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Road Survey of the Invasive Tree-of-Heaven
(Ailanthus altissima) in Virginia
Thomas J. McAvoy, Amy L. Snyder, Nels Johnson, Scott M. Salom, and Loke T. Kok*

Tree-of-heaven is an invasive, nonnative species that invades newly disturbed areas and forms large monospecific

stands. It was surveyed from a vehicle along 5,175 km of roads in Virginia in 2004, 2005, 2010, and 2011. Fifty-

eight percent of every 1.6-km road segment had at least one tree-of-heaven. Mean density of tree-of-heaven

throughout the roads surveyed in Virginia was 39 km21. The interaction between road classification (interstate,

primary, and secondary) and physiographic region (mountain, piedmont, and tidewater) was significant;

consequently, the density of tree-of-heaven along the different road classifications depended on the effect of the

physiographic region and vice versa. Tree-of-heaven was fairly evenly distributed throughout Virginia ranging from

39 to 78% of 1.6-km road segments infested, but had a greater variation in density. Current areas with low densities

could increase in density in the future. The highest density of tree-of-heaven was along interstate highways in the

mountains (85 km21), followed by the tidewater (63 km21), and piedmont (46 km21) regions. Primary roads had a

moderate density of tree-of-heaven with a range of 24 to 36 km21. Secondary roads had lower densities with

12 km21 and 41 km21 in the tidewater and mountain regions, respectively. Tree-of-heaven spreads primarily by

wind-dispersed seeds from female trees, and populations bordering roadsides could serve as seed sources for further

local and landscape spread.

Nomenclature: Tree-of-heaven; Ailanthus altissima (P. Mill.) Swingle.

Key words: Invasive tree, physiographic region, road survey, Virginia.

Ailanthus altissima (P. Mill.) Swingle (Simaroubaceae)
(tree-of-heaven) was first introduced as an ornamental into
North America in Philadelphia, PA, in 1784 (Feret 1985;
Tellman 1997). A second introduction occurred in 1820
in New York (Davies 1942). Both introductions were for
ornamental purposes and originated from English root
stock imported from China. Another route of introduction
occurred in California during the gold rush in the mid-
1800s. Chinese laborers brought tree-of-heaven from
China for its medicinal and cultural value (Tellman
1998). Currently tree-of-heaven has been recorded in all
of the lower 48 states except Montana, North and South
Dakota, New Hampshire, Vermont, and Wyoming
(USDA, NRCS 2012). A Bayesian model developed by
Albright et al. (2010) showed that tree-of-heaven has
the potential to spread substantially beyond its current

distribution. Kowarik and Säumel (2007) provided an
extensive review of tree-of-heaven in Europe where it is an
invasive species mostly in urban areas and along transpor-
tation corridors.

Seeds are normally broken loose in high turbulent winds
and can be blown over 450 m (1,476 ft) (Kowarik and von
der Lippe 2011; Landenberger et al. 2007). Tree-of-heaven
forms large monospecific stands due to the production
of vegetative root suckers and allelopathic compounds
(Gómez-Aparicio and Canham 2008; Heisey 1996;
Lawrence et al. 1991; Lin et al. 1995). It is an early-
succession, shade-intolerant species with a high germina-
tion rate in disturbed sites that can out-compete native
plant species (Call and Nilsen 2005; Hull and Scott 1982;
Kostel-Hughes et al. 2005; Kota et al. 2007; Martin et al.
2010; Motard et al. 2011). Kok et al. (2008) identified 17
associated tree species that may be displaced by mono-
specific stands of tree-of-heaven in Virginia. While the
ailanthus webworm moth, Atteva aurea (Fitch) (Lepidop-
tera: Yponomeutidae) was the most commonly found
herbivore during a survey in Virginia, its impact was
minimal on large trees (Kok et al. 2008).

Impact. The impact of tree-of-heaven is both economic
and ecological (Kok et al. 2008; Motard et al. 2011; Vilà
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et al. 2006). This species is tolerant of urban conditions,
poor soils, and air pollution (Davis et al. 1978; Kim 1975).
Celesti-Grapow and Blasi (2004) reported that tree-of-
heaven was present and may become more widespread and
harmful to archaeological sites in Italy. In rural areas it is
common in fields, along roads, fencerows, woodland edges,
and forest openings (Knapp and Canham 2000; Kostel-
Hughes et al. 2005; Kowarik 1995; Patterson 1976). It has
also been reported in gaps in old-growth forests (Knapp and
Canham 2000) and is frequently found spreading into forests
(Espenschied-Reilly and Runkle 2008; Martin et al. 2010).

Forty-nine counties in Virginia have measureable
quantities of tree-of-heaven based on the U.S. Forest
Service’s Southern Research Station Forest Inventory and
Analysis (Asaro et al. 2009). Statewide, the volume of tree-
of-heaven is estimated to be 1.9 million m3 which is 0.2%
of the live volume of trees in Virginia and is 42nd in
abundance of 128 tree species. Tree-of-heaven is wide-
spread in the Shenandoah National Park (Marler 2000)
and is the second most abundant nonnative tree species
in the southern United States, occupying 86,781 ha
(216,953 ac) (Ridley et al. 2011). Stipes (1995) indicated
30% of southwest Virginia interstate highways are infested
with tree-of-heaven.

Tree-of-heaven has been reported to be commonly
spread along transportation corridors (Gelbard and Belnap
2003; Kowarik and von der Lippe 2011; Tyser and Worely
2003; von der Lippe and Kowarik 2007). Merriam (2003)
conducted a survey of roads, railroads and other edges and
reported that tree-of-heaven occupied 1.7% of edges and
was most abundant in the piedmont of North Carolina.
Due to its rapid growth it can obstruct vistas and block
drivers’ views along transportation corridors (Burch and
Zedaker 2003).

Management. Chemical control has been found to be the
most effective management tool (Asaro et al. 2009; Burch
and Zedaker 2003; Constán-Nava et al. 2010; DiTomaso

and Kyser 2007; Lewis and McCarthy 2006, 2008;
Meloche and Murphy 2006). Because of the abundance
and invasiveness of this species, and the expense in
controlling it with chemical and mechanical methods,
biological control of tree-of-heaven may be an additional
tool to control tree-of-heaven. Eucryptorrhynchus brandti
(Harold), a weevil native to China, was recommended by
Ding et al. (2006) as a potential biological control agent.
Host feeding studies of E. brandti have been completed
(Herrick et al. 2012) and a petition for field release of E.
brandti has been submitted to the U.S. Department of
Agriculture, Animal and Plant Health Inspection Service.
An additional potential biological control agent, the fungus
Verticillium albo-atrum sensu lato Reinke and Berthold, has
been observed in Pennsylvania, and has weakened and
killed thousands of tree-of-heaven trees (Schall and Davis
2009). Snyder et al. (2012) found that E. brandti has
potential to act as a vector for this fungus.

The purpose of this study was to establish baseline
distributions and densities of tree-of-heaven along roads in
Virginia and determine the effect of road classifications as
well as different physiographic regions on the density of
roadside populations. This may help to determine whether
additional road and forest management tools and biological
control are justified and where control measures should be
concentrated. If biological control agents are released in the
future these data could be used to identify release sites and
measure their impact in a pre- and postrelease study.

Materials and Methods

This study was conducted from May to September in
2004, 2005, 2010, and 2011. A windshield survey was
performed along the secondary, primary, and interstate
roads in Virginia. To maintain consistent counts the
majority of observations were made by the first author; a
few observations were performed by three others in the
vehicle with the first author and 12% of the observations
were done by the second author after extensive travel with
the first author. Young tree-of-heaven stems quickly exceed
heights over 1 m and are easily identified by their long
compound leaves. The number of living tree-of-heaven
stems up to 25 m from the edge of both sides of the road
and in the median, if present, were counted and recorded
in 1.6-km road segments. At the end of each 1.6-km road
segment the total number of tree-of-heaven was recorded
and a new count was begun for the next 1.6-km road
segment. Since vehicle odometers and roadside markers are
in miles, the total number of tree-of-heaven seen every mile
was tallied and then converted into number of tree-
of-heaven km21. The windshield counts may not have
provided exact counts of tree-of-heaven, but the purpose of
the study was to perform an extensive baseline survey of
Virginia. To determine the amount of error in the

Management Implications
The invasive nonnative tree-of-heaven invades newly disturbed

areas and forms large monospecific stands. The mean density of
tree-of-heaven throughout the 5,175 km of roads surveyed in
Virginia was 39 km21 with mean infestation of 58% of 1.6-km
road segments. Interstate highways had the highest tree-of-heaven
densities and high infestation frequencies. Populations bordering
the roads serve as seed sources for further dispersal along roads and
into open and forested areas. Efforts to minimize the impact and
spread of tree-of-heaven should be concentrated along the leading
edge of infestations. Chemical applications and felling of mature
female trees would reduce seed dispersal along roads and into
adjacent forests. Reducing the amount of disturbed soil and
quickly reseeding with native seeds would help in reducing new
invasions of tree-of-heaven.
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windshield counts 10 1.6-km road segments (five primary and
five secondary) infested with tree-of-heaven were surveyed from
the vehicle. At the end of each 1.6-km segment, both sides of
the road were walked and the number of tree-of-heaven stems
was counted. The difference between the windshield and
walking counts was analyzed using linear regression.

To determine differences in tree-of-heaven density
throughout the different climatic or physiographic regions
of Virginia, each road segment was assigned to one of the
three physiographic regions of Virginia: tidewater, pied-
mont, and mountain (Fenneman 1938; Hoffman 1969).
These regions are dissimilar in topography, climate, and
soil structure and may provide some indication as to where
tree-of-heaven is more successful. Each road was classified
as one of three road types: interstate roads were four-lane
divided highways with limited access; primary roads were
either divided or undivided two- or four-lane roads with
many points of access; and secondary roads were two-lane,
high-access roads frequently found in rural areas.

To determine if the prevalence of tree-of-heaven
depended on road classification and physiographic region,
a generalized linear model was fitted to the number of tree-
of-heaven km21. The assumption was made that the number
of tree of heaven km21 could be modeled by a Tweedie
distribution with parameter p 5 1.5. This class of
distributions was described by Jørgensen (1987) and named
after Tweedie (1984). When 1 , p , 2, this distribution is
a good choice for modeling responses with a point mass at
exactly zero, but is continuous and positive elsewhere. This
model described the data well, where a large proportion of
road sections had no observed tree-of-heaven. The following
model was fitted to the data using quasi-likelihood in SAS
9.2 (2008) using PROC GLIMMIX where equation 1
describes the relationship between the linear predictor and
the mean of the Tweedie distribution and equation 2
describes the variance function of the Tweedie distribution:

log E Yijk

� �� �
~mzaizbjz(ab)ij ½1�

var(Yijk)~QE Yijk

� �1:5 ½2�

where m is the overall mean number of tree-of-heaven km21;
ai is the effect for road type i; bj is effect for physiographic
region j; (ab)ij is the interaction effect for road type i and
physiographic region j; and Q is the dispersion parameter;
and k is 1,2, … , nij, where nij is the number of observations
with road type i and physiographic region j. If the test of
type III sums of squares for fixed effects was significant, post
hoc tests were performed for pair-wise differences between
the least square means for each level of road type and
physiographic region. The percentage of 1.6-km road
segments with or without tree-of-heaven along the three
road types and physiographic regions were compared using
logistic regression (PROC GLIMMIX) in SAS 9.2 (2008).

The ESRI geographic information system software
suite (ArcGIS, ESRI, Redlands, CA) was used to create a
map of the roads surveyed. The road data used in the
software included a length attribute. To display the density
distribution, each surveyed 1.6-km segment was associated
to a road segment in ArcGIS. The sum of all the trees
associated with that road segment divided by the length of
that road segment was used to determine the number of
tree-of-heaven km21. This value was used to symbolize
density and distribution along the roads.

Results and Discussion

A total of 5,175 km of roads was surveyed in Virginia
from 2004 to 2011. Tree-of-heaven was found across the
state, from the far southwest corner of Virginia at
Cumberland Gap, east to Virginia Beach and north to
Winchester (Figures 1 and 2). The mean density of tree-of-
heaven was 39 6 2 km21 throughout Virginia. Fifty-eight
percent of each 1.6-km of road segment surveyed had at
least one tree-of-heaven.

Based on the walking survey done to account for errors
in counting from the vehicle, the vehicle counts were
underestimated by 10% based on the slope (0.90) of the
liner regression model, plus an additional underestimation
of 39.0 trees km21 based on the intercept and slope (39.0
trees km21 5 35.0/0.90) of the same model, y 5 235.0 +

Figure 1. Classification of roads surveyed for tree-of-heaven in
the three physiographic regions of Virginia. Figure 2. Population density of tree-of-heaven along the

surveyed roads in the three physiographic regions in Virginia.
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(0.903). This walking survey represents 10 1.6-km road
segments, which is 0.3% of the total roads survey and since
only road segments that were infested with tree-of-heaven
were surveyed in the walking survey, the model may not
perform well when tree-of-heaven was absent. Therefore,
the data were not transformed. However, this survey gave
an indication as to how accurate the survey was along road
segments that were infested with tree-of-heaven and that
the windshield survey underestimated the actual count by
10% and was reasonably close to the number of tree-of-
heaven km21.

The type III test for fixed effects for the interaction
between road type and physiographic region for tree-of-
heaven density (F 5 9.97, 4 num df, 3,065 den df,
P , 0.001) and frequency (F 5 20.27, 4 num df, 3,065
den df, P , 0.001) was significant; consequently, density
and frequency of tree-of-heaven along the different road
classifications depended on the effect of the physiographic
region and vice versa. The results of the post hoc analysis
comparing the least square means for the road type and
physiographic region interaction are presented in Table 1.

The highest density of tree-of-heaven was found along
interstate highways in the mountains (85 km21), followed
by the tidewater (63 km21) and the piedmont interstates
(46 km21) (Table 1). The primary roads had a moderate
density of tree-of-heaven and ranged from 24 to 36 km21.
The lowest densities of tree-of-heaven were found along the
secondary roads ranging from 11 to 41 km21 from the
tidewater to the mountain region, respectively. In the
mountain region the interstates (85 km21) had higher
densities than the primary (30 km21) and secondary
(41 km21) roads. In the piedmont there was a higher
density along the interstates (46 km21) and primaries
(36 km21) than along the secondary roads (13 km21). In
the tidewater region a higher density was found along

the interstates (63 km21) compared with the primary
(24 km21) and secondary (12 km21) roads.

Differences in frequency of infested road segments
ranged from 39 to 78% infested, and did not vary as much
or as consistently as density of tree-of-heaven (Table 1).
Current areas with low densities could increase in density
in the future. Frequency of infested 1.6-km road segments
along the interstates was similar in all three regions ranging
from 58 to 68%, whereas primary roads in all three regions
had different frequency of infested roads with 46, 78, and
62% infested in the mountain, piedmont, and tidewater
regions, respectively. The road segments with the lowest
percentage of infestation were found along secondary roads
in the mountains (39%). The predominance of extensive
forest may have reduced the frequency of infestations in
these areas but once established tree-of-heaven reached
moderate densities (41 km21).

Interstate highways provide an ideal habitat for the
establishment of tree-of-heaven. Landenberger et al. (2009)
reported that tree-of-heaven was often found on steep
slopes exposed by road construction creating extensive areas
of open soil, ideal for its germination (Greenberg et al.
1997; Trombulak and Frissell 2000). These areas are
similar to what was found along the interstates, especially
in the mountains. In addition, the movement of tree-of-
heaven roots and seeds from grass-mowing and mainte-
nance equipment may also help its establishment in new
locations. The volume of high-speed vehicles, especially
large trucks, acts as a corridor along interstate highways
(Gelbard and Belnap 2003; Tyser and Worely 2003; von
der Lippe and Kowarik 2007) and hard, impervious
surfaces increase wind-mediated long-distance seed dispers-
al (Kowarik and von der Lippe 2011). Interstates also have
a wider right-of-way providing a much wider open area
than primary and secondary roads and would contribute to

Table 1. Density of tree-of-heaven and frequency of infested 1.6-km road segments along different road types in different
physiographic regions in Virginia.

Road classification Physiographic region Total surveyed km
Mean (6 SE)

tree-of-heaven 1.6 km21
% of 1.6-km road segments

with tree-of-heaven

Interstate Mountain 684 85.3 6 6.3 aa 68 b
Piedmont 416 46.2 6 6.6 b 58 b
Tidewater 105 63.3 6 11.8 ab 63 ab

Primary Mountain 1,189 30.0 6 2.5 bc 46 cd
Piedmont 882 36.0 6 2.2 bc 78 a
Tidewater 626 24.3 6 3.5 cd 62 b

Secondary Mountain 684 41.0 6 6.2 b 39 d
Piedmont 371 13.3 6 1.1 d 64 ab
Tidewater 218 11.6 6 2.7 d 46 cd

a Means in the same column followed by the same letter are not significantly different at P , 0.05, Tukey-Kramer Honestly
Significant Difference test.
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a comparatively higher density of tree-of-heaven. However,
Sullivan et al. (2009) reported little evidence for roads acting
as linear dispersal corridors and suggested that plant diversity
is more reflective of what grows on the neighboring land.
These studies suggest that road corridors and adjoining land
can act as sources for new plant invasions.

Water also provides a pathway for tree-of-heaven
dispersal. Kaproth and McGraw (2008) and Kowarik and
Säumel (2008) reported tree-of-heaven seeds and stem
fragments that had floated in water had an increase in seed
germination and shoot growth. High density of tree-of-
heaven along roads that are in close proximity to waterways
may be a secondary source of dispersal.

Tree-of-heaven was most frequently found in clusters
and isolated single trees were rarely observed along the
roads surveyed. Size of tree clusters varied greatly and
ranged from several trees to well over 100 trees. These
clusters may have been composed of one or more genets.
We also observed high densities of tree-of-heaven along
railroad tracks but these were not documented in this
study. Railroad tracks can provide another corridor for
tree-of-heaven dispersal that warrants more study. Merriam
(2003) found an unusually high association of tree-of-
heaven with railroad rights-of-way. During the survey, tree-
of-heaven was occasionally seen farther than 25 m from the
road growing in large populations along the edge of forests
and fields. McDonald and Urban (2006) found tree-of-
heaven to be indicative of edge communities in the North
Carolina piedmont.

Our study demonstrates that many of the major
roadways in Virginia are heavily infested with tree-of-
heaven. Prevention of new introductions of tree-of-heaven
as well as other invasive species should be a high priority for
future road construction and maintenance of roadside
verges (Hobbs and Humphries 1995; Mack et al. 2000).
Actions such as minimizing soil depth disturbances and
reestablishing native vegetation (Bugg et al. 1997) can be
useful in reducing new invasion sites. Moore and Lacey
(2009) reported that sweetgum (Liquidambar styraciflua L.)
and sycamore (Platanus occidentalis L.) germinated more
quickly than tree-of-heaven in a greenhouse study and may
be useful in reclaiming disturbed areas with native species.
Gómez-Aparicio and Canham (2008) found red maple
(Acer rubrum L.) to be resistant to ailanthone, an
allelopathic compound produced by tree-of-heaven. How-
ever, Burch and Zedaker (2003) reported an increase in
native species after removal of tree-of-heaven without
reseeding. Grading, mowing, and herbicide application
should be performed to maximize the control of invasive
species while minimizing the impact on native species.
Good forest management practices can also reduce invasion
by tree-of-heaven into forests by felling mature female trees
within 200 m of forests (Kota 2005). As recommended by
Landenberger et al. (2009), efforts to minimize the impact

should be concentrated along the leading edge of
infestations, by targeting and chemically treating or felling
mature female trees to reduce or eliminate the dispersal of
tree-of-heaven seeds.

Although the roadways of Virginia are extensively
infested with tree-of-heaven, the one area that has a low
density and frequency is the eastern shore of Virginia, on
the Delmarva Peninsula (Figure 2). This is an area that
would warrant intensive management to reduce further
dispersal.
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