by mule deer varies dramatically by season (for example,

Coe and others, 2018; Eckrich and others, 2020), and there is
evidence that response of deer to PJCX-permitted treatments
varied by season (Sorensen and others, 2020). Understanding
seasonal variation in response to PJCX-permitted treatments

may therefore be an important area for future research.



When considered by habitat functional groups, the
highest proportion of positive responses were from sagebrush
obligates (8 of 12), followed by shrubland-grassland species
(13 of 26; fig. 16). Importantly, there were no negative
responses reported for sagebrush obligates. There were
also no positive responses to any treatments reported for
woodland or woodland-shrubland species. In fact, woodland
species experienced mostly negative responses, more often
than woodland-shrubland species. Tree removal often results
in near-immediate loss of vertical structure associated with
the tree canopy; therefore, animals that nest or forage in
trees are expected to be negatively impacted. However,
given recent expansion of pinyon-juniper woodlands, many
species associated with these habitats are assumed to not
be of significant conservation concern, with the exception
of specialists like pinyon jay, juniper titmouse (Baeolophus
ridgwayi), and gray flycatcher (Johnson and others, 2018;
Magee and others, 2019). Unsurprisingly, habitat generalists
exhibited mostly non-significant responses (fig. 16).

There were also some informative differences in wildlife
responses to treatment types. Relative to mastication, cutting
seemed to be more commonly associated with positive than
negative outcomes for use of habitat (appendix 3). This could
be because of the change in habitat or the fact that downed
woody debris creates habitat for some species of wildlife
(Albert and others, 2004; Boone and others, 2021). However,
all papers in our review that reported habitat-related responses
and included cutting treatments also pile-burned after cutting,
so any effects of downed woody debris would depend
on how long it remained in treated plots before burning.
Most community responses were non-significant, whether
treatments were cutting or mastication. Non-reproductive
demographic responses were always in cutting treatments
and were fairly evenly distributed between positive, negative,
and non-significant responses. Our sample size of studies is
insufficient to evaluate drivers of these patterns in detail, but it
is possible that further study could elucidate relationships that
we did not detect in the few papers we were able to consider.
For example, it seems reasonable to expect that longer-term
studies (>15 years) may be more likely to show positive
demographic or community responses, since the downed
woody debris and sagebrush in these habitats may provide
important structure and food resources as pinyon-juniper is
replaced by sagebrush. Likewise, studies in a greater variety
of habitat types may allow identification of differences in
wildlife response to removal of different species dominating
pinyon-juniper woodlands. In particular, trophic relationships
may differ between animals and pinyon versus juniper trees,
which could contribute to geographic and taxonomic variation
in animal responses to pinyon-juniper removal.
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Data Gaps and Research Needs

Need for Continuous Long-term Study Across
Multiple Spatial Scales

The value of long-term data collection and analysis has
been widely recognized in ecological research (Likens, 1989;
Lindenmayer and others, 2012). The studies included in our
review varied widely in terms of the period of measurement
for post-treatment effects, with measured responses ranging
from <1 year to 25 years after treatment. Although we
found relatively even distribution among studies that
sampled a maximum of 3 years, 4-8 years, or 9—13 years
after treatment (fig. 84), studies with responses measured
beyond 13 years after treatment were nearly nonexistent
(only 1 study for vegetation-environmental responses, and
none for wildlife). Some of the longer-term studies were
retrospective assessments of past management treatments of
various ages (for example, Coop and others, 2017; Monaco
and Gunnell, 2020), while others measured responses over
time following experimental treatments (for example,
Chambers and others, 2021). Moreover, when considered as
a proportion of responses, short-term information was clearly
more abundant than long-term information. For example, for
vegetation-environmental responses that could be assigned
a time since treatment (z = 1,619), 49 percent of responses
were recorded <3 years post-treatment versus 3 percent for
responses measured >14 years post-treatment (fig. 85).

The relatively short duration of recently published studies
may not be adequate to address complex community dynamics
operating on timescales dictated by slow-growing perennial
plants in the understory and long-lived pinyon-juniper tree
species, a concern that has been expressed by others. For
instance, Hartsell and others (2020) reviewed the geographic
and temporal context of 131 pinyon-juniper treatment-based
studies that occurred over a longer publication period and
wider variety of treatment types than considered here (that
is, types not permitted by the PJCX). They found most
studies only measured management effects within one year
of treatment and concluded this represented “...consistently
short timescales for evaluating post-treatment effects and were
not representative of the possible spatial or temporal extent of
responses to management actions.”

Understanding differences between short-term and
long-term vegetation-environmental and wildlife responses
to pinyon-juniper removal treatments will be essential
for land managers to estimate the potential for restoration
success. For instance, although shrub response was 83 percent
non-significant among short-term studies assessed here,
positive responses of shrub abundance became the majority
(69 percent) among studies that measured responses >10
years post-treatment. If shrub cover or abundance drives
habitat use or demography for wildlife species, which is
likely at minimum for the sagebrush-obligate birds during
the breeding season, then wildlife responses may also need
longer time scales to be fully realized. Similarly, there were
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more positive than negative responses from exotic annual
plant species over time after treatment; however, because
availability of responses over time decrease substantially and
environmental settings vary, firm conclusions about temporal
trends cannot be drawn based on these data alone. Other
research has shown that the abundance of both native and
exotic species can vary broadly over time after disturbance
or treatment in pinyon-juniper and sagebrush ecosystems
(for example, Shinneman and Baker, 2009; Chambers and
others, 2014, 2021), as can hydrologic and other abiotic
responses (for example, Williams and others, 2020). Although
our wildlife dataset is also insufficient to assess temporal
trends, well-established temporal trends in wildlife response
to disturbance found elsewhere (for example, Sawyer and
others, 2017; Poessel and others, 2020) suggest such trends
are likely. For these reasons, research projects that regularly
measure responses to treatments in semiarid rangelands

over long time frames will become increasingly valuable to
the land management decision-making process, including

for treatments permitted under the PJCX. Several studies
reviewed here are part of the multidisciplinary SageSTEP
project (Mclver and Brunson, 2014) that has investigated
both short and long-term (>10 years) treatment effects for a
variety of variables (for example, vegetation, wildlife, soils)
using consistent and repeatable methods at sagebrush steppe
and woodland sites throughout the Great Basin. Treatment
monitoring protocols developed by SageSTEP can also be
integrated into agency objectives for long-term monitoring
programs (for example, Assessment, Inventory, and
Monitoring; Kachergis and others, 2022).

The size of land management agency treatments often
far surpasses those of the experimental design treatments
that are established primarily for research purposes. Thus,
long-term agency monitoring and assessment of plant,
animal, and abiotic resources across a range of typical
agency treatment sizes will also be important, especially
when replicating large treatments for controlled scientific
study is not practical or feasible. Only three papers assessed
here measured vegetation-environmental responses where
pinyon-juniper removal had individual treatments of greater
than 100 contiguous hectares (the largest individual treatment
size reported was 166 ha); a size far less than the maximum
sizes of treatments in the past (table 2) and the 4,047-ha
treatment size permitted under the PJCX. This gap between
practice and research is important because many ecological
outcomes may be influenced by the size and placement of
treatments. For instance, sagebrush shrub re-establishment
into the interiors of disturbed areas may decrease with distance
to seed sources (Young and Evans, 1989), necessitating a
greater focus on seeding after treatment in larger treated
areas (Davies and Bates, 2019). Moreover, animal movement

and demographic responses to treatments may also vary
with treatment size, as well as with the relative placement of
multiple treatment patches on the landscape (for example,
treatment proximity or environmental setting), and the size
of the study area relative to the size of the overall treatment
(Doherty and others, 2010; Doherty and Driscoll, 2018).

For animals, effects of pinyon-juniper may not be limited to
the footprint of remaining, uncut stands. For example, if the
composition or activity of predator communities is affected
by pinyon-juniper cover, there could be effects of predators
within a limited distance of remaining stands. Therefore,
proximity to untreated areas may influence animal responses
to treatments as well.

Under-Studied Pinyon-Juniper Ecosystems

The geographic distribution of research sites (fig. 6)
roughly corresponds to the geographic distribution of
treatment history in pinyon-juniper woodlands (fig. 4), with
heaviest concentrations of both activities in the ecoregions
comprising the central to northern Great Basin and adjacent
areas, and secondarily scattered within or near the Colorado
Plateau and Arizona-New Mexico Plateau ecoregions.
However, as woody species expand into various grassland and
shrubland ecosystems in the western U.S., there is increasing
interest to remove trees and restore non-wooded habitat across
a range of environmental settings (Maestas and others, 2015;
Falkowski and others, 2017; Reinhardt and others, 2020).

For instance, although there are ongoing juniper removal
projects occurring in ecoregions such as the Wyoming Basin
and Middle Rocky Mountains, we found no peer-reviewed
research addressing tree removal treatment effects in these
regions. Thus, there is a need for commensurate increase in
research for determining the efficacy of tree removal among
various grassland and shrubland environments throughout

the ecoregions of the western U.S. This need for geographic
expansion is also reflected in the pinyon-juniper tree species
being studied. Although some species are well-studied relative
to their range-wide distribution, particularly P. edulis and

J. occidentalis, other species lack regional representation

in treatment research, for instance a lack of studies for J.
osteosperma across the entire northeastern portion of its range.
Moreover, there are disproportionately few papers addressing
wildlife effects after treatment in P. monophylla ecosystems,
and relatively few vegetation-environmental research papers
have addressed treatment effects in J. monosperma and J.
scopulorum ecosystems relative to their overall distribution
(figs. 1, 6). Using a broader set of criteria for study inclusion,
Hartsell and others (2020) similarly found that treatment effect
studies were lacking for individual pinyon-juniper species
among various ecoregions, and especially for J. scopulorum.



Under-Studied Processes, Including Interactions
with Land Use and Climate Change

Even among the vegetation-environmental response
categories reported here, there were often relatively few or
no responses among specific treatment-response category
combinations (for example, response of native herbaceous
species to mastication and seeding). Specifically, of the 171
possible combinations for vegetation-environmental variables
(appendix 1), 33 percent had fewer than 10 responses, and 15
percent had no responses. Of the 40 possible combinations
for wildlife variables (appendix 3), 70 percent had fewer than
10 responses, and 45 percent had no responses. Moreover,
we were unable to assess the response of exotic perennial
forbs and grasses to any treatment because that variable
was not specifically assessed in any paper. Furthermore,
information on 39 combinations of treatments and responses
for the vegetation-environmental variables were from just 1
or 2 independent studies. Similarly, some categories reported
here largely reflect the influence of a disproportionately large
number of observations from a single study. Specifically, the
soil water, hydrologic, and carbon storage response categories
each had a single study comprise over half of the responses
assessed in this review. Additionally, other post-treatment
responses were poorly represented in qualified studies, and
we did not analyze them in this review. For instance, soil
chemistry responses were too few among specific nutrients
to summarize effectively. Changes in soil chemistry such as
soil nitrogen (N) availability can affect plant growth after
treatment, especially invasive species such as cheatgrass.

For instance, mulch left on the ground after mastication can
increase N beneficial to invasive species (Young and others,
2013b), but can also enhance soil carbon (C), simulating
the growth of soil microbes that in turn utilize and reduce
inorganic N (Rhoades and others, 2012).

Only 35 percent of vegetation-environmental papers
included in our review addressed tree responses after treatment
(for example, Havrilla and others, 2017) and only 6 percent
included measures of post-treatment tree reestablishment (for
example, tree seedling density). Variability among response
types (that is, different measures of abundance, density, or
biomass) and imprecise or inconsistent reporting among
studies made it difficult to assign a specific post-treatment
year to each tree abundance response; thus, we did not attempt
to collectively quantify a temporal pattern or trend in tree
regrowth after treatment. However, this is critical information,
as potential tree reestablishment and growth may impact
long-term success rates of treatments, whether for habitat
restoration or hydrologic function, and can inform the need for
strategic retreatment schedules.

The effects of past and continuing land use were
not specifically quantified or addressed in most studies.
Perhaps the most glaring omission is that only two research
papers (Jacobs, 2015; Dittel and others, 2018) reviewed
here experimentally incorporated the effects of livestock
grazing with tree removal treatments, and only 46 percent
of studies mentioned whether treatment plots were grazed
by cattle or not (for example, within a fenced livestock
exclosure). Treatment interactions with livestock grazing can
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enhance tree seedling or exotic species survival over native
herbaceous species, damage remnant soil crust or impede
biocrust redevelopment, alter soil chemistry, and contribute
to increased erosion (Neff and others, 2005; Shinneman
and others, 2008; Shinneman and Baker, 2009; Condon and
Pyke, 2018). Hartsell and others (2020) reported that only
31 percent of the studies they examined considered grazing
impacts relative to treatment effects, which they suggested
was inadequate given that grazing is a dominant land use

in pinyon-juniper landscapes. Jones (2019) also found that
most reviewed studies did not control for grazing following
treatments. Moreover, few studies mentioned the previous
treatment or disturbance history of the sites they studied (for
example, past clearings, seedings of nonnative wheatgrasses),
a process that is now facilitated by creation of databases

on historical treatment records (using the LTDL; Pilliod
and others, 2019) and historical wildfire perimeter data (for
example, Welty and Jeffries, 2021). Given the availability
of historical datasets, as future research is designed and
implemented, it will be critical to ensure these types of past
disturbances and their interactions are considered.

Only four of the vegetation-environmental papers
reviewed here specifically examined the influence of ambient
climate variability on responses to treatment, and none
utilized experimental techniques to mimic potential climate
change impacts on the efficacy of tree removal treatments.
Post-treatment climate variability can have dramatic effects
on regeneration success and species composition (for
example, Chambers and others, 2014; Brabec and others,
2015). Climate-warming induced changes in the intensity
and patterns of pinyon-juniper mortality events (for example,
drought dieback, insect outbreaks, wildfire), declining
recruitment, and shifts in species distribution also need
to be considered more fully in future treatment research.

For instance, a recent study (Shriver and others, 2022)
suggests that P. edulis, P. monophylla, J. monosperma, and J.
scopulorum populations are all declining in the western United
States, especially in warmer and drier portions of their ranges,
due to both enhanced rates of mortality and inadequate rates
of recruitment. P. edulis experienced the largest proportion
(24 percent) of its populations in decline (Shriver and others,
2022). The reasons for these changes are complex but include
extensive drought-induced dieback events in some regions
(Shaw and others, 2005; Brewer and others, 2017; Filippelli
and others, 2020; Stanke and others, 2021). Intensified
disturbance events may be followed by warmer and drier
post-disturbance climates and interact with grazing or other
dominant land uses that create inhospitable conditions for
tree regeneration, especially for lower elevation forest and
woodland ecotones (Stevens-Rumann and others, 2018; Urza
and others, 2020). Such changes will have consequences

for pinyon-juniper woodland distribution, plant species
composition, hydrologic processes that determine availability
of water resources, and wildlife habitat and food sources. For
instance, substantial declines in pinyon seed production via
periodic “masting” events could have serious ramifications
for regeneration of pinyon trees as well as a host of wildlife
species that depend on abundant seed as food (Redmond and
others, 2012).
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Management Implications and Conclusions

In this review, we assessed and summarized the potential
effects of pinyon and juniper removal on plant and wildlife
communities, as well as several non-living ecosystem
components and processes (for example, bare ground,
hydrologic, litter). In doing so, we were also able to assess
potential ecological implications of different pinyon-juniper
removal treatment types and strategies, and we highlighted
several important gaps in our scientific understanding of
how treatments might affect targeted ecosystems over space
and time. A key finding is that although pinyon-juniper
removal may have some intended benefits, risks from exotic
species remain a primary concern, and site conditions and the
probability of meeting objectives over the long-term should be
carefully considered. Another key finding was that the amount
of research available to confidently address likely outcomes of
the many specific combinations of treatment types, ecosystem
types, climate conditions, and relevant post-treatment time
spans were lacking for many key variables of interest and
settings (for example, tree regrowth over time among different
pinyon-juniper woodland communities and species, wildlife
responses for understudied taxonomic groups or species).
Moreover, treatment sizes permitted under the PJCX were
substantially larger (effectively an order of magnitude) than
most treatments assessed in the peer-reviewed literature
here. This precludes our ability to assess or even speculate
confidently about many of the impacts and dynamics related to
much larger treatments in progress or being planned.

The information summarized in this review can be
used by land managers to assess the potential for either
desirable or undesirable outcomes after pinyon-juniper
removal treatments. However, to best inform the likelihood
of potential outcomes, we suggest land managers also refer
specifically to the research projects assessed here to determine
their applicability to the treatments being considered, the
similarity of environmental settings, the species being
affected, the duration of the post-treatment data available
(as an indication of certainty of effects over time), and other
limitations of each study (for example, size of treatments).
Online resources are currently available that provide access to
even more comprehensive pinyon-juniper research activities
and results (for example, the Pinyon Juniper Encroachment
Education Project; https://www.pinyonjuniperproject.org/
our-research). We also suggest this information be coupled
with science-based guides to pinyon-juniper management (for
example, Miller and others, 2005, 2019), and relevant agency
monitoring information where available (Kachergis and
others, 2022).

Finally, the substantial information gaps identified
here regarding pinyon-juniper treatment effects suggest
that enhancing opportunities for co-production of scientific
research between land managers and scientists would
provide important information to land management agencies.
SageSTEP (Mclver and Brunson, 2014) is an excellent model
for this type of collaboration, and it will continue to provide

information through ongoing research. However, additional
broad-scale and long-term research would also be beneficial
among the diverse environmental settings of pinyon-juniper
woodlands in the interior western U.S. For instance, although
not specifically addressed in this review, the goal of restoring
sagebrush and grassland communities from pinyon-juniper
“encroachment” is not always clearly defined for large
portions of the interior west in terms of the fundamental
drivers of woodland expansion or infilling. Indeed,

other reviews have concluded that a “one-sized-fits-all”
management approach may be misguided given the diversity
of environmental settings and variable disturbance histories
of pinyon-juniper woodlands (for example, Baker and
Shinneman, 2004; Romme and others, 2009). Therefore,
additional research that addresses key drivers of woodland
expansion and die-off events, such as climate change and
grazing impacts (Hartsell and others, 2020), should prove
beneficial to long term management of pinyon-juniper
woodlands and adjacent non-wooded ecosystems.
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Appendix 1. Summary of All Vegetation-Environmental Responses

Table 1.1.  Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each vegetation-environmental category. Table also shows total number of responses and papers
by category and treatment.

[--, no data]
Treatment Proportion of responses by direction/significance ~ Number of  Number of
Positive Negative Non-significant  responses papers
All Native Grass/Forb
All cutting 0.217 0.211 0.572 180 12
Cut only 0.253 0.115 0.632 87 10
Cut and pile burn 0.238 0.500 0.262 42 2
Cut and tree removal 0.137 0.137 0.725 51 2
Cut and seed 0.258 0.306 0.435 62 2
All mastication 0.421 0.053 0.526 19 6
Mastication only 0.421 0.053 0.526 19 6
Mastication and seed -- -- -- -- -
All treatments 0.236 0.196 0.568 199 -
Native Annual Grass/Forb
All cutting 0.211 0.158 0.632 19 3
Cut only 0.000 0.000 1.000 1
Cut and pile burn 0.000 0.500 0.500 6 2
Cut and tree removal 0.444 0.000 0.556 2
Cut and seed 0.300 0.200 0.500 10 2
All mastication 0.500 0.000 0.500 6 1
Mastication only 0.500 0.000 0.500 6 1
Mastication and seed -- -- -- -- --
All treatments 0.280 0.120 0.600 25 -
Native Perennial Grass/Forb
All cutting 0.215 0.222 0.563 158 11
Cut only 0.263 0.125 0.613 80 9
Cut and pile burn 0.278 0.500 0.222 36 2
Cut and tree removal 0.071 0.167 0.762 42 2
Cut and seed 0.250 0.327 0.423 52 2
All mastication 0.500 0.000 0.500 8 4
Mastication only 0.500 0.000 0.500 8 4
Mastication and seed -- -- -- -- --
All treatments 0.229 0.211 0.560 166 -
All Exotic Grass/Forb
All cutting 0.347 0.097 0.556 72 12
Cut only 0.517 0.000 0.483 29 7
Cut and pile burn 0.304 0.130 0.565 23 4
Cut and tree removal 0.167 0.222 0.611 18 2
Cut and seed 0.207 0.172 0.621 29 5
All mastication 0.581 0.000 0.419 31 9
Mastication only 0.552 0.000 0.448 29 9
Mastication and seed 1.000 0.000 0.000 2 1

All treatments 0.417 0.068 0.515 103 -




Appendix 1.

Summary of All Vegetation-Environmental Responses

Table 1.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical

Exclusion treatment for each vegetation-environmental category. Table also shows total number of responses and papers
by category and treatment.—Continued

[--, no data]
Proportion of responses by direction/significance ~ Number of Number of
Treatment — - —
Positive Negative Non-significant  responses papers
Exotic Annual Grass/Forb
All cutting 0.362 0.149 0.489 47 9
Cut only 0.611 0.000 0.389 18 5
Cut and pile burn 0.294 0.176 0.529 17 4
Cut and tree removal 0.083 0.333 0.583 12 2
Cut and seed 0.211 0.263 0.526 19 4
All mastication 0.609 0.000 0.391 23 6
Mastication only 0.571 0.000 0.429 21 6
Mastication and seed 1.000 0.000 0.000 2 1
All treatments 0.443 0.100 0.457 70 -
All Understory

All cutting 0.360 0.079 0.561 594 26
Cut only 0.419 0.030 0.552 406 20
Cut and pile burn 0.279 0.279 0.442 86

Cut and tree removal 0.186 0.128 0.686 86 4
Cut and seed 0.264 0.198 0.537 121

All mastication 0.385 0.042 0.573 192 21
Mastication only 0.378 0.043 0.578 185 21
Mastication and seed 0.571 0.000 0.429 7 1
All treatments 0.366 0.070 0.564 786 -

Annual Grass/Forb
All cutting 0.402 0.083 0.515 132 17
Cut only 0.494 0.012 0.494 83 11
Cut and pile burn 0.280 0.240 0.480 25 4
Cut and tree removal 0.227 0.182 0.591 22 3
Cut and seed 0.250 0.219 0.531 32 5
All mastication 0.479 0.000 0.521 48 9
Mastication only 0.444 0.000 0.556 45 9
Mastication and seed 1.000 0.000 0.000 3 1
All treatments 0.422 0.061 0.517 180 -
Perennial Grass/Forb

All cutting 0.326 0.114 0.560 307 19
Cut only 0.388 0.046 0.566 219 15
Cut and pile burn 0.256 0.462 0.282 39 3
Cut and tree removal 0.106 0.149 0.745 47 4
Cut and seed 0.241 0.315 0.444 54 3
All mastication 0.304 0.043 0.652 69 11
Mastication only 0.304 0.043 0.652 69 11
Mastication and seed -- -- -- -- --
All treatments 0.322 0.101 0.577 376 --
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Table 1.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each vegetation-environmental category. Table also shows total number of responses and papers
by category and treatment.—Continued

[--, no data]
Proportion of responses by direction/significance ~ Number of Number of
Treatment
Positive Negative Non-significant  responses papers
Native Plant Richness/Diversity
All cutting 0.125 0.225 0.650 40 3
Cut only 0.000 0.000 0.000 0 0
Cut and pile burn 0.000 0.389 0.611 18 2
Cut and tree removal 0.167 0.111 0.722 18 2
Cut and seed 0.143 0.179 0.679 28 3
All mastication 0.214 0.143 0.643 14 4
Mastication only 0.214 0.143 0.643 14 4
Mastication and seed -- -- -- -- --
All treatments 0.148 0.204 0.648 54 -
Sagebrush

All cutting 0.471 0.000 0.529 34 6
Cut only 0.471 0.000 0.529 34 6
Cut and pile burn 0.000 0.000 0.000 0
Cut and tree removal 0.000 0.000 0.000 0
Cut and seed -- -- -- -- -
All mastication 0.333 0.000 0.667 2
Mastication only 0.333 0.000 0.667

Mastication and seed -- -- -- -- -
All treatments 0.459 0.000 0.541 37 -

Shrubs

All cutting 0.295 0.018 0.688 112 19
Cut only 0.330 0.000 0.670 97 15
Cut and pile burn 0.111 0.222 0.667 9

Cut and tree removal 0.000 0.000 1.000

Cut and seed 0.111 0.111 0.778

All mastication 0.189 0.113 0.698 53 15
Mastication only 0.196 0.098 0.706 51 15
Mastication and seed 0.000 0.500 0.500 2 1
All treatments 0.261 0.048 0.691 165 -

Trees

All cutting 0.054 0.643 0.304 56 12
Cut only 0.081 0.541 0.378 37 8
Cut and pile burn 0.000 1.000 0.000 3
Cut and tree removal 0.000 1.000 0.000 2
Cut and seed 0.000 0.750 0.250 12 4
All mastication 0.133 0.600 0.267 30 8
Mastication only 0.138 0.586 0.276 29 8
Mastication and seed 0.000 1.000 0.000 1 1

All treatments 0.081 0.628 0.291 86 -




Appendix 1.

Summary of All Vegetation-Environmental Responses

Table 1.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical

Exclusion treatment for each vegetation-environmental category. Table also shows total number of responses and papers
by category and treatment.—Continued

[--, no data]
Proportion of responses by direction/significance ~ Number of Number of
Treatment
Positive Negative Non-significant  responses papers
Downed Woody Debris
All cutting 0.636 0.045 0.318 44 6
Cut only 0.813 0.000 0.188 32 5
Cut and pile burn 0.000 1.000 0.000 1 1
Cut and tree removal 1.000 0.000 0.000 1 1
Cut and seed 0.100 0.100 0.800 10 1
All mastication 0.273 0.273 0.455 33 5
Mastication only 0.273 0.273 0.455 33 5
Mastication and seed 0.000 0.000 0.000 0 0
All treatments 0.481 0.143 0.377 77 -
Litter
All cutting 0.213 0.115 0.672 61 12
Cut only 0.216 0.118 0.667 51 10
Cut and pile burn 1.000 0.000 0.000 1 1
Cut and tree removal 0.200 0.000 0.800 5 2
Cut and seed 0.000 0.250 0.750 4 1
All mastication 0.222 0.056 0.722 18 7
Mastication only 0.222 0.056 0.722 18 7
Mastication and seed 0.000 0.000 0.000 0 0
All treatments 0.215 0.101 0.684 79 -
Bare Ground
All cutting 0.060 0.239 0.701 67 11
Cut only 0.017 0.276 0.707 58 9
Cut and pile burn 0.667 0.000 0.333 2
Cut and tree removal 0.167 0.000 0.833 3
Cut and seed 1.000 0.000 0.000 1 1
All mastication 0.030 0.394 0.576 33 9
Mastication only 0.030 0.394 0.576 33 9
Mastication and seed -- -- -- -- --
All treatments 0.050 0.290 0.660 100 -
Biocrust Cover/Microbial Activity
All cutting 0.024 0.341 0.634 41 7
Cut only 0.000 0.519 0.481 27 6
Cut and pile burn 0.077 0.000 0.923 13 2
Cut and tree removal 0.000 0.000 1.000 1 1
Cut and seed 0.000 0.000 0.000 0 0
All mastication 0.143 0.000 0.857 21 4
Mastication only 0.143 0.000 0.857 21 4
Mastication and seed 0.000 0.000 0.000 0 0
All treatments 0.065 0.226 0.710 62 -
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Table 1.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each vegetation-environmental category. Table also shows total number of responses and papers
by category and treatment.—Continued

[--, no data]
Proportion of responses by direction/significance ~ Number of Number of
Treatment
Positive Negative Non-significant  responses papers
Soil Water
All cutting 0.511 0.021 0.468 47 6
Cut only 0.561 0.024 0.415 41 4
Cut and pile burn 0.000 0.000 0.000 0 0
Cut and tree removal 0.167 0.000 0.833 6 2
Cut and seed 0.000 0.000 0.000 0 0
All mastication 0.000 0.000 0.000 0 0
Mastication only 0.000 0.000 0.000 0 0
Mastication and seed 0.000 0.000 0.000 0 0
All treatments 0.511 0.021 0.468 47 -
Hydrologic
All cutting 0.087 0.097 0.816 103 5
Cut only 0.099 0.044 0.857 91 4
Cut and pile burn 0.000 0.000 0.000 0 0
Cut and tree removal 0.000 0.500 0.500 12 1
Cut and seed 0.000 0.000 0.000 0 0
All mastication 0.000 0.148 0.852 54 3
Mastication only 0.000 0.148 0.852 54 3
Mastication and seed 0.000 0.000 0.000 0 0
All treatments 0.057 0.115 0.828 157 -
Carbon Storage
All cutting 0.122 0.146 0.732 41 4
Cut only 0.156 0.188 0.656 32 3
Cut and pile burn 0.000 0.000 1.000 1
Cut and tree removal 0.000 0.000 0.000 0
Cut and seed 0.000 0.000 0.000 0
All mastication 0.056 0.000 0.944 18 3
Mastication only 0.056 0.000 0.944 18 3
Mastication and seed 0.000 0.000 0.000 0 0

All treatments 0.102 0.102 0.797 59
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Appendix2. Summary of All Wildlife Responses by Taxonomic Group

Table 2.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical

Exclusion treatment for each wildlife taxonomic group. Table also shows total number of responses and papers by category

and treatment.

[--, no data]
Treatment Proportion of responses by direction/significance ~ Numberof = Number of
Positive Negative Non-significant responses papers
Mule deer
All cutting 0.000 0.000 0.000 0 0
Cut only 0.000 0.000 0.000 0 0
Cut and pile burn 0.000 0.000 0.000 0 0
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.000 0.000 0 0
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.369 0.105 0.526 19 2
Mastication only 0.369 0.105 0.526 19 2
All treatments 0.369 0.105 0.526 19 --
Sage-grouse
All cutting 0.556 0.000 0.444 9 2
Cut only 0.000 0.000 0.000 0 0
Cut and pile burn 0.556 0.000 0.444 9 2
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.000 0.000 0 0
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.000 0.000 0.000 0 0
Mastication only 0.000 0.000 0.000 0 0
All treatments 0.556 0.000 0.444 9 --
Other birds
All cutting 0.385 0.346 0.269 26 4
Cut only 0.000 1.000 0.000 1 1
Cut and pile burn 0.526 0.316 0.158 19 2
Cut and tree removal 0.000 0.333 0.667 1
Cut, pile burn, and seed 0.000 0.000 0.000 0
All cut and mastication 0.000 0.167 0.833 18 1
Cut and mastication only 0.000 0.167 0.833 18 1
All mastication 0.071 0.786 0.143 28 2
Mastication only 0.071 0.786 0.143 28 2
All treatments 0.167 0.472 0.361 72 --
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Table 2.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each wildlife taxonomic group. Table also shows total number of responses and papers by category
and treatment—Continued

[--, no data]
Proportion of responses by direction/significance ~ Numberof = Number of
Treatment
Positive Negative Non-significant responses papers
Small mammals
All cutting 0.000 0.100 0.900 10 1
Cut only 0.000 0.000 0.000 0
Cut and pile burn 0.000 0.000 0.000 0
Cut and tree removal 0.000 0.000 0.000 0
Cut, pile burn, and seed 0.000 0.100 0.900 10 1
All cut and mastication 0.000 0.000 0.000 0
Cut and mastication only 0.000 0.000 0.000 0
All mastication 0.000 0.000 1.000 1
Mastication only 0.000 0.000 1.000 4 1
All treatments 0.000 0.071 0.929 14 --
Butterflies
All cutting 0.333 0.111 0.556 9 1
Cut only 0.333 0.111 0.556 9 1
Cut and pile burn 0.000 0.000 0.000 0 0
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.000 0.000 0 0
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.222 0.111 0.667 9 1
Mastication only 0.222 0.111 0.667 9 1
All treatments 0.278 0.111 0.611 18 --

All treatments combined 0.220 0.295 0.485 132
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Appendix 3. Summary of All Wildlife Responses by Response Type

Table 3.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each wildlife response type. Table also shows total number of responses and papers by category and

treatment.
[--, no data]
Proportion of responses by direction/significance
Treatment B . Nom- Number of Number of
Positive Negative significant responses papers
Habitat-related
All cutting 0.444 0.112 0.444 9 2
Cut only 0.000 0.000 0.000 0 0
Cut and pile burn 0.444 0.112 0.444 9 2
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.000 0.000 0 0
All cut and mastication 0.000 0.167 0.833 18 1
Cut and mastication only 0.000 0.167 0.833 18 1
All mastication 0.191 0.511 0.298 47 4
Mastication only 0.191 0.511 0.298 47 4
All treatments 0.176 0.378 0.446 74 -
Reproductive
All cutting 0.667 0.333 0.000 3 3
Cut only 0.000 1.000 0.000 1 1
Cut and pile burn 1.000 0.000 0.000 2 2
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.000 0.000 0 0
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.000 0.000 0.000 0 0
Mastication only 0.000 0.000 0.000 0 0
All treatments 0.667 0.333 0.000 3 -
Other demographic
All cutting 0.375 0.250 0.375 24 3
Cut only 0.000 0.000 0.000 0 0
Cut and pile burn 0.529 0.294 0.177 17 2
Cut and tree removal 0.000 0.000 0.000 0 0
Cut, pile burn, and seed 0.000 0.143 0.857 7 1
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.000 0.000 0.000 0 0
Mastication only 0.000 0.000 0.000 0 0
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Table 3.1. Proportion of positive, negative, and non-significant responses by Pinyon-Juniper Management Categorical
Exclusion treatment for each wildlife response type. Table also shows total number of responses and papers by category and
treatment.—Continued

[--, no data]
Proportion of responses by direction/significance
Treatment B _ Non- Number of Number of
Positive Negative significant responses papers
All treatments 0.375 0.250 0.375 24 -
Community
All cutting 0.167 0.167 0.666 18 3
Cut only 0.333 0.111 0.556 9 1
Cut and pile burn 0.000 0.000 0.000 0 0
Cut and tree removal 0.000 0.333 0.667 6 1
Cut, pile burn, and seed 0.000 0.000 1.000 3 1
All cut and mastication 0.000 0.000 0.000 0 0
Cut and mastication only 0.000 0.000 0.000 0 0
All mastication 0.154 0.077 0.769 13 2
Mastication only 0.154 0.077 0.769 13 2
All treatments 0.161 0.129 0.710 31 --

All total treatments 0.220 0.295 0.485 132
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