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Appendix S1 Target ecosystem and invasive plant. 

The 216 million hectares of forest in the southeastern United States are some of the most 

productive forest regions in the world.  However, the introduction of invasive alien plants, which 

was largely unmonitored until the early 2000’s (Miller, 2003; Rauscher & Johnsen, 2004), 

continues to degrade these forest ecosystems at an accelerating rate in spite of limited control 

and reclamation measures (Moser et al., 2009). 

Chinese tallow has spread throughout the coastal forests and wet prairies of southern United 

States, especially in east Texas and Louisiana, where it occurred on 17% and 15.5 %, 

respectively, of forested plots recently sampled by the United States Forest Service (USDA, 

2008a).  It grows well in subtropical to warm climates and cannot withstand even light frost 

(Duke, 1983).  Chinese tallow was introduced into the United States in the late 1700’s and 

quickly naturalized (Randall & Marinelli, 1996), ranging from South Carolina south to Florida, 

and with planting, west through Louisiana into east Texas.  Because of the large amount of 

vegetable tallow found in the seed, the Foreign Plant Introduction Division of the USDA 

promoted Chinese tallow planting in Gulf Coast states to establish a local soap and candle 

industry from 1920 to 1940, and closely monitored its management (Miller, 2003).  However, 

since termination of the USDA project, Chinese tallow has escaped from cultivation locations 

and spread aggressively (Flack & Furlow, 1996).  

Chinese tallow can produce seeds as early as three years of age and remain productive for 

100 years (Duke, 1983), with a mature tree producing an average of 100,000 seeds annually 



(Jubinsky & Anderson, 1996).  It is more shade-tolerant (Siemann & Rogers, 2003) and more 

tolerant of salinity and flooding (Miller, 2003), as well as herbivores (Rogers & Siemann, 2004), 

than many native species, and there is some evidence that it changes the microbial composition 

of the soil (Nijjer et al., 2008).  While being shade tolerant, it grows the fastest in an open 

canopy stand (Pattison & Mack, 2008). 

Chinese tallow seeds are spread easily (Renne et al., 2000; Renne et al., 2002; Miller, 2003).  

The seeds float and move with rising water (Bruce et al., 1997).  It has been suggested the more 

frequent and stronger storms and hurricanes resulting from climate change may facilitate this and 

other introduced plant invasions (Snitzer et al., 2005; Chapman et al., 2008).  Birds are important 

agents of local dispersal throughout the southern U.S. (Hukui & Ueda, 1999; Renne et al., 2000; 

Renne et al., 2002).  Moreover, the continued use of Chinese tallow as an ornamental species in 

urban settings facilitates its dispersal at rates that increase with human population spread (Davis 

et al., 2000; Crowl et al., 2008; Flory & Clay, 2009). 

 

Appendix S2 Model structure, model dynamics, spread within cells: estimation of ri and HQi, 

and invasion from other cells: estimation of kji. 

Model structure 

To predict the future range expansion of Chinese tallow in forestlands of east Texas and 

Louisiana, we developed a spatially-explicit, agent-based, simulation model, programmed in 

VB.NET© (Microsoft, 2003).  The model consisted of 11,553 geo-referenced cells (agents), each 

representing a 2,428-hectare plot of land.  We assume that the size of one cell is 2,428 ha based 

on the FIA sampling frame.  FIA’s network of permanent ground plots has a spatial sampling 

intensity of approximately one plot per 2,428 ha.  The area and vegetation data gathered on each 



plot serve to support and quantify the information associated with each 2,428-ha sampling unit 

(USDA, 2005).  Characteristics of each cell included a landscape feature representing one of 

seven land types (urban/built-up land, agricultural land, rangeland, forest land, water, wetland, or 

barren land) based on land use and land cover (LULC) data (USGS, 2009), and also included the 

appropriate climatic conditions (e.g., mean minimum temperature) for either east Texas or 

Louisiana (NOAA, 2008).   

Among these 11,553 cells, we were able to parameterize 2,393 forested cells in east Texas 

and 2,615 forested cells in Louisiana based on the U.S. Forest Service data, which collectively 

represented the habitat quality of the cell for Chinese tallow.  Parameters included stand 

characteristics (e.g., elevation and slop), site conditions (e.g., stand age and site productivity), 

management activities (e.g., site preparation and artificial regeneration), disturbances (e.g., fire 

damage and wind damage) (Forest Inventory and Analysis (FIA) dataset, USDA 2008a), as well 

as the percentage of the area within the cell currently occupied by Chinese tallow (Non-native 

Invasive Plants dataset, USDA 2008b).  These are permanent ground plots, each contained 

within an approximately 2,428-hectare area, which are part of a national array of sampling areas 

designated as the Federal base sample (USDA, 2005).  The FIA non-native invasive plant survey 

began in 2001 and is intended to survey one-fifth of the plots annually in each of 13 southern 

states (Rudis et al., 2006).  At the time of our analysis, the first cycle of surveys was complete 

for Texas and Louisiana, while a second cycle for Texas was 75% complete.  Data from the 

second cycle were not yet available for Louisiana. 

We merged the U.S. Forest Service datasets using the FIA plot identification numbers and 

spatially joined them with land use and land cover (LULC) data (USGS, 2009) via ArcMapTM 

9.1 (ESRI 2005).  Next we superimposed a grid of 4,927m   4,927m (2,428-hectare) cells, 



classifying cells containing >50% of forest cover as forestlands, which we assumed was the 

primary land cover type susceptible to invasion by Chinese tallow (we only obtained the Chinese 

tallow tree coverage data from forestlands and not from other land types).  We then imported the 

data associated with each cell into VB.NET©, where each cell was represented as an agent with 

ascribed characteristics and rules governing its dynamics (see below). 

Model dynamics 

The rules governing each agent, which generated annual changes in the percentage of land 

occupied by Chinese tallow (i.e., the time step for solution of the model is 1 year; Δt = 1 yr), 

represented spread within the cell plus invasion from other cells (Fig. 2): 
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where Ni,t represents the percentage of land occupied by Chinese tallow in cell i at time t, ri is the 

intrinsic spread rate,   is the carrying capacity which we assume is 100% for all cells, and kji is 

a lognormal dispersal kernel that varies with invasion velocity.  We assumed  = 100 based on 

information in the Nonnative invasive plant data set, which indicates that Chinese tallow already 

occupies over 95% of some plots (USDA, 2008b).  Below we describe the manner in which we 

estimated kji and the other two model parameters, ri and HQi (the habitat quality of cell i, which 

determines ri). 

Spread within cells: estimation of ri and HQi 

Since spread of invasive species is strongly habitat-dependent (Klironomos, 2002; Fine et al., 

2006; Zandt, 2007), particularly at the leading edges of its expansion (Davis et al., 2000; 

Jarnevich & Stohlgren, 2009), we represented spread rates (ri) as a function of habitat quality 

(HQi; 0 ≤ HQi ≤ 1) within cells. We calculated both ri and HQi based on data in the Forest 

Inventory and Analysis (FIA) dataset (USDA, 2008a) and Non-native Invasive Plants dataset 



(USDA, 2008b), and then explored the relationship between ri  and HQi using several regression 

analyses including linear (1) ri=a+bHQi, logarithmic (2) ri=a+lnHQi, power (3) ri=a+bHQi
-1and 

(4) ri=a+bHQi
2, and exponential (5) ri=a·exp [b(HQi

0.5)], (6) ri=a·exp(bHQi), and (7) ri=a·exp 

[b(HQi
2)] (Roe & Georges, 2008; Gámez-Virués et al., 2010). 

To obtain values of the dependent variable, we calculated observed spread rates ri’ directly 

for each of the 172 plots that contained Chinese tallow in both the first and second surveys (

0
Ot,iN , 0

Nt,iN ), showed an increase in Chinese tallow ( 
OtiN , NtiN , ), and had not been 

subject to any site preparation treatments or invasive species control.  The increase in percent 

cover of Chinese tallow on these plots over an approximately 5-year period ranged from 0.11 % 

to 78.75% (Fig. S1): 
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where t0 represents the year of the first survey and tN  represents the year of the second survey.  

We assumed spread rate still was in the essentially exponential phase. 

#Figure S1  approximately here# 

To obtain values of the independent variable, we calculated HQi for each of the 5,008 

forested plots in the data set in terms of invasion probability by using logistic regression 

(Agresti, 2007). 
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where Y is a binary variable taking the value of either 1 if Chinese tallow is present or 0 

otherwise, Pi(Y=1) is the probability for Y=1 and means plot i is invaded by Chinese tallow, Xi’ 

is the vector of climatic conditions, forest conditions, and landscape features of plot i (NOAA, 

2008; USDA, 2008a), and   and  (a vector) are scaling coefficients.  We identified the 



conditions and features to be tested following Gan et al. (2009) (Table 1), selected the best 

equation for HQi based on the Akaike information criterion (AIC) (Akaike, 1973), and tested for 

possible zero inflation by comparing the best logistic regression model with the corresponding 

zero-inflated binomial regression (Lee et al., 2001).  In addition, we used the Hosmer-Lemeshow 

test (Hosmer & Lemeshow, 2000) to verify the model’s statistical validity. 

We estimated several functional relationships between spread rate (ri’) and habitat quality 

(HQi) (Eq. 2) and identified the best fit equation based on p-values of the estimated coefficients 

and adjusted R-squares.  We then evaluated the performance of the best fit equation by 

comparing spread projections in several of the most favourable habitats (highest HQi), initialized 

with the lowest percentage land cover reported in the Non-native Invasive Plants dataset (0.1%) 

(USDA, 2008a), to field spread rates described by Bruce et al. (1995). 

Invasion from other cells: estimation of kji 

We used a lognormal dispersal kernel to represent invasion from other cells.  The lognormal 

dispersal kernel has approximated observed dispersal patterns well for a number of trees with 

wind- and animal-dispersed seeds, such as Chinese tallow, due to its peaked, fat-tailed form 

(Stoyan & Wagner, 2001; Greene & Calogeropoulos, 2002; Greene et al., 2004; Russo et al., 

2006).  To estimate the lognormal dispersal kernel (kji), which represents the probability of 

dispersal from cell j to cell i, we tested various hypothesized invasion velocities. 
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where k(D) is a dispersal kernel function, Dji is the Euclidian distance (in grid-width units) 

between cells j and i, S is the shape parameter, which we assumed was equal to 1, as is typically 

done when modelling tree dispersal (Greene et al., 2004), and L is the scale parameter, which 



represents the dispersal velocity (in grid-width units).  The function k(D) describes the fraction 

of seeds produced by a single individual plot that are dispersed per unit of area to a distance D.  

The fraction of seeds received by a cell i coming from an individual plot j is given by: 

   dDDkDk
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where the integration variable D is the distance to cell i, Aj is the area of cell j, and Dji is the 

distance between the centre of the cells j and i (Cannas et al., 2003). 

We tested values of L ranging from 1, 1/2, 1/3,  … to 1/7 (Fig. S2), representing approximate 

mean dispersal velocities ranging from 4,927, 2463.50, 1642.33, … to 703.86 m/year (grid cell 

width = 4,927m), by comparing each of the seven resulting simulated invasion patterns to those 

observed in the field.  We generated simulated invasion patterns by running 240, 5-year, Monte 

Carlo simulations with each value of L.  This sample size allowed detection of a difference in 

total area invaded ≥ 2,428 hectares at 05.0  and 01.0  following Ott and Longnecker 

(2001).  For each simulation, we initialized the percentage land cover of Chinese tallow based on 

that reported during the first field sampling cycle (USDA, 2008b).  Simulation model dynamics 

were generated via iterative solutions of Eq. 1, with two additional rules: (1) cells within the 

dispersal kernel were invaded probabilistically, with the probability of invasion being equal to 

the volume within the two-dimensional normal distribution (Skellam, 1951; Okubo & Levin, 

2001), and (2) invasions could not originate from a cell until 3 years after its initial colonization 

(Chinese tallow do not produce seeds until age 3) (Duke, 1983).  We based observed invasion 

patterns on the percentage land cover of Chinese tallow in cells associated with the 70 field plots 

that were first invaded between the first and second field sampling cycles ( 0, 
OtiN and 

0
Nt,iN ) (USDA, 2008b).  We identified the best invasion velocity and, hence, best estimates 



of kji, based on the likelihood comparison and spatial correlation as indicated by cross Mantel’s 

tests (Mantel, 1967) using 999 randomizations and  =0.05 level of significance between 

simulated and observed invasion patterns.  

#Figure S2  approximately here# 

 

Table S1 Landscape features, climatic conditions, and forest conditions (from Table 1) selected, 

based on the indicated results of logistic regression, to estimate habitat quality (HQ = probability 

of invasion) for Chinese tallow on forested plots in seven counties in South Carolina. 

Variable Estimated 

coefficient 

Odds ratio P-value 

Elevation -0.0154 0.9847 0.0141 

Mean extreme minimum temperature 1.6781 5.3554 0.0011 

Fire disturbance 2.1263 8.3838 0.0436 

Forestland ownership 2.0339 7.6438 0.0206 

Constant -11.0403 <0.0001 

P-value of Hosmer-Lemeshow test 0.2802  

AIC 220.361  

Overall correct prediction 65.7%  

Number of observations 652  

 



 

Figure S1 Increase in percent land cover of Chinese tallow over an approximately 5-year period 

on forested plots in east Texas sampled by the United States Forest Service (USDA, 2008a).  The 

scatter plot (upper left) represents percent cover on each of 172 plots during the first versus the 

second sampling cycle.  The bar graph (upper right) represents the percent increase in Chinese 

tallow on plots with different habitat quality.  On the map, gray dots represent plots on which 

Chinese tallow was found during the first sampling cycle and black dots represent plots on which 

Chinese tallow was found during the second cycle.



 

Figure S2 Effect of the scale parameter representing dispersal velocity (L, in grid-width 

(4,927m) units) on the lognormal dispersal kernel (k(D)), assuming the shape parameter (S) 

equals 1 (see equation 4).  L=0.2 (black line), L=0.5 (gray line), and L=1 (bold black line). 
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