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ABSTRACT 

Chinese tallow tree (Triadica sebifera (L.) Small, 
Sapium sebiferum (L.) Roxb) is an invasive spe-
cies that is replacing native ecosystems in areas 
of eastern Texas. It is imperative that the spatial 
pattern of the spread of this species be identi-
fied, as well as causal mechanisms. To that end, 
we seek to determine factors that contribute to 
the spread of Chinese tallow using classification 
and regression tree (CART) and logistic regres-
sion. We also attempt to identify current loca-
tions and spread rates across eastern Texas 
using Forest Inventory Analysis (FIA) data within 
major forest types. Distance to formerly infested 
plots and roads, slope, and disturbances (natu-
ral and anthropogenic) were identified as major 
(either facilitating or impeding) factors for the 
spread of Chinese tallow across the landscape. 
The highest probability of occurrence and spread 
rate of Chinese tallow were found in the oak/ 
gum/cypress forest type. Continued disturbance, 
from harvest events or natural disasters will al- 
low the species to continue to spread through- 
out the region and could threaten overall forest 
productivity. We also discuss some implications 
of the continued spread of Chinese tallow on 
forest management. Forest managers could be- 
nefit from this analysis and use it as a guide for 
monitoring forest types with the highest risk of 
invasion. 
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1. INTRODUCTION 

Chinese tallow tree (Triadica sebifera (L.) Small, 
Sapium sebiferum (L.) Roxb), native to Japan and central 
China, was introduced into the United States in the late 
1700s as an ornamental and potential oil crop species [1]. 
It was introduced into the Gulf of Mexico coastal region 

by the USA Department of Agriculture for establishing 
local soap industries in the 1900s, and has continued to 
thrive along the Gulf Coast to present day [2]. Chinese 
tallow is an aggressive invader throughout forestlands 
along the Gulf Coast [3] and has become the fifth most 
common species in eastern Texas [4]. 

The tallow tree is in the Euphorbiaceae family and 
typically reaches maturity after three years. It is able to 
adapt to a variety of site conditions (shade to full sun) 
and soil types (acidic to alkaline, wet to dry) [5-6]. One 
plant can provide a considerable seed source (up to 
100,000 seeds per year) that can be distributed by birds 
and water [7-8]. Seeds from Chinese tallow can germi-
nate under stressful conditions and remain viable for 
many years; while it is unclear how long the trees remain 
viable for reproduction, it has been suggested it could 
approach 100 years [6,9]. After tallow trees are estab-
lished in an area, their growth and reproduction are re-
stricted by the local environmental conditions [10-12]. 
Competition with native species is an important factor to 
determine the invasibility of an area [13]. The competi-
tion between native species and Chinese tallow is for 
limited biological resources (e.g., light, nutrients, soil 
moisture) and physical space. Invasion of tallow trees is 
typical along forest edges and openings in coastal prai-
ries and coastal plains [14]. In addition, the spread of 
tallow trees can be promoted in disturbed areas where 
ecosystem balance is dynamic and resources are avail-
able to create favorable habitat for colonization and es-
tablishment [15]. Along the Gulf Coast, land-falling hurri-
canes can have significant impacts on forested areas [16], 
exacerbating the invasion potential by Chinese tallow. 

Tallow tree has become a major threat to coastal for-
ests in Florida, Louisiana, Mississippi and Texas. More-
over, tallow tree is considered a transformer species [17] 
because it can change natural soil conditions and create a 
transformation of community structure from grassland to 
woodland [3,18]. However, tallow tree is largely con-
fined to areas along the Gulf Coastal Plain. It has been 
suggested that tallow tree could survive in areas outside 
of its current range, as occurs in its native habitat ranges 
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in China, and could expand up to 500 km from its current 
range [10]. Wang et al. [19] utilized Forest Inventory 
Analysis (FIA) data from the USA. Forest Service to 
simulate the expansion of Chinese tallow in Texas and 
Louisiana and estimate that over 1.5 million ha of forest-
lands could be occupied by the year 2023. Further, their 
study estimates that tallow tree could migrate over 300 
km into areas as far north as 34˚N latitude within the 
next 115 years (100 years if temperatures increase by 2˚C) 
[19]. 

For invasive species research and management, it has 
been a challenge to understand the invasion process and 
associated driving factors, and design effective methods 
for controlling the spread of tallow tree and reducing 
ecological and economic loss. The objectives of this 
study are to 1) map the distribution of tallow tree in 
southeast Texas and 2) evaluate the impact of a suite of 
potential factors on the spread of tallow trees by analyz-
ing FIA data using GIS and spatial statistics. The infor-
mation will be useful to control and mitigate the spread 
of tallow trees in southern forested lands. 

2. METHODS 

2.1. Study Area and Inventory Data 

East Texas occupies 45 counties and contains ap-
proximately 9.1 million ha, of which approximately 4.9 
million ha are forested. Forests in east Texas are charac- 
terized by high productivity and species diversity [20]. 
Those forests which lie within the West Gulf Coastal 
Plain, cover six forest type groups: longleaf/slash pine, lob-  

lolly/shortleaf pine, oak/pine, oak/hickory, oak/gum/cypress, 
and Elm/ash/cottonwood (Figure 1). Loblolly/shortleaf 
pine forests occur most frequently in the study area, fol-
lowed by oak/hickory and oak/gum/cypress forests. Oak/ 
hickory forests are mainly distributed in northern coun-
ties of east Texas, whereas oak/gum/cypress forests mostly 
cluster in southern counties close to the coast. 

Beginning in 1999, the Forest Inventory and Analysis 
(FIA) program transitioned from a periodic inventory 
plan to an annual measurement scheme to monitor both 
annual and long-term forest change. All sample plots 
within a sampling/inventory unit are measured over a 5 - 
7 years period with approximately 20% of the sample 
plots being measured each inventory year [21]. From 
2001 to 2008, 2426 plots were measured in east Texas. 
Each FIA plot was spatially referenced by its latitude and 
longitude and identified with presence (1) or absence (0) 
of tallow tree. With infested FIA plots, the cover per-
centage of tallow tree was measured in each of the four 
subplots and was classified into four levels in this study: 
trace (<1%), low (1% ~ 10%), medium (10.1% ~ 50%) 
and high (>50%). In addition, stand and site factors asso-
ciated with each FIA plot including forest type, stand 
origin (natural or artificial regeneration), ownership 
(private vs. public), elevation, slope, aspect, site produc-
tivity, physiographic class, stocking, and disturbance 
history (natural disturbances such as fire, flood, hurri- 
cane/tornado, human activities, etc.) were measured and/ 
or recorded based on the FIA protocols [21]. The dis-
tance of a FIA plot to the nearest highway, river, and in-
fested plot was calculated by using GIS [22]. All variables  

 

 

Figure 1. Map of study area, and associated forest types in Western Gulf Coastal Plain in East Texas. 
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collected for this study were grouped into three catego- 
ries (i.e., disturbance-related, stand level and geographic 
variables) as defined in Table 1. 

2.2. Regional Presence and Spread Patterns 
of Tallow Tree 

From 2001 to 2008, 2426 FIA plots were measured in 
east Texas among which 454 plots were found to be in-
fested by tallow tree with an overall probability of pres-
ence of 19%. Out of the 2426 FIA plots, 2224 plots were 
measured in both consecutive cycles (1999-2004, 2005- 
2008), which were classified into four conditions (Table 
2). To map the probability of presence of tallow tree in 
east Texas, all 2426 FIA plots were utilized through a 
Gaussian kernel density function. During 2004 through  

2008, 190 out of 2224 FIA plots were found to be newly 
infested by tallow tree with an overall annual probability 
of spread of 1.8%. The same method (i.e., Gaussian ker-
nel smoothing) was employed to map the probability of 
spread of tallow tree between 2004 and 2008 by using 
the 2224 repeat measured FIA plots. Fan et al. [23] de- 
scribed the details of using kernel smoothing to map the 
probability of presence and spread of invasive plants 
including the determination of best bandwidth of the 
Gaussian kernel density function. Meanwhile, both the 
newly infested and all infested FIA plots were extracted, 
separately by forest type group and the proportions of 
FIA plots falling within the four cover classes were cal- 
culated to reflect the presence and spread condition of tallow 
tree in different forest types/communities. 

 
Table 1. Explanatory variables generated from FIA and USGS databases or calculated by using GIS for the CART and logistic re-
gression model. 

Variables Classifications Definitions Data source

Disturbance-related variables 

Distance Continuous (km) 
Distance to nearest airport, highway, previously infested 
plots, water 

GIS 

Natural and human-caused disturbance 0: no; 1: yes Insect, disease, fire, weather and human-caused damage FIA 

Ownership 0: nonprivate; 1: private  FIA 

Forest fragmentation Edge 
Interior 
Patch 
Transitional area 

Breaking up of large, contiguous forested areas into smaller 
pieces 

USGS 

Stand/site variables 

Stand origin 0: natural; 1: artificial Method of stand regeneration FIA 

Slope Continuous (%) Percent slope FIA 

Site productivity High (>120 cubic feet/acre/year) 
Medium (50 - 119 cubic feet/acre/
year) 
Low (0 - 49 cubic feet/acre/year) 

Classification of forest land in terms of inherent capacity to 
grow crops of industrial wood 

FIA 

Physiographic class Xeric sites 
Mesic sites 
Hydric sites 

The general effect of land form, topographical position, and 
soil on moisture available to trees 

FIA 

Stocking Poorly stocked (0% - 34%) 
Medium stocked (35% - 59%) 
Fully stocked (60% - 100%) 

Stocking percent values of all growing stock trees FIA 

Landscape/geographic variables 

Forest type 

Longleaf/slash pine forest 
Loblolly/shortleaf pine forest 
Oak/pine forest, Oak/hickory forest
Oak/gum/cypress forest 
Elm/ash/cottonwood forest 

The forest covers of the inventoried stand based on the tree 
species forming a plurality of the stocking in the stand 

FIA 

 
Table 2. Four conditions of tallow presence (1)/absence (0) in the remeasured plots. 

First cycle Second cycle Interpretation #’s of FIA plots 

0 0 Non-infested plots 1732 

0 1 Newly infested plots 190 

1 0 Previously infested plots, but 38 tallow tree was not found in the remeasurement 

1 1 Previously infested plots 264 
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2.3. Factors Associated with the Spread of 

Tallow Tree in Forested Land 

Gan et al. [14] used logistic regression to link the 
probability of tallow tree occupation/presence to a set of 
factors which include landscape features, forest and site 
conditions, climatic condition, and natural and anthro-
pogenic disturbances at the county level. Considering the 
non-stationary nature and spatial/temporal autocorrela-
tion of the invasion process of invasive species, it is 
problematic to use a universal, non-spatial (i.e., spatial 
autocorrelation not being considered explicitly) regres-
sion model such as logistic regression to evaluate driving 
factor effect because spatial autocorrelation and factor 
effect may change dramatically over space [23]. Change 
in a driving factor over space is closely related to the 
scale or extent related to the dependent nature of the un- 
derlying processes it signifies. The distribution of tallow 
tree is spatially autocorrelated as it varies over space in a 
non-stationary manner. Furthermore, in recognition of 
presence/abundance of invasive species being the cumu-
lative effect of natural and anthropogenic disturbances 
and landscape and site condition change over a long pe-
riod of time, assessing the factors associated with the 
spread/infestation of Chinese tallow in forested land in 
east Texas will be accomplished by utilizing 1900 FIA 
plots (Out of which 137 were newly infested forest plots) 
within six forest type groups and measured in both in-
ventory cycles. This allows for that any change occurred 
between the two inventory cycles to be accounted for 
through associated factors which should have a more 
direct relationship to this change. For this objective, a 
two step modeling scheme was implemented [24]. First 
we used the classification and regression tree (CART) to 
classify the study region into a set of homogenous, sta-
tionary sub-regions and identify factors which drive and/ 
or signify the large scale spread patterns of tallow tree. 
Then, a logistic regression (Eq.1) was conducted for 
each sub-region to analyze the relationship between the 
spread of tallow tree and associated factors at the sub- 
regional scale. 

   '

1
1

1 X
p Y X

e   
 


         (1) 

where  1p Y X   is the expected conditional prob- 
ability for a remeasured plot to be infested (Y = 1; other-
wise, Y = 0 if not infested) by tallow tree between the 
two consecutive cycles; α is the intercept of the model; X 
is the vector of associated factors (see Table 1); and β is 
the vector of estimated coefficients. The stepwise method 
with the significance level of 0.05 was chosen to select 
the significant factors associated with the infestation of 
tallow tree in a remeasured FIA plot. All statistical com-
putation and analyses were conducted under the R statis 

tical environment by using the packages rpart and stats 
[25]. 

3. RESULTS 

Out of 2426 FIA plots inventoried between 2001 and 
2008, 454 plots were found to be infested by Chinese 
tallow with an overall presence probability of 19% in 
forestlands of east Texas. The presence probability of 
tallow tree by forest type group was 33 % in oak/gum/ 
cypress forests, 23% in longleaf/slash pine forests and 
elm/ash/cottonwood forests each, 20% in oak/pine for-
ests, 18% in loblolly/shortleaf pine forests, and 8% in 
oak/hickory forests. All infested plots was dominated by 
the low (1% ~ 10%) cover class for all forest type group 
except for oak/gum/cypress where the medium (11% ~ 
50%) cover class was dominant (Figure 2(a)). 

Excluding formerly infested plots, there were 137 new 
plots out of the 1900 remeasured FIA plots were infested 
between 2005 and 2008 with an overall annual infesta- 
tion probability of 1.8%. However, the annual infestation 
probability varied by forest type group and took the order 
of oak/gum/cypress (3.5%) > elm/ash/cottonwood (2.3%) 
> loblolly/shortleaf pine (1.8%) > oak/pine (1.3%) > 
oak/hickory and longleaf/slash pine (1%). The newly 
infested plots were dominated by the trace (<1%) cover 
class (Figure 2(b)). 

Infested plots were primarily clustered in southern 
 

 
Figure 2. The proportion of plots infested by tallow tree by 
2008 (a) and during 2004-2008 (b). 
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portions of the study region, scattered sporadically in the 
central portion and there were very few or no infested 
plots in the northern portion (Figure 3). The smoothed 
probability map of presence and spread/infestation showed 
a similar pattern with hot spots (most prevalent areas > 
0.5 in probability of presence) mainly found in southern 
portions of the study region. Spread of Chinese tallow 
northward is much slower than along the coast where the 
annual infestation probability is generally >0.05 com-
pared to 0.01 - 0.03 in the central and <0.01 in the north 
(Figure 4). 

The CART model (Figure 5) showed that the annual 
infestation probability in the coastal area (node S1, lati-
tude ≤ 30.4˚) averaged 9 percent, 7 times higher than that 
in the inland area (node S4, latitude > 30.4˚). Evidently, 
there were two hotspots of spread—the east (node S2, 
centering at the southeast border of Texas and Louisiana) 
and the west (node S3, the Houston metropolitan area) 
separated by the meridian of longitude of 94.9˚; the an-
nual infestation probability reached as high as 13.2% in 
the eastern coastal area, around three times higher than 
 

 

Figure 3. Map of plots previously and newly infested by 
Chinese Tallow. 

 

Figure 4. Smoothed probability maps depicting (a) the current 
condition and (b) the infestation rate of tallow tree in southeast 
Texas. 
 
that (4.8%) in the western coastal area. Across inland 
areas, distance to formerly infested plots has proved to 
be the most significant factor to the spread of tallow, and 
sites which are within the distance of ≤27.8 km from 
infested plots (node S5) are highly susceptible to infesta-
tion (relative risk = 17.8) compared with sites >27.8 km 
away from infested plots (node S10). In these highly 
susceptible sites (node S5), slope appears to be the sec-
ond most important factor to the spread of tallow; the 
relative risk for flat areas (node S6, slope ≤ 2%) to be 
infested by tallow is 3 times larger than in gently hilly 
areas (node S9, slope > 2%). Similar to the coastal area, 
a significant difference in annual infestation probability 
exists between the eastern and western inland, flat areas 
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Figure 5. Classification tree model of annual infestation prob- 
ability (%) by splitting factors based on 1900 repeatedly mea- 
sured FIA plots between 2004 and 2008 in east Texas. S0 
through S10 denote nodes. Beneath node number are the split-
ting factor, corresponding relative risk and bootstrapped 95% 
confidence interval (in parentheses). 
 
(nodes S7 and S8) with the former being three times 
more susceptible to infestation than the latter (Figure 5). 

The overall regional logistic regression model showed 
that distance to formerly infested plots and roads, slope, 
forest type group, and natural disturbances were signifi-
cant factors for the spread of tallow, but it did not fit the 
data well based on the Hosmer and Lemeshow Chi- 
square goodness-of-fit test (Table 3). The sub-region 
(node) based logistic regression models indicated that 
contributing factors might change spatially. For certain 
sub-regions (represented by nodes S2, S3, S6, S8 and 
S10) identified by the CART model, none of the factors 
collected and incorporated in the model initially prove to 
be significant at the 0.05 significance level; but for those 
sub-regions with significant factors detected, all models 
fit the data well based on the Hosmer and Lemeshow 
Chi-square goodness-of-fit test. For instance, in the 
coastal area (node S1), only distance to formerly infested 
plots and roads appears to be significant factors, but for 
the inland area (node S4), more variables including stand 
stocking, human activity and forest type group in addi-
tion to distance to formerly infested plots are signifi-
cantly correlated to the infestation of new FIA plots. De-
pending on the distance to formerly infested plots and 
slope, factors such as physiographic region and frag-
mentation status of a site may also affect the infestation 
probability locally (Table 3). 

4. DISCUSSION 

Since its initial introduction in Texas, Chinese tallow 
has continued to thrive, spreading into the marsh, grass-

land and forestland of southeastern Texas [26]. Effective 
control or mitigation of Chinese tallow depends on pre-
cise information regarding its distribution and spreading 
mechanisms. Gan et al. [14] and Wang et al. [19] used 
FIA data and simulation models to evaluate the factors 
associated with the occurrence of Chinese tallow in east 
Texas and Louisiana and used the occurrence-environment 
relationship to predict the potential expansion range. One 
of the limitations of one-time measurement (e.g., occur-
rence data) in studying spread and range expansion of 
invasive plants is that it cannot estimate the spread rate 
directly and, most often than not, will confound separate 
risk factors with land use history (e.g., invasion history) 
which uniquely determines the extent and condition of 
invasive plants [23,27]. In this study, the FIA plots 
measured in two consecutive inventory cycles were used 
to evaluate associated factors and estimate the spread rate 
of Chinese tallow in eastern Texas. Noticing the strong 
clustering patterns of tallow invasion, distance to for-
merly infested plots was calculated and incorporated 
with other factors in CART and logistical regression in a 
nested modeling framework to understand the spreading 
vectors and mechanisms of Chinese tallow. 

Both the smoothed probability map and CART model 
show that the spread of tallow tree into inland areas has 
been greatly limited. The probability of being infested in 
the coastal area (node S1) is 7.2 (95% CI: 4.8 - 10.8) 
times larger than that in the inland area (node S4) (Fig-
ure 5). Studies suggest that low temperature may be a 
major environmental constraint on the spread of Chinese 
tallow northward [10,14,19]. Tallow tree is forecasted to 
increase its range over the next 100 years and could 
speed its invasion rate if average temperatures continue 
to increase [19]. Seed germination rate and seedling 
growth are consistently lower on northern and inland 
sites [28]. The strong clustering patterns and significantly 
positive association of formerly and newly infested plots 
(Figure 3) support the spread of Chinese tallow dispersal 
being limited at large (region or landscape) scales [28]. 
Other than low temperature which limited seed germina-
tion and seedling growth, current distribution of tallow 
tees (reflected by nearest distance to formerly infested 
plots) and slope also affect the spread of Chinese tallow 
through curbing seed dispersal (Figure 5). Change of the 
infestation probability with distance from formerly in-
fested plots in the inland areas (node S4) indicated that 
Chinese tallow is inherently a local (short-distance) dis-
persal invader with an effective dispersal distance of 27.8 
km. The average relative risk (ratio of the infestation 
probabilities) between sites ≤27.8 km and >27.8 km from 
infested plots reaches as high as 17.8 even though the 
infestation probability may change with other factors 
such as slope and longitude. Flat terrain (e.g., slope ≤ 2%) 
and high propagule pressure (clusters of infested plots) 
dramatically increase the likelihood of a site being infested 
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Table 3. Estimated parameters (standard errors) for the overall (node S0) and nested (nodes S1-S10) logistic regression models. 

Node Infested plots/total plots Variable Estimated coefficient (std.err) Odds ratio (95% CI) p value* 

S0 137/1900 Intercept –0.79 (0.24)  
  Distanceroad –0.06 (0.02) 0.94 (0.89 - 0.99) 
  Distanceplot –0.10 (0.01) 0.91 (0.89 - 0.93) 
  Natural disturbance   
  Yes 0.64 (0.32) 1.89 (1.01 - 3.55) 
  No Reference  
  Slope –0.09 (0.03) 0.91 (0.86 - 0.97) 
  Forest type   
  LoblollySP Reference  
  LongleagSP –0.97 (1.05)  
  Oak/pine –0.13 (0.29) - 
  Oak/hickory –0.01 (0.34) - 
  Oak/gum/cypress 0.80 (0.25) 2.24 (1.38 - 3.63) 
  Elm/ash/cottonwood 0.58 (0.38) - 

0.002 

S1 50/141 Intercept –0.11 (0.60)   
  Distanceroad 0.18 (0.08) 1.20 (1.03 - 1.39) 0.867 
  Distanceplot –0.21 (0.10) 0.81 (0.66 - 0.99)  

S2 36/68 Intercept –1.42 (0.30)  - 
S3 14/73 Intercept 0.09 (0.24)  - 
S4 87/1759 Intercept –2.80 (0.35)  

  Distanceplot –0.07 (0.01) 0.93 (0.91 - 0.95) 
  Human activity 0.59 (0.25) 1.80 (1.11 - 2.92) 
  Stand Stocking   
  Poorly (0% - 34%) 0.21 (0.34) - 
  Medium (35% - 59%) 0.71 (0.30) 2.03 (1.12 - 3.66) 
  Fully (60% - 100%) Reference  
  Forest type   
  LoblollySP Reference  
  LongleafSP –0.23 (1.05) - 
  Oak/pine –0.18 (0.37) - 
  Oak/hickory 0.30 (0.37) 1.34 (0.65 - 2.76) 
  Oak/gum/cypress 1.03 (0.32) 2.81 (1.51 - 5.21) 
  Elm/ash/cottonwood 1.19 (0.47) 3.28 (1.31 - 8.22) 

0.606 

S5 84/1239 Intercept –0.15 (0.73)   
  Distanceplot –0.06 (0.02) 0.94 (0.91 - 0.97)  
  Physiographic class    
  Xeric sites –13.76 (891) - 0.586 
  Mesic sites –1.77 (0.70) 0.17 (0.04 - 0.68)  
  Hydric sites Reference   

S6 51/435 Intercept –1.36 (0.49)   
  Distanceplot –0.08 (0.03) 0.92 (0.88 - 0.98)  
  Distanceroad –0.12 (0.05) 0.89 (0.81 - 0.97)  
  Stand Stocking    
  Poorly (0% - 34%) 0.77 (0.46) - 0.081 
  Medium (35% - 59%) 1.16 (0.43) 3.18 (1.38 - 7.32)  
  Fully (60% - 100%) Reference   

S7 40/244 Intercept 1.03 (0.63)   
  Distanceplot –0.11 (0.04) 0.90 (0.84 - 0.96)  
  Distanceroad –0.13 (0.06) 0.88 (0.78 - 0.98)  
  Fragmentation   0.651 
  Edge 1.23 (0.54) 3.42 (1.19 - 9.77)  
  Transitional 2.27 (0.66) 9.69 (2.69 - 35.06)  
  Interior Reference   

S8 11/191 Intercept –2.79 (0.31)  - 
S9 33/804 Intercept –3.58 (0.30)   

  Distanceriver 0.11 (0.05) 1.12 (1.01 - 1.26) 0.176 
S10 3/520 Intercept –5.15 (0.58)  - 
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(Figure 4). Tallow seeds can be easily dispersed by birds 
or carried by rivers, streams, or storm water runoff to 
new destinations and encounter fewer barriers. Following 
its colonization, tallow tree often outcompetes native 
species such as loblolly pine (Pinus taeda) and water oak 
(Quercus nigra) by its rapid height growth which enables 
it to effectively control the environment following dis-
turbances and results in a strong clustering pattern [1]. 
The localized invasion pattern may suggest water (cur-
rent or storm runoff) as the major vector of seed dispersal 
even though tallow seeds are readily dispersed by birds 
[7,26]. This explains why tallow trees are more prevalent 
in the coastal prairies, flatwoods and bottomlands [3, 
14,19]. 

We found that the invasion patterns of Chinese tallow 
and associated contributing factors varied across the re-
gion (Figures 4 and 5, Table 3). The CART model and a 
set of nested logistic regression models provide a flexible 
way to evaluate the effect of contributing factors on the 
spread rate of Chinese tallow over a large, heterogeneous 
region such as eastern Texas. Often, a single model may 
fail to adequately fit the data and result in bias estimation 
of factors of interest and subsequently inefficient pre-
scriptions to control or mitigate biological invasion. For 
instance, wind disturbance, a significant determinant of 
tallow spread in the overall logistic model (node S0), 
was not shown in the separate, nested logistic models for 
the coastal (node S1) and inland areas (node S4). Instead, 
human activity was shown to be an important factor 
across inland areas (node S4). The chi-square test for 
partial association showed that natural disturbance was 
marginally significant (p = 0.08) in the coastal area. 
While human activity was significant in inland areas at 
the significance level of p = 0.05, it did not outweigh 
natural disturbance over the entire region due to, statisti-
cally, the sparse infested plots across inland areas. With 
regard to disturbances (natural and/or anthropogenic), a 
major driver or determinant of the dispersal of tallow 
seeds, one explanation of the logistic models in nodes S0, 
S1 and S4 is that seed dispersal in the coastal area (S1) 
was mainly related to natural disturbances, while human 
activities were a major dispersal agent within inland ar-
eas (S4). With the great prevalence of infested plots and 
high intensity and frequency of natural disturbances in 
the coastal area, eradication or control of tallow trees 
will be extremely difficult and costly. Grace [29] re-
ported that prescribed burning could be used for limiting 
its invasion into coastal prairie ecosystems. In contrast, 
the nested models for the inland areas (node S4 through 
S10) suggest that the spread of tallow trees further inland 
might be impeded at current stage with less cost due to 
the relative sparseness of tallow trees. Regulating human 
activities and stand management practices which result in 
stand stocking reductions and forest fragmentation will 

be critical to curb the spread of tallow trees (Table 3). 
Gan et al. [14] classified factors affecting the occupa-

tion/occurrence of Chinese tallow into four categories: 
landscape features (e.g., slope, elevation, adjacency to 
water bodies), site and forest conditions (e.g., stand age, 
site productivity, species diversity), natural and anthro-
pogenic disturbances (e.g., timber management, distance 
to roads, wind, fire, and animal damage), and climatic 
conditions (e.g., mean minimum temperature in January). 
The potential effect of these identified factors on the oc-
currence of tallow tree was discussed in the logistic re-
gression framework by using discriminated county level 
data which are generated from 2001-2005 FIA data. Ba-
sically, landscape features, spatial distribution of tallow 
trees and disturbances predominately affect the dispersal 
of seeds, while site and forest condition affect seed ger-
mination and seedling growth [28]. Considering the na-
ture (binary presence vs. absence) of tallow tree data, 
factors identified by the CART and nested logistic re-
gression models are mainly related to the dispersal of 
tallow trees. Among the six forest type groups, oak/gum/ 
cypress and elm/ash/cottonwood have the highest rate of 
spread and prevalence of tallow trees. These two forest 
type groups dominate in bottomlands and lowlands, re-
spectively, best suited to seed dispersal, while other for-
est type groups are mainly found in uplands or in dry, 
coastal plain. Tallow tree was less likely to invade slop-
ing lands than flat lands. Flat lands could better facilitate 
human and animal movement and enhance seed dispersal 
and alter the natural ecosystem. The oak/gum/cypress 
forest type group or hydric sites have been significantly 
impacted in the southeastern United States [30] and they 
could serve as dispersal vectors for tallow to invade into 
other areas. The higher proportions of the cover classes, 
with the exception of the “trace” class in oak/gum/cy-
press and elm/ash/cottonwood forest types, indicated that 
both are also suited to seed germination and growth of 
tallow trees [31], and have higher invasiveness than other 
forest types (Figure 2(b)). 

To prevent tallow from spreading further inland, in-
tensive survey or sampling of local population size and 
distribution of infested plots other than FIA is necessary 
since the infestation probability increases rapidly with 
the distance from infested plots (odds ratio = 0.93) (node 
S4 in Table 3). Considering cost restrictions, intensive 
invasive species surveys may be integrated into timber or 
other resources surveys. For instance, the Mississippi 
Institute for Forest Inventory (MIFI) started to imple-
ment a high density survey to aid in the assessment of 
Mississippi’s statewide forest resources [32]. The MIFI 
plots, which record all trees >2.5 cm in dbh, could be 
utilized to analyze tallow tree invasion from finer scales 
(e.g., county) and with higher accuracy (Dr. Tom Matney, 
Mississippi State University Department of Forestry, 
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personal communication). In addition, a survey targeting 
susceptible or at-risk areas such as flat- or low-lands (e.g., 
slope ≤ 2%) (node S6 shown in the CART model ) or 
hydric sites along streams and rivers (node S5, as re-
flected by the logistic model) or sites in close proximity 
to roads (node S6) should be prioritized where resources 
(labor or time) are limited. Tallow can bear seeds as early 
as 3 years old, so proactive treatment is imperative to 
take full advantage of the short window from initial in-
vasion to subsequent seed dispersal of infesting trees. 
Mechanically felling or removing trees or killing trees by 
chemicals or using prescribed burning are available in 
the southeast [26]. 

Future research should focus on more extensive sam-
pling for Chinese tallow within various forest types. With 
a higher resolution dataset it may be possible to more 
accurately determine spread rates within various ecosys-
tems. Also of importance is a more detailed study of dis-
turbance events (e.g., land-use change, wind damage, fire, 
etc.) which could accelerate the spread of tallow tree in 
naturally regenerated ecosystems. It would also be useful 
to expand the study area across the southeastern United 
States and to point further inland with subsequent FIA 
cycles. This level of analysis could lead to more detailed 
information on the spread of Chinese tallow and allow 
for the development of more efficient methods for its 
mitigation. 

5. CONCLUSIONS 

We have identified the most significant factors re-
garding the probability of spread of Chinese tallow in 
southeastern Texas by utilizing a combination of causal 
factors and remeasured FIA plot data. Close proximity to 
previously infested plots and roads, flat areas (i.e., low 
slope), and natural/anthropogenic disturbance events 
(e.g., hurricanes, harvest) were all linked to the spread of 
Chinese tallow throughout the region. The highest pre- 
sence probability and spread rate occurred in the oak/ 
gum/cypress forest type, characterized by moist, lowland 
areas. These areas are also in close proximity to coastal 
areas and are, therefore, more susceptible to damage 
from land-falling hurricanes; the landfall of Hurricane 
Rita in this area in 2005 could have exacerbated the 
spread of Chinese tallow throughout the coastal area. 

Forest managers in areas with the presence of tallow 
tree should take actions to mitigate its spread throughout 
the ecosystem. Increasing anthropogenic impacts, via 
urban sprawl and road construction, and more frequent 
natural disturbances could further fragment forested ar-
eas and provide additional means of seed transport. Also, 
increasing temperatures throughout the region could al-
low for the spread of tallow tree further north of its cur-
rent range. Prompt clearing of debris following a harvest 
or salvage of timber damaged from severe weather 

events, followed by manually replanting areas of forest 
loss could help minimize the continued spread of tallow 
tree in the region. 

Future surveys should be conducted more intensively 
sample (spatially and temporally) for Chinese tallow. 
This would allow for a more thorough assessment of its 
presence and spread and allow for the development of 
more robust models of future changes within various 
forest types. This would allow for more explicit direction 
for forest managers/landowners in the region regarding 
understanding the spread of tallow tree and treatments to 
mitigate its spread. 
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