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Chinese and European privets are among the most aggressive invasive shrubs in forestlands of the southern United

States. We analyzed extensive field data collected by the U.S. Forest Service covering 12 states to identify potential

determinants of invasion and to predict likelihood of further invasion under a variety of possible management

strategies. Results of multiple logistic regression, which classified 75% of the field plots correctly with regard to

species presence and absence, indicated probability of invasion is correlated positively with elevation, adjacency

(within 300 m) to waterbodies, mean extreme maximum temperature, site productivity, species diversity, natural

regeneration, wind disturbance, animal disturbance, and private land ownership and is correlated negatively with

slope, stand age, site preparation, artificial regeneration, distance to the nearest road, fire disturbance, and public

land ownership. Habitats most at risk to further invasion (likelihood of invasion . 10%) under current conditions

occur throughout Mississippi, with a band stretching eastward across south-central Alabama, and in eastern Texas

and western Louisiana. Invasion likelihoods could be reduced most by conversion to public land ownership,

followed by site preparation, fire disturbance, artificial regeneration, and elimination of animal disturbance. While

conversion of land ownership may be neither feasible nor desirable, this result emphasizes the opportunity for

reducing the likelihood of invasions on private lands via increased use of selected management practices.

Nomenclature: Chinese privet, Ligustrum sinense Lour.; European privet, Ligustrum vulgare L.

Key words: Biodiversity, biological invasions, habitat quality, invasive species, multiple logistic regression model.

Invasive species have had enormous, sometimes irrevers-
ible, effects on biodiversity, human property, and economic
activities throughout the world. In the forestlands of the
southern United States, which account for 62% of U.S.
timber production and provide a variety of ecological
services (USDA Economic Research Service 2009), invasive
plant species have eroded forest productivity, replaced
native forest species, hindered forest use and management
activities, increased the risk of wildfire, and degraded
wildlife habitat and faunal diversity (Miller 2003; USDA
Economic Research Service 2009). Chinese and European
privets (Ligustrum sinense Lour. and Ligustrum vulgare L.)
are among the most aggressive invasive shrubs threatening
the ecological integrity and unique biodiversity of southern

forestlands, having invaded almost 10% of the region
(USDA Forest Service 2009b) (Figure 1).

Chinese privet was introduced into the United States in
1852 and European privet in the early to mid-1800s
(Haragan 1996). Both species grow as perennial shrubs or
small trees to a height of 9 m (29.5 ft), have multiple stems,
and were planted throughout much of the southern region
as an ornamental hedge (Miller 2003). Their foliage is
evergreen to semi-evergreen, becoming deciduous in cold
climates (Dirr 1998). A mature plant can produce
hundreds of fruits containing millions of seeds (< 2.7
million) annually (Haragan 1996), and seeds germinate
promptly without a period of moist cold (Young and
Young 1992). Seeds are dispersed widely by birds and other
wildlife (Dirr 1998). Both species can grow in low-nutrient
soils and tolerate low light levels (Miller 2003) and, hence,
can invade under dense forest canopies (Harrington and
Miller 2005; Merriam and Feil 2002), dominating the
understory of mesic forests throughout the southern United
States (Haragan 1996).
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Chinese and European privets continue to expand their
ranges in the southern United States (Wilcox and Beck
2007), and reliable predictions of habitats at risk are
needed urgently (Williams and Minogue 2008). In this
paper, we analyze an extensive dataset collected as part of
the Forest Inventory and Analysis (FIA) program of the
U.S. Forest Service to identify potential determinants of
invasion and to predict likelihood of further invasion under
a variety of possible management strategies.

Materials and Methods

Study Area and Data Sources. We obtained data for the
present study from FIA surveys conducted between 2000
and 2006 on 42,637 permanent, < 4,000 m2 (0.99 ac),
forested plots in 12 of 13 states in the U.S. Forest Service’s
Southern Region (Alabama, Arkansas, Florida, Georgia,
Kentucky, Louisiana, Mississippi, North Carolina, South
Carolina, Tennessee, Texas, and Virginia; surveys had not
yet begun in Oklahoma) (Figure 1). Plots were located
within permanent, < 2,428 ha (6,000 ac), invasive plant
survey grids established by federal and state forest resource
survey crews on both public and private forestlands (Rudis
et al. 2006; USDA Forest Service 2011). The FIA sampling
scheme, which is conducted as part of a national forest
resource inventory begun by the U.S. Forest Service’s
Southern Research Station in 2000 (USDA Forest Service
2009a), involves surveying approximately one-fifth of the
plots in each state each year on a continuing basis. Thus,
the first full sampling cycle for the 12 states listed above
was completed in 2006, and these 12 states define our
study area.

From two U.S. Forest Service Southern Region FIA
datasets, we drew on (1) the Nonnative Invasive Plants
dataset to obtain the presence and absence of Chinese and
European privets in all plots and (2) the traditional FIA
dataset to obtain data on stand characteristics, site
conditions, and management activities and disturbances

(USDA Forest Service 2009a, 2009b). We should note that
in the Nonnative Invasive Plants dataset no distintion is
made between L. sinense (Chinese privet) and L. vulgare
(European privet), and that Ligustrum obtusifolium Siebold
& Zucc. actually may be more common in some of the
areas sampled than either L. sinense or L. vulgare. Hence,
potentially several Ligustrum species may be grouped
together in the FIA data. We also obtained climatic data,
including mean extreme maximum and minimum tem-
peratures, from the National Oceanic and Atmospheric
Administration Satellite and Information Service (NOAA
2008). We linked data from these three sets using the FIA
plot identification numbers and locations and the latitude
and longitude coordinates from the satellite data.

Potential Determinants of Invasion. Widely recognized
determinants of invasion include the following: (1)
Landscape features such as elevation and slope (Spittle-
house and Stathers 1990) and adjacency to waterbodies
(Burns and Miller 2004); (2) climatic conditions such as
mean extreme minimum and maximum temperatures
(Bradley 2010; Simberloff 2000); (3) forest conditions
such as stand age (Filipescu and Comeau 2007), site
productivity (Lombardo et al. 2007), and tree species
diversity (Wills et al. 1997); and (4) forest management
activities and disturbances such as timber harvest (Miller
2003), site preparation (Miller 2003), artificial regenera-
tion (Benson and Hartnett 2006), natural regeneration
(Cain 1992; Merriam and Feil 2002), distance to the
nearest road (Delgado et al. 2001; Flory and Clay 2009),
fire disturbance (Galı́ndez et al. 2009; Grace et al. 2001),
animal disturbance (Russo et al. 2006), and wind
disturbance (including hurricanes and tornados) (Greene
et al. 2004). We obtained data on these variables for
plots within our study area directly from the traditional
FIA dataset. Detailed definitions for these variables are
presented in Table 1 and the Forest Inventory and Analysis

Figure 1. Current occupation of forestlands in the southern
United States by Chinese and European privets (USDA Forest
Service 2009a, 2009b). Gray and black dots represent absence
and presence on U.S. Forest Service plots of Chinese and
European privets, respectively.

Management Implications
Biotic invasions have affected ecosystems worldwide. One of the

greatest current challenges facing forest ecosystem management in
the southern United States is the control of range expansions by
invasive plant species. To move beyond reactive control efforts
toward more proactive management requires prediction of
potential ranges of invasive species on spatial scales relevant to
forest managers. We drew upon extensive geo-referenced datasets
on nonnative invasive plants maintained by the U.S. Forest Service
to develop an invasion distribution model predicting possible
range expansion of Chinese and European privets in forestlands
of the southern United States. By identifying determinants of
invasion and potential habitat, our analyses should assist land
managers and restoration practitioners in planning proactive
management strategies and control treatments.
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Table 1. Descriptions, values or units of measure, and means or frequencies of landscape features, forest conditions, and management
activities and disturbances evaluated as potential determinants of site invasion by Chinese and European privets on forested plots in the
southern United States.

Variable Value or unit of measure Mean (range of values) or frequency

Landscape features

Elevation m 139 (236,1,524)
Slope Degree 5.39 (0,77.5)
Adjacency to waterbodies within 300 m 0: no 0: 27,940

1: yes 1: 6,731

Climatic conditions

Mean extreme minimum temperature C 219.86 (234.44,4.44)
Mean extreme maximum temperature C 42.17 (35.06,43.33)

Forest conditions

Stand age yr 44.27 (1,184)
Site productivity (height–age curve categories) 1: 0–1.39 1: 0.13819

2: 1.40–3.49 2: 5,912
3: 3.50–5.94 3: 17,270
4: 5.95–8.39 4: 12,112
5: 8.40–11.54 5: 5,609

6: 11.55–15.74 6: 1,483
7: .15.74 m3 ha21 yr21 7: 0.36944

Tree species diversity Shannon’s species diversity 1.48 (0,3.02)

Management activities and disturbances

Timber harvesta,b 0: No 0: 36,216
1: Yes 1: 6,421

Site preparationa,c 0: No 0: 41,181
1: Yes 1: 1,456

Artificial regenerationa,d 0: No 0: 31,545
1: Yes 1: 11,092

Natural regenerationa,e 0: No 0: 41,663
1: Yes 0.71806

Distance to the nearest roada 1: ,30 1: 2,846
2: 30–91 2: 4,732
3: 91–152 3: 4,218

4: 152–305 4: 7,409
5: 305–805 5: 10,424
6: 805–1,609 6: 4,339

7: 1,609–4,828 7: 1,349
8: 4,828–8,047 0.41597
9: .8,047 m 0.43333

Fire disturbancea,f,g 0: No 0: 41,551
1: Yes 1: 1,086

Animal disturbancea,f,h 0: No 0: 42,069
1: Yes 0.43611

Wind disturbancea,f,i 0: No 0: 41,269
1: Yes 1: 1,368
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Database: Database Description and User’s Manual,
version 5.1 (USDA Forest Service 2011). We also used
the same dataset to compute tree species diversity, Hs

(Shannon’s index), for each plot (Filipescu and Comeau
2007; Wills et al. 1997),

Hs~{
Xns

i~1

Bi=Bð Þ ln Bi=Bð Þ ½1�

where B and Bi are the total stand basal area and the basal
area of trees of species i, respectively, and ns is the number
of tree species.

We evaluated all potential determinants of invasion via
stepwise multiple logistic regression, using a backwards
elimination procedure (Gan et al. 2009):

logit pð Þ~ log p= 1{pð Þ½ �~azX’b ½2�

where p is the probability of presence of invasion by
Chinese and European privets, p/(1 2 p) is the odds of the
presence of Chinese and European privets, X is the vector
of independent variables which are shown in Table 1, and
a and b (a vector) are the regression coefficients. After we
derived the regression coefficients, we calculated the odds
ratio for each significant variable as eb. Before running the
multiple logistic regression, we ran a zero-inflated binomial
regression and calculated Moran’s I index to test for
possible zero inflation and spatial autocorrelation (Martin
et al. 2005; Overmars et al. 2003). When we ran the
multiple logistic regression, we removed nonsignificant
terms and re-estimated the model (Agresti 2007; Liang et
al. 2007) until the Akaike information criterion (AIC;
Akaike 1973) could not be lowered further. We then used
Hosmer–Lemeshow’s test to check for goodness of fit
(Hosmer and Lemeshow 2000). Finally, we used the area

under the receiver operating curve (AUC) to assess the
reliability and validity of our model as fair (0.50 , AUC #
0.75), good (0.75 , AUC # 0.92), very good (0.92 ,
AUC # 0.97), or excellent (0.97 , AUC # 1.00)
(Hosmer and Lemeshow 2000). We defined the cut-off
criterion to convert continuous model predictions to binary
classifications, which are required for calculation of the
AUC (Agresti 2007), as the threshold value that maximized
the sum of sensitivity (the proportion of actual positives
correctly identified) and specificity (the proportion of
negatives correctly identified). We tested potential thresh-
old values at 0.001 intervals. For purposes of model
assessment, we split the presence and absence data into test
(7,966 data points, < 20%) and training (34,671 data
points, < 80%) datasets. We conducted all statistical
analyses using SAS 9.2 (SAS Institute Inc., Cary, NC).

Likelihood of Further Invasion. On the basis of
regression results, we estimated the probability of presence
of invasion of each forested plot as:

p Y ~1 Xjð Þ~exp azX’bð Þ= 1z exp azX’bð Þ½ � ½3�

where Y is a binary variable taking the value of 1 if privets
are present on the site or 0 otherwise, and p(Y 5 1) is the
probability for Y 5 1 (i.e., the probability that the site is
invaded by privets). We then superimposed these proba-
bilities of occupancy on a map of the study area using
ArcMapTM 9.1 (ESRI, Redlands, CA). To provide a more
useful management perspective for each county, we also
generated a map indicating the average probability for each
county, which we calculated as the mean of the estimated
probabilities of presence of invasions of all of the plots
within the county, p9. We explored possible effects of five
different management strategies on the likelihood of

Variable Value or unit of measure Mean (range of values) or frequency

Ownership

Forestland ownership 0: Public 0: 5,349
1: Private 1: 37,288

a Nominally within the past 5 yr.
b Harvest one or more trees from a stand.
c Clearing, slash burning, chopping, disking, bedding, or other practices clearly intended to prepare a site for regeneration.
d Planting or direct seeding resulting in at least 50% stocked with live trees of any size.
e Growth of existing trees, natural seeding, or both resulting in a stand at least 50% stocked with live trees of any size.
f A disturbance code of 1 indicates at least 25% of the trees in a stand are damaged.
g Disturbance from crown or ground fire, either prescribed or natural.
h Damages from beaver, porcupine, deer/ungulate, rabbit, or a combination of animals.
i Including, but not limited to, damages from hurricanes and tornados (USDA Forest Service 2009a, 2011).

Table 1. Continued.
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further invasion by assuming the occurrence in each county
within the study area of: (1) site preparation (clearing, slash
burning, chopping, disking, bedding, or other practices
clearly intended to prepare a site for regeneration), (2)
artificial regeneration (planting or direct seeding that has
resulted in a stand at least 50% stocked with live trees of
any size), (3) fire disturbance (including crown, ground
fire, or both), (4) elimination of animal disturbance
(including beaver, porcupine, and deer/ungulate), and (5)
complete conversion to public land ownership. We
represented each of the five strategies by changing the
value of the corresponding element of the vector, X, of
independent variables in Equation 3 from 0 to 1 (to
represent site preparation, artificial regeneration, fire

disturbance, and complete conversion to public land
ownership) or from 1 to 0 (to represent elimination of
animal disturbance).

Results

Potential Determinants of Invasion. Results of the
analyses indicated probability of invasion is correlated
positively with elevation, adjacency (within 300 m) to
waterbodies, mean extreme maximum temperature, site
productivity, species diversity, natural regeneration, wind
disturbance, animal disturbance, and private land owner-
ship and is correlated negatively with slope, stand age, site
preparation, artificial regeneration, distance to the nearest

Table 2. Potential determinants of Chinese and European privets invasion of forested plots in the southern United States as indicated
by results of stepwise multiple logistic regression.a

Variable
Estimated
coefficient

Estimated
standard error

Estimated
odds ratiob

95% Confidence intervals
for the odds ratio

Lower Upper

Landscape features
Elevation 0.0006 , 0.0001 1.001 1.000 1.001
Slope 20.0359 0.0039 0.965 0.957 0.972
Adjacency to waterbodies

within 300 m 0.3433 0.0431 1.410 1.295 1.534

Climatic conditions

Mean extreme maximum
temperature 0.3230 0.0238 1.381 1.318 1.447

Forest conditions

Stand age 20.0107 0.0009 0.989 0.988 0.991
Site productivity 0.3520 0.0169 1.422 1.376 1.470
Species diversity 0.3242 0.0311 1.383 1.301 1.470

Management activities and disturbances

Site preparation 20.3789 0.1060 0.685 0.556 0.843
Artificial regeneration 20.1359 0.0396 0.873 0.808 0.943
Natural regeneration 0.4433 0.0873 1.558 1.313 1.849
Distance to the nearest road 20.1119 0.0111 0.894 0.875 0.914
Fire disturbance 20.2739 0.1220 0.760 0.599 0.966
Animal disturbance 0.4238 0.1325 1.528 1.178 1.981
Wind disturbance 0.5351 0.0807 1.708 1.458 2.000

Ownership

Forestland ownership 0.8710 0.0766 2.389 2.056 2.776
Constant 28.9183 0.3973 — — —

a Table presents results from a backward selection model. Results from a forward selection model contained almost identical
variables, except ‘‘fire disturbance’’ was excluded; however, the AIC and G2 of the forward selection model was significantly larger than
those of the backward selection model (AIC 5 22,770, G2 5 11,385, and df 5 15 vs. AIC 5 22,762, G2 5 11,381, and df 5 16).

b The estimated odds ratio indicates the change in the probability of invasion by Chinese and European privets that would result
from a one-unit change in the value of the indicated variable. For example, a one-unit increase in site productivity signifies that
invasion is 1.422 times more likely than before, after controlling for the other variables.
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Figure 2. Estimated probability of occupancy of forestlands in each U.S. Forest Service plot (left) and average estimated probability in
each county (right) in the southern United States by Chinese and European privets with (a) no management, (b) public ownership, (c)
site preparation, (d) artificial regeneration, (e) fire disturbance, and (f ) animal disturbance.
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road, fire disturbance, and public land ownership (Table 2).
The model classified 74.7% of the plots correctly with
regard to species presence and absence, and Hosmer and
Lemeshow’s goodness-of-fit test (P 5 0.53) indicated no
significant difference at the 5% significance level between
observed and model-predicted occupancy values. The
coefficient of zero inflation for the final multiple logistic
regression model was not significant (P 5 0.30) at the 5%
significance level, indicating no statistical evidence of zero
inflation. The AUCs for training (0.74) and test (0.77) data
indicated model reliability and validity was fair/good. (We
used a cut-off criterion of 0.12 to convert continuous model
predictions to binary classifications.) The AIC and G2 of the
zero-inflated binomial model was significantly larger than
the AIC and G2 of the multiple logistic regression model
(AIC 5 23,743, G2 5 11,856, and df 5 16 vs. AIC 5
22,702, G2 5 11,334, and df 5 17), indicating the multiple
logistic regression model was preferred over the zero-inflated
binomial model. Moran’s I index (I 5 0.04) indicated no
statistically significant (P 5 0.21) spatial autocorrelation at
the 5% significance level.

Likelihood of Further Invasion. Under Current Condi-
tions. Estimated probabilities of further invasion (p) were
relatively low, with approximately 88.7% (< 70 million
ha) of the plots falling within the 0 , p # 0.20 category
and another 11.2% (< 9 million ha) within the 0.20 , p
# 0.50 category. Only about 0.1% (< 80,000 ha) of the

plots fell within the p . 0.50 category, the majority (46%)
of which were located in Mississippi (Figure 2a). On a
county-by-county basis, higher average estimated proba-
bilities (0.10 , p9 # 0.20) appeared throughout
Mississippi, with a band stretching eastward across south-
central Alabama, in eastern Texas and western Louisiana,
and in several counties scattered within Georgia and South
Carolina; 9 of the 10 counties with highest average
probabilities (0.20 , p9 # 0.30) were located in
Mississippi and only one in Tennessee (Figure 2a). The
higher estimated invasion probabilities in Mississippi
resulted from a more favorable (for privets) combination
of most of the model variables. Mississippi forestlands have
flatter slopes, lower elevations, younger aged forests, more
waterbodies and wind disturbances, higher site productiv-
ities, higher proportion of naturally regenerated forests, and
higher mean extreme maximum temperatures than occur in
the other states. (Note that the model successfully predicted
80.1% of current invasions in Mississippi.)

Under Alternative Management Strategies. Average estimated
probabilities of further invasion (p9) were reduced the most
by conversion to public land ownership, followed by site
preparation, fire disturbance, artificial regeneration, and
elimination of animal disturbance (Figure 3). Conversion
to public land ownership decreased overall p9 from 0.10 to
0.04 and decreased the number of counties with p9 . 0.10
from 480 to 13, with p9 decreasing from 0.16 to 0.08 in

Figure 2. Continued.
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Mississippi where invasion probabilities were highest
(Figures 2b and 3). Site preparation decreased overall p9
from 0.10 to 0.06 and decreased the number of counties
with p9 . 0.10 from 480 to 218, with reductions most
noticeable in Alabama, Arkansas, Louisiana, and Texas
(Figures 2c and 3). Fire disturbance decreased overall p9
from 0.10 to 0.06 and decreased the number of counties
with p9 . 0.10 from 480 to 299, with counties having
p9 . 0.20 disappearing from Arkansas, Louisiana, Georgia,
North Carolina, and South Carolina (Figures 2d and 3).
Artificial regeneration decreased overall p9 from 0.10 to
0.07 and decreased the number of counties with p9 . 0.10
from 480 to 416 (Figures 2e and 3). Animal disturbance
decreased overall p9 from 0.10 to 0.08 but did not change
the number of counties with p9 . 0.10 (Figures 2f and 3).

Discussion

Invasions by Chinese and European privets appear to be
facilitated by certain landscape characteristics. About 80%
of existing invasions into southern U.S. forestlands have
occurred at elevations , 177 m and on slopes , 5u, which
create favorable conditions for seedling survival and adult
growth, with invasion probabilities diminishing markedly
at higher elevations and steeper slopes. Adjacency to
waterbodies also appears to favor invasion, with moist
riparian soils providing conditions favorable for germina-
tion, establishment, and growth (Gan et al. 2009; Merriam
2003), as well as favorable habitat for songbirds, rodents,
and other wildlife that are important vectors of privet seed
dispersal (Christopher and Barrett 2006; Dirr 1998;
Wilcox and Beck 2007). Although not documented for
Chinese and European privets, seed dispersal by channel

catfish (Ictalurus punctatus) has been documented for
swamp privet [Forestiera acuminata (Michx.) Poir.] (Chick
et al. 2003).

The effect of climate manifested itself via a positive
correlation of invasions with mean extreme maximum
temperatures. In fact, no invasion was detected in survey
sites where the mean extreme maximum temperature was
below 35 C (95 F). Miller (2003) has suggested that
temperature restrictions on blooming time may serve as an
important barrier to privet invasions.

Invasions also appear to be facilitated by certain
characteristics of forest stands. About 50% of the existing
invasions into southern U.S. forests have occurred in
stands , 30 yr old. High site productivity also appears to
favor invasions. Logically, relatively young, productive sites
provide favorable conditions for native and invasive species
alike (Davies et al. 2007). The main factor limiting
invasion of mature forest stands by Chinese and European
privets is low light availability, even though both species
can tolerate a relatively low light environment (Miller,
2003). Likelihood of invasion in mature stands also is
reduced because of fewer canopy gaps that provide
opportunities for seed recruitment and sapling growth
and lower levels of disturbance in general.

Intriguingly, forest stands characterized by high species
diversity seem more vulnerable to invasion. Theoretically,
plant communities with high species diversity should be
most resistant to invasion (Elton 1958). Although many
empirical studies support this hypothesis (e.g., Hector et al.
2001; Levine 2000; Lyons and Schwartz 2001; Naeem et
al. 2000), numerous other empirical studies suggest that
communities with higher biodiversity tend to be invaded
more easily (e.g., Levine 2000; Lonsdale 1999; Stohlgren et
al. 2003). Wiser et al. (1998) hypothesized that opportu-
nities for plant invasion might be increased within species-
rich plots by the increased temporal variability and spatial
heterogeneity of resource availability, with invasive species
finding a window of opportunity when the native
community is not fully utilizing available resources.
Viewing our results in light of this hypothesis, we noted
that the majority of our study plots fell within either pine
or oak/hickory forests. The pine forest plots were
characterized by relatively fewer species (average Hs 5
1.16) whose evergreen canopy presumably allowed little
light to reach the forest floor year round. The oak/hickory
plots were characterized by relatively more species (average
Hs 5 1.80) whose deciduous canopy might have provided
a window of opportunity for the establishment of evergreen
shrubs during the fall, winter, and early spring.

Of the management strategies we explored, the conversion
to public land ownership was by far the most effective in
reducing the likelihood of further invasions. Although
conversion of land ownership may be neither feasible nor
desirable, this result emphasizes the opportunity for reducing

Figure 3. Number of counties within the indicated average
estimated probability (p9) range for invasion with no management,
suppression of animal disturbance, artificial regeneration, fire
disturbance, site preparation, and conversion to public ownership.
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the likelihood of invasions on private lands via increased use of
selected management practices (Smith and Darr 2004; USDA
Forest Service 2009a). The potential negative effect of privet
invasions is acknowledged widely among private organizations
(Dibble et al. 2008; USDA Forest Service 2009b; Williams
and Minogue 2008), and some have initiated control efforts
(Wang 2009); however, the range of technical and financial
assistance available to private landowners for the development
of effective control methodologies remains limited (Williams
and Minogue 2008).

Whether on private or public land, increased manage-
ment efforts focused on site preparation via clearing, slash
burning, chopping, disking, bedding, or a combination of
these techniques followed by artificial regeneration via
planting or direct seeding that results in a stand at least
50% stocked with live trees could reduce the temporal
window of opportunity for site colonization by invasive
species (USDA Forest Service 2011). Early control based
on monitoring of animal disturbances that facilitate plant
invasion also could reduce likelihood of subsequent
establishment (Parendes and Jones 2000). However, privet
seeds are spread widely throughout southern U.S.
forestlands by a variety of songbirds and other animals
such as white-tailed deer (Odocoileus virginianus), white-
footed mice (Peromyscus leucopus), and golden mice
(Ochrotomys nuttalli) (Christopher and Barrett 2006; Miller
2003; Rossell et al. 2007; Wilcox and Beck 2007), making
complete prevention of colonization virtually impossible.

Postcolonization fire can be an effective means of
reducing the likelihood of establishment of Chinese and
European privets if invasions are detected early, but fire
control of established invasions is difficult because, in older
stands, privets usually shade out the understory vegetation
that is required to carry a fire (Miller 2003). Furthermore,
Chinese privets respond to fire by vigorously sprouting
from the root crown (Faulkner et al. 1989). Williams and
Minogue (2008) have suggested that repeated burning
every 2 to 3 yr is necessary to control and eventually
eliminate privets. Hence, although new, small invasions can
be controlled by repeated burning, chemical and mechan-
ical methods are preferred by invasion control companies
(Hanula et al. 2009; Harrington and Miller 2005; Wang
2009).

In conclusion, our analyses suggest that continued range
expansion by Chinese and European privets in forestlands
of the southern United States is most likely throughout
Mississippi, with a band stretching eastward across south-
central Alabama, and in eastern Texas and western
Louisiana, but that the opportunity exists for reducing
the likelihood of invasions via increased use of selected
management practices. Providing reliable predictions of
habitats most at risk, distribution limits, and efficacy of
management strategies for any invasive species remains a
challenge. We have analyzed a large empirical dataset to

identify landscape features, forest conditions, and manage-
ment activities and disturbances that could be determinants
of privet invasions and have used a statistical likelihood
approach for projecting potential distributions under
several management scenarios. We think that our analyses
will be of use to forest managers in the early detection and
eradication of newly established populations and allow
them to manage high-risk areas proactively to increase
invasion resistance.
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