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Juniper Invasions in Grasslands:

Research Needs and Intervention

Strategies
By Sherry A. Leis, Carol E. Blocksome, Dirac Twidwell, Sam D. Fuhlendorf,

John M. Briggs, and Larry D. Sanders

On the Ground

• Despite prescribed fire programs, invasive juniper
trees are increasing in the Great Plains.

• Continued encroachment of junipers in the Great
Plains, especially eastern redcedar and Ashes
juniper, is degrading grasslands and increasing
health concerns through pollen production.

• Biological and ecological research needs include
effects on soil and water as well as restoration
potential after a mature invasion is treated.

• The interface of social science, ecology, econom-
ics, and policy may yield productive approaches to
slowing the invasion.
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uccessful grassland conservation efforts seek to
understand the relationship of people to land in
addition to ecological complexities.1 Grassland
management challenges are frequently the result of

multiple causes. Juniper encroachment in grasslands of the
Great Plains provides a present day case study of these
complex biological and anthropogenic interactions with
important implications for biodiversity. Research has shown
that mesic grassland can be converted into juniper woodland
in as few as 40 years2 with cascading effects for grassland and
human health.

The evolutionary history and loss of grasslands is intertwined
with that of humans. Indigenous people maintained grasslands
through the use of fire, followed by agriculturalists who degraded
some grasslands (through overgrazing, cultivation, and fire
suppression) but have continued to maintain and restore others

for livestock production and soil stability. Recently, conserva-
tionists have recognized grasslands as one of the most imperiled
ecosystems globally and have become interested in maintaining
them for their unique biodiversity.

Grassland is the primary plant community type (with 30.1%of
historic levels remaining) in the Great Plains bioregion of North
America.3 The United States has the fourth greatest grassland
area (3.3 million km2),4 but these grasslands have rapidly
changed over the last 150 years. The tallgrass prairie of North
America has seen extensive losses, with only 9% remaining,4 and
shortgrass andmixed-grass prairies also have sustained substantial
losses.3,4 Landscape fragmentation has increased because of
agriculture and urban/exurban development.

Natural processes such as fire and grazing, which once
maintained a vast, continuous grassland landscape, have been
decoupled, resulting in alterations of both fire and grazing
frequencies and intensities.5,6 Fire and grazing are critical
processes that interact to prevent the transition of grasslands
into woodlands.7,8 Current Great Plains residents, along with
earlier settlers, have typically suppressed fires, with the exception
of American Indians.9–11 The result is a changing Great Plains
landscape that includes much greater woody cover (Fig. 1).

The reversal of the region-wide expansion of Juniperus spp.
is a linchpin to successful grassland conservation.12 As
grasslands become fragmented and lost, associated endemic
organisms will also be lost. In particular, grassland birds are
sensitive to fragmentation by woody species invasion and serve
as indicators of ecosystem change.13–15 In North America, the
breeding bird surveys have reported a constant decline in
grassland bird populations. As a guild, grassland birds require
diverse vegetation structure and some species (i.e., prairie
grouse species) have low tolerance for trees.12,16

There are 13 species of juniper in the United States, as cited in
Van Auken,12 and the most widespread juniper species in the
Great Plains are fire-sensitive [e.g., eastern redcedar (Juniperus
virginiana L.) and Ashe’s juniper (Juniperus asheii J.
Buchholz)].17 Decreased fire frequency led to expansion of
these species ranges and abundances.7,12,18 Juniper expansion has
reduced the available grassland habitat and livestock forage,
accelerated biodiversity loss, increased fuel management
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concerns, and increased public health concerns from allergenic
pollen.12,18,19 Our discussion focuses on eastern redcedar and
Ashe’s juniper as they are of the greatest concern and perhaps the
most easily controlled of the Great Plains juniper species.

Understanding how changes in disturbance and land use
through time led to range expansion of invasive juniper trees is
critical to developing solutions for restoration and grassland
conservation. We will discuss how the history of juniper
expansion in the region is intimately tied with fire history and
policy. Our work further describes how the threat of juniper
encroachment may be mitigated by solutions that provide
information and outreach in the areas of biology, social science
in the areas of culture, economics, policy, education, and
outreach, and focused application of existing data.

A Human History of Juniper Encroachment in
the Great Plains

Juniper encroachment in the Great Plains can be better
understood through the lens of human interaction with

grasslands through time. Around 1770, human population
shifts occurred concurrently with increased disease rates
among American Indians and the decline of bison and other
wildlife.20 The Homestead Act of 1872 opened the Great
Plains up for rapid colonization and agricultural conversion,
accelerated by additional changes in national land use laws.20

Prior to settlement of the Great Plains (1770-1880), fires were
both frequent and expansive in extent and originated from
both human and natural sources17,21 including the frequent
use of fire by indigenous groups.10,11,17

American Indians used fire to facilitate hunting, manage
food plants and wildlife habitat, fireproof settlements, conduct
warfare, communicate, facilitate honey collection, and facil-
itate travel (summarized by Sauer22). While debate continues
on definitively how, when, and why 22 American Indians used
fire, and the impact of their fires on regional ecosystems, there
is consensus that American Indians used fire to achieve
specific goals.10,23

During the period from 1870 to 1885, after the demise of
bison and before widespread cattle production began,

Figure 1. Non-federal rangeland where eastern juniper species are present. Photo courtesy of USDA-Natural Resources Conservation Service. Available
at https://www.nrcs.usda.gov/Internet/FSE_MEDIA/stelprdb1253985.png.
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grasslands likely accumulated biomass because of limited use
by native and domestic large herbivores. For a short time,
while intensive settlement was underway, incidences of both
purposeful and accidental fires may have actually increased
until fuel became more limited from agricultural use and
suppression policies were instituted.24,25 This brief period was
followed by a rapid increase in cattle production and
infrastructure development, which resulted in increased
grassland fragmentation and reduced fuel availability. Around
the turn of the 20th century, the Texas cattle industry suffered
a crash as a result of overstocking, drought, and severe winters.
In response, the livestock industry began implementing improved
practices to manage grazing lands. Historically poor forage
management led to reduced fuel loads and less frequent fires.
Junipers then began to expand, causing the beginning of what has
been described as the “green glacier” and the second major
regional ecological disaster after the dust bowl.12

After the 1910 extreme wildfire season in the United
States, national fire policy began to evolve towards suppres-
sion of all fires. Restrictive legislation, coupled with reduced
fuel availability, resulted in a large reduction in the number
and extent of the once expansive fires of the Great Plains.9

Increasing temperatures and atmospheric carbon dioxide
throughout the 19th and 20th centuries may have also played
a role in juniper expansion.26 Government conservation
programs began encouraging the use of junipers for
shelterbelts and other uses.27

Land use history reveals much about the process and
history of juniper encroachment. Incorporating this history
with grassland ecology and juniper biology is critical to
developing priorities for research and recommendations to
reverse the juniper expansion. Given the history of juniper
encroachment in this evolving ecosystem, we will focus our
discussion on research needs and recommendations, and their
likely consequences in responding to juniper encroachment.

Workshop Outcomes and Discussion
The Great Plains Fire Science Exchange developed a

workshop to 1) establish the state of ecological knowledge
surrounding juniper expansion and encroachment in the
Great Plains; and 2) identify research needs and mechanisms
for applying the science to encourage change. The workshop
was held in conjunction with the Society of Range
Management Annual Conference in Orlando, Florida on 12
February 2014. Four presentations recorded during the
workshop describing ecological processes affected by juniper
encroachment in the Great Plains can be viewed online.i

These workshop presentations were the springboard for the
discussion that immediately followed. Presenters agreed that
rapid and wide-spread juniper expansion has detrimental
ecological consequences for grasslands. Rather than review the
presentation content here, this paper will focus on the topics

that emerged through group discussion of research needs and
recommendations that followed the presentations.28 High-
lights of the discussion are captured below with the intent of
applying current knowledge towards development of realistic
solutions to the problem of widespread juniper encroachment.

A consensus approach was initially used to identify a series of
important research needs, and to create of a list of pressing
biological/ecological, social science, economic, policy, and exten-
sion recommendations. Recognizing that juniper encroachment
hasmany human causes, workshop attendees (primarily presenters,
land managers, university researchers, ranchers, and students)
acknowledged important gaps in biological/ecological knowledge.
However, we prioritized social science needs as themost critical for
addressing juniper invasion and as having the greatest potential to
contribute positively towards problem resolution.

Through discussion we identified specific research hy-
potheses and recommendations in the following categories:
biological/ecological, social science, economic, education and
outreach, and policy. The research needs synthesized below
reflect the issues, information, and recommendations dis-
cussed during workshop.

Biological/Ecological Research Needs
Although much is known about the biology of these

trees, there are some missing pieces to the puzzle. The
following list of priority biological and ecological research
needs discussed focused on the relationship of junipers to
water and ecological restoration.

1 How does water availability change at a watershed level
after juniper removal?

2 How are water usage and loss by junipers affected by
edaphic factors?

3 Do restoration processes and recovery potential change
as the duration of invasion increases?29

4 How do you evaluate/determine the most efficient
juniper control methods?30

5 Are there feasible biological control methods that
account for the role of juniper as a component of natural
communities?

6 Does soil erosion potential change when juniper is
removed and at what scale?

Social Science Research Needs
Priority social science research needs and recommenda-

tions fell under four subcategories: cultural, economics, policy,
and education and outreach. Research needs and recommen-
dations for each subcategory are listed below.

Change in culture. Understanding juniper encroachment
requires a look into regional cultures and their acceptance of
trees in grasslands, fire, and changes in patterns of ownership.
Key research needs identified were:

1 What are the attitudes and beliefs held by the general public
regarding grassland loss (especially as a result of conversion
to juniper woodlands) and the resulting consequences of
this loss for human and biological communities?

i View the Workshop presentations at http://www.youtube.com/

playlist?list=PLkVJry3C6s2c0abnYRxciwkDZSx4yBFDz.
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2 Why is fire culturally acceptable in some areas of the Great
Plains and not others (Fig. 2)?

3 What factors affect support for fire in subregions of the
Great Plains? If there is evidence of social pressure to control
junipers apply it to outreach efforts.31 In the Flint Hills of
Kansas, for example, fire is used extensively to manage
grazing lands including for juniper control, but it is unknown
to what extent juniper control is a priority regionally (Fig. 3).

4 Do increases in human population necessarily correlate with
increases in juniper populations? Secondly, what juniper
control measures will urban populations accept and what are
their motives for acceptance?32

5 What are the compelling issues that generate interest and
investment in exurban and rural land issues among urban
residents?

6 Can perception and recognition science contribute to better
understanding of the phenomenon of the apparent
invisibility of gradual land cover change?33

7 What are effective means to communicate the valuable role
of grasslands in sequestering carbon?34,35

8 How do practitioners learn land management practices and
what does the information-sharing network look like?

Other recommendations included:

1 Implement monitoring programs that boost landowner
awareness of changing conditions and lead to an
increased response rate.

2 Encourage efforts to connect with absentee landowners.
This may provide opportunities for extension

Figure 2. Map of known prescribed burn associations in the central United States 2015. The most current map can be found online at http://www.
gpfirescience.org/fire-organizations-agencies/.
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organizations to educate landowners about grassland
ecology and management practices and available support
services. Absentee or new landowners may recognize land
use values beyond forage production and be more open to
balancing livestock grazing with fuels management,
wildlife habitat, and biodiversity goals.33 Identifying and
reaching absentee landowners continues to be a challenge.

3 Integrate social science approaches to known juniper
ecology issues to develop effective marketing approaches
for grassland conservation. For example, is it more
effective to ask landowners to stop planting invasive
junipers (a negative approach) or to conduct campaigns
that offer alternatives and explain the positive benefits of
fire (a positive approach)?

Economic research needs. Control of juniper expansion
includes consideration of the economic incentives and
disincentives through valuation of consumptive uses (e.g.,
grazing and hunting), nonconsumptive uses (e.g., recreation,
soil stabilization), and non-uses (e.g., aesthetics, biological
diversity) of the land.36 Research needs and recommenda-
tions included:

1 Quantify the costs of proactive approaches (e.g.,
maintaining a healthy grassland with prescribed fire)
versus reactive approaches (e.g., mechanical thinning of
a juniper-infested grassland) to juniper encroachment.
(Fig. 4).

2 Develop a complete analysis of the economic externalities
associated with juniper encroachment for policy makers,
extension professionals, and landowners. The tradeoffs of
using non-fire means of controlling junipers, insurance
costs, and the inequality of sharing the benefits from

juniper control with peoplewho did not assume the risk of
controlling juniper should be included in the analysis.

3 Evaluate the positive or negative effects of incentive
programs on juniper encroachment including both
present and future costs and benefits as predicted future
costs of treatment or non-treatment are often missing
from this type of analysis.

Figure 3. A subdivision in northwestern Manhattan, Kansas is encroached by eastern redcedar (Juniperus virginiana).

Figure 4. Costs of juniper expansion and control with fire are likely to be
far less per hectare than costs associated with not controlling junipers
such as forage and production losses, medical costs from allergies, loss of
ecosystem services, and wildfire suppression costs. Average costs per
hectare for prescribed fire projects were calculated for four Great Plains
states. Costs include average cost per hectare of fire line construction
based on a 64.7 ha (160 ac) burn unit. Data provided by the Natural
Resource Conservation Service (values in US dollars).
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Policy research needs. The problem of juniper expan-
sion and encroachment in the Great Plains is not simply an
ecological or land management problem; policy at multiple
scales contributes to success of grassland conservation. We
prioritized these policy research needs and recommendations:

1 Are governments willing to mandate what owners can
or must do with respect to the growth of juniper on
private property? Private property rights issues are
inherently complicated.

2 Must control efforts be shown to benefit the public as a
whole for juniper reduction to become a public policy?

3 What are the potential economic benefits and adverse
impacts of removing versus allowing junipers? This
informationmust be framed for the public andpolicymakers.

If governments were to mandate management of junipers,
policy makers would need information to determine methods
ranging from herbicide to fire to cutting, and who takes on the
liability for management and compensation. Additional
information that may assist the process are:

1 Spatial analyses that identify locations where proactive
management will be most effective, efficient, and
inexpensive;

2 Evaluation of whether zoning laws to reduce juniper
encroachment are effective and, therefore, reduce fire risk; and

3 Identification of how private land management decisions
affect neighbors, leading to the design of better incentives and
disincentives.

Education and outreach. Earlier in this paper, we listed
several social science questions whose results would enhance
extension outreach effectiveness. The additional outreach
science needs identified by workshop participants were:

1 Agricultural stakeholders are the primary players in the
current conservation paradigm, but are there some uncom-
mon or often overlooked partners for juniper reduction
projects such as volunteer fire departments and doctors
(allergists in particular)?

2 Although university extension programs provide assis-
tance on juniper encroachment at small scales, how can

extension and outreach programs expand and better
support landowners to reduce junipers?

3 Are small-scale local projects more or less efficient
than large-scale campaigns, and will local efforts
effectively lead to behavior change? Two examples of
local efforts are the Redcedar Roundups (targeted
brush control workshops with demonstrations of
mechanical control methods) in Kansas (Fig. 5) and
Kansas City Wildlands’ program of harvesting red-
cedar for Christmas trees (Figs. 6A and 5B).

Recommendations for Current Implementation of Knowledge
Toward Sustainable Great Plains Rangelands

Despite the list of important research needs and recommen-
dations identified here, there are programmatic changes based on
current knowledge that could be implemented quickly, before
research is completed, and these could make a substantial
contribution to reducing juniper encroachment in the Great
Plains. The following is a suite of six proposed actions discussed
during the symposium that could be explored.

1 Restructure agency policies and eliminate ineffective
programs to shift resources toward scientifically sound
approaches that will be more effective and successful at
preventing juniper dispersal, establishment, and spread.
Government incentive programs should incentivize
proactive prevention (i.e., prescribed fire) rather than
incentivizing reactive approaches like mechanical re-
moval or herbicide.37 Twidwell et al.38 show that
reactive programs can be effective only at localized scales
due to the exorbitant costs of implementing mechanical
removal and other reactive techniques, but juniper
encroachment is a regional challenge.

2 There is evidence that local land management efforts
can lead to cultural change if coupled with
education.39 Therefore, we encourage outreach efforts
that seek out opportunities to educate new land-
owners, those living in the wildland urban interface,
the agricultural community, and the general public on
the importance of managing juniper trees and other
hazardous fuels.31

Figure 5. The annual Cedar Roundup in Kansas is an opportunity to demonstrate tree removal techniques to landowners while completing land
management goals.
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3 It is important that discussions of alternative markets for
juniper by natural resource professionals, extension and
agency staff compare the loss of or tradeoffs for existing
markets such as livestock or hunting if junipers are not
removed. Livestock production is a significant industry in
many Great Plains states, and we are not aware of any
existing juniper markets can provide greater income.

4 We urge experts in the field to inform regulators and
insurance companies of actual risks and economic exposure
for both prescribed fire and wildfire to determine policy
rates.40 While prescribed fire can mitigate wildfire risk,
insurance companies and policy makers have not incorpo-
rated the increased fire risks associatedwith juniper expansion
and proximity near buildings into policy offerings.41

5 It is critical to enlist the assistance of nurseries, highway
departments, state forestry departments, and others that
continue to sell and plant junipers in the region. Nurseries
and landscapers could serve as educators to the public as
customers inquirewhy some junipers are no longer stocked.
The loss of ecosystem services and increased fire risk caused
by juniper encroachment outweigh the social value of
continuing to propagate and sell invasive juniper trees.

6 Critical levels of juniper encroachment have arrived in the
Great Plains and the problem can no longer be
ignored.7,12,18 We encourage researchers to prioritize
actively contributing to problem resolution by sharing their
data, knowledge, and funding for outreach. The existing
ecological science on juniper encroachment is mature and
the problem is well defined (see workshop presentations).
Stakeholders should actively collaborate to provide clear,
consistent, scientifically based information, guidance,
recommendations, and solutions. Stakeholders include
but are not limited to university and government staff/
scientists, cooperative extension, Natural Resources Con-
servation Service, and private businesses.

Although we compartmentalized many of the above
research needs discussed during the symposium, land
management crosses all of these categories. Earlier, we
illustrated how the human history of rangemanagement led
to present juniper encroachment, but detrimental grazing
practices persist. Grazing systems that best prevent the
transition of grasslands to a woodland state over the long
term include consideration of fuel and fire management in
the short term.2,19 For example, grazing systems that focus
on minimizing bare ground can lead to invasion of woody
plants over time without significant, costly mechanical or
chemical inputs.30 Consideration of this ecosystem state
transition and the need to add fuel and fire objectives into
landmanagement goals and grazing systems requiresmutual
agreement on the biological, ecological, safety, and cultural
importance of managing junipers on working rangelands by
agricultural extension services, local wildland fire policy
systems, the general public, researchers, and others.

Conclusions
Juniper tree encroachment is occurring in every state in the

Great Plains and is responsible for loss of biodiversity and
other ecosystem services. As grasslands convert to juniper
woodlands, wildfire risk and public health concerns related to
pollen loads emerge. Much research has already been done on
the ecology of eastern redcedar, but additional priority
research needs relate to water usage, soil relationships, and
plant community restoration.

The history of juniper encroachment is a human-driven
phenomenon. The coauthors presented a basis of understand-
ing the history of changes in land management and how they
contribute to the problem during a SRM workshop. In a
subsequent discussion, we agreed that changing the current
trajectory towards juniper woodlands and away from grassland

Figure 6. A, Kansas City Wildlands eastern redcedar Christmas tree cutting event has been a popular event that satisfies land management goals, fund
raising, and cultural traditions. The number of cedar trees removed each year is represented by the bars and donations at the annual event are tracked by the
gray line. Recorded visitorship averaged 316 people over the period (a minimum estimate). B, Participants taking home their fresh cut cedar holiday tree at
an annual cedar removal event in Kansas City.

Rangelands70



requires interdisciplinary approaches and cooperation. Re-
maining key research needs that relate ecological knowledge to
public recognition, understanding, and acceptance of the need
for control methods will be critical in designing solutions and
outreach efforts. Furthermore, the public’s response to
proactive and reactive approaches to land management,
economic analysis, and policy approaches are not fully
understood. While we acknowledge the importance of
gathering more information to better understand and apply
to the problem, there are steps that can be taken now to
alleviate the continued degradation of grasslands resulting
from juniper encroachment. Collaborative approaches may be
most successful for reducing juniper encroachment in the
Great Plains.
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