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Abstract 

 

 

 The native longleaf pine ecosystem is one of the most important, and depleted, 

ecosystems in the southeastern United States. Restoring this habitat is of major importance to 

land managers and conservationists alike. Unfortunately, invasive species such as the Chinese 

tallow tree have become a problem in areas within the natural geographic range of longleaf pine. 

Invasive species threaten to change the way forests are managed and how restoration efforts are 

conducted. The purpose of my research was twofold; the first objective was to understand the 

natural regeneration patterns of longleaf pine as related to different basal area management 

classes and fire history, as well as evaluating whether there is a clear zone of exclusion around 

mature trees. The second objective was looking at the re-sprouting characteristics of Chinese 

tallow following felling operations in association with prescribed burning, canopy closure, stump 

diameter size, and cutting height. We found that longleaf pine regeneration was successful only 

at low basal areas (<60 square feet/acre) even though seedlings occurred across a wide range of 

basal area sites (29-127 square feet/acre).  There was little evidence of seedling or sapling 

exclusion near existing overstory trees.  Chinese tallow stump sprouting was not controlled by 

mechanical cutting or fire except under conditions of high canopy cover. The mortality rate in 

these areas was 40% compared to just 1% in low canopy cover areas. 
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Chapter 1 

 

Effects of prescribed fire, canopy closure, stump diameter, tree age and  

cutting height on Chinese tallow (Triadica sebifera) stump sprouting 

 

1.1  Introduction 

 Invasive species impact native plant and animal communities alike.  Community 

dominance, alteration of native ecosystem processes (Gordon, 1998), and major economic losses 

(Gifford and Armacost, 2012) are just some of the effects invasive plants pose in an ecosystem.  

Invasives have the ability to change the physical structure of habitats and alter the usability of 

those habitats for other native species (Gifford and Armacost, 2012).  Because of this, invasion 

by exotic plants into forested ecosystems has become a major concern, recognized by ecologists, 

conservationists, and land managers worldwide (Gordon, 1998; Camarillo et al., 2015). 

Native to central China (Burns and Miller, 2004), Triadica sebifera (L.) Small (hereafter 

Chinese tallow) was originally introduced to the United States in the 1700’s as a crop species 

(Bruce et al., 1997) and has since been aggressively invading ecosystems; jeopardizing many 

important native ecological functions where it is found (Bennett et al., 2015).  Chinese tallow is 

an invasive species commonly found in the southeastern United States (Figure 1.1), ranging from 

Texas to Florida and up to North Carolina (Conway et al., 2002; Adams and Saenz, 2012; 

Bennett et al., 2015).  The northern extent of its existence is northern Alabama and Mississippi 

with a few localized populations in Tennessee and Kentucky (EDDMapS, 2017). Chinese tallow 

is also found in California where it just began producing naturalizing populations (Bower et al., 

2009).  What makes this tree such an issue is its ability to form monotypic stands (Gifford and 
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Armacost, 2012) due to its rapid growth rates, large annual seed loads (Conway and Smith, 

2002), high fecundity, and the fact that it has few pests or pathogens (Wang et al., 2014). 

Chinese tallow also has high shade tolerance giving it an ability to grow in understories and 

respond to release when bigger nearby trees fall or are harvested (Miller, 2003). Although the 

Chinese tallow tree has a relatively short local seed dispersal distance (distance the seed falls 

from the seed tree), it has an effective dispersal distance of nearly 28 km that is influenced by 

bird dispersal and/or being carried by rivers, streams, and storm runoff with few limiting barriers 

(Fan et al., 2012).  According to Wang et al. (2014), if current management of Chinese tallow 

continues, expansion of Chinese tallow into uninvaded areas is likely to continue.  Because of 

this, Chinese tallow continues to be a growing concern.   

 

 

Figure 1.1. The current reported range of Chinese tallow in the southeastern United States. Photo 

derived from EDDMapS, 2017. 
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Current management of Chinese tallow is focused on a variety of different techniques.  

Ansari and Nand (1987) reported that types of cattle such as goats and sheep will eat tallow 

leaves.  However, due to the toxicity in its leaves, grazing is rarely used as an effective approach 

to control the tree (Russell et al., 1969). Another method of control, though rarely plausible to 

use, is through mechanical removal with the use of heavy equipment (Bruce et al., 1997).  This is 

not a suitable way to control Chinese tallow because this disturbs native soils and non-target 

vegetation (Bruce et al., 1997) making it easier for other non-native species to colonize.  

Methods easier on the local environment include hand removal of individual saplings <1 m tall 

(Bruce et al., 1997).  However, it is unlikely this is a feasible method if you have thousands of 

seedlings/saplings per acre.  It has been reported that prescribed burning controls Chinese tallow 

<2 m tall (Burns et al., 1997).  One of the most common methods of control is through the use of 

herbicide.  Whether it consists of cutting the tree down and then applying an herbicide on the 

stump in order to prevent stump sprouting, or applying herbicide through the bark, these two 

techniques are the most effective use of control (Bruce et al., 1997).  Many landowners are likely 

to try cutting Chinese tallow down as a method of control, but will soon find out that it is likely 

to re-sprout.   

Many trees depend on stump sprouting as a form of regeneration (Keyser and Zarnoch, 

2014).  Sprouts from highly developed root systems of the parent tree exhibit rapid growth and 

can impact post-disturbance species composition (Keyser and Zarnoch, 2014).  However, stump 

sprouting in an invasive species such as Chinese tallow can be largely unwanted, and usually 

requires the use of herbicide to stop it (USDA Plant Guide).  Despite Chinese tallow’s known 

ability for producing stump sprouts, there are surprisingly no quantitative studies that have 
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investigated the ability to sprout across a range of factors.  Thus, we know little about which 

factors may help reduce the ability of this invasive species to re-sprout following felling.  

Tree age, stump diameter (Ducrey and Turrell, 1992; Randall et al., 2005; Wu et al., 

2008), stump height (Jobidon, 1997), prescribed fire, and canopy closure can all have an effect 

on stump sprouting.  Some of the above factors such as tree age and diameter cannot be 

controlled and vary among individuals, whereas stump height, prescribed fire, and canopy 

closure can be controlled.  Chinese tallow may have a different re-sprouting response associated 

with these factors.  Examples of other species varying their response is the genus Quercus (oak) 

where research has shown that as oak stump diameter increased, the number of sprouts per stump 

decreased (Khan and Tripathi, 1986).  That is in contrast to Wu et al. (2008) that showed in 62 

species, the number of sprouts per stump increased while the stump diameter increased. 

Our study investigated the re-sprouting of Chinese tallow tree following felling to 

identify situations where the re-sprouting ability is minimized or controlled completely.  The first 

hypothesis we tested was that there is no difference in re-sprouting ability between the different 

factors such as age, diameter, etc.  The second hypothesis we tested is that there is no effective 

way to control the re-sprouting without the use of any herbicides.  Specifically, we hypothesized 

that 1) tree age, stump diameter, cutting height on a tree (stump height), fire, and/or canopy 

closure will have some effect on the number and size of the sprouts, and 2) there will be a 

situation where Chinese tallow can be controlled without the use of herbicides.  These results 

may help land managers identify effective management techniques to improve control of this 

invasive species. 
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1.2  Materials and methods 

1.2.1  Study site 

This study was carried out in the Southeastern Coastal Plain of Mississippi, at the 

Mississippi Sandhill Crane National Wildlife Refuge (MSCNWR; 30°27’N – 88°39’W) and the 

Grand Bay National Estuarine Research Reserve (GBNERR; 30°25’N – 88°25’W; Figure 1.2).  

Both sites belong near the center of its current range (Figure 1.2).  Having our study site in 

Mississippi where Chinese tallow has increased in abundance by 445% from 1994 to 2006 

(Oswalt, 2010) gives us a unique opportunity to examine a vast array of factors that influence 

stump sprouting.  The area is characterized by a warm temperate climate with poorly drained 

soils (Norquist, 1984) and a low (average elevation = 5 m), flat topography.  The MSCNWR and 

GBNERR encompass a mosaic of pine savannas and pinelands interspersed with forested 

swamps, drainages, and estuarine marshes.   

 

 

 

 



 6 

 

Figure 1.2. A map of the southeastern United States, with the red star indicating the location of 

the two study sites in south Mississippi. The shaded dark grey area is where Chinese tallow is 

currently reported. 

 

 Current management of the two study sites focuses on restoring the wet pine savanna 

through the use of prescribed fire to promote nesting habitat of the Mississippi Sandhill crane.  

Prescribed fire is implemented in the spring and fall to clear woody vegetation, improve areas 

overstocked with slash pine (Pinus elliottii), and enhance the suitability of nesting areas of the 

cranes. Since 1985, the MSCNWR has been conducting prescribed fires on 1,000-9,000 acres per 

year, with each stand on a one- to five-year fire rotation.  Large proportions of the area have 

various stocking levels of longleaf pine (Pinus palustris Mill.) and are variably infested by 

invasive species (e.g., Chinese tallow, cogon grass (Imperata cylindrica L.), Japanese climbing 

fern (Lygodium japonicum (Thunb. Ex. Murr.) Sw.), etc.).   
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1.2.2  Study design 

We looked specifically at what effects age, tree diameter at breast height (DBH), cutting 

height of the stump, stump ground line diameter (GLD), prescribed burning (pre-felling), and 

canopy closure have on sprouting ability.  We had three different study locations (two in the 

MSCNWR, one in the GBNERR) where plots were created with different treatments applied to 

each site. Location one in the MSCNWR served as our low canopy closure site with different 

cutting heights applied to trees. Location two in the MSCNWR served as our medium canopy 

closure site and our site with a prescribed fire implemented two weeks prior to felling. Location 

three (in the GBNERR) was sub-divided into three plots which served as high, medium, and low 

canopy closure sites. 

Location one consisted of one permanent plot (approximately 30m X 43m) which was 

established in March, 2016.  This plot was divided into five sub-plots with each receiving a 

different cutting height treatment (Figure 1.3). 
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Figure 1.3. The layout of location one plot in the Mississippi Sandhill Crane National Wildlife 

Refuge created March, 2016. The total size of the plot was approximately 30 m X 43 m, with 

each sub-plot approximately 6.1 m X 43 m.  Treatments consisted of different cutting heights 

(cm) above the ground. 

 

There were 5 cutting height treatments consisting of ground-level, 25, 50, 75, and 100 cm 

applied at random to strips within the main plot. At the time of plot establishment, every Chinese 

tallow tree present was cut at the indicated height.  In total, 378 trees were felled and the 

following data were recorded: age, total height, DBH, GLD, stump height, and whether fire had 

burned around the base of the tree.  A prescribed fire was implemented in this burn unit two 
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weeks prior to us cutting the trees and burned a portion of the area. The burned portion of each 

treatment plot was easily identified by char and nearby vegetation being brown (burnt) or green 

(not burnt).  There were a few non-target species left in the stand such as slash pine, longleaf 

pine, and bald cypress (Taxodium distichum (L.) Rich).  Since this plot was to serve as our low 

canopy closure treatment, no efforts were used to remove the remaining trees.  This plot had an 

average canopy closure of 34.0% (standard deviation = 31.6).  All canopy measurements were 

made using a densitometer. The basal area of Chinese tallow in this plot was 54.0 ft2/acre with 

1,186 trees/acre (TPA). 

 Location two consisted of one permanent plot (approximately 55m X 112m) which was 

established in May, 2016 (Figure 1.4).  This plot was not intended to serve as a test for stump 

height, therefore, all cuts were made at a cutting height ≤50 cm above ground.  The same data 

were recorded as in the first plot. There had been a prescribed fire two weeks before cutting that 

affected every single stem.  In total, 130 trees were felled in this plot. Canopy closure (measured 

using a densitometer) for this plot averaged 52.0% (standard deviation = 22.9). The basal area of 

Chinese tallow in this plot was 7.2 ft2/acre with 85 TPA. 
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Figure 1.4. The layout of location two plot in the Mississippi Sandhill Crane National Wildlife 

Refuge created in May, 2016. Canopy closure was 52% for the plot. A prescribed fire was 

conducted two weeks prior to cutting our trees. 

 

Location three consisted of one permanent plot in the GBNERR (approximately 27m x 

40m) and was established in May, 2016.  This plot was subdivided into three different sub-plots 

(Figure 1.5), representing different canopy classes (low: average = 39.2%, standard deviation = 



 11 

24.2; medium: average = 50.0%, standard deviation = 18.7; high: average = 82.5%, standard 

deviation = 10.8).  Canopy measurements were made using a densitometer.  

 

 

Figure 1.5.  The layout of location three plot in the Grand Bay National Estuarine Research 

Reserve created in May, 2016.  Treatments consisted of low, medium, and high canopy closures. 

 

The overstory consisted primarily of mature slash pine.  Trees of both species (Chinese tallow 

and slash pine) were removed to get the canopy closure to the desired state.  The same data were 
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recorded as in the other plots.  All cuts were made at an easy cutting height (≤50cm above 

ground).  In total, 80 trees were felled in this plot. The basal area and TPA for each sub-plot of 

location three are summarized in Table 1.1. 

 

Table 1.1. Basal area and trees/acre comparison within each sub plot in the GBNERR. 

Plot Basal area (ft.2 / acre) Trees per acre 

Low canopy closure 

Medium canopy closure 

High canopy closure 

10.3 

27.6 

9.2 

337 

337 

225 

 

For all plots, all trees were cut using a chainsaw. After cutting, a metal tag was fixated at 

the base of each stump to allow for future identification.  Stump characteristics for the three plots 

and all sub-plots are summarized in Table 1.2. 
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Table 1.2. Characteristics of Chinese tallow stumps cut in each plot and sub-plot in 2016. 

 Stump Diameter Size (cm) and Total Number 

 

Plot  

 

Cutting 

Height 

Average 

Canopy 

Closure (%) 

 

Did fire 

affect trees? 

 

0-5 

 

5.1-10 

 

10.1-15 

 

15.1-20 

 

> 20 

1 

1   

1   

1   

1   

2 

3 

3   

3   

Ground Level 

25cm 

50cm 

75cm 

100cm 

≤50cm 

≤50cm 

≤50cm 

≤50cm 

34 

24 

23 

25 

37 

52 

39 

50 

82 

Some trees 

Some trees 

Some trees 

Some trees 

Some trees 

Yes 

No 

No 

No 

37 

30 

49 

45 

90 

27 

13 

11 

7 

17 

1 

5 

5 

16 

45 

15 

10 

13 

6 

8 

4 

7 

6 

38 

1 

6 

0 

5 

7 

2 

5 

0 

8 

0 

2 

0 

1 

0 

2 

2 

2 

1 

0 

1 

0 

 

1.2.3  Sprouting measurements 

 A survey for location one in the MSCNWR occurred 2, 5, 8, and 12 months after 

treatment (MAT).  Location two in the MSCNWR was measured 6 and 10 MAT. The location 

three plot at GBNERR was measured 3, 6, and 10 MAT. The number of living sprouts, the total 

aggregated height of all sprouts (to the nearest cm), and the height of the tallest sprout (to the 

nearest cm) was recorded.  Total aggregated height is a common measurement which sums the 

height of all stems on a single stump and incorporates growth, stunting, dieback, and mortality 

(Quicke et al. 1996). This measurement was used similarly as Quicke et al. (1996), except they 
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used it on an acre basis whereas our focus was per rootstock.  Our observations in the field since 

2012 indicate that when a fire runs through the area prior to felling, some stumps appear dead 

with sprouts forming on lateral roots.  Therefore, the presence of lateral root sprout formation 

was counted similarly as if the sprouts were coming directly from the stump. 

 

1.2.4  Average sprouting capacity 

 Since sprouts originated from both the top of the stump (where it was cut) and the sides 

of the stump, a new response variable was created to account for the cylindrical orientation of 

possible sprout formation (Figure 1.6). The average sprouting capacity (ASC) of an individual 

stump based off stump height considers this by using the following formula: 

 

𝑆𝑡𝑢𝑚𝑝 𝐻𝑒𝑖𝑔ℎ𝑡 𝐴𝑆𝐶 =  
# 𝑆𝑝𝑟𝑜𝑢𝑡𝑠 8 𝑀𝐴𝑇

𝜋 ∗ 𝐺𝐿𝐷 ∗ (𝐶𝑢𝑡𝑡𝑖𝑛𝑔 𝐻𝑒𝑖𝑔ℎ𝑡 + 50𝑐𝑚)
 

 

The equation is derived from finding the surface area of a cylinder/tube (π * diameter * length). 

Cutting height + 50 cm is used as the length in the equation since we had stumps that were cut at 

ground level. This allows us to use the 0 cm cutting height in our analysis; otherwise, the 

denominator would be a ‘zero’ and the data would not be useful. We used the 8 MAT 

measurement of total number of sprouts per stump as the numerator. The end result is the 

number of sprouts on a stump with a certain area covered. 
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Figure 1.6. Stump height average sprouting capacity (ASC) takes into account the cylindrical 

orientation of sprout orientation. 

 

Another equation we will use is the ASC disregarding stump height with more focus on the 

biomass of the root system (Figure 1.7). The formula used to determine is as follows: 

 

𝑅𝑜𝑜𝑡 𝐴𝑆𝐶 =  
# 𝑆𝑝𝑟𝑜𝑢𝑡𝑠 8 𝑀𝐴𝑇

𝜋 ∗ (
𝐺𝐿𝐷

2 )
2  

 

This equation is derived from finding the surface area of a circle (stump) with no interest in the 

height of the stump. Since this is a measure of sprouts per unit of groundline basal area, it allows 

us to look at sprout formation with respect to translocation of cabohydrate reserves from the root 

system. 
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Figure 1.7. Root ASC disregards stump height and is a measure of sprouts per unit of groundline 

basal area.  This takes into account the root biomass and its impact on the sprout potential. 

 

1.2.5  Data analyses 

 Simple linear regressions were conducted to explore the trends between total aggregated 

height and total number of sprouts per stump by age and DBH. We then graphed total aggregated 

height and total number of sprouts per stump by canopy closure. The log-log transform (for 

normality) of root ASC was used to evaluate the impact of canopy closure and stump diameter. 

An ANCOVA was then performed using DBH and grouped canopy closure percentage as 

covariates. Tukey’s post-hoc ANCOVA comparisons were then ran to evaluate the significance 

between the three canopy closure classes. The same method was conducted testing total 

aggregated height by DBH and grouped canopy closure.  A MACOVA was then ran to test the 

significance of cutting height by the number of sprouts per stump, total aggregated height, and 

stump height ASC. To evaluate the impact of prescribed fire on total number of sprouts and total 

aggregated height, stumps were broken into three DBH classes and two sample t-tests were run. 

All analyses were done using Minitab 17 Statistical Software (Minitab 2010) and R with an 

alpha level of 0.05 used to determine significance. 
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1.3  Results 

A total of 550 stumps were cut and measured in May, August, and November, 2016 and 

March, 2017.  Tree age revealed the parent trees originating around 1998 (19 years old).  The 

youngest trees were two years old, with a mean age of 7.3 (standard deviation = 3.8). Stump 

diameters (at the ground level) ranged from 7.6 to 45.2 cm. 

 

1.3.1  Exploratory data analysis 

The exploratory data analysis used data from the 8 MAT measurement. Data from 

location one at the MSCNWR (stump heights <50cm), as well as all data from location two 

within the MSCNWR and location three at the GBNERR were used to determine possible trends 

with the data. There was a total of 311 observations, with the results of the total aggregated 

height on each stump and the total number of sprouts vs. age and DBH shown in Figure 1.8 (a-

d). 
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Figure 1.8. The top two graphs (a-b) show total aggregated height on each individual stump vs. 

age and DBH, respectively. The bottom two graphs (c-d) show the total number of sprouts vs. 

age and DBH, respectively. All trends appear to have a positive association. 

 

Location one at the MSCNWR had 210 canopy closure measurements taken, with an 

average canopy closure of 34% throughout the plot. Similarly, the location two plot at the 

MSCNWR had 66 total canopy measurements taken, with an average closure throughout the plot 

of 52%. Lastly, each sub-plot at the GBNERR location three plot had six canopy measurements 

c d 
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taken. The ‘low’ canopy closure plot had a closure of 39%. The ‘middle’ canopy closure plot had 

a closure of 50%, whereas the ‘high’ canopy closure plot had a closure of 82%. The total 

aggregated height (Figure 1.9a) and the total number of sprouts (Figure 1.9b) versus canopy 

closure is shown in Figure 1.9. The five different plots were classified into three groupings for 

canopy closure (low, medium, high). 

 

Figure 1.9. a) The total aggregated height of each stump versus plot canopy closure is shown. b) 

The total number of sprouts versus plot canopy closure is shown. 
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The last trends we wanted to investigate required transforming the response variable into the root 

ASC. Figure 1.10 shows these trends. It appears a negative relation occurs with all variables. 

 

Figure 1.10. Root ASC versus age (a), DBH (b), GLD/Age (Annual growth rate; c), and plot 

percent canopy closure (d). 
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1.3.2  Impact of canopy closure and stump diameter 

 The root ASC data was transformed using log-log (for normality) and an ANCOVA was 

performed using DBH and grouped canopy closure as covariates. We were able to use the log-

log transformation with the exclusion of only two ‘zeros’ in our data which were removed and 

not used in analysis. Both canopy closure (F[2,299] = 18.97, P = < 0.001) and DBH (F[1,299] = 

154.05, P = < 0.001) were significant in affecting the root ASC log-log (Table 1.3). Tukey’s 

post-hoc ANCOVA comparisons between the grouped canopy closure and root ASC log-log 

showed a negative relationship with all three levels of canopy closure differing from one another 

(Figure 1.11). 

 

Table 1.3. Results of the ANCOVA indicate both canopy closure and DBH significantly affect 

the transformed root ASC of Chinese tallow. 

 Df Sum Sq Mean Sq F value Pr(>F) 

Canopy Closure 

DBH 

Residuals 

2 

1 

299 

2.872 

11.658 

22.628 

1.436 

11.658 

0.76 

18.97 

154.05 

<0.001 

<0.001 
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Figure 1.11. Tukey’s post-hoc ANCOVA comparisons between canopy closure and root ASC 

log-log data indicate a negative relationship. All three grouped canopy closures differ in root 

ASC log-log from one another (2-1 P = 0.0386; 3-1 P = <0.001; 3-2 P = 0.0102). 

 

In addition to using the transformed root ASC log-log data, we also used the untransformed total 

aggregated height for each stump, and ran an ANCOVA and Tukey’s post-hoc comparisons. 

Similarly to the root ASC log-log data, both canopy closure and DBH had a significant effect on 

the total height combined of each stump (F[2,299] = 10.88, P < 0.001; F[1,299] = 216.61, P < 0.001, 

respectively; Table 1.4). DBH had a positive association with the total aggregated height as well 

as the total number of sprouts per stump (Figure 1.12). Running Tukey’s post-hoc ANCOVA 

comparisons on canopy closure indicate that low and medium canopy closure had a significantly 
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greater total aggregated height on an individual stump than did the high canopy class (Figure 

1.13). 

 

 

Figure 1.12. Quantile regression to predict the 95%, 75%, mean (red), 50% (blue), 25%, and 5% 

regression lines based on aggregated height (a) and number of sprouts per stump (b).  

 

Table 1.4. Results of the ANCOVA indicate both canopy closure and DBH significantly affect 

the total aggregated height of Chinese tallow. 

 Df Sum Sq Mean Sq F value Pr(>F) 

Canopy Closure 

DBH 

Residuals 

2 

1 

299 

1289927 

12840190 

17724408 

644963 

12840190 

59279 

10.88 

216.61 

<0.001 

<0.001 
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Figure 1.13. Tukey’s post-hoc ANCOVA comparisons (at p=0.05) between canopy closure and 

total aggregated height on an individual stump. Low and medium canopy closure did not differ 

from one another, whereas high canopy closure was significantly lower than the other two. 
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1.3.3  Stump mortality 

Of the 550 measured stumps, 23 (4.1%) exhibited no sprouting activity. We ran a logistic 

regression to test if DBH and/or canopy closure had a significant effect on the mortality of 

stumps. Plot canopy closure was significant (P = 0.0002) on stump mortality; however, DBH 

was not (P = 0.499). Stump mortality from each plot is summarized in Table 1.5. 

 

Table 1.5. Stump mortality from all plots in MSCNWR and GBNERR. 

 

Plot  

Cutting 

Height 

Average Canopy 

Closure (%) 

Did fire affect 

trees? 

 

Mortality rate (%) 

1 

1   

1   

1   

1   

2 

3 

3   

3   

Ground Level 

25cm 

50cm 

75cm 

100cm 

≤50cm 

≤50cm 

≤50cm 

≤50cm 

34 

24 

23 

25 

37 

52 

39 

50 

82 

Some trees 

Some trees 

Some trees 

Some trees 

Some trees 

Yes 

No 

No 

No 

0% 

2.2% 

0% 

1.6% 

0% 

2.7% 

17.2% 

43.3% 

40% 
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1.3.4  Impact of age 

 Quantile regressions were conducted to determine the relationship between the total 

aggregated height and the number of sprouts per stump versus the tree age (Figure 1.14; a-b). 

Additionally, root ASC had a non-linear decline with increased age (Figure 1.14c).  

 

 

Figure 1.14. Quantile regression were used to predict the 95%, 75%, 50% (blue), mean (red), 

25%, and 5% regression lines based on rootstock age; total aggregated height (a), and number of 

sprouts per stump (b). As age increases, root ASC potential decreases (c). 

 

1.3.5  Impact of cutting height 

 The location one plot within the MSCNWR was used to examine the effects of stump 

sprouting with respect to different cutting height treatments. Since DBH was a significant 

predictor of sprouting response, a multivariate covariance analysis (MACOVA) was conducted. 

The response variables analyzed include the total aggregated height, the number of sprouts per 

stump and the stump height ASC. The predictor variables include cutting height (factor) and 

DBH (continuous). The significance of cutting height decreased with time (Figure 1.15). Letters 
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that are the same above figures 1.16-1.24 indicate no significant differences between the two 

cutting heights. If the letters are different from one another between cutting heights, there is a 

significant difference (at P = 0.05) between them.  

 

Figure 1.15. The five cutting height levels with average counts of sprouts (a-c) and aggregated 

height (d-f) per rootstock.  
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Multiple comparisons on total aggregated height by cutting height 

The results of the Pillai test (a test statistic used in a MACOVA; used as suggested by 

Muller et al., 2007) in the MACOVA indicate cutting height as a significant indicator of 

aggregated height (P < 0.001). Tukey’s post-hoc comparisons were used between the five cutting 

classes and three time intervals. After our first measurement two months post-treatment, 100cm 

cutting height was significantly greater than 75cm, 25cm, and ground level cutting height in 

relation to the aggregated total height (Figure 1.16). There was no difference between 100cm and 

50cm cutting height (P = 0.5669). As time went on, the stump height became less of a significant 

factor as there were minimal differences between cutting height and aggregated total height five 

months post treatment (Figure 1.17), while there was no significance eight months post treatment 

(Figure 1.18). 
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Figure 1.16. Tukey’s post-hoc comparisons on total aggregated height by cutting height two 

months post-treatment. Cutting height 100cm was significantly greater than 75cm, 25cm, and 

ground level. The differences were noted between ground level and 50cm (P = <0.0001), ground 

level and 100cm (P = <0.0001), 100cm and 25cm (P = 0.0241), and 75cm to 100cm (P = 

0.0181).  
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Figure 1.17. Tukey’s post-hoc comparisons on total aggregated height by cutting height five 

months post-treatment. Cutting height became less of an indicator of total aggregated height. The 

only difference between cutting heights was between ground level and 75cm (P = 0.0454). 
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Figure 1.18. Tukey’s post-hoc comparisons on total aggregated height by cutting height eight 

months post-treatment. Eight months post-treatment, cutting height was no indicator of total 

aggregated sprout height. There was no difference between any classes of cutting height. 

 

Multiple comparisons on total number of sprouts per stump by cutting height 

 The results of the Pillai test in the MACOVA indicate cutting height as a significant 

indicator of total number of sprouts per stump (P < 0.0001). Tukey’s post-hoc comparisons were 

used between the five cutting classes and three time intervals. Two months post-treatment, 

100cm cutting height class was significantly greater than all other classes except for 50cm (P = 

0.05123; Figure 1.19). Five months post-treatment, the effects of cutting height were smaller 
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than two-months, where the only differences were between ground level and 75cm (P = 0.0176) 

and 75cm and 25cm (P = 0.0396; Figure 1.20). Eight months post-treatment, the differences 

between ground level and 75cm and 75cm and 25cm remained as they did in the five-month 

post-treatment measurement (Figure 1.21). 

 

Figure 1.19. Tukey’s post-hoc comparisons on total number of sprouts per stump by cutting 

height two months post-treatment. There was significance in 100cm stump height having a 

greater total number of sprouts per stump versus 75cm (P = 0.00194), 25cm (P = 0.00467), and 

ground level heights (P = < 0.001). There was no difference between 100cm and 50cm heights 

(P = 0.05123). 
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Figure 1.20. Tukey’s post-hoc comparisons on total number of sprouts per stump by cutting 

height five month post-treatment. The only difference was between ground level and 75cm (P = 

0.0176), and 75cm and 25cm (P = 0.0396). 
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Figure 1.21. Tukey’s post-hoc comparisons on total number of sprouts per stump by cutting 

height eight months post-treatment. The only difference was between ground level and 75cm (P 

= 0.0176), and 75cm and 25cm (P = 0.0396). 

 

Multiple comparisons on stump height ASC by cutting height 

 The last comparisons regarding cutting height involved the transformed stump height 

ASC. Tukey’s post-hoc comparisons were used between the five cutting classes and three time 

intervals. Two months post-treatment, the only significant differences were between ground level 

and 75cm (P = 0.0335), and ground level and 100cm (P = 0.0215; Figure 1.22). Five months 

post-treatment, 100cm, 75cm, 50cm, and 25cm were all significantly lower (P = <0.001 for all 

four) than ground level cutting height (Figure 1.23). Eight months post-treatment, cutting height 

0 was greater than all four cutting heights, and cutting height of 100cm was significantly lower 
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than both ground level (P < 0.001) and 25cm (P = 0.00213; Figure 1.24). 25cm, 50cm, and 75cm 

did not differ from one another. 

 

Figure 1.22. Tukey’s post-hoc comparisons on stump height ASC by cutting height two months 

post-treatment. Ground level was significantly higher than 75cm and 100cm. All others (25cm, 

50cm, 75cm, 100cm) were equal to one another (P > 0.05 for all). 

S
tu

m
p
 h

ei
g
h
t 

av
er

ag
e 

sp
ro

u
ti

n
g
 c

ap
ac

it
y
 



 36 

 

Figure 1.23. Tukey’s post-hoc comparisons on stump height ASC by cutting height five months 

post-treatment. Ground level was significantly higher than the four other cutting heights. All 

others were equal to one another (P > 0.05). 
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Figure 1.24. Tukey’s post-hoc comparisons on stump height ASC by cutting height eight months 

post-treatment. Ground level was significantly higher than all other cutting height classes.  
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1.3.6  Impact of prescribed fire 

 Location one at the MSCNWR (stump heights <75cm), as well as low and medium 

canopy closure from the GBNERR, in addition to all data from location two within the 

MSCNWR were used for analysis while evaluating the impact prescribed fire had on total 

aggregated height and the total number of sprouts per stump. Since stump diameter was 

significant in determining the total number of sprouts and total aggregated height, stumps were 

broken into three size categories; 0-5cm DBH, 5-10cm DBH, and >10cm DBH. Two sample t-

tests were ran for both total number of sprouts and total aggregated height for each DBH class. 

Results are summarized in Table 1.6 below. 
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Table 1.6. The effects of prescribed fire on total aggregated height per stump (cm) and 

the total number of sprouts on each stump were compared using two sample t-tests. 

There were three DBH classes. 

DBH class Test P-value Comparison 

0-5cm Aggregated 

height 

0.981                   N    Mean  StDev  SE Mean 

No fire      80     164     117        13 

Fire           64     164     109        14 

0-5cm Total # sprouts 0.704                  N     Mean  StDev  SE Mean 

No fire     80     5.58    3.56      0.40 

Fire          64     5.30    4.89      0.61 

5-10cm Aggregated 

height 

0.004                  N    Mean  StDev  SE Mean 

No fire     47     267     231        34 

Fire          45     396     184        27 

5-10cm Total # sprouts <0.001                 N     Mean  StDev  SE Mean 

No fire    47    8.47      6.80      0.99 

Fire         45    15.29    8.16      1.20 

>10cm Aggregated 

height 

0.598                 N    Mean   StDev  SE Mean 

No fire    44    703      535        81 

Fire         47    654      311       45 

>10cm Total # sprouts 0.248                 N    Mean   StDev  SE Mean 

No fire   44    20.5     17.6        2.7 

Fire        47    24.3     13.7        2.0 
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1.4  Discussion 

1.4.1  Sprouting capability 

Chinese tallow tree has strong sprouting capabilities and multiple factors are likely to 

affect that.  Prescribed fire, canopy closure, stump diameter, tree age, and stump cutting height 

all influence the response of stump sprouting after felling treatments.   

Many stumps began sprouting vigorously just a few weeks after cutting. Self-thinning 

was observed between the five- and eight-month post-treatment measurement, indicated by the 

declining total number of sprouts per stump (Figure 1.15; a,b,c). Our data indicate the number of 

sprouts per stump declining by nearly half between the five- and eight-month post-treatment 

measurements. Scheld and Cowles (1981) reported similar self-thinning trends in Chinese tallow 

with stumps initially having 12-24 sprouts each, with self-thinning reducing that number to 4-8 

at the end of the second growing season. Self-thinning of stump sprouts is a common process 

observed in many different tree genus such as Quercus and Sequoia (Mitchell et al., 1985; 

O’Hara and Berrill, 2010).  

 

1.4.2  Impact of prescribed fire 

 Prescribed fire showed no impact on our trees greater than 10cm DBH. This is likely 

because of increased bark thickness as the tree gets older/larger (Meyer, 2011). Trees less than 

10cm in DBH but greater than 5cm DBH exhibited increased growth and increase in total 

number of sprouts when exposed to fire compared to those not exposed. Trees less than 5cm 

DBH showed similar results as the large trees, where fire did not affect either the total number of 

sprouts per stump or total aggregated height of each stump. Prescribed fire has shown to have 

minimal effect of controlling established Chinese tallow (Meyer, 2011). Larger trees survive fire, 
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whereas smaller ones are top-killed and exhibit vigorous sprouting capabilities (Grace et al., 

2005; Meyer, 2011). Our stumps affected by fire did not exhibit any sprouting from the trunk or 

top of the stump, but instead at the base and along the root line. Our observations in the field 

align with those of Grace (1998) that show roots extremely capable of sprouting, sometimes up 

to five meters away from the original tree stump. Our data one growing season post-burn show 

no effects of fire on stump survival. In fact, there was a 98% survival rate where a stump was 

affected by fire. Similar results have been reported by Grace (1998) where the only mortality 

occurred from transplanted seedlings into the burn site. It was reported that no mortality occurred 

from the naturalized population, indicating a 100% survival rate (Grace, 1998). Two growing 

seasons post-fire, Grace’s (1998) preliminary data show a significant decline in tree survival; 

where all new seedlings, 70% of trees 2 meters or less in height, and 30 trees ranging from 2-5 

meters were either killed or top-killed.  Based off our data, we cannot suggest fire should be used 

as an idealized control mechanism of already invaded areas. However, fire was shown to be 

effective at minimizing the risk of invasion at a site in northern Florida (Burns and Miller, 2004).  

 

1.4.3  Impact of canopy closure 

 Canopy closure was significant in determining the total number of sprouts per stump and 

the average root sprouting capacity. High canopy closure areas led to a lesser amount of sprouts 

per stump than the intermediate and low canopy closure areas. This is consistent with non-

disturbed Chinese tallow trees, where tallow survives and grows better in open sunlit areas 

(Meyer, 2011). Additionally, our results show a decrease in average root sprouting capacity with 

increasing canopy closure. Our high canopy closure site experienced a mortality rate of nearly 

22%, compared to 1.7% and 1.1% for the intermediate and low canopy closure sites, 
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respectively. Lin et al., (2004) reported a mortality rate of 5.3% when the trees were exposed to 

only 0.1% full sunlight. That is in contrast to their 10% full sunlight area where mortality was 

experienced at a rate of 0.05%. Another study (Siemann and Rogers, 2003) showed significantly 

lower Chinese tallow seedling survival in shade treatments compared to higher sunlight 

treatments. In a study comparing seedling survival, Bruce (1993) observed a 100% mortality rate 

when Chinese tallow seedlings were in a full-shade environment. Based off our data, 

forests/prairies with an open canopy are at major risk of not only invasion, but also dominance 

by Chinese tallow. Stump sprouting was not controlled in areas with a low canopy percentage. 

Forests with a dense canopy are still at risk of invasion by Chinese tallow, however; the impacts 

will not be as significant. Some stumps will re-sprout where others will die, and the ones that do 

re-sprout will be small enough in height that minor additional mechanical treatments will 

possibly eradicate the re-sprout.  

 

1.4.4  Impact of tree age and stump diameter 

 Stump diameter (GLD) and DBH are common measurements used to report the initial 

size of a stump/tree in many studies (Ducrey and Turrel, 1992; Randall et al., 2005; Ashish et al., 

2010). The larger a stump, whether based off GLD or DBH usually indicate an older tree (Blake, 

1981), where other studies (MacDonald and Powell, 1983; Khan and Tripathi, 1986; Ashish et 

al., 2010) have explained the effect that stump size has on sprouting effects due to the changing 

physiology of older trees. Our data show similar trends that as the larger the GLD or DBH is, the 

older the tree is. Therefore, the same conclusions can be drawn between tree age and/or stump 

diameter. 
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Our data show that as stump diameter increases in size, the total number of sprouts per 

stump and the total aggregated height increases. Stump diameter was potentially the most 

significant indicator of stump sprouting in our study (indicated by P = <0.001). Bigger stumps 

could support more sprouts, as well as more total biomass (total aggregated height) than smaller 

stumps. Scheld and Cowles (1981) reported similar trends; their largest stumps produced the 

greatest total number of sprouts, as well as the tallest height of the dominant sprout. This pattern 

is reported in certain Quercus species as well (Johnson, 1975; Wu et al., 2008). Scheld and 

Cowles (1981) reported their largest stumps having a dominant sprout of 12 feet within one 

growing season, and more than 18 feet after the second growing season. This phenomenon may 

be attributed to the fact that larger stumps have more surface area, a more advanced root system, 

and a large amount of stored carbohydrates that allow larger stumps to provide more energy and 

space for sprouts (Miura and Yamamoto, 2003; Yamada and Suzuki, 2004). Controlling the 

larger stumps from sprouting should be of high importance to land managers as they have the 

highest potential of detrimental effects on any native or important vegetation. 

 

1.4.5  Impact of cutting height 

 Stump height initially had an effect on the total number of sprouts per stump (Figure 

1.19) with the highest cutting height being able to support the most number of sprouts per stump, 

however, that trend disappeared five and eight months after initial treatment (Figures 1.20; 1.21). 

A negative relationship existed with cutting height and average sprouting capacity of a stump 

(Stump Height ASC; Figures 1.22-1.24). No studies examining the effect of cutting height on 

Chinese tallow stump sprouting exists to our knowledge; however, similar trends were reported 

in Quercus variabilis, with Xue et al. (2013) reporting cutting height as a significant factor on 
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sprout number and sprout growth during the first year after cutting and diminishing effects after 

that. 

 The initial significance of cutting height and total number of sprouts per stump could be 

attributed to the sprouts originating from dormant adventitious buds. The higher cutting height 

meant more surface area aboveground, therefore; a greater number of dormant buds were 

accessible to sprout (Harrington, 1984). After the initial advantage due to more adventitious buds 

and a larger amount of aboveground biomass, the sprouts may have come more dependent on the 

developed root systems where there is much more nutrient availability, which could have been 

the reason cutting height was only a significant factor on total number of sprouts for the first few 

months before that significance disappeared (Xue et al., 2013). 

 

1.5  Conclusions 

 Our results show that Chinese tallow exhibits extremely vigorous stump-sprouting 

capabilities. The amount of stump-sprouting is largely dependent on the size of the tree and its 

position with respect to canopy characteristics. Our high canopy closure sites exhibited the most 

mortality, nearly 40% higher than the low canopy closure areas. Applying a mechanical 

treatment on trees in high canopy closure areas may minimize the sprouting ability of this 

invasive. However, areas in high sunlight/open areas have a high possibility of invasion and 

minimal control of stump-sprouting without any herbicidal treatment. Fire had no effect on trees 

larger than 10cm DBH, but worked as a growth enhancer in trees smaller than 10cm. The small 

trees affected by fire responded and had larger stems than equal sized ones in non-burned areas. 

Cutting height had an initial positive relationship with the total number of sprouts, but that effect 

disappeared five to eight months post-treatment. Complete control without herbicides is unlikely. 
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In weed science when evaluating herbicide control, anything less than 85% mortality is 

considered a failure. We were nowhere near that; therefore, we do not recommend mechanical 

treatment as a feasible method of control of Chinese tallow. 

 We will continue to monitor stumps affected by fire prior to felling to see the long-term 

effects fire has on stump survival/sprouting.  Future research should examine the effects of 

prescribed fire on Chinese tallow stump sprouting in high canopy closure areas. This could be an 

area where herbicide treatment may not be necessary to control the impact of this invasive. 
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Chapter 2 

 

Evaluating longleaf pine (Pinus palustris) natural  

regeneration 15-years post regeneration control 

 

2.1 Introduction 

Arguably the most important tree species dependent ecosystem in the southern United 

States, the longleaf pine (Pinus palustris Mill.) ecosystem has experienced a drastic reduction in 

area, from approximately 37.2 million hectares (92 million acres) pre-European settlement 

(Frost, 2006), to today’s 1.3 million hectares (3.3 million acres) (Oswalt et al., 2012).  Due to its 

ground layer being dominated by grasses and a diversity of forbs (Oswalt et al., 2012), longleaf 

ecosystems provide habitat for fauna that many other ecosystems cannot (Oswalt et al., 2012).  

Characterized as a park-like, intermediate in density savanna (McGuire et al., 2001; Perkins et 

al., 2008) longleaf ecosystems support hundreds of plants and animal species such as the red-

cockaded woodpecker (Alavalapati et al., 2002). 1 m2 can contain more than 40 different 

vascular plant species (Walker and Peet, 1983).  This is, in part, because this ecosystem evolved 

with frequent, natural ground fires (Croker and Boyer, 1975).  Longleaf pine forests are home to 

389 rare plant taxa, out of which 187 are considered rare and/or vulnerable to extinction (Walker, 

1993). The decline of the longleaf ecosystem can be attributed to several key factors; a century-

long period of logging, land conversion (e.g., urbanization, tree plantations, agriculture), 

regeneration failures, and fire suppression following European settlement significantly reshaped 

the historical vegetation/fuel structures and fire regimes (Croker and Boyer, 1975; Van Lear et 

al., 2005).  Since fire suppression is recognized as a large cause of decline of longleaf pine 
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habitat, it should be no wonder that many of the nearly 400 rare plant species depend on fire to 

survive (Glitzenstein et al., 2001).   

The use of prescribed fire in combination with vegetation management practices, (e.g., 

removal of overstory and midstory trees) has been recognized as a preferred approach to 

restoring historical longleaf pine ecosystems and wet pine savannas, reducing hazardous fuels 

and subduing large, destructive wildfires that threaten interests in the southeastern region 

(Lavoie et al., 2010).  Without the use of prescribed fire in the longleaf ecosystem, litter and 

woody components increase, species richness declines, and the understory becomes dense and 

closes (Palmquist et al., 2015). A growing interest in restoration of this species is occurring 

(Brockway and Outcalt, 2000; Jose et al., 2006), and although natural regeneration of this species 

is desirable in practice, it has been proven difficult to achieve in the field (Croker and Boyer, 

1975). 

Croker and Boyer (1975) characterize regeneration failures as a leading cause of the 

decline of the longleaf pine coverage.  Regeneration failures can be attributed to a long gap 

between seed years and/or competition.  The density of the parent plants (Harper, 1977; Grace 

and Platt, 1995) affects recruitment of new plants.  This is because of competition between and 

within species for sunlight, nutrients, and other resources (Curtis, 1959; Spurr and Barnes, 1980; 

Oliver and Larson, 1990; Grace and Platt, 1995). Platt et al. (1988) and Platt & Rathbun (1994) 

found that recruitment of new longleaf pine seedlings was minimal in areas that had high adult 

tree densities.   

Natural regeneration of longleaf pine can be achieved, but must be done with careful 

precision, and is most effective with the shelterwood silvicultural system (Croker and Boyer, 

1975).  It has been recommended that longleaf ecosystems be thinned to a basal area of 30 
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ft2/acre when an area is ready to be regenerated (Croker, 1973).  Basal area management is often 

times the basis for decision making regarding the regeneration needs of a forest (Elledge and 

Barlow, 2012).  Defined as the cross-sectional area of a tree (usually in square feet) measured at 

breast height (4.5 feet tall), basal area is an important management tool used by land managers 

and silviculturists alike (Elledge and Barlow, 2012).    

Some studies show a zone of exclusion under mature longleaf pine trees where there is a 

significant reduction in the amount of seedlings present (Wahlenberg, 1946; Smith, 1955; 

Brockway and Outcalt, 1998).  There have been two hypotheses to explain this phenomenon; the 

first being higher levels of sunlight availability near the center of gaps, and the second being 

direct needle fall beneath the large mature trees leading to more intense prescribed fires and 

killing of the seedlings (Boyer, 1974; Platt et al., 1988; Grace and Platt, 1995; Farrar, 1996).  

However, Brockway and Outcalt (1998) show evidence that neither of those hypotheses are a 

plausible explanation for this zone of exclusion.  Brockway and Outcalt (1998) concluded that 

the most likely mechanism causing the zone of exclusion was due to the competition between the 

root systems of seedlings and adults.  Contrasting evidence shows that individual trees may 

increase the amount of soil nutrients and soil moisture available to the understory in a savanna-

type environment (McGuire et al., 2001).  These two factors should limit any intraspecific 

competition between the seedlings and adult trees.   

Due to the limited zone of exclusion we observed in the field, we were motivated to 

question whether the zone of exclusion previously mentioned exists as frequently as reported.  

McGuire et al. (2001) suggests longleaf pine overstory increases, rather than decreases, the 

survival and establishment of longleaf pine seedlings.  It also has been reported that naturally 

regenerated seedlings can be frequently found within 4 meters of an adult mature longleaf pine 
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(McGuire et al., 2001).  Walker and Davis (1956) showed that there were only 13% less 

seedlings greater than 4.8 meters from a mature tree compared to a canopy gap.  In part of these 

two conflicting conclusions of whether there is a clear zone of exclusion, more research should 

be done to better understand this phenomenon.  In fact, the relationship between adult longleaf 

pine trees and their regeneration is not well understood (McGuire et al., 2001). 

Our study investigated the regeneration of longleaf pine in a managed area in southern 

Alabama.  Having our study site at an area that has been managed for longleaf pine since the 

1940’s gave us a unique opportunity to assess what situations prohibit/enhance regeneration of 

this species.  The first hypothesis we tested was that there was no difference in amount of 

regeneration in regards to different basal area classifications.  The second hypothesis we tested 

was there were no small trees (regeneration) under large, mature trees.  Specifically, we 

hypothesize that 1) there will be a significant difference in the amount of regeneration from the 

different basal area classes, and 2) there will be regeneration under large, mature trees, despite 

previous research showing a 16 meter “zone of exclusion” under/around mature trees.  These 

results will help land managers identify more appropriate management techniques of this critical 

species. 

 

2.2 Materials and methods 

2.2.1 Regional longleaf pine growth study design 

 In 1964, the U.S. Forest Service established the Regional Longleaf Pine Growth Study 

(RLGS) in the Gulf States (Farrar, 1978).  The original objective of the study was to obtain a 

database for the development of growth and yield predictions for naturally regenerated, even-

aged longleaf pine stands.  Plots were installed to cover a range of ages, densities, and site 
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qualities.  The RLGS accounts for possible growth change over time by adding a new set of plots 

in the youngest age class every 10 years.  The project completed its ninth re-measurement period 

(45-year measurement) during spring 2007.   

 The study consists of 305 permanent 0.04 and 0.08 ha (1/10- and 1/5-acre) measurement 

plots located in central and southern Alabama, southern Mississippi, southwest Georgia, northern 

Florida, and the sandhills of North Carolina.  There are five stand age classes ranging from 20 to 

120 years, five site-index classes ranging from 15.2 to 27.4 m (50 to 90 feet) at 50 years, and six 

density classes ranging from 7 to 34 m2/ha (30 to 150 ft2/acre), plus plots left free to grow.  

Densities are established and maintained by thinning from below, where the most suppressed 

trees are taken out. Within this distribution are five time replications of the youngest age class.  

All five replications are located on the Escambia Experimental Forest (EEF) in Brewton, AL. 

 Net (measurement) plots are circular and 0.08 ha (1/5-acre) in size surrounded by a 

similar and like-treated 1/2-chain (10 m) wide isolation strip with both surrounded by a 1/2-chain 

wide protective buffer strip that receives extensive management.  Plots are inventoried, and 

treated as needed, every 5 years. The measurements are made during the dormant season 

(October through March) and it takes three years to complete a full re-measurement of all plots. 

 Data recorded for every net plot tree with a diameter breast height (DBH) > 1.27 cm 

include: tree number, tree azimuth, tree distance, DBH, crown class, and wood pole information 

(i.e., height to 6-inch top diameter).  A systematic sub-sample of trees from each one-inch dbh 

class has been permanently selected and measured for height to the live-crown base, total height, 

and age. 
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2.2.2 Current study design and study site 

 This study took place at the Escambia Experimental Forest, in southern Alabama 

(31°00’N – 87°03’W).  This site is located near the center of the native range of longleaf pine 

distribution.  The EEF is a 3000 acre tract of land which was established in 1947 as a cooperative 

effort between the United States Forest Service in conjunction with T.R. Miller Mill Company to 

study longleaf pine forests as a whole, with a focus on natural regeneration (Barlow et al., 2011).     

Primary management of the EEF is through the use of prescribed fire, with every unit 

having a fire return interval of no greater than three years.  The basal area of each plot is 

maintained in accordance with its initial target by periodic thinning from below methods.  The 

majority of the land is dominated by longleaf pine forests, with just a few hardwood areas near 

water (i.e., stream, pond)   

Since the original objective of these plots was to develop growth and yield models, all 

regeneration in the plots were mowed over up until 2001, giving us an ideal opportunity to 

explore the regeneration patterns of the longleaf pine.  Data collection occurred during June, 

2016.  The study consisted of measuring 40 1/5th acre RLGS plots. The number of each plot 

density that we measured is summarized in Table 2.1.   
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Table 2.1. Plot density of longleaf pine and number measured for each density. 

Plot basal area (ft2 / acre) Number of each plot 

30 

60 

90 

120 

150 

11 

10 

10 

7 

2 

 

In order to examine the location, distance, and amount of regeneration in proximity to the 

overstory trees, we mapped, and measured, all longleaf that were in the grass stage and beyond.  

For the nature of this study, a seedling was defined as a first year seedling that germinated this 

year from seed. Additionally, a sapling was defined as anything in a grass stage or greater (that 

was not previously marked as a mature tree). Data collected included total height, DBH (if 

applicable), azimuth, and distance from plot center.  In addition, 1/1000th acre strips were used to 

look at seedling density (Figure 2.1).  Those were conducted on a north, east, south, and west 

pattern, always measuring on the clockwise side of the tape.  The 1/1000th acre strip began six 

feet from plot center, allowing us to not walk over the seedlings in the strip.  The strip was 29’ 

long and 18” wide.  Data collected included distance on X and Y axis to allow us to find those 

seedlings again for future survival measurements. 



 53 

 

Figure 2.1.  0.08 ha (1/5th acre) plot was used to examine the longleaf pine tree sapling 

regeneration.  In addition, four (N, E, S, W) 1/1000th acre plots were used to examine the 

seedling density and location. 
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2.2.3 Data analyses 

 Seedling and sapling-level analysis 

The following variables were used to analyze the hypothesis regarding the amount of 

regeneration (seedlings/acre) and number of saplings/acre based on different basal area classes: 

stand basal area, stand basal area management class, quadratic mean diameter (QMD), overstory 

tree age, tree density (trees/acre), site index, and time since last fire. The response variables used 

included seedlings/acre and saplings/acre.  Since our data were highly skewed and had a large 

amount of ‘zeros’ for our response variable (seedlings/acre, saplings/acre; Figures 2.2-2.3), a 

zero inflated negative binomial regression was conducted. Running this test did two things. The 

first result was the count model which told us what each continuous predictor variable (i.e., time 

since last fire, basal area, QMD, overstory tree age) was doing to the response variable (i.e., 

seedlings/acre, saplings/acre). In other words, it allowed us to predict the number of seedlings 

and/or saplings/acre as a function of different stand conditions. The second result generated was 

the binary model which predicted the probability of the response variable (seedlings/acre, 

saplings/acre) being a zero. Comparing Akaike information criterion (AIC) between this model 

and other models indicated this model being the best option for analysis based off the lower AIC 

values. 
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Figure 2.2. The smoothed density of seedlings per acre, showing a highly skewed distribution 

with lots of zeros. 
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Figure 2.3. The smoothed density of saplings per acre, showing a highly skewed distribution 

with lots of zeros. 

 

Zone of exclusion analysis 

 The following variables were used to test the hypothesis regarding the 16 meter zone of 

exclusion under/around mature trees: plot number, sapling height, and the distance to the nearest 

overstory tree. Descriptive statistics with a confidence interval equal to 95% was used. 
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All analyses were done using Minitab 17 Statistical Software (Minitab 2010) and R, with 

an alpha level of 0.05 used to determine significance.  The datasets that were used for each 

objective are listed below. 

 

2.3  Results 

2.3.1  Seedling recruitment analysis 

We converted the total number of seedlings per plot to a per acre basis.  In order to 

determine whether there was relationship between the total number of seedlings and other 

factors, a Pearson’s correlation was ran. Since basal area management class (P = <.001) and 

trees/acre (P = <.001) were both correlated with other covariates, they were removed from future 

regression analysis.  Linear regressions were ran on the number of seedlings/acre by overstory 

tree age, stand basal area, time since last fire, and QMD to find possible trends within the data 

(Figure 2.4). 
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Figure 2.4. Seedlings/acre by time since last fire, QMD, basal area, and overstory tree age in the 

Escambia Experimental Forest. This allowed us to examine trends within the data. 

 

Because our data was highly skewed with a large amount of ‘zeros’ within the response variable 

(seedlings/acre) with the variance (433066947) being significantly greater than the mean 

(11106.25), a zero inflated negative binomial regression was conducted. This was the best model 

for our data, as our AIC value was 593.07 compared to nearly 3,000 for the next nearest model. 

The count model results are summarized in Table 2.2. Overstory age and time since last fire were 
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not significant in determining the total number of seedlings/acre, whereas site index and basal 

area were significant in determining total number of seedlings/acre. As site index goes up, the 

number of seedlings goes down (indicated by negative intercept). Also, as basal area increases, 

the number of seedlings goes down (also indicated by the negative intercept). 

 

Table 2.2. The count model for seedlings/acre within the zero inflated negative binomial 

regression results are shown. 

 Estimate Std. Error Z value Pr(>|z|) 

(Intercept) 

Overstory age 

Site index 

Time since last fire 

Basal area 

Log(theta) 

21.335 

0.007 

-0.156 

0.001 

-0.015 

-0.033 

3.561 

0.010 

0.042 

0.001 

0.006 

0.243 

5.991 

0.693 

-3.688 

1.925 

-2.344 

-0.137 

<0.001 

0.488 

<0.001 

0.054 

0.019 

0.891 

 

The binary model results are summarized in Table 2.3. All four variables (overstory age, site 

index, time since last fire and basal area) were significant in predicting the probability of having 

zero seedlings. As the overstory age, site index, and time since last fire increases, the probability 

of having zero seedlings decreases (interpreted from the negative estimate value). In contrast, as 

basal area increases, the probability of having zero seedlings increases (interpreted from the 

positive estimate value).  
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Table 2.3. The binary model for seedlings/acre within the zero inflated negative binomial 

regression results are shown. 

 Estimate Std. Error Z value Pr(>|z|) 

(Intercept) 

Overstory age 

Site index 

Time since last fire 

Basal area 

47.930 

-0.127 

-0.551 

-0.007 

0.059 

17.046 

0.047 

0.200 

0.003 

0.027 

2.812 

-2.683 

-2.751 

-2.649 

2.200 

0.005 

0.007 

0.006 

0.008 

0.028 

 

 

2.3.2  Seedling survival to sapling analysis 

We converted the total number of saplings per plot to a per acre basis.  Linear regressions 

were ran on the number of seedlings/acre by overstory tree age, stand basal area, time since last 

fire, and QMD to find possible trends within the data (Figure 2.5). 
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Figure 2.5. Saplings/acre by time since last fire, QMD, basal area, and overstory tree age in the 

Escambia Experimental Forest. This allowed us to examine trends within the data. 

 

Because our data was highly skewed with a large amount of ‘zeros’ within the response variable 

(saplings/acre) with the variance (25420677) being significantly greater than the mean (1620) a 

zero inflated negative binomial regression was conducted. This was the best model for our data, 

as our AIC value was 402.11 compared to nearly 3,000 for the next nearest model. The count 

model results are summarized in Table 2.4. Overstory age, time since last fire, nor quadratic 
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mean diameter were significant in determining the total number of saplings/acre. Basal area was 

the only significant covariate in determining saplings/acre. As basal area increases, the number 

of saplings decreases.  

 

Table 2.4. The count model for saplings/acre within the zero inflated negative binomial 

regression results are shown. 

 Estimate Std. Error Z value Pr(>|z|) 

(Intercept) 

Overstory age 

Time since last fire 

Basal area 

Quadratic mean diameter 

5.490 

0.058 

-0.002 

-0.058 

-0.418 

2.789 

0.036 

0.001 

0.020 

0.277 

1.969 

1.620 

-1.828 

-2.854 

-1.506 

0.049 

0.105 

0.068 

0.004 

0.132 

 

 

The binary model results are summarized in Table 2.5. Quadratic mean diameter was the only 

significant covariate in determining the probability of having zero saplings. As QMD increases, 

the probability of having zero saplings decreases. 
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Table 2.5. The binary model for saplings/acre within the zero inflated negative binomial 

regression results are shown. 

 Estimate Std. Error Z value Pr(>|z|) 

(Intercept) 

Overstory age 

Time since last fire 

13.692 

0.112 

0.006 

7.433 

0.065 

0.003 

1.842 

1.720 

1.735 

0.066 

0.086 

0.083 

Basal area 

Quadratic mean diameter 

0.001 

-1.955 

0.026 

0.892 

0.030 

-2.190 

0.976 

0.029 

 

2.3.3 Plot 179-190 analysis 

Plots 179-190 provided an opportunity to examine factors isolated from landscape level 

variation. These plots are a subset of plots which are all in the same management unit at the EEF.  

These plots all are burned at the same time, have the same age of overstory trees, and a SI25 81 (+ 

or – 4).  Basically, the only difference between the plots are distinctive different basal areas (3 at 

each basal area class).  Running a simple linear regression for the number of seedlings / acre 

versus basal area yielded an R2 = 30.32% (Figure 2.6).  Running a simple linear regression for 

the number of saplings / acre versus basal area yielded an R2 = 65.44% (Figure 2.7).  
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Figure 2.6. The number of seedlings / acre versus basal area is compared.  For these 12 plots, 

basal area appears to be a significant factor in seedling establishment. 
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Figure 2.7.  The number of saplings / acre versus basal area is compared.  For these 12 plots, 

basal area appears to be a significant factor in sapling survival. 

 

2.3.4 Zone of exclusion analysis 

Out of the 40 plots measured in total, 15 (basal area range 39.3 – 138.1 sq. ft. / acre) did 

not have any saplings present.  Additionally, 9 plots (basal area range 28.6 – 93.5 sq. ft. / acre) 

had more than 150 saplings present.  Those 15 and 9 plots were excluded from analysis.  Sixteen 

plots (basal area range 34.1 – 122.4 sq. ft. / acre) and a total of 276 saplings were used to 

examine the zone of exclusion.  The data used for analysis included the sapling height, and the 

distance to the nearest overstory tree.  The average distance to nearest overstory tree (zone of 

exclusion), was 5.32 meters (standard deviation = 2.365; Figure 2.8). There was a range of 0.270 

meters (minimum) to a maximum of 13.250 meters (Figure 2.8).  
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Figure 2.8.  The histogram of sapling frequency with respect to distance to nearest mature tree. 

Normal curve is shown. The mean distance was 5.3 meters. 
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We also wanted to see if there was a relationship between sapling height and the distance 

to the nearest overstory tree.  We ran a simple linear regression, and received an R2 value of 

1.87% (Figure 2.9). The result indicates that there is very minimal correlation between the size of 

a sapling and the distance to the nearest overstory tree. 

 

Figure 2.9.  A simple linear regression was ran to see the relationship between the distance to 

nearest overstory tree and the height of the sapling (R2 = 1.87%). 

 

2.4 Discussion  
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shows that although there is a decrease in seedlings with higher basal area, there are still 

seedlings present. Situations may arise where a land manager may not want a large amount of 

seedlings; therefore, thinning below 60 square feet per acre is not recommended. If a land 

manager wants a large amount of seedling recruitment, a heavy thinning down to near 30 square 

feet per acre should be achieved. Similar results can be shown on the 12 plots analyzed from the 

same management group (Figure 2.6). Croker (1973) show similar results that we found and 

suggest that your initial thinning cut should be made at least three growing seasons prior to your 

desired timeframe since cone crops will not be benefitted until that time (Croker and Boyer, 

1975). 

 Once your stand has recruited new seedlings, our data suggests that you must thin to 30 

square feet per acre in order for those seedlings to survive into saplings and eventual mature trees 

(Figure 2.7). This can also be shown from our zero inflated negative binomial regression (Table 

2.4) that indicates basal area being a significant covariate in sapling survival. Croker (1973) 

show similar results that we found. 

 

2.4.2 Impact of prescribed fire 

 Fire (whether natural or prescribed) is the single most important disturbance shaping the 

longleaf ecosystem (Brockway and Outcalt, 1998). Although fire did not have a significant effect 

on the number of seedlings or saplings/acre, it was significant in determining the probability of 

having no regeneration in a plot. Our data shows that as the time since fire increases, the 

probability of having no seedlings in a plot decreases (Table 2.3).  Our observations align with 

the idea that longleaf pine evolved with frequent surface fires. Without these fires, hardwood tree 
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species and other pines encroach and threaten to overtake the longleaf pine forest. These surface 

fires make this species habitat suitable for its own regeneration (Platt et al., 1988).  

 

2.4.3 Zone of exclusion 

 Our data indicate that there is no clear zone of exclusion present in natural regeneration 

of longleaf pine. This is in contrast to other studies (Wahlenberg, 1946; Smith, 1955; Brockway 

and Outcalt, 1998) that have shown a 16 meter gap between a mature tree and seedlings. Our 

data is more similar to McGuire et al., (2001) that suggested mature longleaf pine overstory trees 

increase, rather than decrease, the establishment of longleaf pine seedlings. Although our study 

did not examine the relationship between overstory trees and seedlings, we are able to draw 

conclusions based on the fact that there were saplings present immediately under and in close 

proximity to the overstory trees. We can draw the conclusion that recruitment of seedlings is 

minimally/not affected by location to overstory trees.  

 

2.4.4 Future studies 

 Since we marked the location of the seedlings on the 1/1000th acre strips, we will be able 

to return after a few years and examine the survivability of seedlings into saplings. This will 

allow land managers to make more informed decisions once they have inventoried how much 

regeneration they have. Depending on survivability rates, managers will then be able to identify 

more appropriate management techniques for this species once they do an inventory and 

determine how much of what is located in a stand. 
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2.5 Conclusions 

 Natural regeneration of longleaf pine should be encouraged since it does not require the 

purchase of seed, and costs of management are significantly lower than artificial regeneration. It 

also is more aesthetically pleasing and you do not lose as much wildlife as with a full harvest and 

artificial planting. Site index and basal area are important in determining the amount of seedlings 

present in a stand. In addition, basal area was the only significant indicator in determining the 

amount of saplings present in a stand. Fire was significant in that it had a ‘bell-curve’ effect. As 

time since last fire decreased, so did the amount of regeneration. Additionally, plots with 700+ 

days since time since last fire had minimal regeneration. It was those plots in the middle that had 

the most amount of regeneration, indicating a return interval of two years as optimum for 

maximizing regeneration in a plot. Our data indicates that there is no clear “zone of exclusion” 

under/around mature trees. Instead, the mature trees in our plots likely enhanced, rather than 

detracted, the amount of regeneration. 

 

 

 

 

 

 

 

 

 

 



 71 

References 

Adams, C.K., and D. Saenz. 2012. Leaf litter of invasive Chinese tallow (Triadica sebifera) 

negatively affects hatching success of an aquatic breeding anuran, the Southern Leopard 

Frog (Lithobates sphenocephalus). Canadian Journal of Zoology 90(8): 991-998. 

Alavalapati, J.R.R., G.A. Stainback, D.R Carter. 2002. Restoration of the longleaf pine 

ecosystem on private lands in the US south: an ecological economic analysis. Ecological 

Economics 40:411-419. 

Ansari, A.A., and G. Nand. 1987. Little known economic plants of Pauri Garhwal. Indian Journal 

of Forestry 10(4): 316-317. 

Ashish, P., K.M. Latif., and D.A. Kumar. 2010. Effect of stump girth and height on resprouting 

of Rhodondendron arboretum; following disturbance in temperate mixed broad leaved 

forest of Arunachal Pradesh, India. Journal of Forestry Research 21(4): 433-438. 

Barlow, R., J.S. Kush, and W.D. Boyer. 2011. Sixty years of management on a small longleaf 

pine forest. Southern Journal of Applied Forestry 35: 50-53.  

Bennett, A.J., W.C. Conway, C.E. Comer, H.M. Williams, and S.B. Bosworth. 2015. Seedbank 

potential of Chinese tallow tree (Triadica sebifera) in a Texas bottomland hardwood 

forest. Natural Areas Journal 35(4): 581-584. 

Blake, T. J. 1981. Growth related problems of aging and senescence in fast growing trees grown 

on short rotations. International Energy Agency, Report NE-21. Stockholm: National 

Swedish Board for Energy Source Development, p. 43. 

Bower, M.J., C.E. Aslan, and M. Rejmanek. 2009. Invasion potential of Chinese tallowtree 

(Triadica sebifera) in California’s Central Valley. Invasive Plant Science and 

Management 2(4): 386-395. 



 72 

Boyer, W.D. 1974. Impact of prescribed fires on mortality of released and unreleased longleaf 

pine seedlings. USDA Forest Service Southern Forest Experiment Station Research Note 

SO-182, New Orleans, LA. 

Brockway, D.G., and K.W. Outcalt. 1998. Gap-phase regeneration in longleaf pine wiregrass 

ecosystems. Forest Ecology and Management 106:125-139. 

Brockway, D.G., and K.W. Outcalt. 2000. Restoring longleaf pine wiregrass ecosystems: 

hexazinone application enhances effects of prescribed fire. Forest Ecology and 

Management 137:121-128. 

Bruce, K.A. 1993. Factors affecting the biological invasion of the exotic Chinese tallow tree, 

Sapium sebiferum, in the Gulf Coast prairie of Texas. Houston, TX: University of 

Houston. 155 p. Thesis. 

Bruce, K.A., G.N. Cameron, P.A. Harcombe, and G. Jubinsky. 1997. Introduction, impact on 

native habitats, and management of a woody invader, the Chinese tallow tree, Sapium 

sebiferum. Natural Areas Journal 17(3): 255-260. 

Burns, J.H., and T.E. Miller. 2004. Invasion of Chinese tallow (Sapium sebiferum) in the Lake 

Jackson area, Northern Florida. American Midland Naturalist 152(2): 410-417. 

Camarillo, S.A., J.P. Stovall, and C.J. Sunda. 2015. The impact of Chinese tallow (Triadica 

sebifera) on stand dynamics in bottomland hardwood forests. Forest Ecology and 

Management 344: 10-19. 

Conway, W.C., and L.M. Smith. 2002. Potential allelopathic interference by the exotic Chinese 

tallow tree (Sapium sebiferum). American Midland Naturalist 148(1): 43-53. 

Conway, W.C., L.M. Smith, and J.F. Bergan. 2002. Avian use of Chinese tallow seeds in coastal 

Texas. The Southwestern Naturalist 47(4): 550-556. 



 73 

Croker, T.C. 1973. Longleaf pine cone production in relation to site index, stand age, and stand 

density. USDA Forest Service Research Note SO-156. Southern Forest Experiment 

Station, New Orleans, La. 

Croker, T.C., and W.D. Boyer. 1975. Regenerating longleaf pine naturally. U.S. Department of 

Agriculture Forest Service Research Paper SO-105. 

Curtis, J.T. 1959. The vegetation of Wisconsin. University of Wisconsin Press, Madison, WI. 

Ducrey, M., and M. Turrel. 1992. Influence of cutting methods and dates on stump sprouting in 

Holm oak (Quercus ilex L) coppice. Annals of Forest Science 49(5): 449-464. 

EDDMapS. 2017. Early detection & distribution mapping system. The University of Georgia - 

Center for Invasive Species and Ecosystem Health. Available online at 

http://www.eddmaps.org/; last accessed March 22, 2017. 

Elledge, J. and B. Barlow. 2012. Basal area: a measure made for management. Alabama 

Cooperative Extension System ANR-1371. 

Fan, Z., Y. Tan, and M.K. Crosby. 2012. Factors associated with the spread of Chinese tallow in 

east Texas forestlands. Open Journal of Ecology 2(3): 121-130. 

Farrar, R.M., Jr. 1978. Silvicultural implications of the growth response of naturally regenerated 

even-aged stands of longleaf pine (Pinus palustris Mill.) to varying stand age, site 

quality, and density and certain stand measures. Dissertation. Athens, GA: University of 

Georgia. 132 p. 

Farrar, R.M. 1996. Fundamentals of uneven-aged management in souther pine. Tall Timbers 

Research Station Miscellaneous Publication NO.9, Tallahassee, FL. 

Frost, C.C. 2006. History and future of the longleaf pine ecosystem. Pp. 9-48 in S. Jose, E.J. 

Jokela, and D.L. Miller, eds., The Longleaf Pine Ecosystem: Ecology, Silviculture, and 



 74 

Restoration. Springer Series on Environmental Management, New York.  

Gagnon, J.L., E.J Jokela, W.K. Moser, and D.A Huber. 2004. Characteristics of gaps and 

natural regeneration in mature longleaf pine flatwoods ecosystems. Forest Ecology and 

Management 187:373-380. 

Gifford, K.L., and J.W. Jr., Armacost. 2012. Year-round bird use of monotypic stands of the 

Chinese tallow tree, Triadica sebifera, in southeast Texas. The Condor 114(4): 689-697. 

Glitzenstein, J.S., D.R. Streng, D.D. Wade, and J. Brubaker. 2001. Starting new populations of 

longleaf pine ground-layer plants in the outer Coastal Plain of South Carolina, USA. 

Natural Areas Journal 21:89-110. 

Gordon, D.R. 1998. Effects of invasive, non-indigenous plant species on ecosystem processes: 

lessons from Florida. Ecological Applications 8(4): 975-989. 

Grace, S.L., and W.J. Platt. 1995. Effects of adult tree density and fire on the demography of 

pregrass stage juvenile longleaf pine (Pinus Palustris Mill.). Journal of Ecology 83:75-

86. 

Grace, J.B. 1998. Can prescribed fire save the endangered coastal prairie ecosystem from 

Chinese tallow invasion? Endangered Species Update 15(5): 70-76. 

Grace, J.B., L.K. Allain, H.Q. Baldwin, A.G. Billock, W.R. Eddleman, A.M. Given, C.W. Jeske, 

and R. Moss. 2005. Effects of prescribed fire in the coastal prairies of Texas. USGS 

Open-File Report 2005-1287. Reston VA: U.S. Department of the Interior, Fish and 

Wildlife Service, Region 2; U.S. Geological Survey. 46 p. 

Harper, J.L. 1997. Population biology of plants. Academic Press, New York. 



 75 

Harrington, C.A. 1984. Factors influencing initial sprouting of red alder. Canadian Journal of 

Forest Research 14(3): 357-361. 

Jobidon, R. 1997. Stump height effects on sprouting of mountain maple, paper birch and pin 

cherry-10 year results. The Forestry Chronicle 73(5): 590-595. 

Johnson, P.S. 1975. Growth and structural development of red oak sprout clumps. Forest Science 

21(4): 413-418. 

Jose, S., E.J. Jokela, and D.L. Miller. 2006. The longleaf pine ecosystem: ecology, 

silviculture, and restoration. New York, NY, USA: Springer. 

Keyser, T.L., and S.J. Zarnoch. 2014. Stump sprout dynamics in response to reductions in stand 

density for nine upland hardwood species in the southern Appalachian Mountains. Forest 

Ecology and Management 319: 29-35. 

Khan, M.L., and R.S. Tripathi. 1986. Tree regeneration in a disturbed sub-tropical wet hill forest 

of north-east India: Effect of stump diameter and height on sprouting of four tree species. 

Forest Ecology and Management 17(2-3): 199-209. 

Kush, J.S., R.S. Meldahl, and C.K. McMahon. 1998. Thirty years old – the Regional Longleaf 

Pine Growth Study. In: Waldrop, T.A., ed. Proceedings of ninth biennial southern 

silvicultural research conference. Gen. Tech. Rep. SRS-20. Asheville, NC: U.S. 

Department of Agriculture Forest Service, Southern Research Station: 113-117.  

Lavoie, M., G.Starr, M.C. Mack, T.A. Martin, and H.L. Gholz. 2010. Effects of a prescribed fire 

on understory vegetation, carbon pools, and soil nutrients in a longleaf pine-slash pine 

forest in Florida. Natural Areas Journal 30(1):82-94. 



 76 

Lin, J., P.A. Harcombe, M.R. Fulton, and R.W. Hall. 2004. Sapling growth and survivorship as 

affected by light and flooding in a river floodplain forest of southeast Texas. Oecologia. 

139(3): 399-407. 

MacDonald, J.E. and G.R. Powell. 1983. Relationships between stump sprouting and parent-tree 

diameter in sugar maple in the 1st year following clear-cutting. Canadian Journal of 

Forest Research 13(3): 390-394. 

McGuire, J.P., R.J. Mitchell, E.B. Moser, S.D. Pecot, D.H. Gjerstand, and C.W. Hedman. 2001. 

Gaps in a gappy forest: plant resources, longleaf pine regeneration, and understory 

response to tree removal is longleaf pine savannas. Canadian Journal of Forestry 

Research 31:765-778. 

Meyer, Rachelle. 2011. Triadica sebifera. In: Fire Effects Information System, [Online]. U.S. 

Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire 

Sciences Laboratory (Producer). Available: http://www.fs.fed.us/database/feis/ [2017, 

January 31]. 

Miller, J.H. 2003. Nonnative invasive plants of southern forests: a field guide for identification 

and control. Revised. Gen. Tech. Rep. SRS–62. Asheville, NC: U.S. Department of 

Agriculture, Forest Service, Southern Research Station. 93 p. 

Minitab 17 Statistical Software (2010). [Computer software]. State College, PA: Minitab, Inc. 

Mitchell, R.J., R.A. Musbach, K. Lowell, H.E. Garrett, and G.S. Cox. 1985. Thinning a coppice 

regenerated oak-hickory stand: Thirty years of growth and development. In: J.O. Dawson 

and K.A. Majerus (Eds.), Fifth Central Hardwood Forest Conference: Proceedings of a 

meeting held at the University of Illinois at Urbana-Champaign, pp. 19-24, April 15-17, 

Urbana-Champaign, IL. 



 77 

Miura, M., and S.I. Yamamoto. 2003. Structure and dynamics of a Castanopsis cuspidata var. 

sieboldii population in an old-growth, evergreen, broad-leaved forest: The importance of 

sprout regeneration. Ecological Research 18: 115-129. 

Muller, K.E., L.J. Edwards, S.L. Simpson, and D.J. Taylor. 2007. Statistical tests with accurate 

size and power for balanced linear mixed models. Statistics In Medicine 26(19): 3639-

3660) 

Norquist, C. 1984. A comparative study of the soils and vegetation of savannas in Mississippi. 

Thesis, Mississippi State University, Starkville, USA 

O’Hara, K., and J.-P. Berrill. 2010. Dynamics of coast redwood sprout clump development in 

variable light environments. Journal of Forest Research 15(2): 131-139. 

Oliver, C.D., and B.C. Larson. 1990. Forest stand dynamics. McGraw-Hill, New York. 

Oswalt, S.N. 2010. Chinese tallow (Triadica sebifera (L.) Small) population expansion in 

Louisiana, east Texas, and Mississippi. Research Note SRS-2-. U.S. Department of 

Agriculture, Forest Service, Southern Research Station, Asheville, N.C. 

Oswalt, C.M., J.A. Cooper, D.G. Brockway, H.W. Brooks, J.L. Walker, K.F. Connor, S.N. 

Oswalt, and R.C. Conner. 2012. History and current condition of longleaf pine in the 

Southern United States. Gen. Tech. Rep. SRS-166. Asheville, NC: U.S. Department of 

Agriculture Forest Service, Southern Research Station. 51 p. 

Palmquist, K.A., R.K. Peet, and S.R. Mitchell. 2015. Scale-dependent responses of longleaf pine 

vegetation to fire frequency and environmental context across two decades. Journal of 

Ecology 103: 998-1008. 

Perkins, M.W., L.M. Conner, and M.B. Howze. 2008. The importance of hardwood trees in the 

longleaf pine forest ecosystem for Sherman’s fox squirrels. Forest Ecology and 



 78 

Management 255:1618-1625. 

Platt, W.J., G.W. Evans, and S.L. Rathbun. 1988. The population dynamics of a long-lived 

confier (Pinus Palustris). American Naturalist 131:491-525. 

Platt, W.J. and S.L. Rathbun. 1994. Dynamics of an old-growth longleaf pine population. 

Proceedings of the Tall Timbers Fire Ecology Conference, 19, in press. 

Quicke, H.E., G.R. Glover, and D.K. Lauer. 1996. Herbicide release of 3-year-old loblolly pine 

from competing hardwoods in Arkansas. Southern Journal of Applied Forestry 20(3): 

121-126. 

Randall, C.K., M.L. Duryea, S.W. Vince, and R.J. English. 2005. Factors influencing stump 

sprouting by pondcypress (Taxodium distichum var. nutans (Ait.) Sweet). New Forests 

29(3): 245-260. 

Russell, L.H., W.L. Schwartz, and J.W. Dollahite. 1969. Toxicity of Chinese tallow tree (Sapium 

sebiferum) for ruminants. American Journal of Veterinary Research 30(7): 1233-1238. 

Scheld, H.W., and J.R. Cowles. 1981. Woody biomass potential of the Chinese tallow tree. 

Economic Botany 35(4): 391-397. 

Siemann, E. and W.E. Rogers. 2003. Changes in light and nitrogen availability under pioneer 

trees may indirectly facilitate tree invasions of grasslands. Journal of Ecology 91(6): 923-

931. 

Smith, L.F. 1955. Development of longleaf pine seedlings near large trees. Journal of Forestry 

53:289-290. 

Spurr, S.H., B.V. Barnes. 1980. Forest Ecology, 3rd edition. John Wiley and Sons, New York. 



 79 

United States Department of Agriculture Natural Resources Conservation Service Plant Guide. 

Chinese Tallow Tree Triadica sebifera (L.) Small.  

<http://plants.usda.gov/plantguide/pdf/pg_trse6.pdf> 

Van Lear, D.H., W.D. Carroll, P.K. Kapeluck, and R. Johnson. 2005. History and restoration of 

the longleaf pine-grassland ecosystem: Implications for species at risk. Forest Ecology 

and Management 211:150-165. 

Wahlenberg, W.G. 1946. Longleaf pine: its use, ecology, regeneration, protection, growth and 

management. C.L. Pack Forestry Foundation and USDA Forest Service, Washington, 

DC. 

Walker, L.C., and V.B. Davis. 1956. Seed trees retard longleaf pine seedlings. Journal of 

Forestry 54:269. 

Walker, J., and R.K. Peet. 1983. Composition and species diversity of pine-wiregrass savannas 

of the Green Swamp, North Carolina. Vegetatio 55:163-179. 

Walker, J. 1993. Rare vascular plant taxa associated with longleaf pine ecosystems: patterns in 

taxonomy and ecology. Proceedings Tall Timbers Fire Ecology Conference 18:105-126. 

Wang, H., J.L. Buckhorn, and W.E. Grant. 2014. Effects of management on range expansion by 

Chinese tallow in the forestlands of eastern Texas. Journal of Forestry 112(4): 346-353. 

Wu, L., T. Shinzato, C. Chen, and M. Aramoto. 2008. Sprouting characteristics of a subtropical 

evergreen broad-leaved forest following clear-cutting in Okinawa, Japan. New Forests 

36(3): 239-246. 

Xue, Y., Z. Wenhut, Z. Jianyun, M. Chuang, and M. Liwei. 2013. Effects of stump diameter, 

stump height, and cutting season on Quercus variabilis stump sprouting. Scandinavian 

Journal of Forest Research 28(3): 223-231. 



 80 

Yamada, T. and E. Suzuki. 2004. Ecological role of vegetative sprouting in the regeneration of 

Dryobalanops rappa, an emergent species in a bornean tropical wetland forest. Journal of 

Tropical Ecology 20: 377-384. 

 


