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Abstract

Pifion-juniper is one of the major vegetation types in western North America. It covers a
huge area, provides many resources and ecosystem services, and is of great management
concern. Management of pifon-juniper vegetation has been hindered, especially where
ecological restoration is a goal, by inadequate understanding of the variability in historical
and modern ecosystem structure and disturbance processes that exists among the many
different environmental contexts and floristic combinations of pifion, juniper and associated
species. This paper presents a synthesis of what we currently know, and don’t know, about
historical and modern stand and landscape structure and dynamics in three major and
fundamentally different kinds of pifion-juniper vegetation in the western U.S.: persistent
woodlands, savannas, and wooded shrublands. It is the product of a workshop that brought
together fifteen experts from across the geographical range of pifion-juniper vegetation.
The intent of this synthesis is to provide information for managers and policy-makers, and
to stimulate researchers to address the most important unanswered questions.
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results of restoration efforts in pifion-juniper
vegetation have been mixed. Nevertheless,
intensive treatments designed for wildfire
mitigation and ecological restoration in pifion-
juniper vegetation are underway or planned in
many parts of the West today. Many or most of
the current federally sponsored initiatives do
not require any systematic, structured, or
experimental monitoring of effects (e.g., BACI
design). A stronger experimental design likely
will be included in upcoming recommendations
by the Conservation Effects Assessment Project
(http://www.nrcs.usda.gov/technical/nri/ceap/),
but funding for effective monitoring of
treatments may remain inadequate. Given the
fundamental uncertainties about the ecology of
piflon-juniper vegetation, it is important that
managers and policy-makers acknowledge this
uncertainty when presenting management
plans to the public; and despite the lack of
rigorous monitoring  requirements  and
associated funding at the federal level, we hope
that managers will monitor treatment effects to
the greatest extent possible (recognizing
constraints of budget and personnel), both
because there is potential for unexpected or
undesirable results of treatments and because
we may learn a great deal from what in effect
are broad-scale ecological experiments.

In particular, we emphasize the outstanding
opportunities for collaboration between
scientists and managers in current and
upcoming pifion-juniper treatments. By adding
a well-designed research and monitoring
component to a practical management-oriented
project, not only is it possible to evaluate the
efficacy of a given project, but also it can
improve our understanding of the more general
ecological processes at work in pifion-juniper
vegetation. For example, we can infer much
about historical fire regimes by carefully
documenting fire behavior and fire effects on
soils and vegetation under varying conditions of
fuel structure and ambient weather (see
Section V on research priorities).

Section V: Some Research Priorities

Our analysis of what we know and do not
know about pifion-juniper vegetation suggests
five high-priority research topics related to
historical structure and dynamics of these
ecosystems as well as the patterns and
mechanisms of change since the mid-to-late
1800s. Outlined below in no particular order
are the information needs that we think are
most urgent for informing management of
pifion-juniper vegetation across the western
U.S., particularly where ecological restoration is
a primary goal.

1. Improve our methodology for reconstructing
fire history and tree population dynamics in
piflon-juniper vegetation.

It is not surprising that rigorous empirical
fire history studies are relatively few for pifion-
juniper vegetation, because these systems
present significant methodological challenges.
Interpretations of fire history and tree
demography should be based on multiple
converging lines of evidence, including (if
available) fire scar analysis, tree age structure
(including both dead and living trees), soil
characteristics, charcoal abundance and spatial
distribution, packrat midden analysis,
comparisons of historic and modern photos,
and written documentation.

Perhaps the key methodological issue is
how to interpret the general scarcity of fire
scars on pifilon and juniper trees (Baker and
Shinneman 2004). Fire-scars on live pifion are
especially rare in study sites on the Colorado
Plateau (Eisenhart 2004; Floyd et al. 2004, 2008;
Shinneman 2006), but they seem to be
somewhat more common in regions to the
south and west. Fire-scarred pifion have been
found in Chihuahuan Desert Borderlands (Camp
et al. 2006); in the Oscura, San Andres
(Muldavin et al. 2003) and Sacramento
(Wilkinson 1997, Brown et al. 2001) Mountains
of southern New Mexico; and in the Jemez
Mountains of northern New Mexico (C. Allen,
unpublished data). Large old J. deppeana in
southern New Mexico frequently contain basal
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scars, but it is not certain that all of these scars
originated from fire and most junipers cannot
be cross-dated due to frequent false rings and
asymmetrical growth patterns. Fire-scarred
pifion have been found in the Great Basin, with
dates that correspond to known fires of the
past 30 years (Bauer 2006, Py et al. 2006); these
latter scarred trees were concentrated around
the margins of stand-replacing fires and in
unburned patches within the fire perimeters.
Even where fire-scarred pifions and junipers are
found, however, they are almost always few in
number.

Lack of fire scars could indicate that either
(i) no fires occurred within the life spans of the
extant trees, or (ii) fires occurred but the fires
simply were not recorded on those trees.
Pifions and junipers are generally fire-
intolerant, and when fire occurs beneath them
typically they are killed. However, fires being
carried by grasses or shrubs occasionally have
been observed to burn around pifion and
juniper trees, scorching the outer crowns but
not igniting the trees, perhaps due high fuel
moisture levels in the trees foliage and a lack of
suitable fuel directly beneath and adjacent to
the trees (R. Tausch, personal communication).
This kind of fire behavior could explain a lack of
fire scars, despite fire occurring in the stand,
but the frequency and overall significance of
such a burning pattern are unknown at this
time. Baker and Shinneman (2004) examined a
site on the Uncompahgre Plateau in western
Colorado where an early written report
described a fire in pifion-juniper woodlands, but
they found no fire-scarred trees or other
evidence of past fire. This observation could
support the idea that low-severity fires can burn
and leave no evidence of their passing; but it
also may simply reflect a fire so small that its
ecological effects were negligible or a fire
whose location was not accurately reported in
the early report.

Uncertainty about how to interpret the fire-
scar record (or lack of a record) is a major
impediment to better understanding of
historical fire regimes in pifion-juniper
vegetation throughout the West. One
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particularly effective approach for improving
our understanding of fire-scar formation in
pifion would be for researchers to collaborate
closely with managers conducting prescribed
burns. It would be instructive to examine pifion
trees within the perimeters of recent fires, both
immediately post-fire and over subsequent
years. However, the most rigorous and direct
way to study fire-scarring in live pifion would be
to experimentally burn around individual trees,
under varying conditions of ambient weather
and tree characteristics, and subsequently
record the rates of tree survival and scar
formation.

2. Conduct rigorous empirical studies of fire
history and tree demography in places where
extensive infill and expansion have occurred but
local history is unknown.

As emphasized in Section lll, the pattern of
increasing tree density in many former
savannas, grasslands, and sparsely wooded
shrublands is well documented, but the
mechanism is unclear. If fire was formerly
frequent in a given area, then fire exclusion is
likely the major cause of increasing tree density
during the twentieth century. But if fire was
not frequent historically, then another
mechanism must be more important. The role
of fire in shaping historical stand and landscape
structure cannot be assessed until we have a
better understanding of historical fire regimes
among the various kinds of pifion-juniper
vegetation.

3. Evaluate the history and status of what
appear to be persistent woodlands within
regions where the precipitation pattern is
summer-dominated.

Most of what we know about persistent
pifion-juniper woodlands comes from research
conducted in the Great Basin and Colorado
Plateau, where the precipitation pattern is
either winter-dominated or more or less equally
divided between winter and summer. Less
research has focused on these kinds of
woodlands in monsoon-dominated regions such
as southern New Mexico (but see Wilkinson



1997, Brown et al. 2001, Muldavin et al. 2003,
and Camp et al. 2006). We list this as a
research priority because a number of
managers and practitioners in New Mexico and
Arizona--field people who have a great deal of
on-the-ground experience--think that persistent
woodlands were never an important
component of the historical vegetation in this
region (e.g., H. Fuchs, personal communication).
Interpretations of ecological history in these
woodlands needs to be based on convergence
of multiple sources of information, e.g., fire
scars (where available), tree age structures,
soils characteristics, and comparisons of historic
and recent photographs. Investigations also
need to be conducted at multiple spatial scales,
from individual stands to landscapes.

An important component of this research
would be to determine whether the stands that
now appear to be persistent woodlands in this
region are actually former fire-maintained
savannas or open woodlands that have been
degraded by livestock grazing and fire exclusion
(see Section IV on management implications for
more on this idea). The distinction between
genuine "persistent woodlands" that burned
infrequently in the past and formerly fire-
maintained savannas or woodlands s
important, especially in identifying targets and
methods for ecological restoration. For
example, "persistent woodlands" may still be
within their historical range of variability,
whereas degraded woodlands would be strong
candidates for restoration to pre-1900
conditions.

4. Conduct experimental studies to evaluate the
specific effects and interactions of fire exclusion,
climatic fluctuation, and livestock grazing in
driving expansion and infill of pifions and
junipers during the past 100 — 150 years.
Although we have a number of correlative
studies that suggest hypotheses about the
environmental drivers of infill and expansion
(see Section lll), we now need experimental
studies to critically test those hypotheses.
Because the relative importance of fire
exclusion, climate, and grazing probably varies

from place to place, it would be important to
conduct such studies in many different
geographical areas.

5. Develop maps showing where woodlands
and savannas existed prior to Euro-American
settlement versus woodlands that have
expanded into  formerly  non-woodland
vegetation types.

Managers often have inadequate
information about specific locations in the
landscape where the vegetation has been
greatly altered by anthropogenic activities (e.g.,
places where woodlands are expanding due fire
exclusion) and where anthropogenic influences
have been relatively minimal (e.g., persistent
woodlands). Such information is essential,
however, for planning appropriate treatment
placements if the goal is to explicitly restore
historical vegetation structure. In addition, an
understanding of the historical context in which
the present biota developed can help inform
managers about the feasibility and methods of
achieving other objectives such as forage
improvement. To meet this need, we must first
develop consistent criteria that can be used in
the field for distinguishing pre-existing
woodlands or savannas from former grasslands
or shrublands that have been invaded by trees.
Relevant  criteria might include soil
characteristics as well as size, apparent age, and
density of living and dead trees. Once these
distinctions can be made reliably in the field,

woodlands can be sampled over a large
heterogeneous region, correlations can be
identified between woodland type and

environmental variables (elevation, substrate,
topography, etc.), and maps can be generated
in a GIS environment for use in planning and
implementing restoration and other vegetation
treatments. This kind of research is underway
in a few places (e.g., Jacobs et al. in press, B.
Bestelmeyer and S. Yanoff, unpublished data;
both studies were conducted in New Mexico),
but it is needed throughout the range of pifion
and juniper vegetation.

A similar combination of field and GIS
techniques can be used to predict where in the
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landscape the greatest and most ecologically
significant changes are likely to occur in the
future. In Mesa Verde National Park, for
example, Floyd et al. (2006) mapped the
locations of pifion-juniper woodlands having
the greatest probability of post-fire invasion by
non-native species, and Turner et al. (2008)
mapped the areas most likely to be affected by
shortened fire intervals and associated erosion
events as a consequence of cheatgrass invasion.

Conclusions

Pifion-juniper is one of the major vegetation
types in western North America, covering some
40 million ha across nearly a dozen states. Until
recently, management tended to emphasize
removal of pifion and juniper trees to improve
livestock forage, wild ungulate habitat, and
water vyield. However, the biodiversity,
aesthetics, and ecosystem services provided by
intact pifon-juniper vegetation are increasingly
recognized and appreciated, and management
objectives have expanded beyond simple tree
removal. These ongoing efforts at ecosystem
management are hindered by inadequate
information about several basic elements of the
ecology of pifion-juniper vegetation, including
(i) prehistoric and historic disturbance regimes,
(i) mechanisms driving twentieth century
changes in  vegetation  structure and
composition, and (iii) the variability in
ecosystem structure and process that exists
among the diverse combinations of pifions,
junipers, and associated shrubs, herbs, and soil
organisms throughout the 40 million hectares of
western North America that are covered by this
vegetation type. This paper presents a
summary of what we currently know and don’t
know about historical and modern stand and
landscape structure and dynamics in pifion-
juniper vegetation. Its intent is to provide a
source of information for managers and policy-
makers, and to stimulate researchers to address
the most important unanswered questions. The
process of producing this paper—assembling
experts from throughout the range of pifion and
juniper to synthesize our current knowledge—
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was effective. Such an approach, similar to that
used by Allen et al. (2002), could be applied to
other kinds of vegetation for which historical
structure and dynamics are uncertain or
controversial.
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