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Status and Trends of Eastern Redcedar
(Juniperus virginiana) in the Central United
States: Analyses and Observations Based on
Forest Inventory and Analysis Data
Dacia M. Meneguzzo and Greg C. Liknes

Eastern redcedar (Juniperus virginiana) (ERC) is a conifer native to North America that has been used for a
variety of wood products, and its planting has been encouraged to help stabilize soil, reforest abandoned
farmland, and provide cover for wildlife. However, ERC tends to expand rapidly and take over certain areas
primarily because it can grow on a wide variety of soils and tolerates salt and harsh climatic conditions. As a
result of this invasive behavior, the ERC composition of central United States forestlands has been on the rise
over several decades. To evaluate the current status and recent trends of ERC on forestland in eight central states,
we analyzed forest resource data collected annually from 2001 to 2012 by the Forest Inventory and Analysis
(FIA) program of the USDA Forest Service at county, state, and regional levels. Our results indicate that ERC
increased in terms of area, density, and volume across a range of diameter classes. In addition, ERC seedling
abundance increased, and we found a statistically significant relationship between decreasing tree species
diversity and ERC basal area proportion. We draw several conclusions from these analyses: (1) the geographic
distribution of ERC in central US forestlands is widespread, but varies in density, (2) the area of ERC forestland
increased most significantly in Nebraska and Missouri during the early 2000s, (3) the density and volume of
ERC are on the rise in the region, and (4) the changes in seedling species abundance and the negative association
between diversity and ERC presence suggest that the future composition of forests in the region could be altered
if the current trends in ERC invasion continue.
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E astern redcedar (Juniperus virgini-
ana) (ERC) is a very common and
widely distributed coniferous spe-

cies. Its native range includes at least part of
every state in the eastern half of the United
States as well as southern Ontario and Que-
bec (Burns 1983, Lawson 1985), and its
plantable range extends across the 48 contig-

uous states (Gilman and Watson 1993).
ERC is known for its hardy nature and abil-
ity to grow on a wide variety of soil types and
under harsh climatic conditions, such as
drought and extreme temperatures (Burns
1983, Lawson 1985). In the Great Plains in
particular, it was widely planted as a wind-
break species because it is good for protect-

ing soils from desiccation and wind erosion
and provides food, nesting sites, and thick
cover for wildlife (Burns 1983, Dronen
1984, Lawson 1985).

Historically, ERC has been a valued
and economically important species (Jelley
1937). It was recognized throughout the
1800s for its profitable uses, such as split-rail
fences, pencils, and wine barrels (Hemmerly
1970). Jelley (1937) referred to it as an im-
portant and valuable timber tree, and he en-
couraged its planting on agricultural lands
that were no longer productive and on areas
that had been cleared of their timber in Ten-
nessee. Burns (1983) even suggested that
converting poor hardwood sites to ERC
could be economically and ecologically ben-
eficial. The wood and other products made
from ERC continue to be valued for their
nice scent and beauty, including cedarwood
oil, closet linings and paneling, chests, fur-
niture, fence posts, sachet bag filling, and
souvenirs and novelties (Jelley 1937, Hem-
merly 1970, Semen and Hiziroglu 2005).
ERC has noneconomic value as well. Its
ability to protect soil, livestock, and struc-
tures from the wind has made it one of the
most common and recommended wind-
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break species in the Great Plains (Burns
1983, Dronen 1984). In addition, new ERC
forests have gained attention for their role in
sequestering carbon, and more recent re-
search suggests that they may provide more
potential carbon storage than that of grass-
lands in the central United States (Norris et
al. 2001, McKinley and Blair 2008).

Despite the positive aspects of ERC, it
is well known that the rapid and widespread
expansion of this tree species remains an is-
sue of ecological and economic concern. In-
vasion of tallgrass prairies results in the dis-
placement of native grasses and forbs, thus
reducing plant diversity and productivity in
these areas (Engle et al. 1987, Schmidt and
Stubbendieck 1993, Briggs et al. 2002), and
less forage for livestock and wildlife (Stritzke
and Bidwell 1990, Starks et al. 2011). The
increased presence of ERC also affects hy-
drologic and nutrient cycling (Horncastle et
al. 2004, Limb et al. 2010). From an eco-
nomic perspective, ERC removal at low
densities can be labor intensive and requires
upkeep by landowners, and converting areas
where ERC has formed dense stands back to
original grassland communities is very ex-
pensive (Bidwell and Weir 2002).

Many studies have addressed the expan-
sion of ERC in different geographic areas,
such as Nebraska, Kansas, Missouri, and
particularly Oklahoma. For example, a sur-
vey conducted in Oklahoma by the Soil
Conservation Service found that the ERC
and ashe juniper (Juniperus ashei) invasion
had grown from about 1.5 million acres in
1950 to 3.5 million acres by 1985 (Snook
1985 as cited in Bidwell et al. 2000), and
Grumbles (1989) estimated that the invaded
acres numbered more than 4 million by
1989. Bidwell et al. (2000) replicated
Snook’s 1985 survey and reported that the
area of rangeland and forestland occupied by
these two juniper species exceeded 6 million
acres by 1994.

In Nebraska, Schmidt and Kuhns
(1990, p. 3) noted that

The ERC-hardwood forest type accounted
for 1.7 percent of all commercial forestland
in 1955. However, by 1983 it had increased
to 7.8 percent of all commercial forestland.
Even greater increases in ERC acreage oc-
curred in Nebraska’s other woodland re-
source types.

Walker and Hoback (2007) reported that
ERC had invaded the Loess Canyons re-
gion of Lincoln County, Nebraska, and
was continuing to expand at an annual
rate of 2%.

ERC expansion has been documented
in Kansas and Iowa as well. Owensby et al.
(1973) wrote about ERC infestations in
the Kansas Flint Hills and what might
possibly be done to control further expan-
sion. Briggs et al. (2002) examined a time
series of aerial photos from northeastern
Kansas and found that grasslands there be-
came ERC forest in a matter of 40 years.
Similarly, Norris et al. (2001) noted the
formation of closed-canopy ERC forests
in the same region of Kansas. In Iowa,
Blewett (1986) found substantial increases
in ERC along the bluffs of the Mississippi
River.

On a coarser scale, Schmidt and Leath-
erberry (1995) conducted an analysis of
ERC expansion across a four-state region
that included Illinois, Indiana, Iowa, and
Missouri. They compared area of forestland
with ERC present between consecutive
statewide inventories; the earlier inventories
occurring in the 1960s–1970s and then
again from 1985 to 1990. The increase in
forestland with ERC present was nearly 2.4
million acres and the percentage of the total
forest area containing ERC more than dou-
bled between inventories; much of the in-
crease in ERC occurred on former pasture
land in Missouri.

The rapid expansion of ERC led to con-
cern over the effect this would have on na-
tive grassland communities and prairie for-
ests, particularly those dominated by oak
(Quercus spp.). Generally, Schmidt and
Leatherberry (1995) found that the area of
oak forest types in a four-state region in the
Lower Midwest declined between the 1960s
and 1990, whereas forestland with oaks and
ERC doubled during the same time period.
The pattern was similar in Oklahoma: De-
Santis et al. (2010, 2011) and Van Els et al.
(2010) found that the increased density of

ERC resulted in the displacement of several
dominant oak species and inhibited oak re-
cruitment, thus probably altering the struc-
ture and function of future forests. Likewise,
Hanberry et al. (2012) also noted reduced
dominance of oaks in lieu of other species in
the Missouri Ozark Highlands, mainly ERC
that had expanded significantly and became
much more prevalent.

ERC has been referred to as an invasive
species because it spreads quickly and inhib-
its other prairie species from growing, and its
ability to photosynthesize all year long gives
it an advantage in deciduous forests (Lawson
1985, Horncastle et al. 2004, Pierce and
Reich 2010, DeSantis et al. 2011). ERC is
often the first species to infringe on grass-
lands (e.g., Figure 1), abandoned farm fields
and those cleared for pastures, and marginal
lands such as those that have been surface
mined (Lawson 1985, Blewett 1986). In ad-
dition, its prolific natural regeneration from
planted trees has greatly expanded its range,
primarily in the Great Plains (Lawson
1985). Although all the mechanisms respon-
sible for the rapid expansion of ERC are not
known, the key contributing factors are its
hardiness, fire suppression, increased seed
source due to widespread planting as a pre-
ferred windbreak species, changes in farm
and grazing practices and policies, and a de-
cline in ungulates (Owensby et al. 1973,
Lawson 1985, Schmidt and Stubbendieck
1993, Schmidt and Wardle 1998, Pierce
and Reich 2010).

The ecological conditions found through-
out the wide expanse of grasslands and
prairie forests in the Great Plains region
makes these lands susceptible to contin-
ued and future invasions by ERC. The
purpose of this article is to report the cur-
rent extent of ERC forest and to quantify
how it has expanded in terms of area, vol-

Management and Policy Implications

Eastern redcedar (ERC) can be beneficial but its rapid expansion, especially into grasslands, has become
an issue of ecological concern. Management and control efforts require knowing where and to what extent
these increases are occurring. The USDA Forest Service Forest Inventory and Analysis (FIA) program
measures forested plots on an annual basis in all states. Using repeated field measurements, we are able
to detect and assess changes in forest resources, which are important for identifying changes in land use
or forest health conditions. In this study, we used data collected throughout the 2000s to determine the
current extent of ERC presence on forestlands and its change over the past decade, including examining
tree seedling data to gain insight into future forest composition. The results provide information for
developing ERC management goals, such as desired area or density levels, or identifying target areas for
management actions and opportunities to use the ERC resource that could provide revenue for landowners
while mitigating the impacts of the ongoing ERC expansion.
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ume, and number of trees. We present
analyses at various spatial scales, from the
county level to a regional level, for eight
states in the central United States. In ad-
dition, we identify where most of the ex-
pansion occurred and examine tree species
diversity in forest stands that contain
ERC. To assess potential future forest
composition, we analyzed the distribution
and estimated the population of the most
common tree seedling species in the re-
gion.

Methods

Study Area
Our region of interest consists of eight

states in the central United States: Illinois,
Indiana, Iowa, Missouri, Kansas, Nebraska,
North Dakota, and South Dakota (Figure
2). Although our study does not include the
entire native range of ERC, it does examine
ERC expansion over a large geographic por-
tion of the central United States, which is
unique among previous studies. These par-
ticular states were selected because field data
were collected over a similar period of time,
and remeasurement data were available to
quantify changes in ERC during that time
period. We acknowledge that ERC expan-
sion is problematic in other states as well,
particularly Oklahoma, Texas, and Arkan-
sas; however, temporal differences in data
collection and availability precluded them
from being a part of this study.

Forestland comprises approximately 35
million acres (about 10%) of the total land
area in the region, but agriculture is the
dominant land use overall. The focus of this
assessment is forestland with ERC trees pres-
ent. The forest inventory data used in this
report were collected over various years start-
ing in 2001 through 2012.

Forest Inventory and Analysis (FIA)
Data

The data in this report were obtained
from the FIA program of the USDA Forest
Service. FIA collects field data annually on
areas that meet its definition of forestland
using a four-subplot plot design, which sam-
ples approximately a 1-acre area, and obser-
vations may span different conditions rather
than being made at only one central point
(Figure 3). The FIA field guide defines for-
estland as land having (or that had) at least
10% live-tree canopy cover, and is 1.0 acre
or greater in size and at least 120.0 ft wide.

In addition, wooded strips must be 120.0 ft
wide for a continuous length of 363.0 ft
(O’Connell et al. 2014). For more complete
details, see O’Connell et al. (2014).

The FIA annual inventory program is
designed in such a manner that forest and
tree attribute estimates are updated yearly,
allowing users to observe changes and trends
on forestland over time. Twenty percent of a
state’s plot network are visited each year so
statewide inventories are completed every 5
years, and then the cycle begins again and
plots are revisited. New plots may be added
when previous plots cannot be sampled due
to issues such as inaccessibility.

Tree and other forest condition data
are collected at a ground-sampling inten-
sity of approximately 1 plot per 6,000
acres and each plot represents a specific
number of acres when population esti-
mates of forest area, condition, and vol-
ume are calculated. Because the actual
number of plots sampled each year may
vary because of inaccessibility, an area ex-
pansion, or adjustment, factor is deter-
mined for each set of data, which allows
users to acquire population estimates for
any grouping of data (Bechtold and Pat-
terson 2005, O’Connell et al. 2014).
More than 8,000 field plots with in situ

Figure 1. An example of eastern redcedar (Juniperus virginiana) expansion into grasslands
in eastern Nebraska. Photo by Dacia Meneguzzo.

Figure 2. Eight-state study area in the central United States. (The native range is derived
from Little 1971.)
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observations of greater than 50,000 indi-
vidual trees were available for the eight-
state study area.

Although there is a large amount of data
collected on forestland, FIA does not ac-
count for ERC commonly arranged in nar-
row linear features, such as along fence lines
and in windbreaks. These trees often do not
meet the area and/or width requirements in
the forestland definition described previ-
ously and, therefore, are not included in this
assessment. This will result in an underesti-
mate of the extent and rate of ERC spread,
but data pertaining to such features are se-
verely lacking, especially over large geo-
graphic areas. Rather, we analyzed ERC in
relation to the FIA definition of forestland
using a variety of county-, state-, and region-
al-level population estimates of its current
status and change over time in the study
area.

According to the forestland definition
used in our analyses, ERC expansion hap-
pens via two avenues: ERC becomes so prev-
alent on existing forestland that the forest
type is reclassified to ERC or ERC becomes
established on a nonforested area, such as
pasture, to the point where there are enough
trees present for the area to meet the FIA
definition of forestland (e.g., see Schmidt

and Leatherberry 1995). The FIA program
uses a national forest typing algorithm and
tree species information collected on each
plot to classify forestland at each location
into one of the standard, predefined FIA
forest types; this allows consistent classifica-
tion and reporting of forest conditions
(O’Connell et al. 2014). The most prevalent
species on the plot determine the forest type,
so although there may be other species pres-
ent on the ERC forest type, ERC is the most
abundant and comprises the majority of live
trees on the site. All forest types listed in this
article are standard, predefined, and labeled
by FIA; a complete list of FIA forest types
can be found in Appendix D of O’Connell
et al. (2014).

The data were grouped into two catego-
ries and analyzed separately. The first group
included areas of forestland that were classi-
fied as the ERC forest type, whereas the sec-
ond group consisted of areas of forestland
with any ERC trees present, regardless of
whether or not the area was classified as the
ERC forest type. Population estimates for
each group were calculated at various spatial
scales for two time periods (2005 and 2012),
and the differences in the estimates between
the two time periods represented change in
ERC at the county, state, and regional levels.

In addition to estimating area for a popula-
tion of plots at each time period, we also
examined the net change in the ERC forest
type area over time by tracking plots in and
out of the ERC forest type between the 2007
and 2012 inventories. Gains in the ERC for-
est type via the two avenues described above
are referred to as “reversions,” whereas losses
in the ERC forest type through conversion
to nonforestland or other forest types are
known as “diversions.” The net change in
the ERC forest type area is determined by
subtracting the area of diversions from the
area of the reversions. The algorithm used to
determine net change is limited to using data
from the two most recent inventories, so, at
the time of this study, we were calculating
the net change in area of the ERC forest type
between the 2007 and 2012 inventories.

Last, we examined tree species diversity
where ERC is present from low to high den-
sities. Species accumulation curves are com-
monly used to quantify species richness and
are useful for comparing sites or populations
(Ugland et al. 2003). We created species ac-
cumulation curves using FIA field plots
from the eight-state study area with the
vegan package version 2.0-10 in the R statis-
tical environment (Oksanen et al. 2012),
choosing the random accumulator method
with 1,000 permutations. Separate curves
were created for two groups: one consisted
of plots on which ERC trees were present
and the other comprised of plots that had no
ERC trees. Because the ERC group is com-
paratively small, we drew a random sample
of an equivalent number of plots from the
non-ERC group on each of the 1,000 per-
mutations when constructing the species ac-
cumulation curve for the non-ERC group.

To further examine tree species diver-
sity, we calculated the Gini-Simpson index
(Jost 2006; Table 1) as

1 � �pi
2 (1)

where pi is the proportion of trees on a plot
represented by the ith species. The resulting
values range between 0 and 1, where lower
values indicate lower diversity. The diversity
index was examined for all plots with a min-
imum of one ERC tree in relation to the
proportion of basal area represented by ERC
trees on each plot. A nonlinear regression
model was fit to the data using the nls2 pack-
age version 0.2 in R (Grothendieck 2013),
and the model was examined to determine
the nature and significance of the relation-
ship between tree species diversity and ERC
basal area proportion.

Figure 3. The FIA mapped plot design. Subplot 1 is the center of the cluster with subplots 2,
3, and 4 located 120 ft away at azimuths of 360, 120, and 240, respectively. (From
O’Connell et al. 2014, p. 1–7.)
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Results and Discussion

ERC Forest Type Area
In 2012, there was an estimated total of

35 million acres of forestland in the region.
The ERC forest type was recorded as part of
the inventory in all states except North Da-
kota and was most prevalent in Missouri,
Nebraska, and Kansas (Figure 4). The area
of the ERC forest type was divided by the
total county land area to account for coun-
ties of varying size. This process of standard-
ization is a more robust method for compar-
ing the ERC forest type area by county.

The 2005 regional estimate of the
ERC forest type grew by almost 287,000
acres to a total of nearly 894,000 acres by
2012; this was the largest gain among the
most common forest types in the region
(Figure 5). This trend of increasing area of
ERC is similar to that found by Schmidt
and Leatherberry (1995) who noted that
ERC was a “major contributor” to the in-
crease in forestland over an approximately
30-year period in Illinois, Indiana, Iowa,
and Missouri.

A few forest types showed slight de-
clines in area between 2005 and 2012: post
oak/blackjack oak (Quercus stellata/Quercus
marilandica), ponderosa pine (Pinus pon-
derosa), and white oak/red oak/hickory
(Quercus alba/Quercus rubra/Carya spp.). An
examination of plot records revealed that
post oak/blackjack oak and white oak/red
oak/hickory were among the most common
types that changed to the ERC forest type by
2012. Again, this finding agrees with obser-
vations by Schmidt and Leatherberry (1995)
and Hanberry et al. (2012), who noted de-
clines in oaks with simultaneous increases in
ERC using FIA data. It is also consistent
with DeSantis et al. (2010, 2011) who re-
ported that in the absence of fire, ERC could
potentially replace several oak species that
were considered the historically dominant
species in many forests of the central United
States.

Overall, 250 plots in the region re-
mained as or shifted to the ERC forest type;
only 75 changed from ERC to another forest
type, and nearly one-third of those plots
went to the ERC/hardwood forest type.
More than half of the plots that changed to
the ERC type had previously belonged to
the oak/hickory forest type group. Geo-
graphically, most plot-level changes to the
ERC forest type (n � 119) occurred in
Missouri (n � 72; 61%), followed by Ne-
braska (n � 16; 13%) and Kansas (n � 13;

Figure 4. Area of the ERC forest type as a percentage of total county land area in Illinois,
Indiana, Iowa, Kansas, Missouri, Nebraska, North Dakota, and South Dakota, 2012.

Figure 5. Difference in forestland area by forest type for an eight-state region (Illinois,
Indiana, Iowa, Kansas, Missouri, Nebraska, North Dakota, and South Dakota) based on
forest inventory estimates from 2005 and 2012 for the top 15 most prevalent forest types
for both time periods.
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11%). It is also interesting to note the
types of landforms where these changes
occurred. Most of the changes (n � 98;
82%) occurred on dry, rocky slopes with a
lot of sun and wind exposure or on rolling
uplands associated with small streams, in-
dicating the ability of ERC to do well on
sites with or without adequate moisture or
in areas where it is difficult for fire to de-
crease ERC because it is rocky or wet.

Diversions and Reversions of the ERC
Forest Type

Plots measured during the 2007 inven-
tory and again during the 2012 inventory
were used to provide estimates of the net
change in the ERC forest type over a 5-year
period. Forest types other than ERC and
lands previously not forested that reverted to
the ERC forest type resulted in a net increase
of nearly 248,000 acres of ERC forests (Ta-

ble 1). The reversion of nonforestland to the
ERC forest type is particularly of interest be-
cause it describes the area of nonforestland
that converted to, or was probably invaded
by, ERC. Therefore, on an annual basis,
about 41,000 acres of nonforestland changes
to the ERC forest type throughout the eight-
state region. This rate is highest in Nebraska,
where approximately 20,000 acres are con-
verted annually.

A state-by-state analysis revealed that
the largest increases in the ERC forest type
area occurred in Kansas, Missouri, and Ne-
braska (Figure 6). The largest statewide gain
occurred in Nebraska: in 2005, the ERC for-
est type made up 9% of the total forestland
area, jumping to nearly 17% by 2012. Iowa
and Indiana were the only states that had any
decreases in the ERC forest type, whereas
North Dakota had no reported ERC forest

type area in either the 2005 or 2012 inven-
tories. In the four-state ERC expansion
study by Schmidt and Leatherberry (1995),
they projected the area of forestland with
ERC present forward to 1993 for each state
using inventory results from the 1980s.
They predicted Missouri would have the
largest increase followed by much smaller in-
creases in Illinois, Indiana, and Iowa, respec-
tively. The results found in this study follow
a similar pattern.

A county-level analysis of FIA data
provides a more detailed look at where the
ERC forest type area increases are occur-
ring in the region (Figure 7). Fifteen per-
cent of the counties saw an increase in the
area of ERC. Not surprisingly, most in-
creases were found in Kansas, Nebraska,
and Missouri. Any increases in the ERC
forest type in Iowa were probably offset by
larger decreases in ERC forests, resulting
in little change or even a slight decline in
the statewide total of the ERC forest type
area from 2005 to 2012.

Forestland with ERC Trees Present
Looking at the presence of ERC trees in

general (i.e., regardless of whether the area is
classified as the ERC forest type) on forest-
land provides further insight into the extent
of how it is expanding. Figure 8 shows the
acres of forestland with ERC present for
2005 and 2012. So, even though there does
not appear to be a significant change in area
of the ERC forest type in Iowa, the forest-
land area where ERC trees are present is in-
creasing. If this increase continues, it is likely
that the ERC forest type area will show an
increase in future inventories. In the region
overall, the area of forestland with ERC trees
present increased by 1.2 million acres, a
17% increase from the 2005 inventory. Ne-

Figure 6. Area of the ERC forest type on forestland in Illinois, Indiana, Iowa, Kansas,
Missouri, Nebraska, North Dakota, and South Dakota, 2005 and 2012. Error bars repre-
sent a 68% confidence interval around the estimate. Note: North Dakota had no acres of
ERC forest type in either inventory.

Table 1. Total area of reversions and diversions of the ERC forest type for an eight-state region in the central United States,
2007–2012.

State

Reversion of nonforest
land to the ERC

forest type

Reversion of other
forest types to the
ERC forest type

Diversion from ERC
forest type to

non-forestland

Diversion of ERC
forest type to
nonstocked or

other forest types

Net change in the area of
the ERC forest type

(reversions � diversions)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(acres) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Illinois 7,700 3,400 0 2,600 8,500
Indiana 1,700 5,000 0 6,400 300
Iowa 4,400 16,400 10,300 0 10,500
Kansas 41,800 27,300 5,500 11,800 51,800
Missouri 30,400 107,800 37,400 66,600 34,200
Nebraska 101,500 53,000 6,200 0 148,300
North Dakota 0 0 0 0 0
South Dakota 17,600 0 2,100 21,400 �5,900
Eight-state region 205,100 212,900 61,500 108,800 247,700
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braska had the highest percent change of all
the states at 56%, whereas Missouri had the
largest increase in actual acreage.

Density
Conversion to the ERC forest type is

often preceded by increases in the number of
ERC trees in a stand; thus, we can get an
indication of potential future ERC forest by
examining this attribute. Regionally, the

number of ERC trees per acre of forestland
that are at least 1-in. in diameter increased
from 30 to 33 between 2005 and 2012 (Fig-
ure 9). ERC densities in Nebraska and Mis-
souri are higher than the regional average.
Again, the largest gain occurred in Nebraska
where the average number of ERC trees per
acre of forestland rose from 81 in 2005 to 98
by 2012. ERC density decreased in Indiana
and Illinois.

Interestingly, ERC density increased in
Iowa where the area of the ERC forest type
actually showed a slight decrease, which indi-
cates that ERC trees are increasing in forested
areas but are not yet prevalent enough to be
classified as the ERC forest type. This finding
is further supported by the information in Fig-
ure 7. In addition, whereas North Dakota had
no reported ERC forest type area, there were
an estimated 99,000 ERC trees in the state in
2012. However, this estimate is still less than
one tree per acre of forestland on average and is
much smaller than the 2005 estimate of nearly
230,000 ERC trees.

Volume
The total volume of live ERC trees that

were �5 in. in diameter increased from 981
million cubic feet in 2005 to 1.3 billion cu-
bic feet by 2012. In terms of ERC volume
per acre of forestland, this was an increase of
6 cubic ft. The smaller diameter classes com-
prise most of the volume, but almost every
diameter class had an increase in volume
from 2005 to 2012 (Figure 10). This finding
is indicative of smaller trees becoming more
numerous and provides further evidence of
the rapid expansion of ERC.

ERC Presence and Tree
Species Diversity

Plots with at least one ERC tree present
had lower species richness than plots with no
ERC trees (Figure 11). Eighty-seven unique
tree species were found in the ERC group,
whereas an average of 96 species were in the
non-ERC samples. The difference in rich-
ness between the ERC and non-ERC groups
is significant after approximately 350 plots
are observed.

With respect to tree species diversity in
the region, we found a generic decay func-
tion of the form

y � N � �1 � xa�b�x (2)

where y is the Gini-Simpson index of diver-
sity, N is an initial value, x is ERC basal area
proportion, and a and b are constants, pro-
vided a reasonable fit to the data (Figure
12). All model coefficients are significant
(P � 0.001), and positive values for both a
and b indicate that higher ERC basal area
proportion is related to lower diversity in-
dex (Table 2).

These analyses of richness and evenness
do not conclusively point to a cause and ef-
fect relationship between ERC expansion
and a regionwide reduction of diversity. Be-
cause of the establishment of ERC forest on

Figure 7. Increase in the ERC forest type as a percentage of total county land area in Illinois,
Indiana, Iowa, Kansas, Missouri, Nebraska, North Dakota, and South Dakota between
2005 and 2012.

Figure 8. Area of forestland with ERC present in Illinois, Indiana, Iowa, Kansas, Missouri,
Nebraska, North Dakota, and South Dakota, 2005 and 2012. Error bars represent a 68%
confidence interval around the estimate. Note: North Dakota had 15,000 acres of forest-
land with ERC present in 2005 and 4,000 acres in 2012.
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idle farmland and the tendency of ERC to
form pure stands, lower diversity should be
expected on plots with abundant ERC.
However, we present indicators of tree spe-
cies diversity based on in situ observations to
document the nature of the relationship.

The decrease in diversity generally acceler-
ates (i.e., has an increasingly negative slope)
throughout the range of ERC basal area pro-
portion rather than showing a constant de-
crease (i.e., a negative linear relationship). In
the context of a progressing invasion with

increasing ERC density, the analyses could
hint at future forests in the central United
States with reduced diversity. Furthermore,

Figure 9. Average number of ERC trees per acre of forestland in Illinois, Indiana, Iowa,
Kansas, Missouri, Nebraska, North Dakota, South Dakota, and the region, 2005 and 2012.
Error bars represent a 68% confidence interval around the estimate. Note: North Dakota
had estimates of less than one ERC tree per acre of forestland for both time periods.

Figure 10. Net volume of live ERC trees (>5 in. in diameter) on forestland by diameter class
in Illinois, Indiana, Iowa, Kansas, Missouri, Nebraska, North Dakota, and South Dakota,
2005 and 2012. Error bars represent a 68% confidence interval around the estimate.
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Figure 11. Species accumulation curves based
on tree species data collected on field plots in
Illinois, Indiana, Iowa, Kansas, Missouri, Ne-
braska, North Dakota, and South Dakota.
Curves were created separately using plots
that had at least one ERC tree present and
plots for which no ERC trees were observed.
The 95% confidence intervals are indicated by
the bands surrounding each line.

ERC basal area proportion

G
in

i−
S

im
ps

on
 in

de
x

0
0.

5
1

0 0.5 1

Figure 12. Gini-Simpson index of diversity
versus ERC basal area proportion. Data are
from the FIA program on a network of field
plots in Illinois, Indiana, Iowa, Kansas, Mis-
souri, Nebraska, North Dakota, and South
Dakota. A nonlinear model fit is indicated by
the blue line.

Table 2. Nonlinear regression model
parameters for a model relating tree
species diversity to ERC basal area
proportion.

Coefficient Value SE P value

N 0.74 0.004 �0.001
a 0.86 0.164 �0.001
b 0.45 0.054 �0.001

Data are from the FIA program on a network of field plots in
Illinois, Indiana, Iowa, Kansas, Missouri, Nebraska, North Da-
kota, and South Dakota.
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the data suggest that changes could proceed
in a nonlinear manner with more rapid
changes occurring as ERC becomes more
prevalent in the region’s forests. We note
that this is probably an oversimplification
that does not account for all dynamic effects,
such as the tendency for encroachments of
ERC on poor sites to be short-lived or cycli-
cal (Murray et al. 2013). The FIA program
also collects data on seedling abundance that
can provide information for projections of
the future composition of forests.

Regeneration: What Does the Future
Hold?

Seedling data were analyzed to gain an
understanding of how forest composition
may be changing. Of the most abundant
seedling species in the region, only hack-
berry (Celtis occidentalis) and chokecherry
(Prunus virginiana) had larger percent in-
creases in the estimated total number of
seedlings than ERC (Table 3). In addition,
ERC was ranked 12th in terms of seedling
abundance in 2005 but moved up to 7th by
2012. Aside from hackberry and choke-
cherry, this was the largest gain in abun-
dance along with white ash (Fraxinus amer-
icana). In fact, all of the other common
species in the region decreased in seedling
abundance.

Conclusions
Although ERC is valued as a windbreak

species and for its wood products, its ability
to invade and thrive on grasslands has many
negative effects, including altered water and
nutrient cycling, reduced forage production
and species diversity, loss of wildlife habitat

for nongeneralist species, and high removal
costs. Many studies have addressed ERC
expansion but often at the substate level, ex-
cept for Schmidt and Leatherberry (1995)
whose study area consisted of four states in
the Lower Midwest. We used FIA data to
assess the current extent and recent change
in the ERC resources across an eight-state
region in the central United States and also
examined tree species diversity where ERC
was present in low to high densities. Fur-
thermore, we analyzed FIA data at various
spatial scales, from county to regional levels,
to gain insight about which areas are experi-
encing higher rates of invasion and how they
compare to the regional trends overall.

FIA data clearly show that ERC contin-
ues to expand in terms of area and density,
particularly in Missouri, Nebraska, and
Kansas. There was a gain of nearly 205,000
acres of new ERC forestland that had been
previously classified as nonforestland in the
eight-state region between the 2007 and
2012 inventories. In addition, the change in
seedling abundance and composition on for-
estland indicates that ERC will continue to
be a significant component of forests. Placed
in the context of the changes to ERC density
and seedling abundance, an analysis of the
tree species diversity on plots in the region
indicates that future forests in the central
United States have the potential to be altered
and perhaps become more homogeneous.
Overall, it is evident from the data presented
that the conversion of forest types, particu-
larly those in the oak/hickory group, to the
ERC type and the expansion of ERC into
neighboring grasslands will continue.

The results of this study support other
ERC research that documents its expansion
and the resulting negative effects on forest
composition and structure, particularly the
displacement of oak species and the poten-
tial reduction of species diversity of future
forests. A major strength of this study is the
large geographic extent that it examines.
Whereas much research regarding ERC has
taken place in certain areas, such as Okla-
homa and the Kansas Flint Hills, other areas
have received less attention. Our study in-
cludes data from the northern and western
fringes of the native range of ERC as well as
from a wide variety of landscapes and forest
types throughout the central United States,
thus providing a comprehensive assessment
of ERC expansion that broadens the geo-
graphic scope of previous studies and pro-
vides more up-to-date information for re-
search and management efforts. This allows
managers to target high-risk areas, such as
oak forest types in counties that showed dra-
matic increases in ERC. As more data be-
come available, the study can be extended to
gain even more insight about the status and
change in ERC. Quantifying and identify-
ing where the most expansion is occurring
can assist management, utilization, and con-
trol efforts.

Literature Cited
BECHTOLD, W.A., AND P.L. PATTERSON (EDS.).

2005. The enhanced Forest Inventory and Anal-
ysis program—National sampling design and es-
timation procedures. USDA For. Serv., Gen.
Tech. Rep. SRS-80, Southern Research Sta-
tion, Asheville, NC. 108 p.

BIDWELL, T.G., D.M. ENGLE, M.E. MOSELEY,
AND R.E. MASTERS. 2000. Invasion of Okla-
homa rangelands and forests by eastern redcedar
and ashe juniper. Coop. Ext. Serv. Div. Agric.
E-349, Oklahoma State Univ., Stillwater, OK.
12 p.

BIDWELL, T.G., AND J.R. WEIR. 2002. Eastern
redcedar control and management—Best man-
agement practices to restore Oklahoma’s ecosys-
tems. Coop. Ext. Serv. Div. Agric. F-2876,
Oklahoma State Univ., Stillwater, OK. 4 p.

BLEWETT, T.J. 1986. Eastern redcedar’ s (Junipe-
rus virginiana L.) expanded role in the prairie-
forest border region. P. 122–125 in Proc. of the
9th North American prairie conference, Clam-
bey, G.K., and R.H. Pemble (eds.). Tri-Col-
lege University Center for Environmental
Studies, North Dakota State University,
Fargo, ND.

BRIGGS, J.M., G.A. HOCH, AND L.C. JOHNSON.
2002. Assessing the rate, mechanisms, and
consequences of the conversion of tallgrass
prairie to Juniperus virginiana forest. Ecosys-
tems 5:578–586.

Table 3. Rank and percent change in seedling abundance in Illinois, Indiana, Iowa,
Kansas, Missouri, Nebraska, North Dakota, and South Dakota, 2005 and 2012.

Seedling species

Rank in
abundance

2005

Rank in
abundance

2012

Percentage change
in number of

seedlings

Hackberry 5 1 50
Chokecherry 14 4 46
Eastern redcedar 12 7 15
White ash 3 2 15
Slippery elm 9 9 �8
Eastern hophornbeam 15 14 �12
Green ash 8 8 �12
White oak 7 6 �17
American elm 2 3 �21
Sassafras 4 5 �21
Red maple 13 12 �22
Black cherry 10 13 �29
Black oak 11 15 �32
Sugar maple 6 11 �43
Flowering dogwood 1 10 �54

Journal of Forestry • May 2015 333



BURNS, R.M. (TECH. COMP.). 1983. Silvicultural
systems for the major forest types of the United
States. USDA For. Serv., Agri. Handbk. 445,
Washington, DC. 191 p.

DESANTIS, R.D., S.W. HALLGREN, T.B. LYNCH,
J.A. BURTON, AND M.W. PALMER. 2010. Long-
term directional changes in upland Quercus
forests throughout Oklahoma, USA. J. Veg.
Sci. 21:606–615.

DESANTIS, R.D., S.W. HALLGREN, AND D.W.
STAHLE. 2011. Drought and fire suppression
lead to rapid forest composition change in a
forest-prairie ecotone. For. Ecol. Manage. 261:
1833–1840.

DRONEN, S.I. 1984. Windbreaks in the Great
Plains. North. J. Appl. For. 3:55–59.

ENGLE, D.M., J.F. STRITZKE, AND P.L. CLAY-
POOL. 1987. Herbage standing crop around
eastern redcedar trees. J. Rangel. Manage. 40:
237–239.

GILMAN, E.F., AND D.G. WATSON. 1993. Juniperus
virginiana: Eastern redcedar. Available online at
edis.ifas.ufl.edu/pdffiles/ST/ST32700.pdf; last
accessed Mar. 6, 2014.

GROTHENDIECK, G. 2013. nls2: Non-linear regres-
sion with brute force. R package version 0.2. R
Foundation for Statistical Computing, Vi-
enna, Austria.

GRUMBLES, J.B. 1989. Control of eastern redce-
dar and ashe juniper with soil spot applications
of picloram. Down to Earth 45:13–16.

HANBERRY, B.B., D.C. DEY, AND H.S. HE. 2012.
Regime shifts and weakened environmental
gradients in open oak and pine ecosystems.
PLoS One 7(7):e41337.

HEMMERLY, T.E. 1970. Economic uses of eastern
red cedar. Econ. Bot. 24(1):39–41.

HORNCASTLE, V.J., E.C. HELLGREN, P.M.
MAYER, D.M. ENGLE, AND D.M. LESLIE JR.
2004. Differential consumption of eastern red
cedar (Juniperus virginiana) by avian and
mammalian guilds: Implications for tree inva-
sion. Am. Midl. Nat. 152(2):255–267.

JELLEY, M.E. 1937. Eastern red cedar. J. For.
35(9):865–867.

JOST, L. 2006. Entropy and diversity. Oikos 113:
363–375.

LAWSON, E.R. 1985. Eastern redcedar: An Ameri-
can wood. USDA For. Serv., FS-260, Wash-
ington, DC. 7 p.

LIMB, R.F., D.M. ENGLE, A.L. ALFORD, AND E.C.
HELLGREN. 2010. Tallgrass prairie plant com-
munity dynamics along a canopy cover gradi-
ent of eastern redcedar (Juniperus virginiana
L.). Rangel. Ecol. Manage. 63(6):638–644.

LITTLE, E.L. JR. 1971. Atlas of United States trees,
volume 1, conifers and important hardwoods.
USDA For. Serv., Misc. Pub. 1146. 9 p., 200
maps. Available online at http://esp.cr.usgs.gov/
data/little/; last accessed Feb. 25, 2015.

MCKINLEY, D.C., AND J.M. BLAIR. 2008. Woody
plant encroachment by Juniperus virginiana in
a mesic native grassland promotes rapid carbon
and nitrogen accrual. Ecosystems 11:454–468.

MURRAY, D.B., J.D. WHITE, AND P. SWINT.
2013. Woody vegetation persistence and dis-
turbance in central Texas grasslands inferred
from multidecadal historical aerial photo-
graphs. Rangel. Ecol. Manage. 66(3):297–304.

NORRIS, M.D., J.M. BLAIR, L.C. JOHNSON, AND

R.B. MCKANE. 2001. Assessing changes in bio-
mass, productivity, and C and N stores follow-
ing Juniperus virginiana forest expansion into
tallgrass prairie. Can. J. For. Res. 31:1940–
1946.

O’CONNELL, B.M., E.B. LAPOINT, J.A. TURNER,
T. RIDLEY, S.A. PUGH, A.M. WILSON, K.L.
WADDELL, AND B.L. CONKLING. 2014. The Forest
Inventory and Analysis Database: Database de-
scription and user guide version 6.0.1 for phase 2.
USDA For. Serv., Washington, DC. 748 p.
Available online at www.fia.fs.fed.us/library/
database-documentation/current/ver6.0/
FIADB%20User%20Guide%20P2_6-0-1_final.
pdf; last accessed Jan. 26, 2015.

OKSANEN, J., F.G. BLANCHET, R. KINDT, P. LEG-
ENDRE, P.R. MINCHIN, R.B. O’HARA, G.L.
SIMPSON, P. SOLYMOS, M.H.H. STEVENS, AND

H. WAGNER. 2012. vegan: Community ecology
package. R package version 2.0-10, R Founda-
tion for Statistical Computing, Vienna, Aus-
tria.

OWENSBY, C.E., K.R. BLAN, B.J. EATON, AND

O.G. RUSS. 1973. Evaluation of eastern redce-
dar infestations in the northern Kansas Flint
Hills. J. Rangel. Manage. 26(4):256–260.

PIERCE, A.M., AND P.B. REICH. 2010. The effects
of eastern red cedar (Juniperus virginiana) in-
vasion and removal on a dry bluff prairie eco-
system. Biol. Invas. 12:241–252.

SCHMIDT, T.L., AND E.C. LEATHERBERRY. 1995.
Expansion of eastern redcedar in the lower
Midwest. North. J. Appl. For. 12(4):180–183.

SCHMIDT, T.L., AND J. STUBBENDIECK. 1993. Fac-
tors influencing eastern redcedar seedling sur-
vival on rangeland. J. Rangel. Manage. 46:
448–451.

SCHMIDT, T.L., AND M.R. KUHNS. 1990. Nebras-
ka’s forest resources: Acreages and ownership.
Coop. Ext. Serv. Nebguide G90-968, Univ. of
Nebraska–Lincoln, Lincoln, NE.

SCHMIDT, T.L., AND T.D. WARDLE. 1998. The
forest resources of Nebraska. USDA For. Serv.,
Res. Pap. NC-332, North Central Research
Station, St. Paul, MN. 114 p.

SEMEN, E., AND S. HIZIROGLU. 2005. Production,
yield and derivatives of volatile oils from east-
ern redcedar (Juniperus virginiana L.). Am. J.
Environ. Sci. 1(2):133–138.

SNOOK, E.C. 1985. Distribution of eastern red-
cedar on Oklahoma rangelands. P. 45–52 in
Proc. of Eastern redcedar in Oklahoma confer-
ence, Wittner, R.F., and D.M. Engle. Coop.
Ext. Serv. Div. Agric. E-0349, Cooperative
Extension Service, Oklahoma State Univ.,
Stillwater, OK.

STARKS, P.J., B.C. VENUTO, J.A. ECKROAT, AND

T. LUCAS. 2011. Measuring eastern redcedar
(Juniperus virginiana L.) mass with the use of
satellite imagery. Rangel. Ecol. Manage. 64(2):
178–186.

STRITZKE, J.F., AND T.G. BIDWELL. 1990. East-
ern redcedar and its control. Coop. Ext. Serv.
Div. Agric. F-2850, Cooperative Extension
Service, Oklahoma State Univ., Stillwater,
OK. 4 p.

UGLAND, K.I., J.S. GRAY, AND K.E. ELLINGSEN.
2003. The species-accumulation curve and es-
timation of species richness. J. Anim. Ecol. 72:
888–897.

VAN ELS, P., R.E. WILL, M.W. PALMER, AND K.R.
HICKMAN. 2010. Changes in forest understory
associated with Juniperus encroachment in
Oklahoma, USA. Appl. Veg. Sci. 13(3):356–
368.

WALKER, T.L., AND W.W. HOBACK. 2007. Ef-
fects of invasive eastern redcedar on capture
rates of Nicrophorus americanus and other
silphidae. Environ. Entomol. 36(2):297–
307.

334 Journal of Forestry • May 2015

http://edis.ifas.ufl.edu/pdffiles/ST/ST32700.pdf
http://esp.cr.usgs.gov/data/little/
http://esp.cr.usgs.gov/data/little/
http://www.fia.fs.fed.us/library/database-documentation/current/ver6.0/FIADB%20User%20Guide%20P2_6-0-1_final.pdf
http://www.fia.fs.fed.us/library/database-documentation/current/ver6.0/FIADB%20User%20Guide%20P2_6-0-1_final.pdf
http://www.fia.fs.fed.us/library/database-documentation/current/ver6.0/FIADB%20User%20Guide%20P2_6-0-1_final.pdf
http://www.fia.fs.fed.us/library/database-documentation/current/ver6.0/FIADB%20User%20Guide%20P2_6-0-1_final.pdf

