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The Greenbelt Corridor (GBC), located in a floodplain of the Elm Fork of the Trinity 

River, contains patches of bottomland forest and serves as part of Lake Lewisville’s flood 

control backwaters. This study examines forest structure and composition in relation to 

topographic position and forest stage in the GBC. Thirty-two plots were surveyed within various 

stage classes, topographic positions, and USDA soil types. Trees were identified and measured 

for height and DBH. Density, basal area, and importance value for each of species was 

calculated. Soil and vegetation were analyzed using ANOVA, principal component analysis, 

canonical correlation, canonical correspondence analysis and cluster analysis. Tests confirmed 

that calcium carbonate and pH show significant differences with topographic positions but not 

with forest stage. Potassium shows no significant difference with soil texture class. Sand shows a 

strong negative correlation with moisture, organic matter, organic carbon and negative 

correlation with calcium carbonate and potassium. Silt shows positive correlation with moisture, 

organic matter, organic carbon, and calcium carbonate. Clay shows strong positive correlation 

with moisture, organic matter and organic carbon but negative correlations with pH. Swamp 

privet is dominant tree types in wetland forest. Sugarberry cedar elm, green ash and American 

elm are widely distributed species in the study area covering low ridges, flats, and slough. In 

total, density is significantly different in wetland low forest and late successional stage and basal 

area is significantly different in early successional stage and late successional stage. Other results 

show that clay is negatively correlated with American elm but positively correlated with cedar 



elm. Organic matter and moisture shows a strong positive correlation with cedar elm. Calcium 

carbonate is associated with green ash and swamp privet, sand is associated with sugarberry and 

red mulberry, silt and pH with cedar elm and bur oak. 
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CHAPTER 1  

INTRODUCTION 

Riparian forest buffer areas are typically near waterways providing good habitat for both 

forest and aquatic life. As riparian areas are at the interface of both aquatic and upland 

ecosystems, they provide habitat for species from both ecosystems. In floodplains there are 

excellent growing conditions for trees that demand more water or periodic flooding such as 

bottomland hardwood tree species. Due to water availability during most of the year and its 

alluvial soil, riparian areas are highly productive and provide habitat for many species (Virginia 

Department of Conservation and Recreation, 2001). 

Voller (1998) says that there is no standard definition of riparian areas. The word riparian 

is derived from Latin for river bank or shore, and simply refers to the land adjacent to a body of 

water. Therefore it could be defined as per the purpose and the perception of the user (Voller, 

1998). The definition in the British Columbia Forest Practices Code is: “The land adjacent to the 

normal high water line in a stream, river, or lake, extending to the portion of land that is 

influenced by the presence of the adjacent ponded or channeled water. Riparian areas typically 

exemplify a rich and diverse vegetative mosaic reflecting the influence of available surface 

water” (B.C. Ministry of Forest 1994, cited in Voller 1998). 

Riparian buffer areas acquire an unusual and varied collection of plant and animal species 

and rich environmental development. Several factors influence ecological diversity in riparian 

zones. These include flood regimes, geomorphological processes and soil formation. Riparian 

ecosystems play crucial roles in water and landscape planning and restoration of aquatic systems 

(Naiman and Decamps, 1997). 

Anthropogenic activities that affect these riparian forests have led to several ecological 
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problems in waterways, such as erosion, nutrient and toxic chemical pollution, and consequent 

reduction in aquatic life. This is seen in Chesapeake Bay, for example, where the reduction of 

fish habitat due to sedimentation and nutrient toxic chemical pollution has been documented 

(Virginia Department of Conservation and Recreation, 2001). 

Holcomb (2001) states that there are no specific rules for defining any ecosystem, rather 

that they are characterized based on different parameters such as plant and animal species, 

geomorphology, soil and water conditions. However, bottomland hardwood forests have several 

specific characteristics, such as location, which make them unique from the rest of the forested 

ecosystem, and that differentiates them from other types of ecosystems. Hodges (1997) describes 

“Bottomland hardwoods occur primarily on alluvial floodplain sites, although other non-alluvial 

wet sites also support many of the same hardwood species.” 

The term bottomland hardwoods is most often used to describe mixed hardwood or 

hardwood cypress forest that grows on floodplain soils that are saturated or inundated during 

certain parts of the year (Gower et al., 1984). 

The definition of wetland which was developed and is used by U.S. Army Corps of 

Engineers (COE) and the U.S. Environmental Protection Agency (EPA) in their 1987 manual 

was based on three characteristics: hydrology, soils and vegetation. However, it was redefined 

and expanded in 1989 to include the preferences of two other agencies: U.S. Fish and Wildlife 

Services (FWS) and the Soil Conservation Services (SCS). The expanded criteria included the 

large areas of bottomland hardwood forests that were, for the first time, added as wetlands 

(Kellison and Young, 1997). 

Despite offering several ecological benefits, the importance of bottomland hardwood 

forests has not been acknowledged until recently. According to Lowrance et al., 1984, good 
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water quality for agricultural watersheds largely depends upon nutrient uptake and removal in 

the riparian ecosystem. Therefore, is it is very important to periodically monitor riparian forest 

soils because of the close relationship with surroundings ecosystems. By sequestering nitrogen 

and phosphorous in biomass to improve the ability of soils to hold nutrients, riparian forest can 

act as a nutrient sink (Llewellyn, 2007). Among many important functions of riparian 

ecosystems, the reduction of the amount of nutrients released to the aquatic ecosystem is very 

important in terms of preventing eutrophication. Other advantageous aspects of riparian forest 

ecosystems to the surrounding environment and human society are flood control, stream bank 

stabilization, nutrient accumulation, better water quality, and the provision of shelter for many 

forms of wildlife. The fertile alluvial soil, water supplies during most of the year, the close 

proximity of agricultural fields and, importantly, low fire incidence play an essential role in 

providing good habitat (Anderson and Masters, 2004 and Kozlowski, 2002). The recent 

realization about instrumental values such as detoxifying many contaminants and ultimately 

converting them to useful biomass for the surrounding ecosystem has given a new name to 

riparian systems as “giant kidneys for waste purification” (Kellison and Young, 1997). 

The best documented benefit from bottomland hardwood forest is wildlife habitat. It 

provides a good abode for a wide variety of migratory waterfowl, local (resident) birds and 

several game and non-game species. It is also considered as a very good mediator for habitat 

connection by creating corridors between habitats (Kellison and Young, 1997). The perception of 

bottomland hardwood forests has been changing, as in the past this productive ecosystem was 

not comprehensively understood. As well as the many ecological benefits, it also has a number 

of economic benefits, and aesthetic values. Economic benefits include goods that can be 

harvested from the forest such as timber and other commodities (Holcomb, 2001). Aesthetic 
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values include trail walking through the forest, kayaking in the river/creek, bird watching, hiking 

and cycling. These are some of the advantages that all can enjoy. 

There are several factors that dictate the ecological status and function of riparian zones. 

Though hydromorphological dynamics largely determine the functions of riverine systems, there 

are seven attributes that influence the quality of a riparian ecosystem: First, the longitudinal 

continuity of the vegetation is one of the main characteristics of intact river corridors. The 

existence of continuous vegetated strips along the channel mostly contributes to the control of 

water, nutrients, sediment and species through the landscape. Second, the lateral dimension of 

the channel and floodplain containing natural vegetation defines the area where hydrological and 

ecological processes take place. Third, the composition and structure of the riparian vegetation 

reflects the ecological quality of one of the main riparian elements. Fourth is the natural woody 

species regeneration, which is necessary to ensure the maintenance of the composition and 

structure through time. Similarly, the fifth attribute that is proposed as necessary for assessing 

the ecological status of riparian zones is bank conditions, because they exert significant control 

on river hydraulic geology and also the bank erosion is a major factor of fluvial dynamics. Sixth, 

lateral connectivity between the river channel and its floodplain is an essential component of 

natural hydrosystems. The final attribute is the permeability of riparian soils, which facilities 

water infiltration and groundwater recharge during floods (Tanago and Jalon 2006). 

Despite these numerous important and priceless ecological functions, the bottomland 

hardwood forest is one of the most endangered ecosystems in the United States; from the 1950s 

to the 1970s, losses exceeded 120,000 hectares per year (Barry and Kroll, 1997). According to 

the U.S. Environmental Protection Agency (USEPA, 2006) about two hundred years ago thirty 

million acres of land across the Southeastern United States was covered by this unique 
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ecosystem. But, after the accelerated amount of land conversion to cropland from 1965 to 1975, 

the area was reduced to about forty percent (USEPA, 2006). Substantial acreage of this unique 

ecosystem has been lost to land conversion for several other purposes. The Mississippi River has 

lost a huge area of this unique ecosystem encompassing several states, including Illinois, 

Missouri, Kentucky, Tennessee, Arkansas, Mississippi and Lousiana. Of the original 25 million 

acres only about 4.5 million acres remain forested (Holcomb, 2001). It is not easy to quantify the 

amount of loss precisely, but significant amounts of bottomland hardwood forest have been lost 

nationally since the time of European settlement (Holcomb, 2001). From precolonial times up to 

1985, the original 89.5 million hectares dropped down to 48.1 million hectares in the lower forty-

eight states (Kellison and Young 1997). 

In Texas, 730,000 hectares of bottomland hardwood forests were present in 1976. Of 

these 283,290 hectares were rated poorly stocked, 18,656.67 were rated medium stocked and 

approximately 267,092 hectares have been lost to impoundments in the twentieth century 

(Holcomb 2001). North Central Texas has lost about 2333.9 hectares in the past twenty years due 

to the impoundment of Lake Ray Roberts. Flash floods and unusual rain events, such as in 2007, 

have threatened bottomland hardwood forest located between Lake Ray Roberts and Lake 

Lewisville with damage due to altered hydrological regimes (Holcomb 2001). 

The dominant soil types in such floodplain areas are clays or clay loams, and drainage 

varies from well-drained fronts bordering the river to the poorly-drained sloughs set some 

distance back from the channel (Barry and Kroll, 1997). The bottomland hardwood forest 

ecosystems are characterized by the continual deposition of sediments during flood events, 

which augment the high biomass production (Shear, et al., 1996). 

Soil and vegetation are two integral parts of the ecosystem that greatly influence one 



6 

another. Soil is a complex system consisting of several different components: air, water, 

nutrients, organic matter, disintegrated rock and microorganisms. Soil provides water and 

nutrients for plant growth. Soil formation is a slow and complex process and is influenced by 

five main factors which play a significant role in the ecological process of succession. These five 

factors are: climate, organisms, topographic relief, parent material and time (Jenny, 1941 and 

Brennan and Withgott, 2005). Soil characteristics play a significant role in developing the 

vegetation type. Several studies have found that the soil in the floodplain contains higher 

amounts of nutrients that support the entire plant ecosystem. The bottomland hardwood forest in 

the Lake Ray Roberts Green Belt Corridor (GBC) is one these privileged sites. By knowing the 

relationships between soil and vegetation of the given area, it is possible to apply these results to 

other, similar, regions and recommend suitable guidance for management and utilization of the 

land (Jafari et al., 2003). 

Succession can be explained as a shift over time in the relative importance of competitive 

and stress-tolerant species. Vegetation communities are viewed as reflecting a compromise 

between the stress caused by the environment, the disturbance level and the competition among 

plants. Furthermore, stress and disturbance control the intensity of competition (Corenblit et al., 

2007). 

Hupp and Osterkamp (1994) state that riparian vegetation and fluvial-geomorphic 

processes and landforms are intimately connected parts of the bottomland landscape. Similarly, 

vegetation patterns suggest that species distributions in the humid area are largely controlled by 

frequency, duration and intensity of floods. 

According to Bell and Morral (1977) the forest stand structure is influenced by the 

response of species to an elevation gradient associated with flood frequency. They found that 
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species richness and species diversity tend to increase with increasing maturity and decreasing 

flood stress. 

The soil survey of Denton County describes the GBC floodplain area in several soil 

series. The most extensive are: a) Ovan clay, which is a fine, montmorillonitic, thermic, Udic 

Chromustert; b) Kaufman clay, which is a very fine, montmorillonitic, thermic, Typic Pelludert; 

and c) Frio silty clay, which is a fine, mixed, thermic Cumulic Haplustoll (Ford and Pauls, 1980). 

Soil and vegetation development mutually influence each other. However, numerous 

studies have failed to show consistent relationships between them. After reviewing the abundant 

amount of literature in the relevant studies, it was difficult to condense the core information 

about soil vegetation relationship, based on simple parameters. However, it is reasonable to 

assume a mutual association between the soil and vegetation viewing both as whole systems, not 

necessarily between specific soil properties and selected attributes of vegetation in isolation 

(Hironaka et al., 1990). 

Floodplain soils are the soils adjacent to rivers or streams that are subject to recurring 

inundation, They are younger than terrace soils, and have been potentially affected by the same 

surface processes (particularly erosion) as the terrace soils (Ferring, 1994). Floodplain soils 

could be a valuable source of information for short term climate change because of deposition 

during the Holocene Period, whereas the terrace soils contain cumulative records of climate since 

the time of their respective floodplain abandonment (Ferring, 1994). 

According to Ferring (1994), the characteristics of the flood basin soils are quite different 

from the terrace soils as the floodplain undergoes different environmental conditions during the 

year. There are three primary factors that play significant roles in controlling soil characteristics: 
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the silty-clay textural composition of parent materials, the seasonally flooded environment of the 

floodplain, and the rate of sedimentation. 

Different studies reveal information about flood tolerant species and their impact on the 

forest growth. Townsend (2001) describes typical bottomland hardwood species such as Green 

ash, Sugarberry, American elm and red maple centered in the flooding gradient. However, 

species such as sugarberry and American elm are also best developed on levees with loamy 

mineral soils. Research carried out by Burke et al. in 2003, found out that flooding intensity, as 

well as soil physical and chemical properties can affect vegetation composition and distribution 

whereas Townsend (2001) has found that the relationship between soil and vegetation may vary 

among river basins, according to possible differences in soils, geology or geomorphology and 

climatic factors such as temperature and precipitation. 

It is a well known fact that many living creatures directly depend upon soil, such as 

earthworms, ants, slugs and snails etc. In addition, because soil is the basis of most plant growth, 

and plants are the vital source of energy for other living organisms, healthy and nutrient rich 

soils are crucial to a vast number of species. Although soils contain many different nutrients, 

they are generally only characterized by the three main nutrients: nitrogen, phosphorous and 

potassium. The availability of these nutrients varies among different soils. Nitrogen and 

phosphorous are stored only in organic matter, but potassium is not restricted in this way. Both 

phosphorus and potassium are derived from soil minerals (Hausenbuiller, 1985). Heavily 

cropped or very old and weathered soils limit forest productivity because of depleted supplies of 

nutrients such as calcium, magnesium, potassium and some micronutrients. However, these types 

of soil contain abundant sources of aluminum and iron sesquioxides, which typically cause soils 

to have high anion exchange capacity (AEC), but low cation exchange capacity (CEC). This 
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further decreases the availability of important nutrients, including potassium, magnesium and 

calcium, which in turn results in a severe decrease in forest productivity. Additionally, soils may 

lose their original friable consistency with a gradual loss of organic matter, converting the soils 

to a more compact, cement-like structure when exposed to air and allowed to dry, which can be 

seen in the areas where soils are very old and deeply weathered or heavily cropped. Tropical and 

subtropical areas of Africa, Central and South America are examples of this type of soil (Arp and 

Krause, 2006). 

The depth in the soil profile makes a large difference in nutrient availability, for example, 

the top 10-15 cm of the profile contains higher levels of organic matter, nitrogen, phosphorous, 

potassium and other micronutrients (Hartz, 2007). The biomass flow in forest soil is different 

from that found in annual crops soil. Because of the large proportion of absorbed nutrients, 

availability and decomposition of fine roots litter, and the re-absorption after biological 

breakdown of those materials, forest trees have less demand for nutrients than annual crops 

(Foster and Bhatti, 2006). However, riparian forests ecosystems hold excellent amounts of 

nutrients and also help buffer the nutrient discharge from the surrounding agricultural fields, 

farm fields etc (Lowrance et al., 1984). 

Human population growth and land-cover change play significant roles in altering the 

natural resources around us. Impoundments change the hydrological regimes of high and low 

flows, to regulated flow. They also create flooding areas upstream of the reservoir. Urbanization 

directly affects the hydrology of the natural watershed. Widespread urbanization creates many 

impervious surfaces in the environment, reducing infiltration into the soil and increasing runoff. 

This further leads to soil erosion and enhances flash floods, which may ultimately affect the 

vegetation of low lying areas downstream. 
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Flooding directly impacts vegetation development; for example, species recruitment is 

affected differently by changing seed germination and seedling establishment. As an indirect 

impact, long-term soil saturation is a very stressing factor that can restrict the number of tree 

species that can colonize the area. Such species must have special adaptations for reproducing 

and coping with oxygen restriction and anaerobic conditions in the soil for several weeks, 

possibly even months in very wet years. Furthermore, soil-water dynamics and the quality of the 

soil substratum determine the chemical and physical properties of soils in any region and can 

therefore provide an additional selection mechanism for the species that comprise the forest. 

 

1.1 Background 

The University of North Texas in collaboration with the City of Denton and the Texas 

Parks and Wildlife Department launched the project called Texas Environmental Observatory, 

TEO (http://www.teo.unt.edu) which aims to provide near real-time data on environmental 

parameters in North Texas using a ground based network of observatories. One of the natural 

areas included in TEO is the Green Belt Corridor (GBC) which is between Lake Ray Roberts and 

Lake Lewisville. It comprises 1500 acres of natural area protected since 1980, as part of the Ray 

Roberts State Park. 

The climax vegetation in the floodplain is the bottomland forest, dominated by flood 

tolerant species (Barry and Kroll. 1997; White and Skojac 2002). Currently, the GBC consists of 

a mosaic of different stages of forest varying in height, density and floristic composition, and 

includes some patches of shrubs and herbaceous vegetation. A previous study in the deep bottom 

bottomland forest of the GBC (Barry & Kroll, 1997), found that Hackberry, Cedar Elm and 

Green Ash dominate with regards to basal area, abundance and frequency. 

http://www.teo.unt.edu/
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The GBC is one of the suitable areas for the research to fulfill the different objectives 

related to the topic that I’m interested in. These include land use, land cover change, flooding 

impact on the vegetation and the important aspects of the bottomland hardwood forest and the 

soil characteristics thereof. 

About 60 years ago, most of the GBC of the Elm Fork of the Trinity River, which lies 

south of Lake Ray Roberts and north of Lake Lewisville, was used for agriculture and pasture. 

Although the Elm Fork of the Trinity River is regulated by Lake Ray Roberts, Clear Creek is 

unregulated and discharges to the Elm Fork inside the GBC area. After creating the Lake Ray 

Roberts State Park and the development of Lake Lewisville, the agricultural and pasture land of 

the GBC developed into patches of forest at various stages of succession. Flooding of the lower 

areas of the GBC is frequent during episodes of heavy rain in the headwaters of Clear Creek, 

releases from Lake Ray Roberts, and holding water in Lake Lewisville. These flooding events 

create anoxic situations and enhance the deposition of sediments, which eventually affect the 

existing soils and vegetation. Over time, the area is being converted into bottomland forest, 

which is still following the natural mechanisms of ecological succession. 

According to a land use map from the 1960s (USGS), approximately 70% of the land in 

the GBC area was used for pastureland and crops and approximately 30% of the land was 

covered by bottomland forest. The 1975 photomap which was used as a ground map for the 1980 

USDA-SCS Soil Survey does not show much change in the land use of the study area. In 1955 

the approximately 1,500-acre floodplain was mostly used for agricultural purposes, although a 

small part was covered by forest. When the dam was constructed to create Lake Lewisville, the 

area was affected by the headwaters during years of high precipitation. The agricultural area was 

progressively abandoned between 1955 and 1980 and with the establishment of GBC as part of 
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Lake Ray Roberts State Park; the remaining agricultural areas were also left to natural 

succession. Establishment of the secondary forest and further development of the pre-existing 

forest patches have been influenced by two factors: 

• Different soil conditions in the floodplain, caused by the river deposition of 

sediment. 

• Frequency and duration of flooding during wet years when the Lake Lewisville 

headwaters completely or partially cover the GBC areas, as in 2007. 

There are pros and cons of dam construction both on the upper and lower sides of the 

dam. The upper side of the dam has more cons than pros in comparison to below the dam. The 

major issue would be water holding for a long time such as happened in the GBC in 2007. The 

corridor was inundated for several weeks, because Lake Lewisville sluice was closed for several 

days and later the water was released slowly to protect the downward community from flooding. 

Such water holding for several weeks will adversely affect flood intolerant or somewhat tolerant 

species. Some examples that are listed in USDA forest service website are Ulmus alata, Ulmus 

Americana, Ulmus rubra, Morus rubra, Juglans nigra, Quercus marilandica, Quercus stellata, 

and some other Quercus species. Several Carya, Pinus, and Acer species are also flood intolerant 

(USDA Forest Service, 2010, Table 16 has a list of flood tolerant species in GBC). During field 

work in the summer of 2007 and 2008, I personally noticed many animals missing from the area 

and saw a dead deer calf, baby armadillo, many dead fish and also some drowned birds. These 

are some of the adverse affects on the plant and animal community but also with some ecological 

consequences. 

Sediment deposition, chemical and toxic substances, agricultural waste such as nitrogen, 

phosphorous and potassium that the flooding may carry, will stay in the forest soil along with the 
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water and accumulation of urban garbage. Besides ecological problems the long term effect of 

this kind of phenomena will eventually deter public delight in recreation. The alteration of 

essential components such as minerals, nutrients, sediment, organic matter, and water will alter 

the important ecological process of rivers, which eventually hinders the healthy growth of the 

ecosystems (Kozlowski, 2002). 

Sediment deposition is one of the severe problems because of dam construction. It affects 

both above and below the dam, blockage of sediment towards the upper part of the dam will lead 

to deposition of several things carried by the flooding, which eventually increase the sediment 

build-up in the reservoir and also may adversely affect newly germinated seeds. The construction 

of dams could have some sort of human affect as well, the long term water-logging or stagnant 

water condition could create some health issues, such as providing a breeding ground for 

mosquitoes and water borne pathogenic bacteria. 

Lake Lewisville was built in 1954, expanding the water reservoir of the former Lake 

Dallas, originally built in 1929. The new dam was completed by U.S. Army Corp of Engineers 

and the Lake was called Garza-Little Elm Reservoir. During the mid 1970s the names Lake 

Dallas and Garza-Little Elm were dropped in favor of calling it Lake Lewisville (Lake 

Lewisville, 2007). 

The area has seen major changes in hydrological regime, i.e., frequency and duration of 

flooding as a result of the construction of Lake Lewisville. In 1988 the water conservation level 

of the lake was raised from 517 to 522 feet. Thus, after 1927, but especially after 1955, the 

hydrology and flooding dynamic of the Elm Fork of the Trinity River in the GBC area was 

changed. The water velocity was lowered and consequently the sediment deposition in the south 

part of the GBC increased. That change was accentuated after 1988, when flood frequency and 
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duration in the area should have been significantly increased through the dam operation. The 

website of the US Army Corp of Engineers offers pertinent information about lake levels (U.S. 

Army Corps of Engineers, 1988). Information about lake levels is summarized in Figure 1 and 

Figure 2. 

UNT Professor Harry Williams (1991) researched deltaic deposits in Lewisville Lake 

showing that such deltas contribute significant amounts of sediment to the reservoir, which may 

further represent important accumulation site for the sediment-bound nutrients and contaminants. 

Over 60 years a sediment wedge has formed 6.9 miles long and about 15 feet thick at its 

downstream end (Williams, 1991). However, creating flood-control dams could be one of the 

pertinent reasons for physiological dysfunction and environmental changes in both downstream 

and upstream ecosystems (Kozlowski, 2002). 

Natural succession is a long term process that is in part dependent on soil conditions. In 

the GBC of the Elm Fork of the Trinity River floodplain, the topography changes as one moves 

perpendicularly away from the river, with the highest point being at the river levee bank, 

followed by lower elevation before the elevation increases again in the meander area (ancient 

river course). Along this transect of the floodplain, the texture of the soil profile changes from 

loam to silty loam and loamy sand to silty clay and clay. Both topography and soil texture 

determines the moisture gradient of a site, with increased flooding and saturation the farther one 

moves away from the river bank. 

This research deals with understanding the interrelated changes of soil and vegetation in 

the area, information which could be helpful in future management of forests in riparian biomes. 

The research focuses on soil and forest vegetation characteristics as it changes along a 

topographical gradient in the floodplain. 
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Figure 1: Average elevation of Lake Lewisville (1954-2008) 
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Figure 2: Maximum elevation of Lake Lewisville (1954-2008) 
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1.2 Importance of the Study 

The importance of riparian zones, including these bottomland hardwood forests has 

already been mentioned regarding the significant contribution in maintaining ecological settings 

that provide several benefits to human society and wildlife. This study will make a significant 

contribution to the knowledge of riparian forest soil and vegetation type by analyzing soil 

characteristics and forest composition in different topographic position. As human development 

extends into formerly natural areas it will be useful to have information about the changes that 

flooding brings. Flooding may carry both nutrients and toxic materials from one point to another. 

This kind of research may reveal such carrying pattern and its possible consequences to the 

existing ecosystems. The study will also enhance the knowledge of the effects of hydrological 

regimes in different forest compositions since topographic positions are related to flooding 

regimes. Land use and land cover change are making huge differences in the vegetation 

composition and soil quality in many ecosystems. The study will help to understand the changing 

pattern in the GBC due to seasonal flooding in the area. Because of the importance of the 

bottomland hardwood forests as a hydrological filter and as a good habitat for wildlife, it is very 

important to understand their ecological processes. Therefore, this research could be a valuable 

source of information to understand such ecological process. 

This research focuses on several parameters of soil and vegetation. It comprises three 

major components: field sampling, laboratory analysis, and statistical analysis. My research will 

make a great contribution in the knowledge of soil and vegetation, especially in the relationships 

of forest succession and soil characteristics along a topographic transect in the floodplain. This 

study may also provide some relevant information about riparian areas after disturbance. 
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1.3 Objectives 

The main goals of the research will be to study the vegetation distribution and soil 

characteristics (physical and chemical) in the Greenbelt Corridor (GBC) and to gain a better 

understanding of the relationships between soil characteristics and forest composition and 

structure types. To achieve this goal, the following specific objectives have been identified. 

1. Survey and analyze the forest vegetation in different successional stages in areas of 

different topographic positions. 

2. Survey and describe and characterize soil profiles on the basis of their physical and 

chemical properties and morphological features at the different topographic positions and 

successional stages. 

3. Analyze the soil and forest variables to determine the relationship between them 

 

1.4 General Research Questions 

The overarching hypothesis of this research is that topographic position and forest 

successional stage determine soil characteristics and forest composition and structure. The 

research is then guided by general research questions: 

1) How do soil characteristics vary with topographic position and forest stage? 

2) How do forest composition and structure vary with topographic position and forest stage? 

3) Do soil characteristics and forest composition and structure co vary? Which of the soil 

characteristics are most important for resultant forest composition and structure in the 

floodplain areas? 



19 

1.5 Specific Research Questions and Null Hypotheses 

More specific research questions (RQ) also help steer this research as illustrated in the 

diagram of Figure 3. The diagram illustrates the effects of two factors, topographic position and 

forest stage, and how each specific research question fit in the conceptual model. 

 
Figure 3: Conceptual model of factors and effects that guide this research 

 

The following are the specific research questions and associated null hypotheses: 

R.Q.1. How are the soil characteristics affected by topographic position? 

• H0: Texture, soil nutrients (NPK), calcium carbonate, and organic carbon content do not 

change with topographic position. 

R.Q.2. How do soil characteristics vary with forest stage? 

• H0: Texture, soil nutrients (NPK), calcium carbonate, and organic carbon content do not 

change with forest stage 

R.Q.3. How do forest composition and structure vary with topographic position? 

• H0: Topographic position does not affect species density, basal area, and importance 

value (IV). 

R.Q.4 How do forest composition and structure vary with forest stage? 

• H0: Forest stage does not affect species density, basal area, and importance value (IV). 
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Forest composition and 
structure

Soil characteristicsRQ1

RQ3

RQ2

RQ4

RQ5



20 

R.Q.5 How do soil characteristics affect forest composition and structure? 

• H0: Texture, soil nutrients (NPK), calcium carbonate, and organic carbon content do not 

affect species density, basal area, and importance value (IV). 

The following chapters provide detail explanation of different topics to meet the above 

mentioned objectives and to answer the research questions. Chapter 2 discusses the study area, 

experimental design, methodology and materials; chapter 3, soil (introduction, methods and 

materials, results and discussion); chapter 4, vegetation (introduction, methods and materials and 

result and discussion); chapter 5, relationship between soil and vegetation; and chapter 6, 

conclusions and further research. 
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CHAPTER 2  

STUDY AREA AND METHODS 

2.1 Study Area 

The Greenbelt Corridor (GBC) lies within Denton County, Texas, to the northeast of the 

City of Denton and is situated south of Lake Lewisville at US Highway 380 and north of Lake 

Ray Roberts at Farm Road 428. The GBC is managed by the Texas Parks and Wildlife 

Department. It is a state park area with a considerable amount of native bottomland and upland 

forest cover. Although the GBC is relatively small in size, it is comprised of several different 

ecosystems such as bottomland hardwood forest, cross timber forest, and prairie (Bruce, 2004). 

As a park, it was officially opened to the public in 1999 for several different recreation purposes, 

such as walking, bird watching, hiking, cycling, and horseback riding. There is a nice and clear 

trail which runs parallel to the Elm Fork of the Trinity River. 

This study area, the Ray Roberts GBC, was chosen because it is a major research site for 

several UNT graduate students, and a lot of relevant information has already been gathered from 

the area. UNT faculty and students have been working in this area for several years and produced 

several theses and dissertations. 

In 2008, Liping Chen a UNT graduate student in applied geography completed her 

research for her master’s thesis entitled: soil characteristics estimation and its application in 

water balance dynamics. Her research was to analyze the short-term water dynamics of soil in 

response to the substantial rainfall events as in 2007 in North Texas region (Chen, 2008). 

Bhattacharjee Nilanjana performed the research for her master’s thesis on hyperspectral and 

multispectral image analysis in this area, focusing on vegetation classification and land cover 

change of the GBC (Bhattacharjee, 2006). Barry Dwight studied thresholds in avian communities 
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at multiple scales as he characterized the relationships between birds, forest, habitats, and 

landscapes in the GBC for his doctoral dissertation. The dissertation focused mainly on 

vegetation composition of the riparian forests, emphasizing bird habitat (Barry and Kroll, 1997). 

Bethany Bolling wrote his master's thesis on the topic of mosquito populations in the 

GBC, using GIS (Bolling, 2003). Troy Bruce studied white-tailed deer with the use of telemetry 

techniques focusing mainly on usefulness of corridors in wildlife management planning (Bruce, 

2004). Sheralyn Holcomb completed her master’s thesis in this area through ecology, history, 

field study and computer simulation. She emphasized the characterization of riparian bottomland 

forest in north central Texas using field study and computer simulation with the model ZELIG 

(Holcomb, 2001). Another person who performed very interesting research in the GBC is Karl 

Hoffman. His research entitled focused on how habitat fragmentation affected the avian 

community. Based on his analysis, forest interior species are under threat of habitat destruction, 

having lost considerable habitat through forest fragmentation (Hoffman, 2001). 

After reviewing several studies performed in the GBC, it is clear that a study on the soil 

and vegetation relationship in this area is important in order to understand the vital role they play 

in the ecosystem. The soil and vegetation are significant factors in each of the studies mentioned 

above but have not been researched in isolation. 

A recent biocomplexity project (integrating models of natural and human dynamics in 

forest landscapes across scales and cultures) is an interdisciplinary project based on international 

cooperation and used the GBC as a study area. Acevedo et al. (2008) studied land use in the area 

for cross-site and cross-cultural synthesis based on models of natural and human dynamics in 

forest landscapes. They describe the human-nature connectedness in terms of use of natural 

resources in their daily lives as stakeholders and anthropogenic activities and its consequences in 
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the changing environment. As part of the same project, Monticino et al. (2005) also focus on this 

area to highlight human encroachment in terms of different aspects of development and its 

relationships with the environment. 

More recently the installation of a weather and soil monitoring station at the GBC has led 

to efforts to develop a Texas Environmental Observatory (TEO) in this area 

(http://www.teo.unt.edu) to monitor in real time changes of soil water dynamics and eventually 

forest dynamics. For this purpose, several baseline studies have been conducted. In 2007-2008, a 

preliminary TEO study conducted by Dr. Wilfredo Franco, and several UNT graduate students, 

produced a vegetation map of the study area based on satellite images. Figure 4 shows the 

location of GBC; Figure 5 shows the locations of tree survey plots and soil pits. 

 
Figure 4: Location of the study area (Greenbelt Corridor) in North Texas 

http://www.teo.unt.edu/
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Figure 5: Locations of tree survey plots and soil pits 

 
 

The following figures (Figure 6-Figure 10) show the land use change in the GBC based 

on vegetation maps from 1960, 1996 and 2005 and a soil map. 
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Figure 6: Vegetation Map of the study area in the year 1960. 
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Figure 7: Vegetation map of the study area in the year 1996. 
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Figure 8: Vegetation Map of the study area in the year 2005. 
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Figure 9: Soil Map (classified by USDA) of the study area. 
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Figure 10: Soil type and vegetation age combined map of the study area. 

 

2.2 Climate 

The study area has a humid subtropical climate with very warm summers. Dry periods 

occur mainly in the summer, although a brief dry period also occurs in January. Occasionally 

torrential rains are associated with the advance of cold fronts. On average, May is the most 

humid month of the year. During most summers, the temperatures are high and the precipitation 
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is low. The region receives 76% of the possible sunshine in the summer and the average relative 

air humidity is 50% in July. The winter is mild, with a minimum temperature of 32 degrees 

Farenheit or below about six nights out of ten, but daily maximum temperatures average 59 

degrees Farenheit (Ford and Pauls, 1980). 

In 2007 the region experienced record-breaking rains in May and June, and rainfall for 

the entire year was above average. Although riparian forest fauna and flora are accustomed to 

changing water levels, and one of the defining factors in a riparian forest is that the water levels 

vary, unexpected and intense rainfall can induce flooding on a large scale. The heavy rainfall in 

the spring of 2007 caused the park to be closed down for safety, and the water level was close to 

the bridge on Highway 380. Lake Lewisville was well over flood stage, as was Lake Ray Roberts 

and Lake Texoma. All the docks were closed and the backwater from Lake Lewisville would 

have displaced many of the animals located through the GBC with effects on the vegetation 

throughout the area. Site specific climate variables have been measured by the TEO weather 

station since 2004. To these weather variables, such as rainfall, air temperature, measurements of 

soil moisture started in 2005. Unfortunately, there are some gaps in the data set.  Figure 11 

through Figure 16 illustrate some important climatic parameters at the site. 

 

2.3 Experimental Design 

Until 1980s when it was incorporated into the Texas State Parks system, much of the Lake 

Ray Roberts / Lake Lewisville Greenbelt Corridor (GBC) in North Central Texas were used for 

agriculture. These areas are since then naturally forested. The GBC located in the floodplain of 

the Elm Fork of the Trinity River also contains older patches of bottomland hardwood forest in 

areas where no agriculture is known to have occurred.  
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Figure 11: Daily rainfall in the study area for several months in 2007. 
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Figure 12: Daily rainfall in the study area for several months in 2008. 
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Figure 13: Minimum, maximum, and average monthly temperature in 2007. 
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Figure 14: Minimum, maximum, and average monthly temperature in 2008. 
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Figure 15: Soil moisture for bottom sensor (SM1) deployed at depth of 66 inches. Units for soil moisture are relative to total 
volume. 
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Figure 16: Soil moisture for top sensor (SM2) deployed at depth of 46 inches. Units for soil moisture are relative to total 
volume. 

. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mar 0.30 0.30 0.35 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
apr 0.39 0.39 0.39
may 0.35 0.36 0.36 0.35 0.34 0.33 0.33 0.34 0.33 0.34 0.34 0.33 0.31 0.38 0.39 0.38 0.39 0.32 0.30 0.30
jun 0.30 0.30 0.30 0.30 0.30 0.31 0.30 0.30 0.31 0.31 0.30 0.29 0.29 0.29 0.29 0.29 0.29
jul 0.28 0.28 0.27 0.27 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.23 0.23 0.23 0.22 0.21 0.21 0.22 0.21 0.21 0.21 0.21 0.21

0.000
0.050
0.100
0.150
0.200
0.250
0.300
0.350
0.400
0.450

S
oi

l_
M

oi
st

ur
e 

Days 

SM2_2008 

mar

apr

may

jun

jul



37 

Some portions of the GBC serve as a part of Lake Lewisville’s flood control pool, occasionally 

experiencing floods lasting up to several weeks in wet years.This study examines forest structure 

and composition in relation to forest age and topographic position in the GBC. The survey done 

under Dr. Franco’s direction in 2007 used a 1960 USGS vegetation map and 1975 photomap, 

and was able to reveal different stages of forest development in the study area and several unique 

topographic positions. 

The forest was categorized into three age classes using USGS topographic maps and 

aerial photographs from different years, 1960, 1975, 1996, and 2005. Forest that was 50 years or 

older was categorized as late successional forest; forest that was 30-50 years was categorized as 

mid successional forest; and forest that was less than 30 years was categorized as early 

successional forest. Besides, this categorization based upon forest stages, two more forest types 

were also categorized based upon the sample plot area location. These forest types are: wetland 

low forest and cross timber forest (which is not in the floodplain). 

Five topographic positions in the floodplain were identified based upon the description of 

the soil profiles and elevation differences. Observations during the field study included flooding 

depth, flooding frequency and duration in 2007 and 2008, water clogging, and Lake Lewisville’s 

conservation pool level during flooding and non flooding season. Elevation in the GBC varies 

from one location to another exemplified by the floodplain transect shown in Figure 17. The key 

ecological factor is long-term flooding and a high flood level caused by heavy rain and the 

operation of the Lake Lewisville dam. When the water level of the lake becomes too high, the 

dam’s flood gates close to protect urban areas near the lake from flooding. Consequently, this 

water flows back to the GBC floodplain as a backwater. This kind of backwater assists to form a 

new sediment layer in the water deposition area that is carried by flooding. 
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Figure 17: Topographical positions from the river bank to the meander (~300 m) denoted as site 

I, II, III, and IV 
 
 

The thickness and texture of the recent sediment over the clay Pilot Point Alluvium is 

very significant for the soil water dynamics and for definition of topographic position. On the 

basis of soil site, thickness, texture and structure of the sediment layers, hydromorphic character 

and ground water fluctuation, four (1 to 4) of the five different topographic positions have been 

differentiated and denoted as site I, II, III, IV in Figure 17. The fifth topographic position (5) is 

defined as the areas affected by Lake Lewisville headwaters (flooded every few years), and are 

covered by herbaceous or wetland low forest, dominated by Swam Privet with 90% or more of 

existing trees. Six representative sites were finally selected, five in floodplain and one in hill (6). 

A vegetation survey was conducted and soil samples have been collected in plots located 

according to topographic position and forest stages. Thirty two 25x25m plots were surveyed 

within these various age classes, topographic positions (Table 1). The plots were quadrats of 25m 

x 25m and information was collected for all trees with a diameter at breast height (DBH) of ≥ 

5cm, including their height and health conditions. The survey included species identification, and 

measured density and basal area. Relative density was calculated using density, relative basal 
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area was calculated using basal area and relative importance value was calculated using relative 

density and relative basal area. The height was measured by two different techniques: any trees 

which are of 10m or less in height were measured using a pole. For trees greater than 10m a 

clinometer was used to measure slope and vertical angle. Using a clinometer to measure the 

height is fairly straight forward; once the distance from the tree to the observer and the angle 

from the observer to tree top is known, simple principles of trigonometry can be applied to 

calculate height from the measured angle. 

Soil samples were collected from each plot up to 2 m deep (in most of the plots). Field 

observation note was prepared in the field during sample collection and further analysis was 

done in the laboratory. The information collected from vegetation survey and soil analysis results 

obtained from the field as well from the laboratory was the main source of information to study 

the soil characteristics and vegetation distribution pattern in the study area. The combined output 

of the soil and vegetation results greatly helped in studying their relationship in the floodplain 

area. 

Table 1: Topographic position (1-6) and forest successional stage of each sampling plot with soil 
unit, dominant species and its condition in 1975’s satellite image. 

 
Plot 
No. 

Forest stage Soil unit Topo. 
position 

Dominant species In satellite images 

1 Medium Frio silty clay, frequent 
flooded 

1 (Front) Cottonwood, Box 
elder 

In 1975 map: Grassland and 
some small trees 

2 Late Frio silty clay, frequent 
flooded 

2 (Flat) Green ash, Hackberry In 1975 map: Dense forest 

3 Late Ovan Clay, frequent 
flooded 

2 (Flat) Cedar elm, Geen ash In 1975 map: transition to 
dense forest 

4 Late Ovan clay, frequent 
flooded 

3 (Swamp) Cedar elm, Green ash In 1975 map: Dense forest 

5 Early Kauffman clay, frequent 
flooded 

3 (Swamp) Homey locust, Green 
ash 

In 1975 map: Pasture land 

6 Cross Timber Frio silty clay 6 Hill Posk oak and cedar 
elm 

In 1975 map: small patches 
of forest 

7 Medium / 
transition to 

wetland forest 

Frio silty clay, frequent 
flooded 

5 (Slough) Swamp privet In 1975 map: Grassland 

8 Early Ovan clay, 4 (Ridge) Cedar elm In 1975 map: Grassland 
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Plot 
No. 

Forest stage Soil unit Topo. 
position 

Dominant species In satellite images 

9 Late Ovan clay 2 (Flat) Hackberry, Green ash In 1975 map: Dense forest 
10 Early Ovan clay 2 (Flat) Hackberry, Green ash In 1975 map: Grassland 
11 Cross Timber Rocky and gravel (no 

soil sample) 
6 Hill Winged elm, 

Blackjack oak, Post 
oak and dead trees 

In 1975 map: small patches 
of forest 

12 Late Ovan clay Meander, 4 
(Ridge) 

Pecan, Hackberry In 1975 map: Dense forest 

13 Late Ovan clay 4 (Ridge) Cedar elm In 1975 map: Dense forest 
14 Late Ovan clay 3 and 4 

(Swamp/ 
ridge) 

Cedar elm, Green ash In 1975 map: Transition to 
dense forest 

15 Early/Mediu
m 

Frio silty clay 4 (Ridge) Cedar elm, 
Sugarberry 

In 1975 map: grassland and 
some tress 

16 Medium/Late Ovan clay Meander, 4 
(Ridge) 

Cedar elm In 1975 map: Transition to 
dense forest 

17 Wetland low 
forest 

Ovan clay 5 (Slough) Swamp privet, Green 
ash 

In 1975 map: Grassland 

18 Medium Ovan clay 1, 2 (Front, 
flat) 

Pecan, Swamp privet In 1975 map: small patches 
of forest 

19 Early Ovan Clay 3 (Swamp) Swamp privet, Honey 
locust 

In 1975 map: Grassland and 
small patches of forest 

20 Early Kaufman clay 3 (Swamp) Swamp privet, Honey 
locust 

In 1975 map: Grassland and 
small patches of forest 

21 Late Frio silty clay, frequent 
flooded 

1 (Front), Cottonwood In 1975 map: Dense forest 

22 Medium Frio silty clay, frequent 
flooded 

3 (Swamp) Box elder, Green ash In 1975 map: Open forest 
and grassland 

23 Medium Frio silty clay, 
occasionally flooded 

3 (Swamp) Young hackberry In 1975 map: Grassland 

24 Young/Mediu
m 

Ovan clay, occasionally 
flooded 

1/2 (Front, 
flat) 

Young hackberry In 1975 map: Grassland 

25 Wetland low 
forest 

Ovan clay, frequent 
flooded 

5 (Slough) Swamp privet In 1975 map: Grassland 

26 Medium Ovan clay 3/4 (Swamp/ 
ridge) 

Young green ash 
regeneration 

In 1975 map: Grassland  

27  Late Ovan clay 3 (Swamp) Cedar elm In 1975 map: In transition to 
dense forest 

28 Late Ovan clay 3 (Swamp) Cedar elm 
Sugarberry, 

In 1975 map: In transition to 
dense forest 

29 Late Frio silty clay 1 (Front) Box elder, 
Sugarberry 

In 1975 map: In transition to 
dense forest 

30 Young/Mediu
m 

Ovan clay 3 (Swamp) Sugarberry, Green 
ash 

In 1975 map: Grassland 

31 Medium Frio silty clay, frequent 
flooded 

2 (Flat) Sugarberry, Green 
ash 

In 1975 map: Open forest 
and grassland 

32 Medium/Late Ovan clay 2 (Flat) Red mulberry, 
Sugarberry 

In 1975 map: Few tall trees 
and grassland 

Source: Soil survey of Denton County, Texas and field work (summer 2007 and 2008). 
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2.4 Topographic Positions 

Next we describe all topographic positions in details. The following abbreviations are 

used to describe different soil textures: S = Silt, Sa = Sand, C = Clay, L = Loam, SiCL = Silty 

Clay Loam, SaL = Sandy Loam, CL = Clay Loam, SCL = Sandy Clay Loam, LS = Loamy Sand. 

 

2.4.1 Topographic Position 1 

Topographic position one is located in the narrow riverbank of the Elm Fork of the 

Trinity River, which is the highest position in the flood plain, corresponding to a mollic 

Ustifluvent. This information was not considered in the US-SCS Soil Survey, probably due to its 

small area. 

Texture layers: SiCL/SaL/CL (thick layers of recent sediment over 150 cm), which is 

levee in its structure. The soil profile shows 1.5-2 m of new sediment over the clay and a well-

structured top section of the Pilot Point Alluvium. The texture in the upper soil changes from 

silty clay loam (0-40 cm) to sandy loam with frequent sand layers between 40 and 150 cm. There 

is good structural development in the upper part of the soil. The topographical position and the 

texture/structure conditions allow this levee to have the best external and internal drainage of all 

the positions in the floodplain. Ground water fluctuates approximately below 2 m during normal 

years, based on the level of the river. Root development of some species exceeds 2 m in depth. In 

normal wet years (years which are not flooded) there is good internal drainage at 0-1 m depth 

and aeration restriction at 1-2 m depth only for short periods. This topographic position is quite 

suitable for less flood-tolerant species such as cottonwood, box elder which may help to develop 

their maximum potential. On the other hand, intensive drought periods during the growth season 

do not restrict plant growth, since the available water capacity in the rooting zone is sufficient. 
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2.4.2 Topographic Position 2 

Texture layers: SiCL/SaL/CL (thick of recent sediment between 50 and 100 cm). Away 

from the riverbank, the new sediment layer soon becomes progressively thinner. The texture in 

the upper layer (0-30 cm) is silty clay loam followed by sandy loam with some sand layers (30-

80 cm). Root development reaches 1.8 m depth. Ground water fluctuates between approximately 

1.5 to 2 m depth for 4-6 months of the year and slowly recedes. Thus, there may be restricted 

aeration below 2 meters depth of the soil profile. During intensive drought, the available water 

capacity in this site is less significant than in topographic position one. This site is suitable for 

most bottomland species such as Green ash, Hackberry. But some of the less flood-tolerant 

species are not present or if present, they may not be able to develop its maximum growth 

potential. 

 

2.4.3 Topographic Position 3 

This site, which covers most of the GBC floodplain area, is free of recent sediment and 

corresponds to the ovan clay and Kaufman clay series (udic Chromusterts and thermic Typic 

Pelluderts) developed around 1,400 - 4,500 B.P. However, this clayey soil can have two variants: 

one having good structure (granular to fine, strong, sub-angular blocky) from 0-100 cm depth, or 

become massive and very compact from 50-60 cm depth. This soil is rich in humus and the color 

is dark black and the dominant species in this topographic position are Cedar elm and Green ash. 

 

2.4.4 Topographic Position 4 

Texture layer: SiC/L-SiL/SiC (In this topographic position, permanent high ground water 

or permanent available capillary water is the most significant ecological factor). This 
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topographic position is located in the area which is under the influence of permanently inundated 

meanders. It includes the levee of the meander and other narrow areas trapped between the 

meanders. In places with recent sediment, the Pilot Point Alluvium can be below 1.5 m depth. 

The soil structure tends to be weak and compact, allowing the development of a hanging ground 

water table which fluctuates between 0.5 and 1.5m depth from late spring to mid-fall. In this 

topographic position, the average flood runs off moderately fast, promoting good drainage in the 

upper level of the soil profile during 2/3 of the year. Drought has hardly any impact on the 

vegetation in this area. From the field observation, this topographic position is suitable for many 

bottomland species such as Cedar elm, Green ash, Box elder. 

 

2.4.5 Topographic Position 5 

This is one type topographic position created by human action. It is located towards the 

southern part of the GBC in the areas lowest elevation, showing a typical wetland forest 

dominated by Swamp privet (Forestiera acuminata) and herbaceous wetland dominated by some 

Cyperaceae. The vegetation must be able to deal with 1-2 m flooding for 6-10 weeks and more 

extended soil saturation in wet years. The available water capacity, which supplies the vegetation 

demand during drought periods, is low in most of these topographic position areas. The most 

common species in this topographic position is Swamp privet. 

 

2.4.6 Topographic Position 6 

Only two plots were set up in the cross timber (hill) forest. One of the plots in this 

position was full of rocky and gravel soil, therefore, auguring for soil sample collection was a big 
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challenge. Soil sample was collected only from sampling plot 6 in this position and it was found 

that silty clay loam was dominant soil texture class in this position. 

The study area was categorized on five different forest stages/type. Out of five, three 

based upon satellite images obtained from USDA and two based upon the sampling plots 

location. 

 

2.5 Vegetation Types in the Study Area 

Although the study area seems relatively small, it encompasses several different types of 

ecosystems. The cross timbers region is a dominant habitat type or vegetation area throughout 

much of central Oklahoma and north-central Texas. Historically, the cross timbers were a 

mixture of wooded areas and naturally occurring open areas. Wooded uplands were dominated 

by various oaks, elms and hickories. Bottomlands were dominated by various oaks, ashes, elms, 

hackberries and osage orange. Open areas in both uplands and bottomlands contained herbaceous 

vegetation that was typical for the tall grass prairie region including grasses such as bluestems, 

switch grass and Indian grass as well as various forbs (Bruce, 2004). 

Though the vegetation types within the boundaries of the study area are quite consistent 

with cross timber vegetation, upland areas have plenty of oaks (Quercus spp.), primarily post oak 

(Quercus stellata). In contrast, bottomlands have an abundance of elm (Ulmus spp.), hackberry 

(Celtis occidentalis), cottonwood (Populus deltoids), box elder (Acer negundo), green ash 

(Fraxinus pennsylvanica) and red mulberry (Morus rubra), and it has some wetland forest that is 

dominated by swamp privet (Forestiera acuminate). Similary, GBC is one of the suitable 

habitats for several mammals and avian species. Some avian families that are availiable in the 

study area listed by Barry, 2000 are Ruby-throat hummingbird (Archilochus colubris), Hairy 
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Woodpecker (Picoides villosus), Brown-headed Cowbirds (Molothrus ater), Carolina Wren 

(Thryothorus ludovicianus), Barred Owl (Strix varia) etc. Similarly, Beaver (Castor canadensis), 

Nine-banded Armadillo (Dasypus novemcinctus), Bobcat (Lynx rufus), White-tailed Deer 

(Odocoileus virginanus) etc are some mammalians in the study area (Holcomb 2001). 

 

2.6 Methodology 

The terrain conformation of the study area was determined using the topographical 

transect. This information was used to calculate hydrological regime and as a reference for the 

distribution of the topographic positions. To determine the elevation gradient in the floodplain; a 

transect up to 300 meters perpendicular from the riverbank was examined to provide a plot of 

micro-relief. 

 

2.6.1 Vegetation Survey 

Thirty two sampling plots were designed for vegetation survey using the combined maps 

of soil and vegetation of the study area (Table 1). The plots were chosen randomly using simple 

formula in excel along the topographical transect. Sampling was limited to woody vegetation 

(excluding shrubs and vines) on the floodplain forest and couple of plots in the neighboring cross 

timber (hill) forest. The plots were quadrats of 25 x 25m and information was collected for each 

tree species with diameter at breast height (DBH) of 5cm. or greater including their height and 

health conditions. Height was measured using pole and clinomeneter. The details of this 

methodology are discussed in chapter four. The variables obtained from the vegetation survey: 

are species and health condition, density, relative density, basal area, relative basal area, 

importance value, and height. 
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2.6.2 Soil Sample Collection 

Once the topographical transect was set up and tree survey plots were established, the soil 

sample was cored from the center part of the plot. The soil profile at each plot was studied with 

the help of auger sampling. Soil samples were taken at each plot using a core up to 2m deep at 

intervals of about 20cm depth. A standard Munsell chart was used to determine the soil color. 

Some important information about any visible matter such as roots, leaf litter and rock was also 

recorded during the study. After the important information about the samples and the study area 

was collected, samples were bagged into the plastic zipper bags and brought to the laboratory for 

several analyses. The details of this methodology are discussed in chapter three. 

The following information from each sample was determined using different standard 

techniques: depth, % sand, % silt and % clay, moisture, organic matter, organic carbon, calcium 

carbonate (CaCO3), pH, nitrogen (N), phosphorus (P), and potassium (K). 

 

2.6.3 Statistical Analysis 

Once the different variables from vegetation and soil were collected, several statistical 

tools such as descriptive statistics, one-way ANOVA, Kruskal-Wallis, box and whisker plots, as 

described in chapters 3 and 4. Then, multivariate analysis tools, such as principal component 

analysis, canonical correlation analysis, correspondence analysis, linear discriminant analysis 

and cluster analysis were employed in chapter 5. 
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CHAPTER 3  

SOIL 

3.1 Introduction, Methods and Materials 

Franklin D. Roosevelt, once said, “The nation that destroys its soil, destroys itself.” 

While this was written at the time of the Dust Bowl it is still true today. Soil, is one of the most 

vital natural resources that supports most of the flora, fauna and human beings in the Earth. In 

general soil refers to a composition of several materials such as rock, minerals, organic matter 

and microorganisms. The mixing of this composition takes place on the immediate surface of the 

earth. According to the US Department of Agriculture, Natural Resources Conservation Services 

(USDA-NRCS, 2009) soil is defined as “The unconsolidated mineral or organic material on the 

immediate surface of the Earth that serves as a natural medium for the growth of land plants”. 

The study of soils is called pedology, from the Greek pedon meaning soil or earth. Soil is 

one the most important natural resources on the planet earth and covers a major portion of the 

earth’s land surface. This important resource supports many living creatures (flora and fauna) 

directly or indirectly. Though it has tremendous importance in providing shelter and nutrients, its 

formation process is very slow and complex. 

Following Brennan and Whitgott (2005) and Jenny (1941) the factors that influence the 

soil formation process are: 

• Climate: The soil formation process accelerates by warm and wet climates, which 

enhance the decomposition, biological growth, physical and chemical weathering. 

Moisture is essential for many biological processes. 

• Organisms: The soil formation process also depends on organisms input of organic 

matter, which is mixed and aerated. Burrowing types of animal (amphibians, reptiles, 
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small mammal) play an important role in this case. These include frogs, rabbits, moles, 

squirrels etc. 

• Topographic relief: The topography of any area is an important factor in soil formation 

process. Mountains and valleys influence where and how soil moves, by affecting soil 

exposure to sun, wind and water. Slope also plays a huge role in predicting the erosion 

sensitive areas. 

• Parent material: Generally reflects underlying geologic material of a particular location 

which is usually bedrock. The physical and chemical properties of the parent material 

will be reflected in the physical and chemical properties of the resultant soil. 

• Time: It can take 500 to 1000 years to produce 1 inch of topsoil. Soil formation is really a 

slow and complex process taking centuries or millennia. 

 

3.1.1 Soil Horizons 

Once there is an abundant amount of small particles combined with parent materials, 

geochemical weathering and organisms play an important role in converting them into soil and 

forming distinct layers called horizons. The section as a whole, from surface to bedrock is known 

as soil profile and shows the horizons. There are six different categories of horizons. According 

to Brennan and Whitgott (2005) they are as follows: 

• O: This horizon is the upper most layer of the soil and consists mainly of organic matter 

(O for organic) such as branches, leaves, animal and human wastes. (consider discussing 

some of the decomposition processes occurring here) 

• A: is right beneath O horizon and consists mainly of organic matter and humus mixed in 

from O horizon. This layer is also called top soil, which is very productive and most 
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nutritive for plant growth. Because of this nature, A horizon plays very important role in 

many ecosystem and agriculture. Therefore, when we talk about soil we are generally 

referring to top soil. 

• E: This horizon is directly beneath the A horizon. Here E refers to eluviation, meaning 

loss, which is characterized by losing some minerals and organic matter through leaching, 

the movement of water carrying dissolved minerals to the next horizon during rain 

events. 

• B: This horizon is often called illuviation zone or zone of accumulation as leached ions 

and clay minerals eluviated from A and E horizon move into this region. The leached 

minerals and organic acids from the above horizons give this B horizon a larger 

concentration of these constituents. 

• C: This horizon is relatively unweathered parent materials, usually sediments. 

• R: This is horizon also refers to bed rock parent material for the soil. The R horizon may 

underlie the C horizon.  

 

3.1.2 Soil Color, Texture, Structure and pH 

Soil Color 

The color of soil reveals a great deal about soil quality. It is one of the easiest and most 

obvious ways of determining the constituent particles that are available in the soil and can also 

be a good indicator of soil fertility. For example, black and dark brown soils contain a good 

amount of organic material, while white or pale gray soils contain less organic material. Soil 

color also records drainage conditions that are very essential for plant growth. Yellow, red-

brown, and black color soil are well drained; mottled gray, brown, and/or yellow soil are 
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somewhat poorly drained or poorly drained and dull gray indicate waterlogged, poor aeration. 

Soil color is usually determined with the help of Munsell color chart, which provides three color 

dimensions hue, value (lightness) and chroma (color purity). 

 

Soil Texture 

This is the relative percentages of sand, silt, and clay particles in any soil sample. Three 

major soil types determine the soil texture based upon particle size. The very smallest (size less 

than 0.002 mm in diameter) is categorized as clay. The medium sized particles (size ranges from 

0.002 to 0.05 mm in diameter) are categorized as silt and the largest particles (size ranges from 

0.05 to 2.0 mm in diameter) are categorized as sand. Soil with an even mixture of all three 

particles size is considered as loam. USDA and NRCS have defined twelve different soil texture 

classes: which are as follows: Clay, Silt, Sand, Loam, Silty clay, Sandy clay, Clay loam, Silt 

loam, Sandy loam, Loamy sand, Silty clay Loam, Sandy clay loam. The soil triangle diagram 

(Figure 18) shows the percentage of each material making up the soil types. It is a standard 

method of determining the soil texture class. 

 

Soil Structure 

The measure of the arrangement and aggradation of soil material gives the big picture of 

soil’s clumpiness, which further helps to determine some degree of soil productivity and 

biological activity. It refers to how soil particles are arranged within each layer and these soil 

particles clump together in a different way. Bigger soil clumps discourage proper plant growth as 

root cannot infiltrate deep inside, which occurs usually due to soil compaction. Roots and water 

cannot easily penetrate compacted soil. General structure classes in soil are: granular, columnar, 
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blocky and plate-like, which have different responses with water penetration, drainage, and 

aeration that are essential for plant growth. 

 

 
Figure 18: Soil texture triangle, showing all major textural classes, defined by USDA. 

 
 

Table 2: Soil structure and their response with water penetration, drainage, and aeration. 

Structure Water penetration Drainage Aeration 
Granular Good Best Best 
Columns Good Good Good 
Blocky Good Moderate Moderate 

Plate-like Moderate Moderate Moderate 
 

Soil pH 

Soil pH reflects the acidity or alkalinity of the soil. It ranges from 0 (acidic) to 14 

(alkaline or basic) with 7 being neutral. The pH or the acidity / alkalinity largely influence the 

soil’s ability to support plant growth. Soil pH at either end of the scale will not be suitable for 
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many life forms. The pH also plays an important role in nutrient availability. For example; the 

topmost layer (O horizon) makes the soil more acidic, which further speeds up leaching to the 

downward layers. 

 

3.1.3 Soil in Floodplain 

The dominant soil types in floodplain areas are frequently clays or clay loams, and 

drainage varies from well-drained fronts bordering the river to the poorly-drained sloughs set 

some distance back from the channel (Barry and Kroll, 1997). The bottomland hardwood forest 

ecosystems are characterized by the deposition of sediments during flood events, which may 

augment the potential for high biomass production (Shear et al., 1996). 

Soil characteristics play a significant role in developing the vegetation type. Several 

studies have found that soils in floodplains contain higher amounts of nutrients that support the 

entire plant ecosystem. The bottomland hardwood forest in the Lake Ray Roberts Green Belt 

Corridor (GBC) is one these privileged sites. By knowing the relationships between soil and 

vegetation of the given area, it is possible to apply these results to similar regions and 

recommend suitable guidance for management and utilization of the land (Jafari et al., 2003). 

Hupp and Osterkamp (1994) state that riparian vegetation and fluvial-geomorphic 

processes and landforms are intimately connected parts of the bottomland landscape. Similarly, 

vegetation patterns suggest that species distributions in the humid area are largely controlled by 

frequency, duration and intensity of floods. 

According to Bell and Morral (1977) the forest stand structure is influenced by the 

response of species to an elevation gradient associated with flood frequency. They found that 
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species richness and species diversity tend to increase with increasing maturity and decreasing 

flood stress. 

The soil survey of Denton County describes the GBC floodplain area in several soil 

series. The most extensive are: a) Ovan clay, which is a fine, montmorillonitic, thermic, Udic 

Chromustert; b) Kaufman clay, which is a very fine, montmorillonitic, thermic, Typic Pelludert; 

and c) Frio silty clay, which is a fine, mixed, thermic Cumulic Haplustoll (Ford and Pauls, 1980). 

Soil and vegetation development mutually influence each other. However, numerous 

studies have failed to show consistent relationships between them. After reviewing the abundant 

literature in the relevant studies, it was difficult to condense the core information about soil 

vegetation relationship, based on simple parameters. However, it is reasonable to assume a 

mutual association between the soil and vegetation viewing both as whole systems, not 

necessarily between specific soil properties and selected attributes of vegetation in isolation 

(Hironaka et al., 1990). 

Floodplain soils are the soils adjacent to rivers or streams that are subject to recurring 

inundation. They are younger than terrace soils, and have been potentially affected by the same 

surface processes (particularly erosion) as the terrace soils (Ferring, 1994). Floodplain soils can 

be a valuable source of information for short term climate change because of deposition during 

the Holocene period, whereas the terrace soils contain cumulative records of climate since the 

time of their respective floodplain abandonment (Ferring, 1994). 

According to Ferring (1994), the characteristics of flood basin soils are quite different 

from terrace soils as the floodplain undergoes different environmental conditions during the year. 

There are three primary factors that play significant roles in controlling soil characteristics: the 
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silty-clay textural composition of parent materials, the seasonally flooded environment of the 

floodplain, and the rate of sedimentation. 

It is a well known fact that many living creatures directly depend upon soil, such as 

earthworms, ants, centipedes, millipedes, decomposers, slugs and snails etc. In addition, because 

soil is the basis of most plant growth, and plants are the source of energy for other living 

organisms, healthy and nutrient rich soils are crucial to a vast number of species. Although soils 

contain many different nutrients, they are generally only characterized by the three main 

nutrients: nitrogen, phosphorous and potassium. The availability of these nutrients varies among 

different soils. Nitrogen and phosphorous are stored only in organic matter, but potassium is not 

restricted in this way. Both phosphorus and potassium are derived from soil minerals 

(Hausenbuiller, 1985). Heavily cropped or very old and weathered soils limit forest productivity 

because of depleted supplies of nutrients such as calcium, magnesium, potassium and some 

micronutrients. 

However, these types of soil contain abundant sources of aluminum and iron 

sesquioxides, which typically cause soils to have high anion exchange capacity (AEC), but low 

cation exchange capacity (CEC). This further decreases the availability of important nutrients, 

including potassium, magnesium and calcium, which in turn results in a severe decrease in forest 

productivity. Additionally, soils may lose their original friable consistency with a gradual loss of 

organic matter, converting the soils to a more compact, indurated structure when exposed to air 

and allowed to dry, which can be seen in the areas where soils are very old and deeply weathered 

or heavily cropped. Tropical and subtropical areas of Africa, Central and South America are 

examples of this type of soil (Arp and Krause, 2006). 

The depth of the soil profile makes a large difference in nutrient availability. For 
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example, the top 10 -15 cm of the profile contains higher levels of organic matter, nitrogen, 

phosphorous, potassium and other micronutrients (Hartz, 2007). The biomass flow in forest soils 

are different from that found in agricultural soil. Because of the large proportion of absorbed 

nutrients, availability and decomposition of fine roots litter, and the re-absorption after biological 

breakdown of those materials, trees have less demand for nutrients than annual crops (Foster and 

Bhatti, 2006). However, riparian forest ecosystems hold excellent amounts of nutrients and also 

help buffer the nutrient discharge from the surrounding agricultural fields, livestock fields etc 

(Lowrance et al., 1984). The nutrient availability in the floodplain soil greatly varies depending 

upon the flood frequency and duration. Research performed by Hubbard et al., in 2010 in eastern 

Iowa concluded that there is no consistent pattern in concentrations of nitrogen and phosphorous 

between historical record of the samples and the samples of the flooded year. Their research 

demonstrates that small streams and large rivers both have large flood events that are important 

to the total nutrient load. 

Flooding directly impacts vegetation development; for example, species recruitment is 

affected and has to bear great challenges to seed germination and seedling establishment. As an 

indirect impact, long-term soil saturation is a very stressing factor that can restrict the number of 

tree species that can colonize the area. Such species must have special adaptations for 

reproducing and coping with oxygen restriction and anaerobic conditions in the soil for several 

weeks, possibly even months in very wet years. Furthermore, soil-water dynamics and the 

quality of the soil substratum determine the chemical and physical properties of soils in any 

region and can therefore provide an additional selection mechanism for the species that comprise 

the forest. 
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3.2 Methods and Materials 

3.2.1 Soil Sampling 

After setting up the topographical transect, random vegetation plots were aligned along 

this transect. The soil profile at each plot was determined with the help of auger sampling. Soil 

samples were taken at each plot using a core up to 2m deep at intervals of about 20cm depth. 

Once the samples were collected, a variety of observational information was collected in the 

field. A Munsell color chart was used to determine the soil color and information about any 

visible matter such as roots, leaf litter and rock or any gravel material was recorded. As the 

region has bedrock of limestone and Woodbine Sandstone the presence of calcium carbonate was 

also recorded. The description of the soil profiles is a very good source of information for the 

study of physical-hydromorphological features, such as horizons, layers, texture, structure, color 

and mottling, roots, and ground water. Some important information about soil moisture and 

tensiometer data of the area was obtained from the TEO weather station inside the study area. 

Some hydrological aspects, such as ground water depth, were also recorded, mainly out of 

curiosity, when the auger tip was found to be wet towards the bottom of the two meter depth. 

When all the important information and field observation about the samples and the study area 

was collected, samples were sealed in zip lock bags and brought to the laboratory for further 

different analyses. 

 

3.2.2 Procedures for Soil Analysis 

Samples were brought into the laboratory and logged into the lab note book. Recording 

all field data and information from field notes to the laboratory log book was done immediately 

upon arrival to the laboratory as a very first step. Soil samples were individually allowed to air 
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dry in the laboratory. Once the samples were air dried, they were broken up to pass through 2 

mm sieve. All the visible materials such as gravels, pebbles, rocks and the remaining roots, 

twigs, branches or other organic materials were also removed from the samples during sieving. 

The samples were then riffled and separated into two bags: one for different analysis and rest of 

the sample in field bag for future use. The one which was separated for analysis was split into 

different weights for different purposes depending upon the instruction provided by soil lab. The 

required amounts of soil samples for different analysis were separated into different zip lock 

bags. 40 gm for texture, 10 gm for pH, 10 gm for moisture, organic matter, organic carbon and 

10 gm for calcium carbonate. Soil samples for NPK test were separated and weighted according 

to the instruction provided by Hach manual and has described in the later part of this chapter. 

 

Soil Texture 

Soil texture was analyzed using the pipette method for clay and wet sieving method for 

sand method (Gee and Bauder, 1986). For each sample, about 40 grams of soil was mixed with 

100 ml of calgon solution (5% sodium hexametaphosphate solution) and mixed thoroughly with 

a clean glass rod and then was left overnight to disperse soil colloids prior to sedimentation 

analyses . The next day, samples were blended with de-ionized water for two minutes and poured 

into 1-liter graduated cylinders then mixed with de-ionized water up to 1000 ml in the cylinder. 

With the plunger the sample was agitated for 20 complete even strokes to disperse suspension 

uniformly. A 25 ml sample was drawn by pipette after 4.5 hours at 240C. The clay content was 

determined by weighing the clay drawn in the pipette, following procedure in Gee and Bauder 

(1986). The sand content was determined by weighing after the greater than 63 µm fraction dried 

overnight. The silt content was determined by subtracting the sand and clay weight. 
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Soil pH 

pH was analyzed using a standard pH meter with 1:1 soil to water ratios. 10 grams of air 

dried and sieved soil samples were mixed with 10 ml of deionized water, and suspension was 

stirred thoroughly and allowed to equilibrate for 1 hour. The soil pH meter was calibrated using 

buffer solutions of pH 4.0 and 7.0. After calibration, each sample was stirred with a glass rod to 

make the solution uniform. Then the pH probe was inserted and pH was recorded when the 

reading was constant for 20 seconds. 

 

Soil Organic Carbon (SOC) 

Soil organic carbon was analyzed using the Walkley-Black method (Page et al. 1982). 

The following procedure was adopted to obtain the amount of organic carbon from soil sample. 

• A small quantity (at least 1 gram) of air-dry soil was sieved through a 0.5 mm screen. A 

ceramic pestle and mortar was used to grind soil before screening, and grinding was 

continued until all sample passes through the screen. 

• The screened sample was weighed for a quantity from 0.25 to 0.5 gm. The most desirable 

weight of the sample depends on the organic matter content (roughly twice the organic 

carbon content). 

• The weighed sample was placed in a 500 ml Erlenmeyer flask and the following reagents 

were added in a fume hood. 

- 10 ml potassium dichromate solution from a burette 

- 20 ml sulfuric acid from a graduated cylinder 

• After adding the above mentioned reagent the flask was agitated for about one minute 

and allowed to stand for about 20 or 30 minutes (it gets fairly warm). For more complete 
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digestion one should gently heat the flask to 1500 C over a low flame in a heating period 

of one minute, and then let it stand 20 to 30 minutes. This will cause most of the organic 

matter to oxidize. 

• If the soil color interferes with the titration color, the filtration process using whatman 

quantitative 41 or 42 can be done. In such case one add about 200 ml distilled water, 

agitates the flask well and filter. But in the context of this research, filtration was not 

done. 

• 4 to 5 drops of Ferroin indicator was added, agitated, and exposed under strong light with 

a white background to the solution. Drop by drop Ferrous Sulfate solution was added 

from a burette until a cherry red or maroon red color is reached. A strong light must be 

used for color. Several color phases such as muddy or yellow-green to blue green, to deep 

bright green occurred before the end point. A couple of blank tests were run to make sure 

the procedure was correct. The burette readings before and after titration were noted. The 

percentage of organic carbon (C) was calculated by using the following formula  

1 1 2 20.364 N V N VC
W

× − ×
=  

Where,  

C= Percent of organic carbon 

N1 = Normality of potassium dichromate solution = 1.0 

V1 = Volume of potassium dichromate = 1.0 ml 

V2 = Volume of ferrous sulfate added 

N2 = Normality of ferrous sulfate solution =V1 / V2 

W = Weight of oven-dry soil (gm) 
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Soil Moisture and Soil Organic Matter 

The combustion technique was applied to measure soil moisture and soil organic matter 

in the soil sample using the following procedure. 

• Sample was pulverized with porcelain mortar and pestle. Porcelain crucibles for each 

sample were labeled with the help of scratcher so that the heat cannot erase the mark 

• Each crucible was dried, cooled in the dessicator, weighed, with the weight recorded and 

denoted as [wt1] 

• Sample was placed into the crucible, weighed and was denoted as [wt2] 

• Crucibles with samples were kept overnight in the oven maintaining 1050C. Next day, the 

samples were removed to a cooling dessicator. The cooled crucibles with samples were 

weighed to obtain moisture loss and denoted by [wt3] 

• The crucibles with samples were placed in 5000 C muffle furnace for two hours. The 

samples were then carefully removed from the furnace with tongs, and placed in the 

cooling desiccator. The cooled crucibles with samples were weighed to obtain organic 

matter loss and denoted as [wt4]. As soil samples absorb moisture very quickly, it is very 

important to leave the oven or furnace or desiccator closed all the time. 

The following formulas were used to calculate the amount of moisture and organic matter 

in the sample. 

Soil Moisture (%) = (wt2 – wt3) x 100 / (wt2 – wt1) 

and 

Soil organic Matter (%) = (wt3 – wt4) x 100 / (wt3 – wt1) 

Calcium Carbonate (CaCO3) 

CaCO3 was determined using the gasometric system and the following procedure was 
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followed. A gasometric system adapted from a Chittick device (Dreimanis, 1962). The grinded 

sample was sieved through 200 mesh and was weighed to about 1.700 gram. Pipette (B) was 

filled to zero mark with room temperature 6N (~20%) hydrochloric acid (HCL). Sample was 

placed in the decomposition flask (A) and flask (A) was connected to Chittick Device (CD). The 

stopcock (C) was opened and brought displacement solution (DS) in the measuring burette (D) to 

20 ml, until DS in D and the lower leveling bulb (E) is at same level and then the stopcock (C) 

was closed. Now, lower stopcock bulb (E) about 2-3 cm and open pipette stopcock with left 

hand. Let 20 ml of HCL into A (flow rate to 30 sec total), rotate slowly. At same rate, with right 

hand, lower E, keeping DS in leveling bulb approximately 2 cm below that of D. DS of D and E 

was equalized simultaneously when acid is in close stopcock of B. The first reading of CO2, 

temperature and Barometric Pressure (BP) was recorded. Lower leveling bulb (E) 5 cm, and was 

repeated until CO2 evolution stops completely. After, all the reactions were stopped, second CO2 

reading was recorded. 

 

Nitrogen, Phosphorous and Potassium (NPK) 

Nitrogen is one of the most common limiting factors for crop production. Although 

atmospheric nitrogen is very abundant, it is also very stable and must be converted by bacteria 

into ammonium and nitrate ions to be absorbed by the plants. Phosphorous is stored in rocks and 

can only be released as the rocks weather. Naturally, phosphorous occur in very low amount 

therefore even a small amount of addition makes dramatic changes in the plant growth. 

Similarly, potassium is also stored in rocks and released by weathering (King et al., 2006). 

According to Rehm and Schmitt (1997) the exact function of potassium in plant growth is still 

not clearly defined. However, potassium plays significant role in movement of water, nutrients, 
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and carbohydrates in plant tissue. If the amount of potassium in the soil is reduced, growth will 

be small and which further results reduction in crop yield (Rehm and Schmitt, 1997). 

Study of the total nutrient concentrations is important in terms of managing nutrients in 

the soil as the nutrient depletion posed by total tree harvest and other forms of intensive 

management. In many cases, soil sample in the soil series varies significantly in nutrient 

concentration. Total nitrogen, phosphorous, and magnesium also varied by depth (Francis, 1988). 

Destruction of the vegetation cover and disturbance of the soil surface may temporarily 

accelerate nutrient loss in runoff and percolating waters (Francis, 1988). 

The entire procedure for the nutrients (NPK) analysis was followed from the manual 

published by Hach Company called: Spectrophotometer Soil and Irrigation Water Portable 

Laboratory Manual (HACH 1996) Sample preparation consists of drying, crushing, mixing, 

sieving and weighing the exact amount for analysis. After completing these different steps, 

sample was extracted for the tests and extracted sample was inserted into the spectrophotometer 

to determine the amount of nitrogen, phosphorus, and potassium respectively. Nitrogen was 

analyzed using cadmium reduction method, phosphorous, which is also called orthophosphate, 

was analyzed using ascorbic acid method, and potassium was analyzed using tetraphenylborate 

method. The following procedure was followed to determine NPK from the soil sample. 

Sample Preparation: Soil samples were crushed into fine particles using mortar and 

pestle. Samples, that has moist in it was left overnight to make it air dry for further analysis. 

Once it is air dried, it was poured through 2 mm sieve  

Extractions 

1.  Mehlich #1 Extraction (For Phosphorous and Potassium Tests) 
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1.1 Prepared extraction reagent: Pipette 4.3mL conc. HCl and 0.7mL conc. HsSO4 into a 

1000mL volumetric flask and brought to volume with Milli-Q H2O. 

1.2 Performed Extraction: Placed 15g soil and 75mL Melich#1 reagent (prepared in step 

1) into a plastic container and shook for 7 minutes using a SMI Multi-Tube Vortex on 

speed setting 4. After shaking, allowed extraction containers to sit for 15 minutes to let 

soil settle to bottom. 

1.3 Filter Process: Poured liquid from extraction container through a whatman #41 filter 

paper. Solution is then ready for Phosphorous and Potassium tests. 

2.  2M Potassium Chloride Extraction (For Nitrate test) 

2.1 Prepared extraction reagent: Weighed 150g potassium chloride (KCl) into a 1000mL 

volumetric flask and brought to volume with Milli-Q H2O. 

2.2 Performed extraction: Placed 10g dry soil and 50mL 2M KCl Reagent (prepared in step 

1) into a plastic container and shook for 15 minutes using a SMI Multi-Tube Vortex on speed 

setting 4. After shaking, allowed extraction containers to sit for 15 minutes to let soil settle to 

bottom. 

2.3 Filter process: Poured liquid from extraction container through a whatman #41 filter 

paper. Solution is then ready for Nitrate test. 

Different tests were performed when the results were too high or too low. If the results 

were out of range as per the instruction provided by the test kit manual, sample solution was 

diluted with a different concentration  

 

3.3 Results and Discussion 

The study area (GBC) was categorized into six topographic positions and five forest 
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stages or types based upon the location of the sampling plots. Topographic positions were 

determined on the basis of elevation differences and recent deposition of sediment layers, and 

their names were adapted from Hodges (1997) as follows: 1. Front, 2 Flat, 3. Swamp, 4. Ridge, 

5. Slough, and 6. Hill. 

Topographic position 1, front, located in the narrow riverbank of the Elm Fork of the 

Trinity River, is the highest position in the flood plain. Soil texture layers for topographic 

position 1 are represented by SiCL/SaL/CL, thick layers of recent sediment over 150 cm in 

depth, which is typical of a river levee in structure. The soil profile shows 1.5 to 2.0 m of new 

sediment over the clay and is typical of the well-structured top section of the Pilot Point 

Alluvium. Topographic position 2, flat, is away from the riverbank with a slight decrease in 

elevation compared to topographic position 1. A texture layer for topographic position 2 is 

SiCL/SaL/CL, consisting of recent sediment between 50 and 100 cm. The third topographic 

position (swamp) covers most of the GBC floodplain area, is free of recent sediment and 

corresponds to the Ovan clay and Kaufman clay series (Udic Chromusterts and Thermic Typic 

Pelluderts) developed around 1,400-4,500 B.P. Topographic position 4, ridge, has a texture layer 

SiC/L-SiL/SiC and this topographic position has permanent high ground water as a significant 

ecological factor. This topographic position is located within meanders and is permanently 

inundated. 

Slough, the fifth topographic position, is defined by the areas flooded every few years by 

Lake Lewisville headwaters, and covered by herbaceous or wetland low forest, dominated by 

swamp privet (defined by 90% or more relative density). This position is slightly different from 

the other positions as it is created by human action. The construction of Lake Lewisville dam 

plays a crucial role in water logging of the area, especially during the flood season, such as that 
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of 2007. The dam is located towards the southern part of the GBC which is the lowest elevation 

in the area, showing a typical wetland forest dominated by swamp privet (Forestiera acuminata) 

and herbaceous wetland dominated by some Cyperaceae. Topographic position 6 (hill) is defined 

as cross-timber hill forest and is different from the rest of the topographic positions as it is 

located on the hills and not on the floodplain. 

The study area was categorized based upon forest stage/type as described in chapter 2. 

The forest was categorized into three age classes using USGS topographic maps and aerial 

photographs from different years (1960, 1975 and 2005) and two classes based upon position. 

Those two are wetland low forest and cross timber hill forest. 

Although the study area seems relatively small in size, it has a diversity of soil types and 

vegetation distribution. Within 32 plots, nine different soil textures were determined from the 

soil samples. These included sand, clay, loam, loamy sand, sandy loam, clay loam, silty clay, 

silty clay loam, and silt loam. It is known that soil texture plays a very important role in the 

movement of water it affects all other parameters. Several statistical techniques were applied to 

explore any significant differences between topographic positions with the tested soil parameters. 

These tested soil parameters are moisture, organic matter, organic carbon, calcium carbonate, pH 

and soil nutrients (especially nitrogen, phosphorus, and potassium). Similarly, statistical analysis 

was applied between forest stage classes with the tested soil parameter. As it is well known that 

soil texture plays very important role in the rest of the soil parameters, statistical tests were also 

applied to determine any significant difference between the soil texture class and rest of the 

tested parameters. These tests and the relevant results (topographic positions vs. soil parameters, 

forest stages vs. soil parameters and soil texture class vs. soil parameters) are expressed in 

tabular form later in this chapter. 



66 

Physical and hydrological properties of soil were studied in the field, and examined in the 

laboratory as well. The following parameters were investigated. Field capacity (FC), expressed 

as cm3 water / cm3 soil, is nothing but the soil’s ability to hold the water or moisture after surface 

water has drained away from the area. Bulk density (BD), expressed as gm/cm3, is the mass of 

soil particles divided by the total volume they occupy. Permanent wilting point (PWP), 

expressed as cm3 water / cm3 soil, and is the minimum amount of soil moisture that the plant 

requires to function. Saturated hydraulic conductivity (SHC), given as cm/hr, is the water 

movement through saturated soil and was estimated from the soil samples using a standard 

formula calculator available at New Mexico State University’s weather web portal at: 

(http://weather.nmsu.edu/Teaching_Material/soil456/soilwater.html). 

Table 3 shows the results of physical and hydrological properties of the soil samples from 

three sampling plots and the results for rest of the sampling plots is in Appendix A. According to 

the results, it is determined that soil texture class plays a significant role in field capacity, bulk 

density, permanent wilting point and saturated hydraulic conductivity of the soil samples. Soil 

texture class has a different value for different physical and hydrological properties. Sand has 

significantly higher saturated hydraulic conductivity and lowest field capacity and bulk density. 

It is determined that field capacity and saturated hydraulic conductivity is negatively correlated 

with each other. However, clay and silty clay has highest field capacity as their water holding 

capacity is good. Whereas silty clay has significantly lower saturated hydraulic conductivity and 

loamy sand has the highest permanent wilting point. Hydraulic conductivity is very important 

physical property of the soil which has a significant role in measuring infiltration rate, irrigation 

and drainage practices (Gusler and Candeir, 2008).

http://weather.nmsu.edu/Teaching_Material/soil456/soilwater.html
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Table 3: Physical and hydrologic properties of the soil samples 

Sample 
# 

Depth 
(cm) 

Color 
(Munsell Color Chart) 

Field Observation Texture 
class 

FC 
estimated 

BD 
estimated 

PWP 
estimated 

SHC 
estimated 

1.1 22-44 Dark greyish brown 10 
YR (4/2) 

Granular, moderate sub-angular, frequent fine roots, 
visible organic matter 

Silt 
Loam 

0.11 0.29 1.39 1.63 

1.2 44-57 Very dark grayish 
brown 10 YR (3/2) 

Granular and moderate sub angular blocky, 
moderately hard to break, some fine roots 

Loam 0.10 0.23 1.49 1.19 

1.3 57-78 Very dark grayish 
brown 10 YR (3/2) 

Granular and moderate sub angular blocky, moderate 
hard to break and more compact in comparison to the 

upper layer 

Sandy 
Loam 

0.08 0.19 1.58 3.12 

1.4 78-88 Very dark brown 10 
YR (2/2) 

More compact and platy like structure, hard to break Silt 
Loam 

0.12 0.28 1.39 1.05 

1.5 88-115 Very dark brown 10 
YR (2/2) 

Pretty much like the previous layer but it has some 
trace of medium sized roots. Trace of CaCO3 

 

Silty 
Clay 
Loam 

0.17 0.35 1.27 0.62 

1.6 115-
170 

Very dark grayish 
brown 10 YR (3/2) 

More compact and massive bulky in structure and 
hard to break 

 

Silty 
Clay 
Loam 

0.21 0.39 1.24 0.41 

2.1 0-10 Dark grayish brown 10 
YR (4/2), 

Friable, more granular structure and abundant fine 
roots. Trace of CaCO3 

 

Silt 
Loam 

0.11 0.27 1.42 1.55 

2.2 10-34 Very dark grayish 
brown 2.5 Y (3/2) 

Moderate fine granular, easy to break and some fine 
roots, somewhat platy structure. Trace of CaCO3 

 

Silt 
Loam 

0.14 0.31 1.33 0.85 

2.3 34-65 Dark olive brown 2.5 Y 
(3/3) 

Moderate fine granular, few fine roots, somewhat 
easy to break 

 

Loam 0.10 0.23 1.51 2.31 

2.4 65-122 Olive brown 2.5Y (4/3) Moderate fine granular, seems more friable Loamy 
Sand 

0.07 0.16 1.66 5.61 

2.5 122-
147 

Very dark grayish 
brown 10 YR (3/2) 

Tending towards to compact but easy to break, some 
medium size roots. Trace of CaCO3 

Silt 
Loam 

0.11 0.27 1.42 1.73 

2.6 147-
162 

Very dark grayish 
brown 10 YR (3/2) 

Very compact, hard to break and no trace of roots, 
presence of CaCO3 

Silt 
Loam 

0.12 0.29 1.29 0.14 

3.1 0-15 Black 2.5 Y (2.5/1) Abundant fine roots, neither compact nor friable. 
Deposition of some organic matter 

 

Silty 
Clay 
Loam 

0.19 0.36 1.28 0.41 

3.2 15-35 Very dark grey 2.5Y 
(3/1) 

Abandoned fine roots, tends to compact and massive 
some trace of organic matter 

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.49 
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Sample 
# 

Depth 
(cm) 

Color 
(Munsell Color Chart) 

Field Observation Texture 
class 

FC 
estimated 

BD 
estimated 

PWP 
estimated 

SHC 
estimated 

3.3 35-50 Very dark grey 2.5 Y 
(3/1) 

More compact like structure, few fine roots, trace of 
some CaC03 

Silty 
Clay 
Loam 

0.20 0.37 1.25 0.50 

3.4 50-95 Very dark grayish 
brown 2.5 Y (3/2) 

Hard to break, bulky structure and some fine roots, 
presence of CaCO3 

Silty 
Clay 

0.26 0.43 1.22 0.30 

3.5 95-125 Very dark grayish 
brown 2.5Y (3/2) 

Few fine roots, bulky and more compact, trace of 
some CaCO3 

Silty 
Clay 

0.33 0.48 1.18 0.29 

3.6 125-
150 

Black 2.5 Y (2.5/1) Hard, no roots, very massive, compact bulk Silty 
Clay 
Loam 

0.21 0.38 1.25 0.44 

3.7 150-
175 

Black (2.5 Y (2.5/1) Very hard, massive and compact Silty 
Clay 
Loam 

0.21 0.39 1.25 0.42 
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If the soil texture class is different within the same profile, the saturated hydraulic 

conductivity is different as well. However, in many cases, if the soil texture class is same, it has 

decreasing saturated hydraulic conductivity with decreasing depth. In many Histosols, the 

decomposition rate increases with increasing depth, thus hydraulic conductivity decreases with 

depth (Buol et al., 2003). Silty clay and clay has lowest permanent wilting point and clay has the 

highest bulk density. The soil which has a high amount of organic material will have low bulk 

density (Buol, et al., 2003). However, it is determined that silty clay and silty clay loam have 

higher organic material as well as higher bulk density. Field capacity is negatively correlated 

with permanent wilting point. 

 

3.3.1 Statistical Analysis of the Soil Parameters 

As the forest (study area) was categorized based upon topographic position and forest 

stage, all the statistical analysis was performed for both (topographic position and forest stage), 

using different variables (tested soil parameters) as a dependent variables and topographic 

position and forest stage as an independent variable respectively. 

SAS version 9.1, R 2.10.1, and Excel 2007 were used for the statistical analysis. For all 

the measured variables, data were analyzed using the Shapiro-Wilk normality test. A normality 

test was performed to understand the distribution pattern of the data set and whether to use 

parametric or non-parametric tests. As per general rule, if the normality probability result is less 

than or equal to 0.05 (α value is ≤ 0.05), a parametric (one way ANOVA) test was performed. If 

the p value for ANOVA is less than or equal to 0.05 then a Student Newman-Keuls (SNK) 

multiple range test was performed to check the significant difference between the groups. 

Similarly, if the normality probability result is not less than or equal to 0.05 (α value is > 0.05), a 
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non-parametric (Kruskal-Wallis) test was performed. If the p value for Kruskal-Wallis is less 

than or equal to 0.05, a rank ANOVA was performed to check for significant differences 

between the groups. 

 

Based upon Topographic Position 

The results presented in this section are based upon topographic position where, sand, 

silt, clay, moisture, organic matter, organic carbon (all in percentage), and pH are as dependent 

variables and topographic position as an independent variable. 

According to normality tests results (see appendix A), it has mixed response in terms of 

normality p- value. Almost half of the p-value is ≤ 0.05 and half are not. Therefore, this mixed 

response of normality p-value suggests running both tests (parametric and non parametric) to see 

which one makes more sense and represents the data set, and only the relevant test results are 

reported below. 

Based upon the normality test results, it is conformed that that the majority of the tested 

soil parameters data are not normally distributed to topographic positions. However, there are 

mixed results in terms of normality distribution. Therefore both tests, parametric and non-

parametric, were performed to check the relationship of soil parameters with topographic 

positions. Only the relevant test results are reported in Table 4. Based upon the results, among 

the tested parameters, calcium carbonate shows the most significant difference among the 

topographic positions in terms of its availability. Swampy area (position 3) and the upland area 

(position 6) show significant differences with the rest of the topographic positions in the study 

area. The pH also shows a significantly different result in positions 3, 4 and 6. The rests of the 

parameters do not have any significance difference with the topographic position.  
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Table 4: Statistical analysis results summary (topographic position as an independent variable 
and tested soil parameters as dependent variables). 

 
Dependent 
Variable 

Test Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Sand Anova 0.56 0.72 No significant difference among the topographic 
position 

Silt Anova 0.58 0.71 No significant difference among the topographic 
position 

Clay Anova 1.25 0.31 No significant difference among the topographic 
position 

Moisture Anova 1.47 0.23 No significant difference among the topographic 
position 

Organic 
Matter 

Anova 2.10 0.25 No significant difference among the topographic 
position 

Organic 
Carbon 

Anova 1.43 0.25 No significant difference among the topographic 
position 

Calcium 
Carbonate 

Anova 2.68 0.04 Topographic Position 3 has significantly different 
(low) with rest of the positions 

pH Kruskal-
Wallis 

5.07 <0.0001 Topographic Position 3, and 4 are significantly 
different (low) with rest of the positions 

 

Based upon Forest Stage 

According to normality tests results (see appendix B), most of the normality p-value is 

not ≤0.05 which suggests performing non-parametric (Kruskal-Wallis) as well as parametric 

tests. Therefore both tests, parametric and non-parametric, were performed to check the 

relationship of soil parameters with forest stages; only relevant test results are reported. 

Table 5: Statistical analysis result’s summary (forest stages as an independent variable and tested 
soil parameters as dependent variables). 

 
Dependent 
Variable 

Test Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Sand Anova 0.30 0.87 No significant difference by stage 
Silt Anova 0.89 0.48 No significant difference by stage 
Clay Anova 0.03 0.99 No significant difference by stage 

Moisture Anova 0.18 0.94 No significant difference by stage 
Organic Matter Anova 0.12 0.97 No significant difference by stage 
Organic Carbon Anova 0.16 0.95 No significant difference by stage 

Calcium Carbonate Anova 1.75 0.17 No significant difference by stage 
pH Anova 0.39 0.81 No significant difference by stage 
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Based upon the results presented in Table 5, it is confirmed that none of the tested soil 

parameters are significantly different with respect to forest stages/types. Forest age class or the 

location of the forest type does not make significant difference in the soil parameters. 

 

Statistical Analysis between Soil Texture Class and Soil Tested Parameters 

The proportions of different soil particle sizes (sand, silt, and clay) play a very important 

role in determining soil moisture, organic matter, organic carbon, calcium carbonate, pH and soil 

nutrients (especially nitrogen, phosphorus and potassium). To understand the relationships, and 

to determine whether there are any significant differences between the soil texture classes and 

the tested soil parameters, one way ANOVA (parametric) or Kruskal-Wallis (non-parametric) 

tests were performed depending upon the Shaprio Wilk normality results. In the one way 

ANOVA results explained in the following figures (Figure 19 through Figure 26), the 

independent variable is the soil texture class and dependent variables are moisture, organic 

matter, organic carbon, calcium carbonate, pH and soil nutrient (especially nitrogen, 

phosphorous, and potassium). 

Based on Figure 19, moisture content in the soil is significantly different with soil texture 

class (Parametric ANOVA, p <0.0001). Furthermore, the SNK multiple range tests on soil 

moisture percentage and soil texture class showed mixed results in terms of significance tests. 

SC, SCL, C, and L are significantly different with each other and with the rest of the texture 

class. SL and CL are not significantly different from each other so does the SAL, S and LA in 

terms of significance differences (multiple range test SNK, α=0.05). 

According to Figure 20, soil organic matter is significantly different with soil texture 

class (Parametric ANOVA, p <0.0001). Further, the SNK multiple range tests on organic matter 
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percentage and soil texture class showed mixed results in terms of significance tests. 

 
Figure 19: Mean ±SD of soil moisture and soil texture class. The letters A, AB, BC, CD, DE, and 

E indicate statistically distinct class. (SNK multiple range test, α=0.05). 
 
 

SC, SCL, and LS are significantly different with each other and with the rest of the texture class. 

However, C and SL are not different within each other but are significantly different with rest of 

the texture class. Likewise, CL, L, SL, and S are not different within each other but are 

significantly different with rest of the texture class (multiple range test SNK, α=0.05). 

 
Figure 20: Mean ±SD of soil organic matter and soil texture class. The letters A, AB, BC, CD, 

and D indicate statistically distinct class. (SNK multiple range test, α=0.05). 
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Figure 21 clearly shows that organic carbon is significantly different with soil texture 

class (Parametric ANOVA, p <0.0001). Further, the SNK multiple range tests on organic carbon 

percentage and soil texture class. It is determined that SC is significantly different with rest of 

the texture class. SCL, SL, C, CL, and L are not significantly different with each other but are 

different with rest of the texture class. Likewise, SL, LS, and S are not significantly different 

with each other but are different with rest of the texture class (multiple range test SNK, α=0.05). 

 
Figure 21: Mean ±SD of soil organic carbon and soil texture class. The letters A, AB, and B 

indicate statistically distinct class. (SNK multiple range test, α=0.05). 
 
 

Based on Figure 22, Calcium Carbonate (CaCO3) content is significantly different with 

soil texture class (Parametric ANOVA, p <0.0001). Further, the SNK multiple range tests on 

CaCO3 percentage and soil texture class showed mixed results in terms of significance tests. 

There are three distinct groups in terms of significant difference. CL, SL, and SCL are not 

significant difference with each other but are difference with rest of the texture class. It is found 

that L, SC, C, LS, SAL, are not significant difference with each other but are significant 

difference with rest of the texture class and S shows significant difference with the rest (multiple 

range test SNK, α=0.05). 
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Figure 22: Mean ±SD of calcium carbonate and soil texture class. The letters A, AB, and B 

indicate statistically distinct class. (SNK multiple range test, α=0.05). 
 

According to Figure 23, Soil pH content is significantly different with soil texture class 

(Parametric ANOVA, p <0.0001). Further, the SNK multiple range tests on pH content and soil 

texture class showed mixed results in terms of significance tests. It has two groups that are 

significantly different in terms of pH content. LS, CL, SCL, SL, C, SC, and L are not significant 

with each other but are significant different with rest of the texture class. Likewise, S and SAL 

are not significant difference with each other but are significant with the rest (multiple range test 

SNK, α=0.05). 

 
Figure 23: Mean ±SD of soil pH and soil texture class. The letters A and B indicate statistically 

distinct class. (SNK multiple range test, α=0.05). 
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Figure 24 clearly shows that nitrogen content is not significantly different with soil 

texture class (non-parametric Kruskal-Wallis, p 0.064). Furthermore, the SNK multiple range 

tests using rank ANOVA between nitrogen and soil texture class it showed mixed results in 

terms of significance tests. It has three groupings. SAL and S is significantly different with rest 

of the texture class and are different with each other. Whereas, SC, SCL, L, S, and SL are not 

significant different with each other but are different with rest of the texture class (multiple range 

test SNK, α=0.05). 

 
Figure 24: Mean ±SD of nitrogen and soil texture class. The letters A, AB, and B indicate 

statistically distinct class. (SNK multiple range test, α=0.05). 
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of significance tests. S is significantly different with SC, CL, SCL, SL, SAL, L, and C. However, 

texture class SC, CL, SCL, SL, SAL, L, and C are not significantly different with each other 

(multiple range test SNK, α=0.05). Table 6 illustrates the mean and standard deviation of 

different soil parameters with soil texture class. 
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Figure 25: Mean ±SD of Phosphorus and soil texture class. The letters A indicate statistically the 

same class. (SNK multiple range test, α=0.05). 
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Figure 26: Mean ±SD of Potassium and soil texture class. The letters A and B indicate 

statistically distinct class. (SNK multiple range test, α=0.05). 
  



78 

Table 6: Mean and standard deviation of different soil parameters with soil texture class. 

Soil tested 
parameters 

Soil texture class 
 SC SCL C SL CL L SAL S LS 

Moisture 
Mean 4.56 4.14 3.28 2.54 2.40 1.90 1.13 0.88 0.80 

Std. Dev.  0.87 0.88 0.74 1.12 0.64 0.58 0.46 0.47 0.08 

Org. matter 
Mean 6.98 5.54 4.13 3.64 3.09 2.66 2.42 2.30 0.97 

Std. Dev. 1.46 1.43 0.51 1.73 0.44 0.78 1.38 1.36 0.29 

Org. carbon 
Mean 1.16 0.92 0.54 0.76 0.39 0.36 0.25 0.04 0.08 

Std. Dev. 0.54 0.42 0.75 0.27 0.22 0.23 0.49 0.07 0.11 

CaCO3 
Mean 2.04 2.78 1.67 2.91 2.92 2.22 0.50 0.00 1.44 

Std. Dev. 1.27 1.51 1.39 1.52 2.68 1.47 1.03 0.00 0.58 

pH 
Mean 7.57 7.67 7.62 7.67 7.74 7.50 6.53 6.70 8.16 

Std. Dev. 0.18 0.16 0.10 0.50 0.13 0.96 0.92 0.14 0.07 

N 
Mean 5.26 5.13 3.71 4.31 2.93 4.52 5.73 3.95 - 

Std. Dev. 3.17 2.44 1.13 1.62 0.34 1.08 1.65 4.57 - 

P 
Mean 14.49 7.78 22.77 9.51 5.27 9.33 15.57 4.68 - 

Std. Dev. 15.94 12.12 35.28 19.18 4.32 12.62 20.63 6.17 - 

K 
Mean 36.29 47.47 26.67 39.64 48.67 39.06 61.05 0.50 - 

Std. Dev. 31.93 33.73 25.72 31.53 28.59 31.95 35.44 31.95 - 
 

The degree of relationship between two variables was examined by correlation analysis. 

Depending upon the correlation coefficient (r-value), the relationship between two variables goes 

from -1.0 to +1.0. Table 7 shows the correlation between of soil variables. 

Table 7: Correlation between Sand, Silt and Clay with rest of the soil parameters (considered 
only those values whose p-value is ≤ 0.05). 

 
 Variables p-value r - Value Variance (r2 ) 

Sand 

Moisture  <.0001 -0.768 0.594 
Organic Matter  <.0001 -0.786 0.618 
Organic Carbon  <.0001 -0.635 0.403 

CaCO3  0.001 -0.289 0.084 
Potassium  0.0002 -0.337 0.114 

Silt 

Moisture  <.0001 0.428 0.183 
Organic Matter  <.0001 0.376 0.141 
Organic Carbon  0001 0.322 0.104 

CaCO3  <.0001 0.437 0.191 
Phosphorus  0.006 -0.25 0.063 
Potassium  0.003 0.269 0.072 

Clay 

Moisture  <.0001 0.815 0.664 
Organic Matter  <.0001 0.830 0.689 

Potassium  0.001 0.302 0.091 
Organic Carbon  <.0001 0.688 0.473 

pH  0.001 -0.290 0.084 
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The results expressed in Table 7, soil texture class has a great influence over different soil 

variables. Variance (r-square) value was calculated from the correlation coefficient (r-value). Not 

all the values for different parameters were selected for further explanation. Arbitrarily, the 

cutoff percentage was set up to select any variable whose r-square value is 40% or higher. It is 

determined that 62% of variation in soil organic matter is due to differences in sand and 40% of 

variation in soil organic carbon is due to differences in sand. Likewise 59% variation is soil 

moisture is due to differences in sand. Therefore, it is concluded that sand has strong negative 

correlation with moisture, organic matter, and organic carbon. It has negative correlation with 

calcium carbonate and potassium as well. 

It is determined that 69% of variation in soil organic matter is due to differences in clay. 

47% of variation in soil organic carbon is due to differences in clay. Clay has strong positive 

correlation with moisture, organic matter and organic carbon. It does have positive correlation 

with potassium as well. However, it has negative correlation with pH. Clay is having important 

control on organic matter, which is ecologically important as vegetation litter deposition plays 

significant role in accumulation of organic matter, which further enhances high cation exchange 

capacity to provide nutrients to plants and the surrounding ecosystems. Soil texture type 

significantly contributes in the availability of soil organic matter and soil organic carbon. Clay 

soil has stabilizing properties on organic matter as it has very good holding capacity of small 

particles in between clay particles making them inaccessible to microorganisms which further 

delay decomposition. Furthermore, clay offers chemical protection to organic matter through 

adsorption onto clay surfaces, which further obstruct bacterial decomposition of organic matter 

(Milne, 2009). 
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Table 8: Correlation matrix between different soil parameters (considered only those values 
whose p-value is ≤ 0.05). 

 
Variables p-value r - Value Variance (r2 ) 

Moisture and Organic Matter <.0001 0.836 0.699 
Moisture and Organic Carbon <.0001 0.672 0.452 

Moisture and pH 0.041 -0.190 0.036 
Moisture and Potassium 0.001 0.295 0.087 

    
Organic Matter and Organic Carbon <.0001 0.848 0.719 

Organic Matter and pH <.0001 -0.400 0.160 
Organic Matter and Phosphorus 0.053 0.180 0.032 
Organic Matter and Potassium <.0001 0.415 0.172 

Organic Carbon and pH <.0001 -0.365 0.133 
Organic Carbon and Nitrogen 0.003 0.270 0.073 

Organic Carbon and Potassium <.000 0.526 0.277 
    

pH and CaCO3 <.000 0.525 0.276 
pH and Nitrogen 0.004 -0.264 0.070 

pH and Phosphorus <.000 -0.367 0.135 
    

Nitrogen and Phosphorus 0.046 0.185 0.034 
Nitrogen and Potassium <.000 0.464 0.215 
Phosphorus and CaCO3 <.000 -0.437 0.191 

 

According to the results conformed from Table 8, soil moisture has a strong positive 

correlation with soil organic matter and soil organic carbon. Similarly, soil organic carbon and 

soil organic matter are highly correlated. About 72% of the variability in soil organic carbon is 

due to the differences in soil organic matter. Moisture and organic carbon has moderate degree of 

relationship as only about 45% of variations in soil moisture is due to differences in soil organic 

carbon. However, about 70% of variation in organic matter is due to differences in soil moisture. 

Rest of the tested parameters does not seem to have a strong correlation with each other.  
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CHAPTER 4  

VEGETATION 

4.1 Vegetation Types in the Study Area 

Although the study area seems relatively small, it encompasses several different types of 

ecosystems. The cross timbers region is a dominant habitat type or vegetation area throughout 

much of central Oklahoma and north-central Texas. Historically, the cross timbers were a 

mixture of wooded areas and naturally occurring open areas. Wooded uplands were dominated 

by various oaks, elms and hickories. Bottomlands were dominated by various oaks, ashes, elms, 

hackberries and osage orange. Open areas in both uplands and bottomlands contained herbaceous 

vegetation that was typical for the tall grass prairie region including grasses such as bluestem, 

switch grass and Indian grass as well as various forbs (Bruce, 2004). 

The study area was characterized based upon the topographic positions and forest stages 

as plant communities are based upon their characteristics and response with soil type. Some 

plants are flood tolerant and live happily in the wet area throughout the year whereas some 

cannot tolerate too much water for a long period of time. Hodges (1997) study about 

development and ecology of bottomland hardwood sites clearly explains about the species 

associated with topographic variations. 

Hodges further elaborates that most floodplain areas show a variation in topographic 

position due to differences of depositional patterns during flooding. The recent depositions make 

a difference in plant growth and survival rate. Table 9 illustrates the topographic features and 

corresponding species composition. 

The vegetation types within the boundaries of the study area are quite consistent with 

typical cross timber vegetation, upland areas have plenty of oaks (Quercus spp.), primarily post 
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oak (Quercus stellata). In contrast, bottomlands have an abundance of elm (Ulmus spp.), 

hackberry (Celtis occidentalis), cottonwood (Populus deltoids), box elder (Acer negundo), green 

ash (Fraxinus pennsylvanica) and red mulberry (Morus rubra), and has some wetland forest that 

is dominated by swamp privet (Forestiera acuminate). 

Table 9: Topographical variations and examples of corresponding species (Adapted from 
Hodges, 1997). 

 
Topographical Features Species Compositions 

Front Elm, Sycamore, Pecan, Sugarberry, 
Flat Nuttall Oak, Green Ash, Sugarberry, Elm, Red Maple, Water 

Hickory, Water Oak, Sweetgum. 
Slough Willow, Overcup Oak, Water Hickory, 
Ridge Sweetgum, Water Oak, Willow Oak, Green Ash, Winged elm 

Black gum, Hickory, Red Oak, Swamp Chestnut Oak 
Swamp Baldcypress, Water Tupelo 

 

GBC is one of the suitable habitats for several mammals and avian species in North 

Texas. Some avian families that are available in the study area listed by Barry, 2000 are Ruby-

throat hummingbird (Archilochus colubris), Hairy Woodpecker (Picoides villosus), Brown-

headed Cowbirds (Molothrus ater), Carolina Wren (Thryothorus ludovicianus), Barred Owl 

(Strix varia) etc. Similarly, Beaver (Castor canadensis), Nine-banded Armadillo (Dasypus 

novemcinctus), Bobcat (Lynx rufus), White-tailed Deer (Odocoileus virginanus) etc are some 

mammals in the study area (Barry et al. 2000 cited in Holcomb 2001). 

 

4.2 Tree Survey Method 

To fulfill the objectives of this research, a tree survey of the specific location was a major 

task, performed in each of the 32 plots. Before designing the tree survey, the 2005 vegetation 

map and the soil map of the GBC was combined to study and understand the soil type 

distribution among the different succession stages. Using the combined maps, the plots were 
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randomly selected to avoid bias, using a simple formula in Excel. Sampling was limited to trees 

in the bottomland forest and in the neighboring cross timbers forest. 

The plots were quadrants of 25m x 25m and information was collected for all trees with a 

diameter at breast height (DBH) of ≥5cm, including their height and health conditions. The 

survey included species identification, and measured density and basal area. Relative density was 

calculated using density, relative basal area was calculated using basal area and relative 

importance value was calculated using relative density and relative basal area. The height was 

measured by two different techniques: any trees which are of 10m or less in height were 

measured using a pole. For trees greater than 10m a clinometer was used to measure slope and 

vertical angle. Using a clinometer to measure the height is fairly straight forward; once the 

distance from the tree to the observer and the angle from the observer to tree top is known, 

simple principles of trigonometry can be applied to calculate height from the measured angle. 

Information obtained from the survey will reveal the abundance of individual species. 

Abundance, basal area and importance values were calculated, which further helps to predict the 

relative dominance of species in a forest community. Regarding species identification, most of 

the species were identified in the field with the help of tree species identification guide books 

(Vines, 1907 and Simpson, 1928). For those which were unidentified in the field using the guide 

book, samples and high resolution pictures were brought into the laboratory and identified there. 

Table 10 lists the species found during the survey. 
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Table 10: Species found at GBC during the vegetation survey. Twenty six different species were 
identified during study. 

 
Common Name Scientific Name 
American Elm Ulmus americana 
Black Willow Salix nigra 
Blackjack Oak Quercus marilandica 

Boxelder Acer negundo 
Bur Oak Quercus macrocarpa 

Cedar Elm Ulmus crassifolia 
Chinaberry Melia azedarach 

Chittamwood Bumelia lanuginosa 
Eastern Cottonwood Populus deltoides 
Eastern Red Cedar Juniperus virginiana 

Elm Species Ulmus Species 
Eve’s Necklace Sophora affinis 

Green Ash Fraxinus pennsylvanica 
Hawthorn Crataegus 

Honey Locust Gledistsia triacanthos 
Honey Mesquite Prosopis glandulosa 
Osage Orange Maclura pomifera 

Pecan Carya illinoensis 
Post Oak Quercus stellata 

Red Mulberry Morus rubra 
Redbud Cercis canadensis 

Sugarberry Celtis laevigata 
Swamp Privet Forestiera accumunata 

Western Soapberry Sapindus saponaria 
Winged Elm Ulmus alata 

 

In addition to above mentioned species Barry and Kroll (1999) identified several other 

tree species at GBC (Table 11). 

Table 11: Type of Bottomland hardwood species at GBC  

Common Name Scientific Name 
American Hackberry Celtis occidentalis 
American Sycamore Platanus occidentalis 

Black Walnut Juglans nigra 
Common Persimmon Diospytos virginiana 

Eve’s Necklace Sophora affinis 
Rough-leaf Dogwood Cornus drummondii 

Shumard Oak Quercus shumardii 
Slippery Elm Ulmus rubra 
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The GBC lies between Lake Ray Roberts to the north and Lake Lewisville to the south. 

Some portions of GBC serve as a part of Lake Lewisville’s flood control pool, occasionally 

experiencing floods lasting up to several weeks. The flood control pool is activated in times of 

extreme rainfall events when a sudden influx of water to Lake Lewisville would result in flood 

damage downstream. GBC is flooded until the water from the lake is released. 

Species that are flood intolerant could be directly impacted by water logging in the area. 

According to the USDA forest service website (USDA 2010a) the trees given in Table 12 which 

are present at GBC have different degrees of flood tolerance. 

Table 12: Species and their flood tolerant capacity (from very tolerant to intolerant). 

Species Very 
Tolerant1 

Tolerant2 Somewhat 
tolerant3 

Intolerant4 

Boxelder (Acer negundo)  X   
Pecan (Carya illinoinensis) X X   

Sugarberry (Celtis laevigata)  X   
Hackberry(Celtis occidentalis)  X   

Redbud(Cercis canadensis)    X 
Swamp privet (Forestiera acuminata) X    
Honey locust (Gleditisia triacanthose)   X  

Red mulberry (Morus rubra)    X 
Green ash (Fraxinus pennsylvanica) X X   

Black Walnut (Juglans nigra)    X 
Eastern Cottonwood (Populus deltoides)  X   

 (Diospyros virginiana)   X   
American Sycamore (Platanus occidentalis)  X X  

Bur Oak (Quercus macrocarpa))   X  
Blackjack Oak (Quercus marilandica)    X 

Post Oak (Quercus stellata)    X 
Black Willow (Salix nigra) X    
Winged Elm (Ulmus alata)   X  

American Elm (Ulmus americana)   X  
 
1 Very Tolerant: able to survive deep, prolonged flooding for more than 1 year.  
2 Tolerant: able to survive deep flooding for one growing season, with significant mortality occurring if flooding is 
repeated the following year.  
3 Somewhat Tolerant: able to survive flooding or saturated soils for 30 consecutive days during the growing season.  
4 Intolerant: unable to survive more than a few days of flooding during the growing season without significant 
mortality. 
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4.2.1 Species Information 

The information provided below on soil and topography and special uses focuses on the 

tree species of high importance value and is adapted from USDA forest service website (USDA 

2010b). 

 

American Elm (Ulmus americana) 

• Soil and Topography: American elms prefer rich, well drained loams. Although common 

on bottomland soils, it is also found on many other soil groups within its range. 

• Special uses: It is used principally for furniture, flooring, construction and mining 

timbers. Some elm wood goes into veneer for making boxes, crates, and baskets, and a 

small quantity is used for pulp and paper manufacture. It is a very good street tree, and 

many beautiful shaded streets attest to its popularity. 

 

Box Elder (Acer negundo) 

• Soil and Topography: Box elder has been found on virtually all types of soils, from heavy 

clays to pure sands of the orders Entisols, Inceptisols, Alfisols, Ultisols, and Mollisols. 

• Special uses: Although the species is not an ideal ornamental, being "trashy," poorly 

formed, and short-lived, numerous ornamental cultivars of box elder are propagated in 

Europe. Its fibrous root system and prolific seeding habit have led to its use in erosion 

control in some parts of the world. Seeds and other portions of box elder are utilized by 

many species of birds and mammals as food. 

 

Bur Oak (Quercus macrocarpa) 

• Soil and Topography: Although bur oak is often associated with calcareous soil in 
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uplands, it is also a bottomland species throughout in its range. Most of them seem happy 

in the stream bottoms and stream terraces within the great plain regions. 

• Special uses: Because of their drought tolerance ability, they are widely planted in the 

shelterbelts area. Acorns of bur oak are good source of food for several animals such as 

wood ducks, white tailed deer, squirrels and several other rodents. 

 

Cedar Elm (Ulmus crassifolia) 

• Soil and Topography: Poorly drained clay soils (Vertisols) are suitable habitat for cedar 

elm to grow in dense. They thrive well in deep rich soils (Inceptisols) in the Mississippi 

delta region and along streams. 

• Special uses: Cedar elm leaves can be used as an indicator of air pollution. They are 

frequently planted as ornamental shade trees. Fruits are a food source for several animal 

species. Cedar elm woods are good for furniture and fence posts 

 

Eastern Cottonwood (Populus deltoides) 

• Soil and Topography: Eastern cottonwood grows best on moist, well-drained, fine sandy 

or silt loams close to streams. Most cottonwood sites are in the soil orders Entisols and 

Inceptisols. 

• Special uses: They are frequently planted for quick shade near homes. They are also 

considered for energy biomass because of their high yield potential and coppicing yield. 

The green leaves are food for cattle as they contain a good source of cellulose, and new 

growth is high in proteins and minerals. 
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Green Ash (Fraxinus pennsylvanica) 

• Soil and Topography: Fertile, moist, well-drained soils are the best habitat for green ash. 

They are commonly found on alluvial soils along rivers, streams, and less frequently in 

swamps. 

• Special uses: Because of its strength, hardness and excellent bending qualities, green ash 

is used in making special items such as tool handles and baseball bats. However, it is not 

as desirable as white ash. It is very popular as a shade tree in residential areas. Fruits are 

good source of food for several game and non-game animals. 

 

Honey Locust (Gleditsia triacanthos) 

• Soil and Topography: Honey locust is a bottomland species most commonly found on 

moist fertile soils near streams or lakes, although not common anywhere in the 

Mississippi River Delta. Alfisols, Inceptisols, and Mollisols that originate from limestone 

or rich alluvial floodplains are the soil types that the honey locusts are happy to grow in. 

The species is very resistant to drought. 

• Special uses: Honey locust fruits are readily eaten by cattle and hogs. Squirrels, white 

tailed deer, bobwhite and other wild animal also love to eat honey locust fruits. Honey 

locust varieties are planted for erosion control and the wood is used for different 

purposes. 

 

Osage Orange or Bois d’Arc (Maclura pomifera) 

• Soil and Topography: Osage orange most commonly grows on sandy terraces not yet 

occupied by other vegetation, and on blackland prairie soils underlain by chalk or marl. It 

prefers moist soil but also tolerates extreme drought. 
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• Special uses: It has several benefits. First as a field hedge, before barbed wire became 

available, secondly as a windbreak and component of shelterbelts and thirdly, stabilizes 

soils and control erosion. The wood has been traditionally used to make bows. 

 

Post Oak (Quercus stellata) 

• Soil and Topography: Generally, post oak does not have specific soil preferences. It 

grows on a variety of sites and soils. Its range includes the Utisols but also some Alfisols 

in the western portion of its distribution. The surface soil is generally thin but post oak, 

and especially the scrubby sand post oak, grows on deep sandy gravelly soils. Delta post 

oak grows in fine sandy loam soils on the highest first-bottom ridges in terraces. 

• Special uses: It is considered as beautiful shade tree for parks and is often used in urban 

forestry. It is a valuable contributor of food and cover for wildlife. The post oak wood is 

commercially called white oak and is classified as moderately to very resistant to decay. 

It is used for railroad ties, lathing, siding, planks, construction timbers, mine timbers etc. 

 

Red Mulberry (Morus rubra) 

• Soil and Topography: Red mulberry grows on a variety of moist soils. Alfisols, 

Inceptisols, Spodosols and Ultisols are the type of soils that the red mulberries are found. 

Their preference is well drained moist soils. 

• Special uses: The highest use of red mulberry is for its large, sweet fruits. These are 

favored by many birds and small animals. Fruits are also used to make jellies, jams, pies 

and drinks. Furniture, interior finish, and caskets are some of the products that can be 

made using mulberry wood. 
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Sugarberry (Celtis laevigata) 

• Soil and Topography: Sugarberry is most common on Inceptsols and Entisols found in 

broad flats or shallow sloughs within floodplains of major southern rivers. It is widely 

distributed on bottomlands. 

• Special uses: The main use of sugarberry wood is furniture. The dry sweet fruits of 

sugarberry are preferred by several birds and small animals. 

 

Swamp Privet (Forestiera acuminata) 

• Soil and Topography: Swamp privet grows primarily in swamp and bottomland forests. 

They seem happy near wet woods and sloughs and around ponds and lakes. The species 

reportedly thrives in a variety of soil types such as sand, loam, or clay and ranging from 

acidic to basic. 

• Special uses: The swap privet’s fruits are good food for several wild species. The roots 

and bark can be used as a health beverage and the wood has been used for turning. 

 

4.3 Results and Discussion 

4.3.1 Statistical Analysis of Vegetation 

As the forest (study area) was categorized based upon topographic position and forest 

stage, all the statistical analysis was performed for both (topographic position and forest stage). 

SAS version 9.1, R 2.10.1, and Excel 2007 were used for the statistical analysis. A normality test 

was performed to understand the distribution pattern of the data set and whether to use 

parametric or non-parametric tests. As a general rule, if the normality probability result is less 

than or equal to 0.05 (α value is ≤ 0.05), a parametric (one way ANOVA) test was performed. If 

the p value for ANOVA is less than or equal to 0.05 then a Student Newman-Keuls (SNK) 
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multiple range test was performed to check the significant difference between the groups. 

Similarly, if the normality probability result is not less than or equal to 0.05 (α value is > 0.05), a 

non-parametric (Kruskal-Wallis) test was performed. If the p value for Kruskal-Wallis is less 

than or equal to 0.05, a rank ANOVA was performed to check the significant difference between 

the groups. 

 

4.3.2 Statistical Analysis of Vegetation Based on Topographic Position 

The results presented in this section are based upon topographic position, where relative 

density, relative basal area and relative importance value as dependent variable and topographic 

position as an independent variable. 

According to normality tests results (see appendix C), it has mixed response in terms of 

normality p- value. Almost half of the p-values are ≤ 0.05 and half are not. Therefore, this mixed 

response of normality p-value suggests running both tests (parametric and non parametric) to see 

which one makes more sense and represents the data set, and only the relevant test results are 

reported below. In several cases, most of the species are present only in one or two topographic 

positions. It may not truly reflect the distribution pattern of those species which are present only 

in two topographic positions in terms of normality tests. 

Any species which are not present at least in three topographic positions out of six are not 

included in the statistical analysis result table. 
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Table 13: Species which are not present in more than two topographic positions. 

S.N. Species Topographic position 
1 Eastern cottonwood (Populus deltoides) 1 and 4 
2 Winged elm (Ulmus alata) 4 and 6 
3 Eve’s necklace (Sophora affinis) 4 
4 Pecan (Carya illinoinensis) 4 and 5 
5 Unknown 3 
6 Black willow (Salix nigra) 3 and 5 
7 Eastern red cedar (Juniperus virginiana) 3 and 6 
8 Redbud (Cercis canadensis) 3 
9 Hawthorn (Crataegus species) 3 

10 Soapberry (Sapindus drummondii) 2 and 4 
11 Honey mesquite (Prosopis glandulosa) 3 
12 Post oak (Quercus stellata) 6 
13 Chinaberry (Melia azedarach) 2 and 5 
14 Blackjack oak (Quercus marilandica) 6 
15 Ulmus species 3 and 4 

 
Based upon the result provided in Table 14, post oak and blackjack oak are available only 

in cross timber (hill) forest as they are flood intolerant. However, winged elm and eastern red 

cedar are good in cross timber forest as well as in swampy area. They seem adaptable to a variety 

of soil types. Eastern cottonwood seems very happy in the river bank as they are flood tolerant. 

Black willow has high flood tolerant capacity and their presence is found only in swampy areas. 

Based on the results in Table 14, several species showed significant difference in terms of 

their presence in different topographic positions. Cedar elm has significance presence in ridge 

and slough as poorly drained clay soils are suitable habitat for them. Swamp privet is highly 

dominant in topographic position 5 (slough), they grow very well in wetland low forest. Osage 

orange occupies diverse topographic positions as they prefer moist but also have a strong drought 

tolerance. Boxelder trees are in every soil type, from heavy clay to pure sands. They have shown 

their presence in all the floodplain topographic positions. Honey locust prefers moist fertile soil 

near streams and lakes and they are available in all the topographic positions except front and 

slough. 
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Table 14: Statistical analysis results summary (Topographic position was used as an independent variable for both parametric and non-
parametric test and total sample size for topographic position was six) 

Abbreviations: TP =Topographic positions: 1 = Front, 2 = Flat, 3 = Swamp, 4 = Ridge, 5 = Slough, and 6 = Hill 

Species Dependent Variable Test 
Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Total for all 
species 
 

Density Anova 1.30 0.29 No significant difference among the TP 

Basal Area Anova 1.39 0.29 No significant difference among the TP 

Cedar elm (Ulmus 
crassifolia) 

Relative density Rank Anova (LSD) 4.28 0.005 TP 4 significantly higher and 5 significantly lower 
with rest of them. 

Relative basal area Rank Anova (LSD) 3.85 0.009 TP 4 significantly higher and 5 significantly lower 
with rest of them. 

Importance value  Rank Anova (LSD) 3.96 0.008 TP 4 significantly higher and 5 significantly lower 
with rest of them. 

Bur oak (Quercus 
macrocarpa) 

Relative density Anova 0.34 0.88 No significant difference among the topographic 
position 

Relative basal area Anova 0.39 0.85 No significant difference among the topographic 
position 

Importance value Anova 0.35 0.87 No significant difference among the topographic 
position 

Chittam 
Wood (Bumelia 
lanuginosa) 

Relative density Anova 0.87 0.51 No significant difference among the topographic 
position 

Relative basal are Anova 0.68 0.64 No significant difference among the topographic 
position 

Importance value Anova 0.78 0.57 No significant difference among the topographic 
position 

Swamp privet 
(Forestiera 
acuminata) 

Relative density Anova 12.50 <.0001 TP 5 is significantly higher with rest of the TP 
Relative basal area Anova 7.04 0.0003 TP 5 is significantly higher with rest of the TP 
Importance value Anova 10.17 <.0001 TP 5 is significantly higher with rest of the TP 

Green ash 
(Fraxinus 
pennsylvanica) 

Relative density Anova 1.07 0.40 No significant difference among the topographic 
position 

Relative basal area Anova 1.06 0.40 No significant difference among the topographic 
position 

Importance value Anova 0.93 0.47 No significant difference among the topographic 
position 

Mulberry (Morus 
rubra) 
 

Relative density Anova 1.10 0.38 No significant difference among the topographic 
position 

Relative basal area Anova 1.28 0.30 No significant difference among the topographic 
position 

Importance value Anova 1.13 0.36 No significant difference among the topographic 
position 
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Species Dependent Variable Test 
Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Sugarberry (Celtis 
laevigata) 

Relative density Rank Anova (LSD) 3.18 0.02 TP 2 significantly higher and 5 significantly lower 
with rest of them. 

Relative basal area Anova 0.50 0.77 No significant difference among the topographic 
position 

Importance value Rank Anova (LSD) 2.67 0.04 TP 2 significantly higher and 5 significantly lower 
with rest of them.. 

Osage orange 
(Maclura 
pomifera) 

Relative density Rank Anova (LSD) 3.78 0.01 TP 2 significantly higher and 5 significantly lower 
with rest of them. 

Relative basal area Kruskal- Wallis 9.28 0.09 No significant difference among the topographic 
position 

Importance value Rank Anova (LSD) 2.82 0.03 TP 2 significantly higher and 5 significantly lower 
with rest of them. 

American elm 
(Ulmus 
americana) 

Relative density Anova 1.47 0.23 No significant difference among the topographic 
position 

Relative basal area Anova 0.97 0.45 No significant difference among the topographic 
position 

Importance value Anova 1.32 0.28 No significant difference among the topographic 
position 

Boxelder (Acer 
negundo) 

Relative density Rank Anova (LSD) 3.21 0.02 TP 1 significantly higher and 4 significantly lower 
with rest of them. 

Relative basal area Kruskal-Wallis (Rank Anova) 4.24 0.005 TP 5 significantly higher and 4 significantly lower 
with rest of them. 

Importance value Rank Anova (LSD) 3.54 0.01 TP 1 significantly higher and 4 significantly lower 
with rest of them.. 

Honey locust 
(Gleditsia 
triacanthos) 

Relative density Rank Anova (LSD) 2.89 0.03 TP 3 significantly higher and 1 significantly lower 
with rest of them. 

Relative basal area Rank Anova (LSD) 2.69 0.04 TP 3 significantly higher and 1 significantly lower 
with rest of them. 

Importance value Rank Anova (LSD) 3.03 0.2 TP 3 significantly higher and 1 significantly lower 
with rest of them. 
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Sugarberry, American elm, and green ash are co-dominant in this type of forest 

community in floodplains of major rivers on low ridges, flats and sloughs in the forest bottom, 

according to the Louisiana Department of Wildlife and Fisheries. Soils are seasonally inundated 

or saturated periodically for 1 to 2 months during the growing season (www.wlf.louisiana.gov). 

The results of this survey agree with these findings. 

To examine the distribution of species in different topographic position, a box and 

whisker diagrammatic representation of the five number summaries generated from the 

normality test was performed. It shows the distribution of data, and separates data into four equal 

parts in which min. represents sample minimum, Q1 represents lower quartile, Q2 represents 

median quartile, Q3 represents upper quartile, and max. represents sample maximum. The box 

plot can provide interesting information about any outliers in the data set. 

According to the diagram generated using box and whisker plot (see appendix, E), the 

following description of each species illustrates the presence and their response in each 

topographic positions. 

 

Cedar Elm (Ulmus crassifoila) 

Based upon result generated by box and whisker plot, Cedar elm are abundant in 

topographic position 4 (ridge) and good representation in topographic position 3 (swamp). They 

are almost absent in topographic position 2 (flat) and 5 (slough) with a small representation in 

topographic position 1 (front) and 6 (hill). As per USDA forest service website, they are well 

adaptable in deep rich soils (inceptisols) and are also found in first bottom ridges with poorly 

drained soils. 

 

http://www.wlf.louisiana.gov/
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Bur Oak (Quercus macrocarpa) 

Bur oak is absent in almost all the topographic position, except topographic position 4 

(Ridge). Very small number of bur oak is present in this position with almost no basal area. It 

looks like bur oak is sensitive in terms of soil type and the habitat area they grow. According to 

USDA forest website, bur oak forms fringes between prairie and upland forests. Therefore, 

floodplain soil may be nor be a good choice from them. 

 

Chittamwood (Bumelia lanuginose) 

Topographic position 3 (swamp) and 6 (hill) have few species of chittamwood with very 

small basal area. It is not present in all other topographic position. USDA forest service website 

has some similar type of information about its ecological role. It says: they are adaptable in both 

type of ecosystem, open sandy woods, both rocky, dry soils and moist soils along the river 

steams and swamp banks. 

 

Dead Tree 

Handfuls of dead trees are present in all the topographic positions. Dead trees present in 

position 5 have more basal area than any other plot. GBC gets inundated once in every few 

years, the availability of dead trees in all the position could be flooding impact in the specific 

trees that are not flood tolerant. 

 

Swamp Privet (Forestiera acuminate) 

Slough (topographic position 5) has a very good representation of swamp privet as they 

are abundantly available in wet, marshy, and lake margins and bottomland forest area, 
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Information about its habitat range found in Oklahoma biological survey matches with this 

finding. They are also available in topographic position 3 (swamp), which has more wet soil for 

most of the time. Very negligible amount of this species is present position 1 (front) and 4 

(ridge). 

 

Green Ash (Fraxinus pennsylvanica) 

Green ashes are available in all topographic position except position 6 (hill). It shows that 

they are good adaptive in verities of soil textures. It has a very good depiction in position 3 

(swamp) and 4 (ridge) in terms of its density. Whereas, position 2 has very good basal area size 

though they are less in density in compare to other positions. 

 

Red Mulberry (Morus rubra) 

Mulberry is abundantly found in topographic position 2(flat) in terms of their density and 

basal area both. They are available in all topographic position except position 6 (hill). However, 

position 3 (swamp) and 4 (ridge) does not represent good basal area and not too well in their 

density. Their seeds are carried by birds in great distance and are adaptable in variety of soil 

textures that are not too dry. 

 

Sugarberry (Celtis laevigata) 

As per box and whisker plot diagram, sugarberry has interesting declination in their 

density as topographic position changes further away from the river bank. Topographic position 

1 (front), 2 (flat) and 3 (swamp) has good representation in their density and basal area. 

However, position 4 (ridge) and 5 (slough) has few of them available. They are not present in 



98 

topographic position 5 (hill). As per USDA forest service website, they are widely distributed in 

all bottomland forest except in deep swamps and found in minor extend in upland sites. 

 

Osage Orange (Maclura pomifera) 

Osage orange is abundantly available in topographic position 2(flat) in terms of density. 

However, there is a very negligible presence in topographic position 1 (front) and 4 (ridge). It 

seems that position 3 (swamp) and 5 (slough) ate not a good habitat from them as they seem not 

liking wet and swampy area. 

 

Eastern Cottonwood (Populus deltoides) 

They are exclusively available only in topographic position 1 (front) with larger basal 

area. It has some trace of cottonwood in position 3 (swamp) and 4 (ridge) as well. The 

information provided in USDA forest service website, the best growth soil for cottonwood is 

moist, well-drained, and sandy or silt loams close to streams. This seems very true with this 

finding. 

 

Winged Elm (Ulmus alata) 

As per USDA forest service website, winged elm is found in great variety of soil. They 

grow well in both dry sandy and rich moist soil. However, the finding of this research has 

different results for this species. Winged elm are exclusively available in topographic position 6 

(hill) and not in moist floodplain soil. It has some outliers in position 4 (ridge) as well. 
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Eve’s Necklace (Sophora affinis) 

In the entire study area (plots), there was only one eve’s necklace in topographic position 

4 (ridge). 

 

American Elm (Ulmus americana) 

Topographic position 1(front) seems very good habitat for American elm. Topographic 

position 4 (ridge) has also handful of American elm with good basal area. They are also present 

in position 2 (flat) and 3 (swamp) but are not present in position 5 (slough) and 6 (hill). Soil 

moisture greatly controls their growth as they prefer well-drained loamy soils. Information 

provided in USDA forest service website agrees with this finding. 

 

Boxelder (Acer negundo) 

Boxelder has very good representation in topographic position 1 (front). They are also 

presence in small density in position 2 (flat), 3 (swamp) and 5 (slough). It seems that they are 

well adaptable in ample water supply area and has some trace in rest of the position as well. 

However, they are not available in position 6 (hill). 

 

Pecan (Carya illinoensis) 

According to USDA forest service website, they grow commonly in well-drained loamy 

soils and are not subject to prolonged flooding area. This research has about the similar finding 

as they are not presence in any position except topographic position 4 (ridge) with some 

negligible presence in position 5 (slough). 
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Unknown 

There was one unknown tree in topographic position 3 (swamp). With great effort in 

identifying species using several means such as field guide book, laboratory investigation and 

information available in internet, it remained unknown. 

 

Honey Locust (Gleditsia triacanthos) 

Honey locust is available only in topographic position 3 (swamp). It seems that they are 

well adaptable in swampy area. As per USDA forest service website, they do not grow well on 

gravelly or heavy clay soils and they often fails in shallow soils. They are resistant to drought; 

however, ample water is necessary for their healthy growth. 

 

Black Willow (Salix nigra) 

They grow on almost every type of soil but its extensive, shallow roots need continuous 

supply of ample amount of water, especially during growing season (USDA forest service). This 

information seems quite matching wioth this research as they are more adaptable in position 3 

(swamp) and 5 (slough), the area where moisture contain is high in compare to other positions. 

 

Eastern Red Cedar (Juniperus virginiana) 

They are not adaptable to floodplain soil as they are available only in topographic 

position 6 (hill) with good basal area. 

 

Redbud (Cercis canadensis) 

There are only three redbud trees available in topographic position 3 (swamp). It is not 
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presence in any other topographic position. It seems that, they prefer swampy area for their 

habitat. Information provided in USDA forest service website, redbud are well adaptable in 

sunny area where few species with less competition. The finding of this research agree with this 

information as red bud is available only on plot number 28, which is quite sunny and has less 

species (only 28 individual species) in compare to rest of the sampling plots. 

 

Hawthorn (Crataegus species) 

There is only one hawthorn tree available in topographic position 3 (swamp). It is not 

presence in any other topographic position. Only the genus was identified for one type of 

Crataegus species in topographic position 6 (hill). They are available only in hill, means they are 

not adaptable in floodplain soils. 

 

Elm Species 1 (Ulmus species 1) 

Several elm species were identified only genus but not the species. Altogether there are 4 

elm species whose genus were identified but species type were not identified. These species are 

named as Ulmus species 1, 2, 3, and 4. Species 1 is present in topographic position 2 (flat), 2 is 

present in position 3 (swamp), species 3 is present in position 4 (ridge) and species 4 is present in 

position in 2 (flat). This gives an indication that Ulmus species are adaptable in these 

topographic positions. 

 

Western Soapberry (Sapindus saponaria) 

Very few of them are present only in topographic position 2 (flat) and has a trace of this 

species in position 4 as well (ridge). This species is not present in any other topographic position. 



102 

It seems that they are adaptable in well-drained soil. 

 

Honey Mesquite (Prosopis glandulosa) 

There were only two honey mesquite trees in topographic position 3 (swamp). They are 

in only one sampling plot in the study area and not present in any topographic positions. 

 

Post Oak (Quercus stellata) 

Post oak trees are available only in topographic position 6 (hill). As they are not available 

in any other topographic positions, they do not adapt in floodplain soil. According to USDA 

forest service website, they typically prefer dry sandy, course textured soil with low organic 

matter. 

 

Chinaberry (Melia azedarach) 

Small numbers of chinaberry trees are available in topographic position 2 (flat) and 

position 5 (slough). They are not available in any other positions. 

 

Blackjack Oak (Quercus marilandica) 

Blackjack oak are not floodplain tree species as they are not available any topographic 

positions except position 6 (hill). According to Illinois state museum, they are well adapted to 

dry, nutrient-poor soils. They have good adaptations to growth in ecosystem, where there is 

frequent fire. 

Distribution of Species by Topographic Position 

More than twenty five different tree types were encountered during the vegetation survey. 
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The bar diagrams of Figure 27 - Figure 32 presented below show the distribution of the species 

in each topographic position. 
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Figure 27: Relative density, relative basal area and relative importance value in Topographic 

Positions 1 (Front). 
 
 

According to Figure 27, topographic position 1 (front) is highly dominated by box elder, 

and sugarberry. American elm, cedar elm and green ash have a good representation of their 

community in this topographic position. This position has a significant number of dead trees, and 

other species type that shows their presence is; bur oak, osage orange and swamp privet. 
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Figure 28: Relative density, relative basal area and relative importance value in Topographic 
Positions 2 (Flat). 
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Based on Figure 28, sugarberry, red mulberry, box elder, and green ash are the dominant 

tree types in topographic position 2 (flat). American elm, cedar elm, osage orange and western 

soapberry have good representation in this topographic position. It also shows the presence of 

bur oak, chinaberry, honey locust and trace of some dead trees in this position. 
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Figure 29: Relative density, relative basal area and relative importance value in Topographic 

Positions 3 (Swamp). 
 
 

Figure 29 shows that cedar elm, green ash, honey locust, western sugarberry and swamp 

privet are the dominant species in topographic position 3 (swamp). The density of dead trees is 

also remarkably significant in this position. This topographic position has a diverse community 

in terms of species availability. The rest of the available tree types in this topographic position 

are: American elm, black willow, box elder, bur oak, chittamwood, cottonwood, eastern red 

cedar, hawthorn, honey mesquite, osage orange, redbud, and red mulberry. 
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Figure 30: Relative density, relative basal area and relative importance value in Topographic 

Positions 4 (Ridge). 

 

 
According to Figure 30, Topographic position 4 (ridge) is highly dominated by cedar elm 

and green ash. It has good representation of box elder, pecan, sugarberry, and swamp privet. 

Dead trees are also available in this topographic position. It has a diverse species community 

with American elm, bur oak, chittamwood, eastern red cedar, eve’s necklace, honey locust, osage 

orange, red mulberry, western soapberry and winged elm. 
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Figure 31: Relative density, relative basal area and relative importance value in Topographic 

Positions 5 (Slough). 
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Based on Figure 31, this topographic position (slough) is heavily dominated by swamp 

privet. It is not as diverse as topographic positions 1, 2, 3, and 4; the reason could be the 

domination of one single species. Dead trees have a good representation in this position. Other 

species that are present in this position are as follows: American elm, black willow, box elder, 

chinaberry, green ash, pecan, red mulberry, and sugarberry. 

0

10

20

30

40

50

60

70

Pe
rc

en
ta

ge

Species

Relative Density (%) Relative Basal Area (%) Relative Importance Value 200 (%)  
Figure 32: Relative density, relative basal area and relative importance value in Topographic 

Positions 6 (Hill). 
 
 

As seen in Figure 32, topographic position 6 (cross timber) is mainly post oak and 

winged elm. Cedar elm and dead trees have good representation in this topographic position. The 

rest of the species that are available in this topographic position are as follows: Blackjack oak, 

chittamwood, crataegus species, eastern red cedar, honey locust, and sugarberry. 

Vegetation survey based upon topographic positions found that Cedar elm (Ulmus 

crassifolia) is most prevalent species in GBC. It is a leading species in swamp and ridge in GBC 

and except slough is it available in all the position. Likewise, swamp privet (Forestiera 

acuminata) is dominant species in slough areas. More than seventy percent of the area is covered 
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by this species. In conclusion, Boxelder (Acer negundo), Sugarberry (Celtis laevigata), and 

Green ash (Fraxinus pennsylvanica) are the most common species in the study area. Significant 

numbers of dead trees are present in all the topographic positions. 

 

4.3.3 Statistical Analysis of Vegetation Based on Forest Stage 

The results presented in this section are based upon forest stage, where relative density, 

relative basal area and relative importance value as dependent variable and forest as an 

independent variable. 

SAS version 9.1, R 2.10.1, and Excel 2007 were used for the statistical analysis. A 

normality test was performed to understand the distribution pattern of the data set and whether to 

use parametric or non- parametric tests. As a general rule, if the normality probability result is 

less than or equal to 0.05 (α value is ≤ 0.05), a parametric (one way ANOVA) test was 

performed. If the p value for ANOVA is less than or equal to 0.05 then a Student Newman-Keuls 

(SNK) multiple range test was performed to check the significant difference between the groups. 

Similarly, if the normality probability result is not less than or equal to 0.05 (α value is > 0.05), a 

non-parametric (Kruskal-Wallis) test was performed. If the p value for Kruskal-Wallis is less 

than or equal to 0.05, a rank ANOVA was performed to check the significant difference between 

the groups. 

According to the normality tests results (see appendix D), it is clear that the p-value from 

normality tests has mix response in terms of parametric and none parametric conformation. 

Almost half of the p-values are ≤ 0.05 and half are not. Therefore, this mixed response of 

normality p-value encourages to run both the test (parametric and non parametric) and see which 

one makes more sense and represent the data set. Only the relevant test results are reported 
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below. In several cases, most of the species are present only in one or two forest stages. It may 

not give a true reflection of the species distribution (for normality tests) with those species which 

are present in only one or two forest stages. Any species which are not present at least in three 

forest stages out of five are not included in the statistical analysis result table. 

Table 15: Species which are not present in more than two forest stages. Abbreviations: 
ESF=Early Successional Forest, MSF=Mid Successional Forest, LSF=Late Successional Forest, 

WLF=Wetland Low Forest, and CTF=Cross Timber Forest 

S.N. Species Forest Stage 
1 Chittamwood (Bumelia lanuginosa) LSF 
2 Winged elm (Ulmus alata) ESF and CTF 
3 Eve’s necklace (Sophora affinis) MSF 
4 Black willow (Salix nigra) ESF and WLF 
5 Eastern red cedar (Juniperus virginiana) MSF and CTF 
6 Redbud (Cercis canadensis) LSF 
7 Hawthorn (Crataegus) LSF 
8 Soapberry (Sapindus drummondii) ESF and LSF 
9 Honey mesquite (Prosopis glandulosa) ESF 

10 Post oak (Quercus stellata) CTF 
11 Chinaberry (Melia azedarach) LSF and WLF 
12 Blackjack oak (Quercus marilandica) CTF 
13 Ulmus species ESF and LSF 

 
 

Based upon the result provided in Table 15, post oak and blackjack oak are available only 

in cross timber (hill) forest as they are flood intolerant. However, winged elm and eastern red 

cedar are good in cross timer forest as well as in early successional and mid- successional forest 

stages respectively. They seem adaptable to a variety of soil types. Chittamwood, redbud, and 

hawthorn are available only in late successional forest stage. Soapberry, chinaberry and some 

ulmus species show their presence in late successional as well as in early successional forest 

stages. Honey mesquites are available only in early successional forest stages. 

Eastern cottonwood grows abundantly in the river bank as they are flood tolerant. Black 

willow has a high flood tolerance and their presence is found only in wetland low forest and 

early successional forest. 
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Table 16: Statistical analysis results summary (Forest stage was used as an independent variable for both parametric and non-
parametric test and total sample size for forest stage was five). Abbreviations: FS = Forest Stage ESF=Early Successional Forest, 

MSF=Mid Successional Forest, LSF=Late Successional Forest, WLF=Wetland Low Forest, and CTF=Cross Timber Forest 

Species Dependent 
Variable Test 

Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Total for all 
species 

 

Density Rank Anova 
(LSD) 5.14 0.003 WLF significantly higher and LSF significantly lower 

with rest of the FS 

Basal Area Rank Anova 
(LSD) 6.03 0.001 LSF significantly higher and ESF significantly lower with 

rest of the FS 
Cedar elm 

(Ulmus 
crassifolia) 

Relative density Anova 0.51 0.73 No significant difference among the forest stage 
Relative basal area Anova 0.70 0.59 No significant difference among the forest stage 
Importance value  Anova 0.61 0.65 No significant difference among the forest stage 

Bur oak 
(Quercus 

macrocarpa) 

Relative density Anova 1.35 0.27 No significant difference among the forest stage 
Relative basal area Anova 0.50 0.73 No significant difference among the forest stage 
Importance value Anova 0.59 0.67 No significant difference among the forest stage 

Swamp privet 
(Forestiera 
acuminate) 

Relative density Anova 16.80 <0.0001 WLF significantly higher and ESF significantly lower 
with rest of the FS 

Relative basal area Anova 9.31 <0.0001 WLF significantly higher and ESF significantly lower 
with rest of the FS 

Importance value Anova 13.52 <0.0001 WLF significantly higher and ESF significantly lower 
with rest of the FS 

Green ash 
(Fraxinus 

pennsylvanica) 

Relative density Anova 0.56 0.69 No significant difference among the forest stage 
Relative basal area Anova 0.80 0.53 No significant difference among the forest stage 
Importance value Anova 0.77 0.55 No significant difference among the forest stage 

Mulberry 
(Morus rubra) 

 

Relative density Rank Anova 
(LSD) 4.67 0.005 ESF significantly higher and LSF significantly lower with 

rest of the FS 

Relative basal area Rank Anova 
(LSD) 4.18 0.009 ESF significantly higher and LSF significantly lower with 

rest of the FS 

Importance value Rank Anova 
(LSD) 4.57 0.006 ESF significantly higher and LSF significantly lower with 

rest of the FS 
Sugarberry 

(Celtis 
laevigata) 

Relative density Anova 0.99 0.42 No significant difference among the forest stage 
Relative basal area Anova 0.85 0.50 No significant difference among the forest stage 
Importance value Anova 0.88 0.48 No significant difference among the forest stage 
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Species Dependent 
Variable Test 

Anova: F 
Kruskal-
Wallis: χ2 

p-value SNK grouping 

Osage orange 
(Maclura 
pomifera) 

Relative density Anova 0.99 0.43 No significant difference among the forest stage 
Relative basal area Anova 0.46 0.76 No significant difference among the forest stage 
Importance value Anova 0.69 0.60 No significant difference among the forest stage 

Eastern 
Cottonwood 

(Populus 
deltoides) 

Relative density Anova 0.24 0.91 No significant difference among the forest stage 
Relative basal area Anova 0.47 0.75 No significant difference among the forest stage 

Importance value Anova 0.43 0.78 No significant difference among the forest stage 

American elm 
(Ulmus 

americana) 

Relative density Rank Anova 
(LSD) 2.82 0.04 MSF, significantly higher and WLF significantly lower 

with rest of the FS.  

Relative basal area Rank Anova 
(LSD) 2.35 0.07 MSF, significantly higher and WLF significantly lower 

with rest of the FS.. 

Importance value Rank Anova 
(LSD) 2.39 0.07 MSF, significantly higher and WLF significantly lower 

with rest of the FS. 

Boxelder (Acer 
negundo) 

Relative density Anova 0.25 0.90 No significant difference among the forest stage 

Relative basal area Rank Anova 
(LSD) 3.09 0.03 WLF, significantly higher and LSF significantly lower 

with rest of the FS. 
Importance value Anova 0.33 0.85 No significant difference among the forest stage 

Pecan (Carya 
illinoensis) 

Relative density Anova 0.63 0.64 No significant difference among the forest stage 
Relative basal area Anova 0.31 0.86 No significant difference among the forest stage 
Importance value Anova 0.32 0.86 No significant difference among the forest stage 

Honey locust 
(Gleditsia 

triacanthos) 

Relative density Anova 1.59 0.20  No significant difference among the forest stage 

Relative basal area Rank Anova 
(LSD 3.36 0.02 LSF, significantly higher and ESF significantly lower 

with rest of the FS. 
Importance value Anova 1.49 0.23  No significant difference among the forest stage 
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Based on the results expressed in Table 16, several species showed significant difference 

in terms of their presence with respect to different forest stages. Total density and total basal area 

shows significant difference with varying forest stages. Wetland low forest and late successional 

forest stages are significantly different in total density with rest of the forest stages. Similarly, 

late successional forest and early successional forest stages are significantly different in total 

basal area with rest of the forest stages. In terms of individual species (such as mulberry, 

American elm, boxelder and honey locust) in different forest stages, few have shown significant 

difference in their relative density, relative basal area and importance value. 

To examine the distribution of species in different forest stages, a box and whisker 

diagrammatic representation of the five number summaries generated from the normality test 

was performed. It shows the distribution of data, and separates data into four equal parts in which 

min. represents sample minimum, Q1 represents lower quartile, Q2 represents median quartile, 

Q3 represents upper quartile, and max. represents sample maximum. The box plot can provide 

interesting information about any outliers in the data set. 

According to the diagram generated using box and whisker plot (see appendix F), the 

following description of each species illustrates the presence and their response in each forest 

stages. 

 

Cedar Elm (Ulmus crassifoila) 

Based upon the box and whisker diagram, Cedar elm is abundant in all the forest stages 

except wetland low forest. Early successional forest and late successional forest has good basal 

area size. Study conducted by Barry and Kroll in 1997 GBC found that hackberry, cedar elm, 

and green ash are dominant tree types with regards to density and basal area. These results 
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indicate that the forest may be classified as a hackberry-elm-ash forest type. 

 

Bur Oak (Quercus macrocarpa) 

Bur oak is absent in almost all the forest stages except late successional forest stage. 

Though there are few bur oaks in late successional forest stage, they have very small basal area. 

It looks like bur oak is sensitive in terms of soil type and the habitat area they grow. According 

to USDA forest website, bur oak forms fringes between prairie and upland forests. Therefore, 

floodplain soil may be not be a good choice from them to grow. 

 

Chittamwood (Bumelia lanuginose) 

Cross timber forest and late successional forest stage have few species of chittamwood 

with very small basal area. It is not available in all other forest stages. USDA forest service 

website has some similar type of information about its ecological role. It says: they are adaptable 

in both type of ecosystem, open sandy woods, both rocky, dry soils and moist soils along the 

river steams and swamp banks. 

 

Dead Tree 

Handfuls of dead trees are available in all the forest stages. Dead trees available in 

wetland low forest has more basal area than any other plot. Dead trees available in early 

successional forest and mid successional forest stages have very small basal area. GBC gets 

inundated once in every few years, the availability of dead trees in all these stages could be 

flooding impact in the specific trees that are not flood tolerant. 
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Swamp Privet (Forestiera acuminate) 

Wet land low forest has a very good representation of swamp privet as they are 

abundantly available in wet, marshy, and lake margins and bottomland forest area, Information 

about its habitat range found in Oklahoma biological survey matches with this finding. They are 

also available in early successional and mid succesional forest wet soil for most of the time. Very 

negligible amount of this species is present late successional forest stage. 

 

 Green Ash (Fraxinus pennsylvanica) 

Green ashes are available in all forest stages except cross timber forest. It shows that they 

are good adaptive in verities of soil textures. It has a very good depiction in mid succesional and 

late successional forest stages in terms of their basal area though they are less in density in 

compare to other forest stages. 

 

Red Mulberry (Morus rubra) 

Mulberry is found only in late succession, mid succession and wetland low forest stages. 

They are not presence in cross timber forest and early succession forest stages. Their seeds are 

carried by birds in great distance and are adaptable in variety of soil textures that are not too dry. 

 

Sugarberry (Celtis laevigata) 

Sugarberry has very good representation in early succession and mid succession forest in 

terms of both density and basal area. A late successional forest stage has good density of 

sugarberry. However, their basal area in this forest stages in very small As per USDA forest 

service website, they are widely distributed in all bottomland forest except in deep swamps and 
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found in minor extend in upland sites. 

 

Osage Orange (Maclura pomifera) 

Osage oranges are presence only in mid succession, late succession and very few in forest 

stages early successional forest stage. They are not present in cross timber forest and wetland 

low forest. It looks like they cannot adapt dry soil as well as too wet soil for their growth. 

 

Eastern Cottonwood (Populus deltoides) 

They are exclusively available only in early successional forest stages with larger basal 

area. It has some trace of cottonwood in late succession and mid succesional forest stages. The 

information provided in USDA forest service website, the best growth soil for cottonwood is 

moist, well-drained, and sandy or silt loams close to streams. This seems very true with this 

finding. 

 

Winged Elm (Ulmus alata) 

As per USDA forest service website, winged elm is found in great variety of soil. They 

grow well in both dry sandy and rich moist soil. However, the finding of this research has 

different results for this species. Winged elms are exclusively available in cross timber forest 

stage. There is a trace of species in early successional forest stage as well. 

 

Eve’s Necklace (Sophora affinis) 

In the entire study area (plots), there was only one eve’s necklace in mid successional 

forest stage. 
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American Elm (Ulmus americana) 

American elm has a good representation in mid successional forest stage with large size 

of basal area. They are also present in late successional forest and stages as well as very few 

American elms are present in early successional forest stage. 

 

Boxelder (Acer negundo) 

Boxelder has very good representation in mid succession forest stage. They also show 

their presence in late succession forest stage. They are completely absent in cross timber and 

early successional forest stage. They are very few in wetland low forest with some considerable 

basal area size. 

 

Pecan (Carya illinoensis) 

Except cross timber forest, pecan has shown small number of presence in rest of the 

forest stages. They are little more abundant in mid successional forest stages in compare to thers. 

According to USDA forest service website, pecan seed can survive short periods of flooding. 

 

Unknown 

There was one unknown tree in topographic position 3 (swamp). With great effort in 

identifying species using several means such as field guide book, laboratory investigation and 

information available in internet, it remained unknown. 

 

Honey Locust (Gleditsia triacanthos) 

Honey locusts are available in early successional forest and cross timber forest stages 
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with negligible amount of honey locust trees available in late succession and mid-successional 

forest stages. As per USDA forest service website, they do not grow well on gravelly or heavy 

clay soils and they often fails in shallow soils. They are resistant to drought; however, ample 

water is necessary for their healthy growth. 

 

Black Willow (Salix nigra) 

They are available in early successional and wet land low forests. The one found in 

wetland low forest has good basal size area. They grow well with almost every type of soil but 

its extensive, shallow roots need continuous supply of ample amount of water, especially during 

their growing season (USDA forest service). 

 

Eastern Red Cedar (Juniperus virginiana) 

They are not adaptable to floodplain soil as they are available only in cross timber forest. 

However, there is a presence of eastern red cedar in mid successional forest stages as well. 

 

Redbud (Cercis canadensis) 

There are only three redbuds available in late successional forest stage. It is not presence 

in any other topographic position. It seems that, they prefer swampy area for their habitat. 

Information provided in USDA forest service website, redbud are well adaptable in sunny area 

where few species with less competition. The finding of this research agree with this information 

as red bud is available only on plot number 28, which is quite sunny and has less species (only 

28 individual species) in compare to rest of the sampling plots. 
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Hawthorn (Crataegus species) 

There is only one hawthorn tree available in late successional forest stage. It is not 

presence in any other forest stages. Only the genus was identified for one type of Crataegus 

species in cross timber forest. They are available only in hill, means they are not adaptable in 

floodplain soils. 

 

Elm species 1 (Ulmus species 1) 

Several elm species were identified only genus but not the species. Altogether there are 4 

elm species whose genus were identified but species type were not identified. These species are 

named as Ulmus species 1, 2, 3, and 4. Species 1 is present in late successional forest stage, and 

rests of the species are found in early successional forest stage. 

 

Western Soapberry (Sapindus saponaria) 

Very few of them are present only in early successional and late successional forest stage. 

This species is not present in any other forest stages. It seems that they are adaptable in well-

drained soil. 

 

Honey Mesquite (Prosopis glandulosa) 

There were only two honey mesquites in early successional forest stage. They are in only 

one sampling plot in the study area and not present in any forest stages. 

 

Post Oak (Quercus stellata) 

Post oaks are available only in cross timber forest. As they are not available in any other 
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forest stages, they do not adapt in floodplain soil. According to USDA forest service website, 

they typically prefer dry sandy, course textured soil with low organic matter. 

 

Chinaberry (Melia azedarach) 

Few trees of this species are available in wetland low forest and only one tree available in 

late successional forest stage. They are not available in any other forest stages. 

 

Blackjack Oak (Quercus marilandica) 

Blackjack oak are not floodplain tree species as they are not available any forest stages 

except cross timber forest. According to Illinois state museum, they are well adapted to dry, 

nutrient-poor soils. They have good adaptations to growth in ecosystem, where there is frequent 

fire. 

 

Distribution of Species by Forest Stages 

The following graphs (Figure 33-Figure 37) illustrate the distribution patterns of different 

species in the different forest stages. According to Figure 33, early successional forest is mostly 

covered by sugarberry and cedar elm. Green ash, honey locust, swamp privet and box elder have 

also a good representation in this forest stage. It has few eastern cottonwoods with relatively high 

basal area. Several different species has shown their presence in this forest stage with diverse 

species community. 



119 

 
Figure 33: Relative density, relative basal area and relative importance value in early 

successional forest stage. 
 
 

Based upon Figure 34, sugarberry, cedar elm, green ash and boxelder are the dominant 

species in mid successional forest stage. It has few American elm with relatively bigger basal 

area. Mid successional forest stage shows diverse species community with handful of dead trees. 

 
Figure 34: Relative density, relative basal area and relative importance value in mid successional 

forest stage. 

 
Figure 35 shows that the majority of the late successioal forest stage is covered by cedar 

elm, sugarberry and green ash. Though few species in this forest stage has very small density, 
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late successional forest is the most diverse in terms of variety of species. It has nineteen different 

species type in this forest stage with handful of dead trees. 

 
Figure 35: Relative density, relative basal area and relative importance value in late successional 

forest stage. 
 
 

According to Figure 36, Wetland low forest is dominant by swamp privet. More than 

seventy percent of the area is covered by swamp privet. Several other species such as American 

elm, red mulberry, green ash, boxelder, sugarberry, black willow, chinaberry, and pecan also 

represent their presence in this forest. It has handful of dead trees as well. 

 
Figure 36: Relative density, relative basal area and relative importance value in wet land low 

forest. 
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Based upon Figure 37, post oak, winged elm and cedar elm are the major species in this 

forest type. About fifteen of the area is covered by dead trees. Few other species shows their 

presence in a negligible amount. Those species are blackjack oak, crataegus species, eastern red 

cedar, chittamwood, honey locust and sugarberry. 

 
Figure 37: Relative density, relative basal area and relative importance value in cross timber 

(hill) forest. 
 
 

The vegetation survey found that Sugarberry (Celtis laevigata), is most prevalent species 

in GBC. Likewise, swamp privet (Forestiera acuminata) is dominant species in wet land low 

forest. More than seventy percent of the area is covered by this species. In conclusion, Boxelder 

(Acer negundo), and Green ash (Fraxinus pennsylvanica) are the most common species in the 

study area. Significant numbers of dead trees are present in all the forest stages. 
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CHAPTER 5 

 SOIL AND VEGETATION RELATIONSHIP 

5.1 Introduction 

Soil and vegetation are two integral parts of the ecosystem that mutually influence each 

other. Soil is a complex system consisting of several different components: air, water, nutrients, 

organic matter, disintegrated rock and microorganisms. Soil provides water and nutrients for 

plant growth. Soil formation is a slow and complex process and is influenced by five main 

factors, which play a significant role in the ecological process of succession. These five factors 

are: climate, organisms, topographic relief, parent material and time (Jenny, 1941 and Brennan 

and Withgott, 2005). 

Soil characteristics play a significant role in developing the vegetation type. Several 

studies have found that soil in floodplains contains higher amounts of nutrients that support the 

entire plant ecosystem. The bottomland hardwood forest in the Lake Ray Roberts Green Belt 

Corridor (GBC) is potentially one of these privileged sites. Knowing the relationship between 

soil and vegetation of the given area makes it possible to apply these results to similar regions 

and recommend suitable procedures for management, and utilization, of the land (Jafari et al., 

2003). 

Relationships between vegetation and environment reveal different underlying processes, 

resulting in the appearance of a variety of vegetation patterns (Zeleny, 2008). There are several 

factors that influence the vegetation composition in the ecosystem. Environmental variables can 

be classified into direct, indirect, and resource gradients (Zeleny 2008). Direct variables include 

factors such as temperature, soil pH and other soil characteristics that have a direct effect on 

vegetation (Zeleny, 2008). Soil physical and chemical properties such as soil texture class, salt 
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content, soil pH, and organic matter play a very important role in the occurrence of species in 

ecosystems (Ali and Malik, 2010). 

 

5.2 Objectives and Methods 

The main objective of this chapter is to determine soil and vegetation relationships in the 

floodplain area (GBC). Chapter three has already discussed soil types, using several soil 

parameters and their responses with different topographic positions and forest stages. Likewise, 

chapter four has explained vegetation types, and their responses with the topographic positions 

and forest stages, including some important information about trees. 

To explore relationships between soil and vegetation, a matrix table was created with 

selected parameters as shown in Table 17 and Table 18. Soil parameters were categorized into 

two different datasets; one with nutrients and one without, the data collected at a later time have 

added information of nitrogen, phosphorus, and potassium (see Table 17). The soil parameters 

were averaged out from different depths of the soil profile as discussed in chapter three. 

Importance value (IV) of tree species was calculated using relative density and relative 

basal area. The following eight species were therefore selected for this chapter: American elm 

(Ulmus americana), Cedar elm (Ulmus crassifolia), Bur oak (Quercus macrocarpa), Swamp 

privet (Forestiera accuminata), Osage orange (Maclura pomifera), Green ash (Fraxinus 

pennsylvanica), Red mulberry (Morus rubra), Sugarberry (Celtis Laevigata). Together these 

eight species comprise 66% of the total importance value for all the plots. 

Multivariate statistical tools were used to explore the soil and vegetation relationship at 

GBC including principal component analysis (PCA), canonical correlation (CANCOR), 

canonical correspondence analysis (CCA), cluster analysis, and linear discriminant analysis. 
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Principal component analysis - PCA is a statistical tool that greatly helps to reduce the 

dimensionality of data set. It is also considered as a variable reduction procedure, identifying 

data patterns and highlighting their similarities and differences (Smith, 2002). It helps to create a 

smaller number of artificial variables which are called principal components. 

Canonical correlation - CANCOR allows the determination of the relationship between 

two sets of variables. Furthermore, it reveals the linear combination of those variables, with 

maximum correlation among them. 

Canonical correspondence analysis - CCA helps to expand the capabilities of PCA, which 

can only be applied to continuous data. As CCA is a powerful descriptive and exploratory 

technique, it is useful for a variety of data sets including counts, continuous and mixed data 

(Acevedo, 2006). It is useful to analyze simple two-way and multi-way tables containing some 

measures of correspondence between the rows and columns (Statsoft, 2011). 

Cluster analysis - Cluster analysis helps to group objects of similar kind into respective 

categories, giving a diagrammatical representation of the datasets. It helps to classify a set of 

observations into two or more mutually exclusive unknown groups based on combinations of 

interval variables. Performing cluster analysis is a very good technique of combining information 

to allow classification into useful groups (Stockburger, 1998). 

Linear discriminant analysis – LDA Linear discriminant function helps to understand 

which variables discriminate between two or more naturally occurring groups and is very similar 

to analysis of variance (Statsoft, 2011). This further enhances the prediction of linear 

combinations of selected variables. 
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Table 17: Matrix data table for topographic position, forest stage and soil variables. 
Mnemonic code: Topo = Topographic position, Stage = Forest stage, Mois = Moisture, OrgM = 

Organic matter, OrgC = Organic carbon, CaCO3 = Calcium carbonate, N = Nitrogen, P = 
Phosphorus, K = Potassium. 

 
Plot Topo Stage Sand Silt Clay Mois OrgM OrgC CaCO3 pH N P K

1 1 M 20.63 53.21 26.16 2.8 4.24 0.64 3.2 7.8
2 2 L 46.47 40.76 12.77 1.62 2.62 0.65 3.34 7.83
3 2 L 5.42 52.81 41.77 3.67 6.28 0.89 2.81 7.63
4 3 L 4.14 60.87 35 4.87 6.75 1.41 1.24 7.58
5 3 E 2.58 60.74 36.68 4.64 6.03 1.34 3.78 7.7
6 6 C 17.64 54.71 27.65 3.04 3.89 0.49 4.64 7.92
7 5 W 7.97 67.27 24.76 2.57 3.06 0.71 4.7 7.76
8 4 E 10.5 54.39 35.11 4.12 6.18 0.91 2.08 7.38
9 2 L 50.85 33.53 15.62 1.17 2.83 0.17 0 5.87
10 4 L 2.37 56.95 40.68 4.39 7.21 1.31 0.62 7.56 5.54 2.04 58.98
11 4 L 1 61.36 37.64 3.48 5.98 0.82 3.21 7.68 5.12 5.07 37.5
12 4 E 16.3 48.79 34.92 2.78 4.23 0.82 2.98 7.75 6.19 3.38 38.38
13 4 M 2.74 56.33 40.94 4.33 7.79 1.44 0.7 7.55 6.11 38.99 58.27
14 5 W 7.67 55.74 36.59 4.36 5.68 0.92 2.76 7.64 5.62 3.64 36.23
15 4 M 52.53 29.21 18.26 1.38 2.5 0.24 0.04 6.94 5.71 13.8 25.11
16 3 E 87.57 6.16 6.27 0.86 2.19 0.11 0.02 6.66 4.97 8.29 8.23
17 3 E 16.75 42.61 40.64 4.49 5.89 0.82 0.09 7.39 3.26 38.28 32.62
18 1 L 24.57 54.15 21.29 1.85 3.04 0.53 3.31 7.83 3.46 4.41 22.28
19 1 M 31.9 49.33 18.77 2.53 2.88 0.42 2.9 8.02 3.57 2.03 22.49
20 3 M 21.93 51.98 26.1 3.03 3.63 0.49 0.75 7.63 2.61 28.28 37.85
21 1 E 28.08 49.9 22.02 2.55 3.09 0.39 3.22 7.87 2.69 2.76 23.85
22 5 W 9.79 58.44 31.77 4.2 4.61 0.54 3.28 7.83 5.14 4.79 35.77
23 4 M 1.03 54.16 44.8 5.24 7.05 1.1 2.89 7.64 2.54 2.5 40
24 3 L 10.58 56.98 32.44 4.29 5.27 0.75 2.09 7.79 4.09 10.44 46.38
25 1 L 24.27 52.08 23.65 2.74 3.54 0.5 1.73 7.78 5.82 18.83 46.14
26 3 E 8.13 56.2 35.67 5.14 5.89 0.86 1.84 7.62 3.49 4.01 31.08
27 2 M 23.15 53.78 23.07 2.72 3.27 0.65 3.22 7.72 4.48 4.36 38.62
28 2 M 5.6 53.05 41.35 3.49 4.12 0.59 2.8 7.67 6 3.02 73.52  
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Table 18: Matrix data table for topographic position, forest stage, total density, total basal area 
and importance value of eight selected species.  

Mnemonic code: Topo = Topographic position, Stage = Forest stage, Dens = Total density, BA = 
Total basal area, IV = Importance value, CELM = Cedar elm, BOAK = Bur oak, SWPR = 
Swamp privet, GASH = Green ash, MULB = Red mulberry, SGRB = Sugarberry, OSGE = 

Osage orange, AELM = American elm 
 

Plot Topo Stage Dens BA CELM BOAK SWPR GASH MULB SGRB OSGE AELM

1 1 M 1136 42.02 0.00 26.89 0.00 0.00 3.19 3.14 12.09 3.26
2 2 L 1184 48.4 4.51 0.00 0.00 111.59 13.17 44.57 3.89 4.72
3 2 L 624 22.84 95.35 3.17 0.00 9.37 6.53 25.30 25.46 3.25
4 3 L 368 26.5 115.94 0.00 0.00 38.44 9.05 32.05 0.00 0.00
5 3 E 1328 8.51 38.03 0.00 0.00 36.29 0.00 25.35 0.00 0.00
6 6 C 864 26 62.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 5 W 1056 20.95 0.00 0.00 76.97 25.63 18.04 5.93 0.00 0.00
8 4 E 1120 12.3 147.85 1.68 0.00 15.03 0.00 0.00 0.00 0.00
9 2 L 512 26.36 0.00 0.00 0.00 59.06 38.68 38.87 16.51 29.23
13 4 L 624 39.7 166.34 3.54 0.00 0.00 0.00 0.00 0.00 0.00
14 4 L 944 19.27 89.30 0.00 4.70 86.91 3.94 1.93 4.47 0.00
15 4 E 1584 21.33 51.49 0.00 1.76 23.14 0.00 84.15 0.00 0.00
16 4 M 640 39.23 196.98 0.00 0.00 0.00 0.00 0.00 0.00 28.25
17 5 W 1296 14.18 0.00 0.00 155.92 2.21 0.00 0.00 0.00 0.00
18 4 M 1056 15.73 14.23 0.00 50.20 40.97 0.00 18.83 6.53 30.12
19 3 E 672 14.61 0.00 0.00 126.89 16.93 0.00 6.51 0.00 8.65
20 3 E 896 16.22 105.71 0.00 29.22 34.62 0.00 0.00 0.00 0.00
21 1 L 688 71.54 0.00 0.00 0.00 11.69 12.78 36.46 0.00 43.17
22 1 M 832 27.11 8.43 0.00 4.15 21.92 11.32 8.56 0.00 41.30
23 3 M 1040 9.09 83.75 0.00 0.00 0.00 0.00 76.53 5.85 12.66
24 1 E 1664 13.7 49.21 0.00 0.00 6.80 0.00 135.80 4.88 3.31
25 5 W 1776 24.35 0.00 0.00 142.52 6.08 0.00 12.84 0.00 0.00
26 4 M 2096 36.69 1.39 0.00 0.91 191.30 0.00 0.93 0.00 0.00
27 3 L 512 30.6 117.35 0.00 0.00 0.00 0.00 7.87 0.00 0.00
29 1 L 912 62.32 0.00 0.00 0.00 33.13 8.69 33.05 0.00 1.91
30 3 E 1600 26.39 1.12 0.00 8.90 56.26 0.00 82.44 0.00 0.00
31 2 M 1456 35.43 0.00 0.00 19.70 25.02 1.31 141.91 0.00 0.00
32 2 M 544 48.33 0.00 0.00 0.00 91.69 52.79 28.54 3.23 3.07  
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5.3 Principal Component Analysis  

The prepared data matrix was run for principal component analysis (PCA) as follows: (i) 

with all the soil variables excluding nutrients (ii) with all the soil variables including nutrients 

(iii) with importance value of selected tree types, total basal area and total density, and (iv) with 

soil and vegetation combined. A typical approach is to select those components that explain 90% 

of total variance, reducing the dimensionality of the matrix data set (Acevedo, 2006). 

 

5.3.1 PCA Biplots Excluding Soil Nutrients in Reference to Topographic Position. 

According to Table 19 and Figure 38, variances for each component for soil parameters 

without soil nutrients nitrogen, phosphorous and potassium, it is understood that only component 

1 (65% variance), component 2 (88% variance) and component 3 (92% variance) can be used for 

PCA biplots. 

Table 19: PCA variances and loadings for soil parameters.  

Soil
V1 V2 V3 V4 V5 V6 V7 V8

1 0.654 0.882 0.922 0.955 0.981 0.995 1 1
Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8

Sand 0.813 0.047 -0.02 0.059 0.005 0.003 -0.001 -0.577
Silt -0.451 0.671 -0.111 0.003 -0.009 -0.006 0.004 -0.577

Clay -0.361 -0.718 0.13 -0.063 0.002 0.009 -0.012 -0.577
Mois -0.042 -0.059 -0.221 0.48 0.808 -0.241 -0.067 -0.002
OrgM -0.051 -0.12 -0.453 0.678 -0.495 0.07 0.261 -0.001
OrgC -0.011 -0.013 -0.09 0.172 -0.153 0.182 -0.952 0.005

CaCO3 -0.022 0.116 0.832 0.509 -0.111 -0.146 0.002 -0.002
pH -0.01 0.025 0.122 0.119 0.257 0.939 0.148 0.002  
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Figure 38: Variances for different principal components (soil without nutrients N, P, K). 

 

The following PCA biplot diagrams (Figure 39 to Figure 41) illustrate the soil parameters 

and their responses with different topographic positions. The sampling plots are circled with 

different colors and grouped under each topographic position using an oval shape of the same 

color. Colors for different topographic positions are as follows: 

Table 20: Topographic position color code. 

Topographic positions Color code 
1 (Front) Black 
2 (Flat) Red 

3 (Swamp) Brown 
4 (Ridge) Green 
5 (Slough) Cyan 

 

In the following figures observations are labeled as 1 to 28 (sampling plot) and the 

variables (arrows) are sand, silt, clay, moisture, organic matter, organic carbon, calcium 

carbonate and pH. The bottom and left axis labels and scale correspond to the observations 

(coordinates related to principal components) whereas the top and right axis labels and scale 

correspond to the variables (coordinates of different soil parameters). Circles of the same color 

belong to the same topographic position. The proximity between pairs of observations denotes 

the degree of similarity between those observations. 
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According to Figure 39, soil texture classes (sand, silt, and clay) show distinct positions 

in different axes. Sand shows a strong negative relationship with silt and clay, whereas silt and 

clay show close a relationship between each other although they fall in different axes. The rest of 

the soil parameters are crowded around the origin. Plots of topographic position 1 are located on 

the positive side (with sand) of both axes and close to each other, but with relatively small 

values. Plots of topographic position 2 follow a gradient from positive to negative values of the 

same axis. Sampling plots 9 and 2 have relatively high positive values on the axis and relate to 

sand. Plots of topographic position 3 are more isolated towards the origin. Sampling plots 16 and 

17 are out of the loop containing the rest of the plots in the same topographic position. Sampling 

plot 16 has a high positive value and is related to sand. Most of the plots of topographic position 

4 and all the plots of topographic position 5 are in the same axis and close to the origin, and lined 

up with the vertical axis. Sampling plot 15, of topographic position 4, has a high positive value 

of the axis and is related to sand. 

 
 
 
 
 
Figure 39: PCA 
biplots (comp. 2 vs. 
comp. 1) for soil, 
showing sampling 
plots grouped by 
topographic 
position. 
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Component 1 vs. component 3 shows little difference in results from component 1 vs 

component 2 (Figure 40). Sand shows a strong negative relation with silt and clay. All three soil 

texture classes (sand, silt, and clay) are in the zero axes. Plots of topographic position 1 are 

vertically in the same axis, close to each other and inclined towards sand. Plots of topographic 

position 2 are relatively dispersed and few of them are in the same vertical axis. Sampling plot 2 

and 9 of topographic position 2 has relatively high positive values in the vertical axis and relate 

to sand. Plots in topographic position 3 are close to the origin and dispersed, unlike other 

positions. Sampling plot 16 of this topographic position has an extremely positive high value in 

the vertical axis and related to sand, whereas sampling plot 4 of the same topographic position is 

in the third quadrant and related to silt and clay. Most of the plots in topographic position 4 are in 

quadrant 2 and 3 and show inclination towards silt and clay. However, sampling plot 15 of the 

same topographic position shows relatively high value and is related to sand. Plots in 

topographic position 5 have very close proximity and are vertically in the same axis. Though 

they are centered and close to origin, they are inclined towards silt and clay. 

 
 
 
 
 
 
Figure 40: PCA biplots 
(comp.1 vs comp. 3) for 
soil, showing sampling 
plots grouped by 
topographic position. 
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Component 2 vs. component 3 (Figure 41) shows a strong negative relationship between 

silt and clay. Calcium carbonate is inclined towards silt, whereas organic matter and moisture 

leans towards clay. The rest of the soil parameters are crowded and centered at origin. Plots in 

topographic position 1 are vertically in the same axis and show their inclination towards silt. The 

majority of them are in the first quadrant (positive axis). Plots of topographic position 2 are 

dispersed into three different quadrants and not in close proximity. Sampling plots 2 and 27 of 

this topographic position have relatively high positive values on the axis and relate to silt. Plots 

in topographic position 3 show a strong gradient towards the zero axis. Except for sampling plots 

16 and 17 the rest of the plots of this topographic position are closely grouped in the same axis. 

Sampling plots 16 and 17 have relatively high negative values on the axis and relate to clay. 

Plots in topographic position 4 lean more toward the negative gradient of this biplot and show an 

inclination towards clay. Sampling plots 12 and 23 are outliers in comparison to the rest of the 

plots of the same topographic position, and are seen in the second quadrant. Plots of topographic 

position 5 are horizontally ordered in the first and second quadrants. Sampling plot 7 of this 

topographic position has a relatively high positive value and inclines towards silt, whereas 

sampling plot 14 is more centered but slightly inclined towards clay. 

 
 
 
 
 
Figure 41: PCA biplots (comp.2 vs. 
comp. 3) for soil, showing sampling 
plots grouped by topographic position. 
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5.3.2 PCA Biplots Including Soil Nutrients in Reference to Topographic Position. 

Based upon the results expressed in Table 21 and Figure 42, it is found that the first four 

components explain 93% of the total variance in the soil parameters that include nitrogen, 

phosphorous, and potassium. These four components are as follows: component 1 (52%), 

component 2 (75%), component 3 (86%) and component 4 (93%). 

Table 21: PCA variances and loadings for soil parameters (sand, silt, clay, moisture, organic 
matter, organic carbon, calcium carbonate, pH, nitrogen, phosphorous, and potassium). 

 
Soil

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11
1 0.529 0.75 0.863 0.93 0.958 0.975 0.987 0.994 0.998 1 1

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8Comp.9Comp.10Comp.11
Sand 0.424 -0.132 0.01 -0.124 0 0.111 0.006 -0.391 -0.026 0.055 0.787
Silt -0.369 0.314 -0.018 0.331 -0.196 0.173 -0.344 0.386 -0.292 -0.107 0.472

Clay -0.399 -0.111 0.002 -0.147 0.232 -0.424 0.396 0.314 0.397 0.018 0.398
Mois -0.369 -0.062 -0.238 -0.239 0.177 -0.35 -0.549 -0.455 -0.033 -0.288 0
OrgM -0.368 -0.245 -0.113 -0.332 -0.232 0.107 0.021 -0.062 -0.316 0.715 0
OrgC -0.347 -0.188 -0.008 -0.211 -0.383 0.518 0.289 -0.174 0.17 -0.492 0

CaCO3 -0.097 0.566 0.114 -0.019 -0.194 -0.339 0.474 -0.362 -0.378 -0.072 0
pH -0.165 0.355 -0.046 0.325 -0.147 0.122 -0.11 -0.361 0.649 0.372 0
N -0.032 -0.218 0.821 -0.007 -0.372 -0.271 -0.239 -0.024 0.087 -0.001 0
P -0.033 -0.512 -0.285 0.663 -0.261 -0.282 0.168 -0.156 -0.12 -0.043 0
K -0.306 -0.13 0.399 0.309 0.64 0.305 0.132 -0.267 -0.202 0.052 0

 

The diagrammatic representation of these variances can be seen in Figure 42. 

 
Figure 42: Variances for different components (with soil nutrients N, P, and K). 
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Based upon Figure 43, soil texture classes (sand, silt, and clay) occupy different positions 

within the axes. Sand falls in the fourth quadrant and bears a strong negative relationship with 

silt and clay including other soil parameters such as moisture, organic matter, organic carbon and 

potassium. Nitrogen and phosphorus seem positively related and they are in the same axis, lined 

up vertically in the zero axis. Calcium carbonate, pH and silt show a positive relationship among 

themselves, likewise moisture, clay, organic carbon, and organic matter show a strong positive 

relationship among themselves. Soil pH has a direct effect on soil nutrient availability (King et. 

al. 2006), and shows a somewhat negative relationship with nitrogen and phosphorus, while 

potassium is closely associated with moisture, clay, organic matter and organic carbon. 

Several sampling plots are grouped above one another, though they fall into different 

topographic positions. Plots that belong to topographic position 1 are closer to the origin and in 

the first quadrant. Plots of topographic position 2 are more dispersed and are seen in the third and 

fourth quadrants. Sampling plots in topographic position 4 lie more towards the second and third 

quadrants. These show an inclination towards most of the soil parameters, i.e. calcium carbonate, 

pH, organic matter, organic carbon, clay, and potassium. Sampling plot 22 of topographic 

position 5 shows a close relationship with calcium carbonate, falling on the arrow that represents 

that mineral. 

Figure 44, PCA biplot of component 1 vs component 3 shows a somewhat similar 

response to that shown in Figure 43 (component 1 vs component 2). It is clearly understood that 

sand falling in the zero axis of the horizontal line shows a strong negative relationship with silt, 

clay, moisture, organic matter, organic carbon, calcium carbonate, pH, and potassium. However, 

the relationship with nitrogen and phosphorus is somewhat neutral; it does not have any strong 

positive or negative inclination.  
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Figure 43: PCA biplots 
(comp.1 vs comp. 2) for 
soil, showing sampling 
plots grouped by 
topographic position. 
Circles of the same color 
belong to the same 
topographic position. 
 

 

 

Sand lines up horizontally and nitrogen and phosphorus line vertically with the zero axis. Most 

of the sampling plots of topographic position 1 fall within the first and fourth quadrants and they 

are close to zero axis line (vertically). Most of the plots belonging to topographic positions 4 and 

5 show clear inclination towards the potassium and calcium carbonate.  

 

 
 
 
 
 
Figure 44: PCA biplots 
(comp.1 vs comp. 3) for 
soil, showing sampling 
plots colored by 
topographic position. 
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Clay, organic matter, organic carbon, and moisture show close relationships among themselves. 

Potassium and calcium carbonate appear closely related. Nitrogen and phosphorous show a 

strong negative relationship with each other. The different plots and their responses with soil 

parameters can be seen in Figure 44. 

Figure 45 shows somewhat different results than shown in Figure 43 and Figure 44. 

Calcium carbonate, pH and silt show strong negative relationship with sand, clay, organic matter, 

organic carbon, and phosphorus. Moisture responds negatively with nitrogen and potassium. 

However, the relationship between nitrogen and potassium seems strongly positive. Likewise, 

silt, calcium carbonate and pH have a strong positive relationship. As shown in the Figure 43 and 

Figure 44, organic matter, organic carbon and clay are strongly related with each other. Sampling 

plots 18, 19, and 21 in topographic position 1 are in the fourth quadrant, and inclined towards silt 

and pH. Sampling plot 25 of the same topographic position seems very much inclined towards 

nitrogen and potassium. Sampling plots belonging to topographic position 3 are dispersed to 

second, third and fourth quadrant and they show a close inclination with phosphorus, organic 

carbon, organic matter clay, sand and moisture. Most of the plots of topographic position 4 fall 

into the first and second quadrants and show good inclination with nitrogen and phosphorus. 

Two plots of topographic position 5 are lined up with the horizontal axis and show inclination 

towards calcium carbonate. The positions of different sampling plots and their response with 

different soil parameters can be seen in Figure 45. 



136 

 

 
 
 
 
 
 
Figure 45: PCA 
biplots (comp.2 
vs comp. 3) for 
soil, showing 
sampling plots 
colored by 
topographic 
position. 

 

 

 

 

According to Figure 46 (PCA biplot of component 3 vs. component 4), nitrogen is lined 

up with the horizontal axis and shows a negative relationship with phosphorus, organic matter, 

organic carbon, moisture, and sand. Silt and pH seem highly related to each other and show a 

negative relationship with organic matter, organic carbon, moisture and sand. Likewise, 

potassium shows a negative relationship with moisture, organic carbon, organic matter, and sand. 

Calcium carbonate and nitrogen are positively related. Sampling plots that belong to topographic 

position 1 show an inclination towards phosphorous, pH and silt whereas plots of topographic 

position 2 are inclined towards potassium. Plots that belong to topographic position 3 are 

dispersed and their response with different soil parameters varies. Sampling plots that belong to 

topographic position 4 are seen more in the fourth quadrant and are somewhat dispersed. Both 

the sampling plots of topographic position 5 are lined up with vertical axis and one of these 
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shows a good inclination towards calcium carbonate and nitrogen. The positions of different 

sampling plots and their response with different soil parameters can be seen in Figure 46. 

 

 
 
 
Figure 46: PCA 
biplots (comp.3 
vs comp. 4) for 
soil, showing 
sampling plots 
colored by 
topographic 
position. 
 
 
 
 
 
 
 
 
 
5.3.3 PCA Biplots Excluding Soil Nutrients in Reference to Forest Stage. 

The PCA biplot diagrams in response to forest stages illustrate the soil and vegetation 

parameters and their responses with different forest stages. Circles of the same color belong to 

the same forest stage Colors for different forest stages are given in Table 22: 

Table 22: Forest stage color code 

Forest Stages Color code 
Early Successional Forest Stage (E) Black 
Mid Successional Forest Stage (M) Red 
Late Successional Forest Stage (L) Green 

Wetland Low Forest (W) Cyan 
 

According to Figure 47 (comp, 1 vs comp. 2) soil texture classes (sand, silt, and clay) 

show distinct positions in different axes. Sand shows a strong negative relationship with silt and 
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clay, whereas silt and clay show close a relationship between each other although they fall in 

different axes. The rest of the soil parameters are crowded around the origin. 

Plots of early successional forest stage are closely lined up with vertical axis and most of 

them lean towards third quadrant. Plots of this forest stage show positive relationship with clay 

and somewhat lean towards silt. Plots of mid successional forest stage show close proximity with 

vertical axis and show close relationship with clay. Sampling plot 15 of this forest stage show 

inclination towards sand and rest of the plots are close to origin. Most of the plots of late 

successional forest stage are grouped in a close proximity and show close tendency towards silt 

and clay. One of the sampling plots (9) is in the arrow that heads towards sand. Plots of wetland 

low forest are closely lined up in the vertical axis and shows positive relationship with silt and 

clay. 

 
 
 
 
 
Figure 47: PCA biplots 
(comp. 1 against comp. 
2) for soil, showing 
sampling plots grouped 
by forest stage. 
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The results given by component 1 vs. component 3 (Figure 48) shows little difference 

from component 1 vs component2. Sand shows a strong negative relation with silt and clay. All 

three soil texture classes (sand, silt, and clay) are very closely lined up with horizontal axis. Plots 

of early successional forest stage are close with vertical axis and around the origin. Few 

sampling plots of this forest stage show inclination towards silt and clay whereas; sampling plot 

16 shows very close position with sand. Plots of mid successional forest stage are relatively 

dispersed and few of them are in the same vertical axis. Sampling plots 2 and 9 of mid 

successional forest stage has relatively high positive values in the horizontal axis and relate to 

sand. Plots of late successional forest stage are dispersed in the entire quadrant, unlike other 

positions. Sampling plot 4 of the same topographic position is in the third quadrant and related to 

silt and clay. All the plots of wetland low forest are grouped in the second quadrant (very close 

to the vertical axis) and show positive relationship with silt and clay. The plots of this forest 

stage also shows close proximity with the rest of the parameters except sand. 

 
 
 
 
 
 
 
Figure 48: PCA biplots 
(comp. 1 against comp. 3) 
for soil, showing 
sampling plots grouped 
by forest stage. 
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Figure 49 (component 2 vs component 3) shows we can see a strong negative relationship 

between silt and clay. Calcium carbonate is inclined towards silt, whereas organic matter and 

moisture leans towards clay. The rest of the soil parameters are crowded and centered at origin. 

Plots in early successional forest stage are dispersed in the first, second, and third quadrants and 

they show inclination towards clay and calcium carbonate. Sampling plot 16 of this forest stage 

has relatively high positive values on the axis and relate to clay. Several plots of this forest stage 

are lean towards organic matter, moisture and rest of the parameters that are clustered around 

origin. Plots of mid successional forest stage dispersed into all four quadrants and not in close 

proximity. However, few plots of this forest stage show close inclination towards silt and 

calcium carbonate. Sampling plot 19 of this forest stage has relatively high positive values on the 

axis and relates to silt. Plots of late successional forest stage show close proximity with each 

other and shows inclination towards silt and calcium carbonate. Some of the plots of this forest 

stage are close to parameters that are around origin. Plots of wetland low forest lean more toward 

horizontal axis and inclined more towards silt and calcium carbonate. Sampling plot 14 of this 

forest stage has a relatively high positive value and inclines towards clay and show close 

proximity with rest of the parameters around origin. 

 
 
 
 
 
Figure 49: PCA biplots (comp. 2 
against comp. 3) for soil, showing 
sampling plots grouped by forest 
stage. 
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5.3.4 PCA Biplot of Soil Variables Including Soil Nutrients in Reference to Forest Stage 

Based upon Figure 50, soil texture classes (sand, silt, and clay) occupy different positions 

in different quadrants. Sand falls in the fourth quadrant and bears a strong negative relationship 

with silt and clay including other soil parameters such as moisture, organic matter, organic 

carbon and potassium. Nitrogen and phosphorus seem positively related and they are in the same 

axis, lined up vertically in the zero axis. Calcium carbonate, pH and silt show a positive 

relationship among themselves, likewise moisture, clay, organic carbon, and organic matter show 

a strong positive relationship among themselves. Soil pH has a direct effect on soil nutrient 

availability (King et. al. 2006), and shows a somewhat negative relationship with nitrogen and 

phosphorus, while potassium is closely associated with moisture, clay, organic matter and 

organic carbon. 

Several sampling plots are grouped above one another, though they fall into different 

forest stage. Plots that belong to early successional forest stage are closer to the origin and in the 

fourth quadrant. Sampling plots of this forest stage shows a positive relationship with nitrogen, 

phosphorous, and calcium carbonate. Plots of mid successional forest stage are more dispersed 

and are seen in all four quadrants and seems inclined almost with all the soil parameters. 

Sampling plots in late successional forest stage lie more towards the second, third, and fourth 

quadrants. Two plots of this forest stage show an inclination towards silt, sand, and pH. Plot of 

wetland low forest shows a close relationship with calcium carbonate, falling on the arrow that 

represents that mineral. 
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Figure 50: 
PCA 
biplots 
(comp.1 vs 
comp. 2) 
for soil, 
showing 
sampling 
plots 
grouped by 
forest stage. 
 
 
 
 
 
 

Figure 48, PCA biplot of component 1 vs component 3 shows somewhat similar response 

to that shown in Figure 51 (component 1 vs component 2). It is clearly understood that sand that 

falling in the horizontal line shows a strong negative relationship with silt, clay, moisture, 

organic matter, organic carbon, calcium carbonate, pH, and potassium. However, the relationship 

with nitrogen and phosphorus is somewhat neutral; it does not have any strong positive or 

negative inclination. Sand lines up horizontally and nitrogen and phosphorus vertically with the 

axis line. 

Most of the sampling plots that are of early successional forest stage fall within first and 

fourth quadrant and they are close to zero axis line (vertically). Sampling plots 12 and 16 of this 

forest stage shows a very close relationship with nitrogen and sand respectively. Sampling plots 

of mid successional forest stage are widely distributed in all over the quadrants showing 
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relationship with sand, potassium, nitrogen, calcium carbonate and few plots with phosphorous 

Several plots of late successional forest stage show clear inclination towards the potassium and 

calcium carbonate. Both the plots of wetland low forest show clear indication of their inclination 

towards calcium carbonate and potassium. Clay, organic matter, organic carbon, and moisture 

show close relationships among themselves. Potassium and calcium carbonate appear closely 

related. Nitrogen and phosphorous shows a strong negative relationship with each other. The 

different plots and their responses with soil parameters are shown in Figure 51. 

 
 
 
 
 
Figure 51: 
PCA biplots 
(comp.1 vs 
comp. 3) for 
soil, showing 
sampling plots 
colored by 
forest stage. 

 

 

 

 

 

Figure 52 shows somewhat different results than shown by Figure 50 and Figure 51. 

Calcium carbonate, pH and silt show strong negative relationship with sand, clay, organic matter, 

organic carbon, and phosphorus. Moisture responds negatively with nitrogen and potassium. 

However, relationship between nitrogen and potassium seems strongly positive. Likewise, silt, 
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calcium carbonate and pH have a strong positive relationship. As shown in the Figure 50and 

Figure 51, organic matter, organic carbon and clay are strongly related with each other.  

Regarding their response with different forest stage, plots of early successional forest 

stage are dispersed through almost all the quadrants and does not show close proximity with 

most of the soil variables. Plots of mid successional forest stage are also dispersed through 

almost all the quadrants. However, sampling plot 27 and 19 of this forest stage shows close 

inclination towards calcium carbonate, silt and pH respectively. Plots of late successional forest 

stage are dispersed but shows close proximity towards the origin. Sampling plots 25 of this forest 

stage shows strong inclination towards potassium and nitrogen. Similarly, sampling plots 11 with 

calcium carbonate and 18 with silt and pH shows close relationships. Both the plots of wetland 

low forest are in a close proximity with calcium carbonate. Additional information of these 

explanations can be found in the Figure 52. 

 
 
 
 
 
Figure 52: PCA 
biplots (comp.2 vs 
comp. 3) for soil, 
showing sampling 
plots colored by 
forest stage. 
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According to Figure 53 (PCA biplot of component 3 vs. component 4), nitrogen is lined 

up with horizontal axis and shows a negative relationship with phosphorus, organic matter, 

organic carbon, moisture, and sand. Silt and pH seem highly related to each other and shows a 

negative relationship with organic matter, organic carbon, moisture and sand. Likewise, 

potassium shows a negative relationship with moisture, organic carbon, organic matter, and sand. 

Calcium carbonate and nitrogen are positively related.  

Sampling plots that belong to early successional forest stage are not grouped in a close 

proximity and also does not show clear inclination with most the soil variables. However, 

sampling plot 12 shows tendency towards nitrogen. Plots of mid successional forest stage are 

more towards origin and seems in a close proximity with several soil parameters Sampling plot 

15 and 27 of this forest stage show a strong inclination with, calcium carbonate, nitrogen, and 

potassium respectively. Plots that belong to late successional forest stage are in a close proximity 

with origin. Sampling plots 18 and 24 shows strong relationship with phosphorous. One of the 

plots of wetland low forest shows a strong positive relationship with calcium carbonate and 

nitrogen. The positions of different sampling plots and their response with different soil 

parameters can be seen in Figure 53. 

 
Figure 53: PCA biplots (comp.3 vs 
comp. 4) for soil, showing sampling 
plots colored by forest stage. 
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5.3.5 PCA Biplot of the Importance Value (IV) of Selected Tree Species in Reference to 
Topographic Position 

 
Next, investigation was the IV of selected tree species using PCA (Table 23 and Figure 

54). 

Table 23: PCA variances and loadings for importance value of selected tree species 

Vegetation
V1 V2 V3 V4 V5 V6 V7 V8

1 0.221 0.413 0.572 0.711 0.845 0.924 0.984 1
Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8

IV-CELM 0.43 -0.387 -0.424 0.294 -0.168 0.29 0.012 -0.535
IV-BOAK -0.014 -0.524 0.44 -0.323 -0.188 -0.46 0.248 -0.344
IV-SWPR 0.229 0.436 0.628 0.025 0.111 0.317 -0.143 -0.48
IV-GASH -0.423 0.304 -0.219 -0.06 -0.568 -0.217 -0.414 -0.367
IV-MULB -0.606 0.021 0.036 0.219 -0.075 0.376 0.638 -0.169
IV-SGRB -0.153 0.085 -0.376 -0.589 0.581 0.024 0.029 -0.378
IV-OSGE -0.348 -0.521 0.196 -0.139 0.048 0.499 -0.535 0.109
IV-AELM -0.269 -0.121 0.057 0.625 0.506 -0.407 -0.226 -0.214  

 
Figure 54: Variances for different components (vegetation) 
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According to Table 23 and Figure 54, the first six components of the PCA biplot can 

explain more than 90% of the total variances. These six components are component 1 (22%), 

component 2 (41%), component 3 (57%), component 4 (71%), component 5 (84%) and 

component 6 (92%). Using these six principal components, the following PCA biplot reveals the 

relationship and positions of tree species in the different topographic positions and the quadrant 

into which they fall. 

In the following figures observations are labeled as 1 to 28 (sampling plot) and the 

variables (arrows) are the importance value of the selected tree species (Cedar elm, American 

elm, Green ash, Swamp privet, Red mulberry, Osage orange, Bur oak, and Sugarberry) The 

bottom and left axis labels and scale correspond to the observations (coordinates related to 

principal components) whereas the top and right axis labels and scales correspond to the 

variables (coordinates of different vegetation parameters). Circles of the same color belong to the 

same topographic position. 

As shown in figure 18 (PCA biplot for component 1 vs component 2), tree species show 

different responses with each other. Swamp privet shows strong negative relation with osage 

orange, but osage orange shows positive relationship with American elm and bur oak. Likewise, 

green ash demonstrates a strong negative relation with cedar elm. However, it shows a positive 

relationship with sugarberry and red mulberry. It is found that red mulberry lines up with 

horizontal axis and the burbur oak with vertical axis. In terms of their response with different 

topographic positions, sampling plots that belong to topographic position are more clustered 

towards origin, and they show a good inclination towards sugarberry, red mulberry and 

American elm. Most of the sampling plots that fall under the topographic position 2 are dispersed 

within the second and third quadrants and show a good inclination towards sugarberry, green 
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ash, red mulberry, American elm, and osage orange. Sampling plots of topographic position 3 

incline more towards the first and fourth quadrants and close to the zero axis (vertically). The 

tree species that are inclined towards this topographic position are cedar elm and swamp privet. 

Cedar elm, green ash and sugarberry are the dominant tree species in topographic position 4, and 

most of the sampling plots that belong to this topographic position are in the first, second and 

fourth quadrants. The three plots of topographic position 5 are in the first quadrant and show a 

strong relationship with swamp privet. Figure 18 clearly explain the diagrammatic representation 

of this explanation. 

 
 
 
 
 
 
Figure 55: PCA 
biplots (comp.1 
vs comp. 2) for 
vegetation, 
showing sampling 
plots grouped by 
topographic 
position. 

 

 

 

 

As seen in Figure 56 (PCA biplot of component 1 vs component 3), osage orange, 

American elm and red mulberry are closely related and in the same quadrant. Likewise, green 

ash and sugarberry are in the same quadrant and are related. Cedar elm seems slightly isolated 

and falls in the fourth quadrant showing a negative relation with osage orange, American elm 
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and red mulberry. Sugarberry shows a strong negative relationship with swamp privet, whereas 

swamp privet and bur oak seem positively related and are in the first quadrant. Most of the 

sampling plots in topographic position 1 are closely lined up with the vertical axis. American 

elm, osage orange, red mulberry, green ash and sugarberry shows close proximity with 

topographic position 1, and are closely grouped near origin. Sampling plots of topographic 

position 2 are dispersed in the second and third quadrant and show good inclination towards 

osage orange, American elm, red mulberry, green ash and sugarberry. Most of the sampling plots 

of topographic position 3 are in the fourth quadrant and show a strong inclination towards cedar 

elm. Plots of topographic position 4 are dispersed through all the quadrants but close to the 

origin. Tree species that are associated with this topographic position are cedar elm, green ash 

and sugarberry. Out of three sampling plots of topographic position 5, one is right on the vertical 

axis and two are in the first quadrant. Swamp privet is the dominant tree species in this 

topographic position. Figure 56 shows pictorial clarification of above mentioned explanation. 

 
 
 
 
 
 
Figure 56: PCA 
biplots (comp.1 vs 
comp. 3) for 
vegetation, showing 
sampling plots 
grouped by 
topographic 
position. 
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Based upon Figure 57, (PCA biplot of component 2 vs component 3) swamp privet 

shows a strong negative relationship with cedar elm and is in the opposite position in quadrant. 

Likewise, green ash shows a strong negative relationship with bur oak and osage orange. 

American elm and red mulberry are highly clustered at the origin. In terms of their response with 

different topographic position, sampling plots of topographic position 1 are clustered near the 

origin with American elm, red mulberry. They are also inclined towards green ash, osage orange 

and sugarberry. Sampling plot two is also clustered around the origin and shows a good 

association with American elm, red mulberry, green ash and sugarberry. Some of the plots of this 

topographic position are horizontally lined up with the zero axis. Plots in topographic position 3 

are also clustered around the origin and show a good inclination towards cedar elm, green ash, 

sugarberry and swamp privet. Most of the sampling plots of topographic position 4 are in the 

third and fourth quadrants and lined up with the vertical axis. Plots of this topographic position 

show good inclination with cedar elm, green ash and sugarberry. All the plots of topographic 

position 5 are in the first quadrant and show strong bonds with swamp privet in terms of their 

position. These explanations are clearly pictured in Figure 57. 

Figure 58, PCA biplot (component 3 vs component 4) shows interesting results about 

species distribution on different quadrants and responses with different topographic positions. 

Swamp privet is lined up with the horizontal axis and shows a strong negative relation with green 

ash. Cedar elm shows strong negative relationship with osage orange and bur oak. Likewise, 

sugarberry shows a negative relationship with American elm and red mulberry. Osage orange 

and bur oak have a strong positive relationship. Similarly, red mulberry and American elm are 

positively related. 
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Figure 57: 
PCA biplots 
(comp.2 vs 
comp. 3) for 
vegetation, 
showing 
sampling 
plots grouped 
by 
topographic 
position. 

 

 

 
 
Regarding responses with different topographic positions, sampling plots of topographic 

position 1 are closely lined up with the vertical axis, and two of the sampling plots are in the 

third and fourth quadrants. The response with American elm, green ash sugarberry and red 

mulberry seems closely associated. Plots of topographic position 2 are also lined up closely with 

vertical axis and show an inclination towards American elm, red mulberry, green ash, sugarberry 

and osage orange. All the plots of topographic position 3 are clustered around the origin and 

shows close association with cedar elm, green ash and sugarberry. Sampling plots belonging to 

topographic position 4 are lined up vertically and show a positive response with cedar elm, green 

ash and sugarberry. All three plots of topographic position 5 are horizontally lined up and show 

good association with swamp privet. Figure 58 gives more clear explanation of these definitions. 
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Figure 58: 
PCA biplots 
(comp.3 vs 
comp. 4) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 

According to Figure 59 (PCA biplot component 4 vs component 5), American elm and 

bur oak are negatively related with each other. Likewise, sugarberry shows negative relationship 

with mulberry and cedar elm. A negative relationship is also seen between swamp privet and 

green ash, and between osage orange, red mulberry and cedar elm. Red mulberry and cedar elm 

are positively related. Similarly, a positive relationship is seen between osage orange and 

sugarberry.  

Sampling plots of topographic position 1 are scattered in the first, second, and third 

quadrants and show a good inclination towards American elm, sugarberry and osage orange. 

Plots belonging to topographic position 2 are diagonally lined up with the second and fourth 

quadrants and show an association with sugarberry, osage orange, green ash, red mulberry and 

American elm. Sampling plots of topographic position 3 are clustered around the origin and 

inclined towards cedar elm, green ash, red mulberry and American elm. All the plots of 
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topographic position 4 are scattered and show a positive relationship with cedar elm, red 

mulberry, osage orange, sugarberry and American elm. Plots of topographic position 5 are 

grouped at the origin and closely associated with swamp privet. Figure 59 gives a good visual 

impression of the explanation explained above. 

 
 
 
 
 
 
Figure 59: 
PCA biplots 
(comp.4 vs 
comp. 5) for 
vegetation, 
showing 
sampling 
plots grouped 
by 
topographic 
position. 
 
 
 
 
 
 

According to Figure 60 (PCA biplot of component 5 vs component 6), osage orange, red 

mulberry, cedar elm and swamp privet are closely related and seen close to the vertical axis. 

Likewise green ash and bur oak, and sugarberry and American elm relate to each other. 

However, green ash shows a negative relationship with sugarberry and bur oak shows a negative 

relationship with osage orange and swamp privet. Cedar elm and American elm are negatively 

related and are in an opposite quadrant.  

Regarding their response with different topographic positions, some of the sampling plots 

of topographic position 1 are in the fourth quadrant and some are lined up with vertical and 
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horizontal axis. They are close to bur oak, sugarberry and American elm. Plots of topographic 

position 2 are close to the vertical axis and inclined towards sugarberry, American elm, green ash 

osage orange and red mulberry. Sampling plots of topographic position 3 are closely clustered 

around the origin and show a good association with sugarberry, cedar elm and green ash. 

American elm, green ash, and cedar elm are representative of topographic position 4 and plots of 

topographic position 5 are very well grouped and lined up horizontally, representing swamp 

privet as a dominant tree species in that topographic position. Figure 60 gives diagrammatic 

clarification of these relationships. 

 
 
 
 
 
Figure 60: 
PCA biplots 
(comp.5 vs 
comp. 6) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 

 

 

 

 

Based upon Figure 61 (PCA biplot component 6 vs component 7), red mulberry has a 

strong negative relationship with green ash and a somewhat negative response with American 

elm. Bur oak shows a strong negative relationship with swamp privet and osage orange. Cedar 

elm is lined up with the horizontal axis and shows a negative relationship with bur oak and 
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American elm. Positive relationships are found between cedar elm and swamp privet and 

between bur oak and American elm. Sugarberry is at the origin in a close proximity with 

topographic position 4.  

With reference to the response of these tree species in different topographic positions, 

sampling plots of topographic position 1 lean more towards American elm, bur oak, and 

sugarberry. Most of the sampling plots of topographic position two are around the origin and 

show a strong inclination towards osage orange, red mulberry, green ash and sugarberry. Plots of 

topographic position 3 are closer to Sugarberry. Sampling plots of topographic position 4 lean 

more towards the origin, vertically lined up and showing a strong association with cedar elm, 

sugarberry, and green ash. Plots of topographic position five are grouped closely and 

representing swamp privet as their dominant tree species. Figure 61 explains the details. 

 

 
 
 
 
Figure 61: PCA 
biplots (comp.6 
vs comp. 7) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 
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5.3.6 PCA Biplot of Total Density, Total Basal Area and IV of Selected Tree Species in 
Reference to Topographic Position 

 
As shown in Table 24 and Figure 62, component 1 (22% variance), component 2 (40 % 

variance), and component 3 (54 % variance), component 4 (67%), component 5 (78%), 

component 6 (87%), and component 7 (94%) can be used for PCA biplots for vegetation 

variables. 

Table 24: PCA variances and loadings for vegetation parameters (total density, total basal area 
and importance value of the selected tree species). 

 
Vegetation

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
1 0.221 0.409 0.544 0.672 0.781 0.878 0.943 0.973 0.989 1

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8 Comp.9 Comp.10
Dens 0.997 -0.059 -0.019 -0.013 0.034 0.008 -0.006 -0.023 0.001 0.004
BA -0.007 0.059 0.138 -0.001 0.213 0.913 0.273 -0.013 -0.122 0.1
IV-CELM -0.054 -0.898 -0.199 -0.189 -0.268 0.161 -0.052 -0.108 -0.045 -0.027
IV-BOAK 0 0.001 -0.003 0.005 0.125 -0.041 0.132 -0.024 -0.492 -0.85
IV-SWPR 0.022 0.385 -0.73 -0.143 -0.496 0.203 -0.029 -0.025 -0.084 -0.037
IV-GASH 0.031 0.155 0.568 -0.606 -0.508 0.042 -0.069 0.11 -0.067 -0.057
IV-MULB -0.011 0.103 0.112 -0.011 -0.063 -0.008 0.051 -0.969 0.164 -0.069
IV-SGRB 0.033 -0.03 0.266 0.758 -0.577 0.104 -0.02 0.049 -0.053 -0.061
IV-OSGE -0.003 0.008 0.023 0.018 0.014 -0.165 -0.032 -0.174 -0.835 0.493
IV-AELM -0.01 0.05 0.032 0.042 0.154 0.242 -0.947 -0.055 -0.055 -0.102

 

 
Figure 62: Variances for different components (total density, total basal area and importance 

value of the selected tree species.) 
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According to Figure 62, the first seven components explain more than 90% of the total 

variances. Based upon Table 23 and Figure 55 we see that component 1 (65% variance), 

component 2 (88 % variance), and component 3 (92 % variance) can be used for PCA biplots for 

soil variables and component 1 (22% variance), component 2 (40 % variance), and component 3 

(54 % variance), component 4 (67%), component 5 (78%), component 6 (87%), and component 

7 (94%) explain the total variances. These components are used for PCA biplots for vegetation 

variables including total density, total basal area and importance value of the selected tree 

species. 

According to Figure 63, total density of all the species is lined up with vertical zero axis 

and rest of the species are crowded at the origin. Plots in topographic position 1 are close to 

horizontal zero axis of the biplot. Except for plot 21 all other plots in this topographic position 

are grouped closely. Plots in topographic position 2 are lined up with positive axis of the first and 

second quadrants. Except for sampling plot 3, all other plots are grouped. Most of the plots in 

topographic position 3 are grouped vertically, some are close to the origin and some follow a 

gradient from the negative axis. Sampling plot 16 in this topographic position is isolated from the 

rest of the plots. Plots in topographic position 4 extended from the third quadrant (negative) to 

the fourth quadrant (positive), and are not closely grouped but are in the diagonal vertical axis. 

Plot 23 is relatively high and inclined towards total density. Sampling plot 15 is isolated in the 

vertical zero axis. Plots in topographic position 5 show a distinct position in the biplot towards 

the first quadrant and all plots in this topographic position are lined up vertically close with axis 

line Figure 63 gives a clear position of each topographic position and the response with different 

trees species. 
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Figure 63: PCA 
biplots (comp.1 
vs comp. 2) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 

 

 

 

According to Figure 64, all the vegetation parameters except density are clustered around 

the origin. Density shows a parallel line with the vertical axis. Plots in topographic position 1 are 

vertically grouped in the second quadrant, close to both the horizontal and vertical zero axis. Plot 

21 of this topographic position has relatively high values on the axis and relate to total density. 

Plots in topographic position 2 are extended in the first and second quadrants and are vertically 

lined up. Plot 3 in the same topographic position is isolated and shows in the third quadrant 

(negative). Most of the plots in topographic position 3 are grouped in the third quadrant 

(negative). Plot 5 of the same topographic position is in the first quadrant (positive) and shows 

an inclination towards density. Plots in topographic position 4 are somewhat dispersed but the 

majority are clustered near the origin. Sampling plots extend from the third to first quadrant in 

this topographic position. Sampling plot 23 is isolated and 12 show a strong inclination with 

density and lays in the vertical axis. Plots in topographic position 5 are well grouped in the fourth 
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quadrant. Plot 7 of this topographic position is on the vertical line of the axis. Figure 64 provides 

a pictorial definition of each species and their response with different topographic positions.  

 
 
 
 
 
Figure 64: PCA 
biplots (comp.1 vs 
comp. 3) for 
vegetation, showing 
sampling plots 
grouped by 
topographic 
position. 

 

 

 

 

 

As shown in Figure 65, component 2 vs component 3 shows slightly different results in 

terms of species dispersion in the biplot, unlike component 1 vs 2 and component 1 vs 3. Plots in 

topographic position 1 are closely associated near the origin and the majority of them are in the 

first quadrant (positive). Plots 1 and 21 of this topographic position pass close to the vertical axis 

and plot 21 is isolated in the second quadrant. Most of the plots in topographic position 2 are in 

the first quadrant (positive). Green ash falls in this topographic position. Plot 3 is isolated from 

the topographic position, close to the horizontal axis and shows an inclination towards cedar elm. 

Several plots in topographic position 3 are in the third quadrant (negative) and inclined towards 

Cedar elm. Except plot 16 of the same topographic position, the rest all seem close to the origin. 

Plot 16 is in the fourth quadrant and relates to Swamp privet. Most of the plots in topographic 
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position 4 show a close proximity with Cedar elm and are in the third quadrant. Three plots in 

this position are horizontally lined up and somewhat parallel with axis line. Plot 23 (in the 

vertical zero axis) and plot 15 are isolated and off of the loop from the rest of the plots in the 

same topographic position. Plots in topographic position 5 are distinctly grouped in the fourth 

quadrant and show a relatively high inclination to Swamp privet. All the plots are lined up with 

vertical axis. 

 
 
 
 
 
Figure 65: PCA 
biplots (comp.2 vs 
comp. 3) for 
vegetation, 
showing sampling 
plots grouped by 
topographic 
position. 

  

 

 

According to Figure 66, Sugarberry, Swamp privet, Green ash and Cedar elm show clear 

colonization in different topographic positions. Swamp privet and cedar elm show a positive 

relationship, but they show a negative relationship with sugarberry and green ash. The rest of the 

parameters are clustered at the origin. Most of the plots in topographic position 1 are in first the 

quadrant (positive) and are vertically lined up. Sugarberry shows a close association with this 

topographic position. Plots in topographic position 2 are extended in the first and fourth 

quadrants and somewhat vertically lined up. Plots in topographic position 3 seem slightly 

dispersed, passing through the zero axis line (vertical and horizontal). A few plots in this 
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topographic position are clustered at the origin. Plot 16 shows good inclination with Swamp 

privet and plot 17 shows close association with Cedar elm. Several plots in topographic position 

4 are clustered near the origin and are close to Cedar elm. Plot 12 in this position is isolated and 

seen in the first quadrant (positive). It also shows an inclination towards Sugarberry. Plots in 

topographic position 5 are lined up with the horizontal axis and show a strong relationship with 

Swamp privet. Figure 66 provides additional information regarding component 3 vs. component 

4 for the vegetation with total density, total basal area and importance value of the selected tree 

species. 

 
 
 
Figure 66: 
PCA biplots 
(comp.3 vs 
comp. 4) for 
vegetation, 
showing 
sampling 
plots 
grouped by 
topographic 
position. 
 

Based upon Figure 67 (component 4 vs component 5), Green ash, cedar elm and swamp 

privet show a positive relationship among them and fall in the same quadrant (third quadrant). 

Sugarberry is isolated in the first quadrant. The rest of the species, total basal area and total 

density are clustered around the origin. In terms of different topographic positions and their 

responses with different species most of the sampling plots that belong to topographic position 

one are in first quadrant but close to vertical axis. One of the plots is closely associated with 
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sugarberry and the rest are clustered near American elm, total basal area and red mulberry. 

Sampling plots of topographic position two are close to the origin, where most of the species are 

clustered. Sampling plots that belong to topographic position three show an inclination towards 

cedar elm, sugarberry and swamp privet and they are close to vertical axis. Most of the plots of 

topographic position four are closely lined up with horizontal axis and shows positive 

relationship towards green ash, cedar elm and swamp privet. Plots of topographic position five 

are closely associated with swamp privet and clustered around the origin. Figure 67 provides 

further diagrammatic explanation of these relationships. 

 
 
 
 
 
Figure 67: PCA 
biplots (comp.4 
vs comp. 5) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 

 

 

 

 

The results given by component 5 vs component 6 for vegetation parameters shows a 

somewhat different expression (Figure 68) than the above mentioned components. Cedar elm, 

swamp privet, sugarberry and green ash are closely clustered near the horizontal axis in the 

second quadrant. Total basal area and American elm are in the same direction (arrow); bur oak 
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lines up with horizontal axis near fourth quadrant. Regarding their response with different 

topographic positions, plots of topographic position 1 are vertically grouped in the first and 

fourth quadrant and show a close association with total basal area American elm and bur oak. 

Most of the sampling plots of topographic positions 2 and 3 are inclined towards the second 

quadrant and show a good relationship with cedar elm, green ash, sugarberry swamp privet and 

osasge orange. Sampling plots of topographic positions 4 and 5 are grouped in a vertical axis and 

are close to all species clustered at the origin. Figure 68 provides further explanation of their 

relationship. 

 
 
 
 
Figure 68: PCA 
biplots (comp.5 
vs comp. 6) for 
vegetation, 
showing 
sampling plots 
grouped by 
topographic 
position. 

 

 

 

 

Figure 

68 (component 

6 vs component 

7) gives 
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somewhat different results than any other components described above in this section. Only total 

basal area and American elm showa distinct position in the two different quadrants, with all other 

species clustered at the origin. The sampling plots are highly dispersed throughout the different 

quadrants and are not grouped closely for any particular species. Figure 69 provides further 

detail of these two components and their responses with different topographic positions. 

 
 
 
 
Figure 69: PCA biplots (comp. 6 vs comp. 7) for vegetation, showing sampling plots grouped by 
topographic position. 

 

 

 

5.3.7 PCA Biplot of the IV of Selected Tree Species in Reference to Forest Stage. 

In the following figures observations are labeled as 1 to 28 (sampling plot) and the 

variables (arrows) are total density, total basal area, and the importance value of the selected tree 

species (Cedar elm, American elm, Green ash, Swamp privet, Red mulberry, Osage orange, Bur 

oak, and Sugarberry) The bottom and left axis labels and scale correspond to the observations 

(coordinates related to principal components) where as the top and right axis labels and scales 

correspond to the variables (coordinates of different vegetation parameters). Circles of the same 

color belong to the same forest stage. The proximity between pairs of observations denotes the 

degree of similarity between those observations. 

As shown in Figure 70 (PCA biplot for component 1 vs component 2), tree species show 

different responses with each other. Swamp privet shows a strong negative relation with osage 

orange, but osage orange shows a positive relationship with American elm and bur oak. 
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Likewise, green ash demonstrates a strong negative relation with cedar elm. However, it shows a 

positive relationship with sugarberry and red mulberry. It is found that red mulberry lines up 

with horizontal axis and the burbur oak with vertical axis.  

In terms of their response with different forest stages, sampling plots that belong to early 

successional forest stage are more clustered towards horizontal and vertical axis, and they show a 

good inclination towards, red mulberry, swamp privet and bur oak. Most of the sampling plots 

that fall under the mid successional forest stage are dispersed through almost all the quadrants 

and show a good inclination towards sugarberry, green ash, red mulberry, and cedar elm. 

Sampling plots of late successional forest stages are dispersed through almost all he quadrants. 

However, they show close proximity with vertical and horizontal axis. The sampling plots of this 

forest stage are more inclined towards sugarberry, green ash, red mulberry and cedar elm. 

Sampling plots of wetland low forest are in the first quadrant and show a strong relationship with 

swamp privet. Figure 70 clearly explain the diagrammatic representation of this explanation. 
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Figure 70: 
PCA biplots 
(comp.1 vs 
comp. 2) for 
vegetation, 
showing 
sampling 
plots grouped 
by forest 
stage. 

 

 

 

As seen in Figure 71 (PCA biplot of component 1 vs component 3), osage orange, 

American elm and red mulberry are closely related and in the same quadrant. Likewise, green 

ash and sugarberry are in the same quadrant and are related. Cedar elm seems slightly isolated 

and falls in the fourth quadrant showing a negative relation with osage orange, American elm 

and red mulberry. Sugarberry shows a strong negative relationship with swamp privet, whereas 

swamp privet and bur oak seem positively related and are in the first quadrant.  

Most of the sampling plots of early successional forest stage are closely lined up with the 

vertical axis. Cedar elm swamp privet and sugarberry shows close proximity with early 

successional forest stage. The sampling plots of this forest stage are closely grouped near origin. 

Sampling plots of mid successional forest stage are dispersed through almost all the quadrants 

and show good inclination almost with all the tree species except swamp privet. Most of the 

sampling plots of late successional forest stages are closely lined up with vertical and horizontal 
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axis, and shows inclination towards all the tree species except bur oak and swamp privet. 

Sampling plots of wetland low forest are closely related with swamp privet. Swamp privet is the 

dominant tree species in this forest stage. Figure 71 shows pictorial clarification of above 

mentioned explanation. 

 
 
 
 
 
Figure 71: 
PCA 
biplots 
(comp.1 vs 
comp. 3) 
for 
vegetation, 
showing 
sampling 
plots 
grouped by 
forest 
stage. 

 

 

 

As seen in Figure 72 (PCA biplot of component 2 vs component 3), osage orange and bur 

oak shows negative relationship with green ash. Likewise, cedar elm is negatively related with 

swamp privet. American elm and red mulberry are closely related and their position is very close 

to origin. 

Regarding sampling plots in different forest stages, most of the sampling plots in early 

successional forest stage are closely lined up with the vertical axis and are closely grouped near 

origin. Sugarberry, green ash and cedar elm shows close proximity with this forest stage. 
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Sampling plots of mid successional forest stage are dispersed through almost all the quadrants. 

Most of the sampling plots of this forest stage are inclined towards green ash, cedar elm and bur 

oak. Sampling plots of late successional forest stage appears in a close proximity with origin as 

well as vertical and horizontal axis. The sampling plots of this forest stage show a clear tendency 

towards American elm, cedar elm, sugarberry, and green ash. All three sampling plots of wetland 

low forest are very closely lined up with the arrow representing swamp privet. Swamp privet is 

the dominant tree species in this forest stage. Figure 72 shows pictorial clarification of above 

mentioned explanation. 

 

Figure 72: PCA biplots (comp.2 vs comp. 3) for vegetation, showing sampling plots grouped by 

forest stage. 
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Figure 73, PCA biplot (component 3 vs component 4) shows interesting results about 

species distribution on different quadrants and responses with different forest stage. Swamp 

privet is lined up with the horizontal axis and shows a strong negative relation with green ash. 

Cedar elm shows strong negative relationship with osage orange and bur oak. Likewise, 

sugarberry shows a negative relationship with American elm and red mulberry. Osage orange 

and bur oak have a strong positive relationship. Similarly, red mulberry and American elm are 

positively related. 

Regarding responses with different forest stages, the majority of the sampling plots of 

early successional forest stage are closely lined up with the vertical axis and few with horizontal 

axis. The response with green ash, sugarberry and cedar elm seems closely associated. Plots of 

mid successional forest stage are dispersed through almost all the quadrants. However, most of 

them are in a close proximity with vertical and horizontal axis. Sampling plots of this forest stage 

shows inclination towards American elm, red mulberry, green ash, and sugarberry The majority 

of the sampling plots of late successional forest stage are clustered around the origin and shows 

close association with cedar elm, American elm, red mulberry, green ash sugarberry and osage 

orange. All three plots of wetland low forest are horizontally lined up and show good association 

with swamp privet. Figure 73 gives more clear explanation of these definitions.  
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Figure 73: PCA biplots (comp.3 vs comp. 4) for vegetation, showing sampling plots grouped by 

forest stage. 

According to Figure 74 (PCA biplot component 4 vs component 5), American elm and 

bur oak are negatively related with each other. Likewise, sugarberry shows negative relationship 

with mulberry and cedar elm. A negative relationship is also seen between swamp privet and 

green ash, and between osage orange, red mulberry and cedar elm. Red mulberry and cedar elm 

are positively related. Similarly, a positive relationship is seen between osage orange and 

sugarberry. 

Sampling plots of early successional forest stage are scattered in all the quadrants and 

show a good inclination towards American elm, sugarberry osage orange and cedar elm. Plots 

belonging to mid successional forest stage are also dispersed through almost all the quadrants 
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and shows inclination almost with all the tree species. Sampling plots of late successional forest 

stage are clustered around the origin and inclined towards osage orange, green ash, red mulberry, 

cedar elm and American elm. Plots of wetland low forest are grouped at the origin and closely 

associated with swamp privet. Figure 74 gives a good visual impression of the explanation 

explained above. 

 

 

Figure 74: PCA biplots (comp.4 vs comp. 5) for vegetation, showing sampling plots grouped by 

forest stage. 

According to Figure 75 (PCA biplot of component 5 vs component 6), osage orange, red 

mulberry, cedar elm and swamp privet are closely related and seen close to the vertical axis. 
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Likewise green ash and bur oak, and sugarberry and American elm relate to each other. 

However, green ash shows a negative relationship with sugarberry and bur oak shows a negative 

relationship with osage orange and swamp privet. Cedar elm and American elm are negatively 

related and are in an opposite quadrant. 

Regarding their response with different forest stages, some of the sampling plots of early 

successional forest stage passes close by vertical and horizontal axis and are closely grouped 

near origin. The sampling plots of this forest stage shows inclination towards bur oak, American 

elm and sugarberry. Plots of mid successional forest stage are somewhat close to horizontal axis. 

The majority of sampling plots shows tendency towards sugarberry and American elm and few 

plots seems close to bur oak, cedar elm, and mulberry. Sampling plots of late successional forest 

stage are closely clustered around the origin and show a good association with bur oak, green ash 

and cedar elm. Few sampling plots of this forest stage seem close by American elm and swamp 

privet. Plots of wetland low forest are very well grouped and lined up vertically, representing 

swamp privet as a dominant tree species in that forest stage. Figure 75 gives diagrammatic 

clarification of these relationships. 
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Figure 75: PCA biplots (comp.5 vs comp. 6) for vegetation, showing sampling plots grouped by 

forest stage. 

Based upon Figure 76 (PCA biplot component 6 vs component 7), red mulberry has a 

strong negative relationship with green ash and a somewhat negative response with American 

elm. Bur oak shows a strong negative relationship with swamp privet and osage orange. Cedar 

elm is lined up with the horizontal axis and shows a negative relationship with bur oak and 

American elm. Positive relationships are found between cedar elm and swamp privet and 

between bur oak and American elm and sugarberry is at the origin  

With reference to the response of these tree species in different forest stages, sampling 

plots of early succesional forest stage seems more clustered near origin and shows inclination 

towards almost all the species. Most of the sampling plots of mid successional forest stage 
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depressed through almost all the quadrants and shows positive relationship with almost all the 

species except cedar elm and swamp privet. Plots of late successional forest stages are closer to 

green ash, red mulberry and osage orange. One of the sampling plots of this forest stage is closer 

towards cedar elm and swamp privet. Plots of wetland low forest are grouped closely and 

representing swamp privet as their dominant tree species. One of the sampling plots of the 

wetland low forest also shows positive relationship with red mulberry. Figure 76 explains the 

details. 

 
Figure 76: PCA biplots (comp.6 vs comp. 7) for vegetation, showing sampling plots grouped by 

forest stage. 
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5.3.8 PCA Biplot of Total Density, Total Basal Area and IV of Selected Tree Species in 

Response to Forest Stage. 

According to Figure 77, total density of all the species is lined up with vertical zero axis 

and rest of the species are crowded at the origin. Plots in early successional forest stage are 

widely dispersed but most of them are in the fourth quadrant. Sampling plot 26 of this forest 

stage shows strong inclination towards total density. Plots in mid successional forest stage are 

clustered more towards first and second quadrants. However, they are depressed through almost 

all the quadrants. Sampling plots 23 and 27 of this forest stage shows a strong relationship with 

total density. The majority of the sampling plots of late successional forest stages is in second 

and third quadrants and are in a close proximity. Several sampling plots are closely associated 

with mid successional forest stage. Sampling plot 111 of this forest stage shows close inclination 

with cedar elm. Plots in wetland low forest show a distinct position in the biplot towards the first 

quadrant and two plots in this forest are closely lined up with vertically axis. Figure 77 gives a 

clear position of each topographic position and the response with different trees species. 
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Figure 77: PCA biplots (comp.1 vs comp. 2) for vegetation, showing sampling plots grouped by 

forest stage. 

According to Figure 78, all the vegetation parameters except density are clustered around 

the origin. Density shows a parallel line with the vertical axis. Plots in early successional forest 

stage are scattered near origin. The majority of the sampling plots of this forest stage are closely 

grouped in the first quadrant and shows positive relationship with total density. Plots in mid 

successional forest stage are in a close proximity near origin. Some of the sampling plots of this 

forest stage are overlapped in the origin. Plot 15 of this forest stage shows close relationship with 

swamp privet. The majority of the plots in late successional forest stage are grouped in the 

second and third quadrant (negative).They are properly grouped within a close proximity with 

each other Plots in wetland low forest are well grouped in the fourth quadrant. Plot 7 of this 
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forest type is on the vertical line of the axis. Figure 78 provides a pictorial definition of each 

species and their response with different topographic positions. 

 
Figure 78: PCA biplots (comp.1 vs comp. 3) for vegetation, showing sampling plots grouped by 

forest stage. 

As shown in Figure 79, component 2 vs component 3 shows slightly different results in 

terms of species dispersion in the biplot, unlike component 1 vs 2 and component 1 vs 3. Plots in 

early successional forest stage are closely associated near the origin and the majority of them are 

in the second and third first quadrants (positive). Some of the sampling plots of this forest stage 

show close relationship with cedar elm and sugarberry. One of the sampling plots is nearby 

swamp privet. Most of the plots in mid successional forest stage are clustered near origin. Some 

of the sampling plots show close inclination towards cedar elm, green ash and red mulberry. 
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Several plots in late successional forest stage are distinctly grouped near vertical axis. The 

sampling plots of this forest stage show close proximity with cedar elm, green ash, sugarberry 

and the species that are clustered near origin. Plots in wetland low forest are distinctly grouped in 

the fourth quadrant and show a relatively high inclination to Swamp privet. All the plots are 

lined up with vertical axis. Figure 79 provides a pictorial definition of each species and their 

response with different topographic positions 

 
Figure 79: PCA biplots (comp.2 vs comp. 3) for vegetation, showing sampling plots grouped by 

forest stage. 

According to Figure 80 (component 3 vs. component 4), sugarberry, swamp privet, green 

ash and cedar elm show clear colonization in different topographic positions. Swamp privet and 

cedar elm show a positive relationship, but they show a negative relationship with sugarberry 
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and green ash. The rest of the parameters are clustered at the origin. Most of the plots in early 

successional forest stage are in first the quadrant (positive) and are vertically lined up. 

Sugarberry and cedar elm shows a close association with this forest stage. Plots in mid 

successional forest stage are clustered in the first and fourth quadrants. Several plots of this 

forest stage shows inclination towards sugarberry, cedar elm, and green ash. Plots in late 

successional forest stage seem well grouped near origin and shows close proximity with green 

ash, cedar elm and rest of the parameters in the origin. The majority of the sampling plots of this 

forest stage are in first and fourth quadrants. Plots in wetland low forest are lined up with the 

horizontal axis and show a strong relationship with Swamp privet. Figure 80provides additional 

information regarding component 3 vs. component 4. 
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Figure 80: PCA biplots (comp.3 vs comp. 4) for vegetation, showing sampling plots grouped by 

forest stage. 

Based upon Figure 81 (component 4 vs component 5), Green ash, cedar elm and swamp 

privet show a positive relationship among themselves and fall in the same quadrant (third 

quadrant). Sugarberry is isolated in the first quadrant. The rest of the species, total basal area and 

total density are clustered around the origin.  

In terms of different forest stages and their responses with different species, most of the 

sampling plots that belong to early successional forest stage are near the origin and passes 

through vertical and horizontal axis. Several plots of this forest stage show clear inclination 

towards sugarberry and green ash. The rest of the plots are in a close proximity with origin. 

Sampling plots of mid successional forest stage are scattered through almost all the quadrants 

and and some of the sampling plots close relationship with sugarberry, swamp privet and green 

ash. Sampling plots that belong to late successional forest stage show an inclination towards 

cedar elm, sugarberry and swamp privet, green ash and American elm. It also shows inclination 

towards red mulberry and total basal area. Plots of wetland low forest are closely associated with 

swamp privet and clustered around the origin. Figure 81 provides further diagrammatic 

explanation of these relationships. 
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Figure 81: PCA biplots (comp.4 vs comp. 5) for vegetation, showing sampling plots grouped by 

forest stage. 

The results given by component 5 vs component 6 for vegetation parameters shows a 

somewhat different expression (Figure 82) than the above mentioned components. Cedar elm, 

swamp privet, sugarberry and green ash are closely clustered near the horizontal axis in the 

second quadrant. Total basal area and American elm are in the same direction (arrow); bur oak 

lines up with horizontal axis near fourth quadrant. 

Regarding their response with different forest stages, plots of early successional forest 

stage are grouped and lined up closely with horizontal axis. They seem highly inclined towards 

osage orange. Most of the sampling plots of mid successional forest stage are dispersed through 

almost all the quadrants. Some of the sampling plots of this forest stage show close proximity 
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with swamp privet, cedar elm, sugarberry and osage orange. Sampling plots of late successional 

forest stage dispersed in the first, second, and third quadrants with inclination towards American 

elm, total basal area, bur oak and green ash. Sampling plots of wetland low forest are clustered 

near origin but closely lined up with vertical axis. The sampling plots of this forest stage shows 

inclination towards cedar elm, swamp privet and osage orange. Figure 82 provides further 

explanation of their relationship. 

 
Figure 82: PCA biplots (comp.5 vs comp. 6) for vegetation, showing sampling plots grouped by 

forest stage. 

Figure 83 (component 6 vs component 7) gives somewhat different results than any other 

components described above in this section. Only total basal area and American elm show a 

distinct position in the two different quadrants, with all other species clustered at the origin. The 
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sampling plots are highly dispersed throughout the different quadrants and are not grouped 

closely for any particular species. Figure 62 provides further detail of these two components and 

their responses with different topographic positions. 

 

 
Figure 83: PCA biplots (comp.6 vs comp. 7) for vegetation, showing sampling plots grouped by 

forest stage. 

5.3.9 PCA Biplot of Soil and Vegetation Parameters (Combined). 

Figure 84 (variances for different component of soil and vegetation) provides a clear 

indication that the first seven component explain more than 90% of the total variances. Based 

upon Table 24 and Figure 60, it is understood that component 1 (34%), component 2 (51%), 

component 3 (61%), component 4 (70%), component 5 (78%), component 6 (84%), and 
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component 7 (90%) explain the total variances and these components are used for PCA biplots 

for soil and vegetation combined.  

 
Figure 84: Variances for different component (soil and vegetation combined)  

 
Table 25: PCA variances and loadings for soil and vegetation parameters combined 

Soil and Vegegetation
V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

1 0.345 0.517 0.616 0.707 0.786 0.848 0.901 0.936 0.962 0.976
Comp.1Comp.2 Comp.3 Comp.4 Comp.5Comp.6 Comp.7 Comp.8 Comp.9 Comp.10

Sand 0.39 -0.139 0.033 -0.011 0.079 -0.118 -0.108 -0.075 -0.096 0.157
Silt -0.328 0.252 -0.156 0.033 -0.187 0.246 0.117 0.044 0.228 -0.066
Clay -0.381 -0.023 0.119 -0.017 0.065 -0.058 0.076 0.098 -0.081 -0.233
Mois -0.346 -0.02 0.12 0.215 0.096 0.061 0.227 -0.041 -0.267 0.177
OrgM -0.357 -0.19 0.082 0.116 0.1 0.069 -0.157 0.062 -0.166 -0.036
OrgC -0.331 -0.14 -0.026 0.058 -0.008 0.067 -0.298 0.227 -0.326 0.107

CaCO3 -0.065 0.444 0.071 0.03 -0.142 0.247 -0.09 0.058 0.242 -0.079
pH -0.138 0.269 -0.164 0.013 -0.137 0.228 0.12 -0.098 0.185 0.267
N -0.03 -0.173 0.247 -0.332 -0.517 -0.147 -0.349 0.384 0.258 0.119
P -0.049 -0.389 -0.282 -0.029 0.106 -0.123 0.582 0.428 0.309 0.138
K -0.296 -0.009 0.009 -0.339 -0.214 -0.276 0.1 -0.047 -0.095 0.037

IV-CELM -0.211 -0.367 -0.341 0.005 -0.085 -0.066 -0.219 -0.371 0.119 -0.348
IV-BOAK -0.019 -0.024 -0.004 -0.002 -0.024 -0.01 -0.086 -0.112 -0.089 0
IV-SWPR 0.156 -0.169 0.539 0.272 -0.309 0.238 0.311 0.147 -0.152 -0.343
IV-GASH -0.123 0.207 0.322 -0.142 0.645 -0.16 -0.166 0.274 0.234 -0.097
IV-MULB -0.027 0.216 0.114 -0.607 -0.041 -0.144 0.346 -0.21 -0.341 -0.075
IV-SGRB 0.096 0.388 -0.366 0.299 -0.182 -0.456 -0.033 0.406 -0.341 -0.173
IV-OSGE 0.034 0.018 -0.061 -0.05 0.04 -0.101 0.051 -0.021 0.207 -0.668
IV-AELM 0.169 -0.073 -0.324 -0.393 0.13 0.598 -0.089 0.351 -0.298 -0.176  
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Table 26: Continuation of Table 25 (PCA variances and loadings for soil and vegetation 

parameters combined) 

Soil and Vegegetation
V11 V12 V13 V14 V15 V16 V17 V18 V19

1 0.986 0.991 0.996 0.998 0.999 1 1 1 1
Comp.11 Comp.12 Comp.13 Comp.14 Comp.15 Comp.16 Comp.17 Comp.18 Comp.19

Sand 0.125 -0.192 0.202 0.026 -0.143 0.117 -0.026 0.088 0.787
Silt -0.339 -0.101 -0.11 -0.43 0.137 -0.186 0.171 -0.098 0.472
Clay 0.154 0.5 -0.268 0.458 0.12 -0.009 -0.153 -0.071 0.398
Mois -0.205 0.112 0.649 0.128 0.076 -0.004 0.238 0.31 0.002
OrgM 0.1 -0.043 0.201 -0.425 -0.205 0.077 -0.657 -0.175 -0.001
OrgC 0.185 -0.172 -0.353 -0.099 -0.237 0.326 0.469 0.153 0.001

CaCO3 0.563 -0.159 0.149 0.026 0.261 0.192 -0.14 0.383 0.002
pH 0.088 -0.03 0.08 0.348 -0.701 -0.049 -0.029 -0.227 -0.001
N -0.07 0.252 0.259 -0.027 -0.083 -0.103 0.063 0.041 0
P 0.241 -0.059 -0.031 -0.09 -0.032 -0.001 -0.029 0.173 0.001
K -0.231 -0.618 -0.039 0.338 0.176 0.145 -0.223 -0.017 0

IV-CELM 0.341 -0.137 0.233 0.069 0.049 -0.332 0.229 -0.113 0
IV-BOAK -0.122 -0.033 -0.274 0.006 -0.245 -0.532 -0.231 0.695 0.004
IV-SWPR 0.103 -0.279 -0.04 0.061 -0.111 -0.2 0.084 -0.138 -0.001
IV-GASH 0.021 -0.247 0.089 0.041 -0.102 -0.301 0.16 -0.107 0
IV-MULB 0.289 0.143 0.046 -0.336 -0.145 -0.071 0.132 -0.016 0
IV-SGRB 0.061 -0.02 0.125 0.003 -0.044 -0.183 -0.029 -0.087 0
IV-OSGE -0.282 0.05 0.119 -0.021 -0.363 0.443 0.028 0.251 0.001
IV-AELM -0.104 -0.037 0.144 0.175 0.073 -0.094 -0.07 -0.015 0  

The results for PCA biplot (soil and vegetation combined) is not categorized based upon 

topographic positions or forest stages. The relationships between soil and vegetation parameters 

are discussed below in this section. 

In the following figures observations are labeled as 10 to 28 (sampling plot) and the 

variables (arrows) are the importance value of the selected tree species (Cedar elm, American 

elm, Green ash, Swamp privet, Red mulberry, Osage orange, Bur oak, and Sugarberry) and soil 

parameters (sand, silt, clay, moisture, organic matter, organic carbon, calcium carbonate, pH, 

nitrogen, phosphorous, and potassium) The bottom and left axis labels and scale correspond to 

the observations (coordinates related to principal components) where as the top and right axis 

labels and scales correspond to the variables (coordinates of different vegetation parameters). 
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The proximity between pairs of observations denotes the degree of similarity between those 

observations. 

Component 1 vs component 2, provides a clear picture of soil parameters and their 

inclination with tree types. Based upon Figure 85, American elm and swamp privet are in the 

same direction as sand is. Cedar elm is strongly inclined towards organic carbon, organic matter, 

nitrogen, and phosphorus. The soil parameters of silt, pH, and calcium carbonate offer a positive 

relationship with green ash, red mulberry and sugarberry. Osage orange and bur oak are clustered 

around the origin. Clay, potassium, and moisture are closely lined up with the horizontal axis. 

Most of the sampling plots are dispersed throughout the quadrants and not properly grouped in 

one specific topographic position or forest stages. Figure 85 provides more information about 

soil and vegetation response in component 1 vs component 2. 
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Figure 85: PCA biplots (comp.1 vs comp. 2) for soil and vegetation, showing sampling plots. 

According to Figure 86, sand shows a negative relation with organic carbon. Clay, 

moisture, organic matter, organic carbon and calcium carbonate seem strongly related and 

closely grouped. Sugarberry and American elm are positively related. Likewise, green ash, 

swamp privet and red mulberry show an inclination towards the same direction. In terms of their 

response with soil parameters; pH is related with cedar elm whereas phosphorous is in the 

middle of cedar elm, sugarberry and American elm. Calcium carbonate and nitrogen seem 

positively related with green ash, swamp privet and red mulberry. Sand is alone in terms of a 

relationship with any other parameter and is closely lined up with horizontal axis. Figure 86 

gives further information regarding component 1 vs component 3. 
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Figure 86: PCA biplots (comp.1 vs comp. 3) for soil and vegetation, showing sampling plots. 

The response expressed by soil and vegetation combined while performing PCA biplot 

(component 2 vs component 3) in Figure 87shows interesting results in terms of their 

relationships. Most of the soil variables are clustered around the origin, whereas the tree species 

are dispersed all over the quadrant. Phosphorous shows a close relationship with cedar elm. Silt 

and pH seem positive inclined towards sugarberry, and calcium carbonate towards red mulberry. 

Nitrogen, moisture and clay are closely associated with swamp privet. Silt, pH and calcium 

carbonate show a negative relationship with organic matter, organic carbon and sand. Nitrogen, 

clay, moisture, organic matter and sand seem negatively related with sugarberry and osage 

orange, and phosphorous shows a negative relationship with green ash and red mulberry. 

Likewise, silt and pH shows negative relationship with swamp privet. Figure 87 gives further 

information regarding component 2 vs component 3. 

 
Figure 87: PCA biplots (comp.2 vs comp. 3) for soil and vegetation, showing sampling plots. 
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Based upon Figure 88 (component 3 vs component 4), most of the soil parameters are 

crowded and centered at origin. However, their inclination towards trees is quite distinct. 

Moisture, organic matter, and calcium carbonate show a positive relationship with swamp privet. 

Organic carbon, silt and phosphorus lean more towards sugarberry and cedar elm respectively. 

Cedar elm and phosphorus are closely lined up with horizontal axis. Potassium and nitrogen 

show a more close inclination with red mulberry and green ash, and are seen in the fourth 

quadrant. Furthermore, in this diagram potassium and nitrogen show a negative relationship with 

moisture, organic matter, organic carbon and calcium carbonate. Figure 88 explain the details. 

 
Figure 88: PCA biplots (comp.3 vs comp. 4) for soil and vegetation, showing sampling plots. 

Component 4 vs component 5 shows little difference in results from other component 

described elsewhere in this section. Figure 89 reveals the positions that different components 
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hold in different quadrants. It shows that red mulberry is closely lined up with horizontal axis 

and seen leaning towards potassium and nitrogen, as they all fall in the same quadrant. Most of 

the parameters (soil and vegetation) are clustered around the origin. Calcium carbonate and silt 

show an inclination towards sugarberry and swamp privet. Organic matter and moisture show a 

close relationship with each other, however, they show a negative relationship with potassium 

and nitrogen. 

 
Figure 89: PCA biplots (comp.4 vs comp. 5) for soil and vegetation, showing sampling plots.  

According to Figure 90 most of the parameters (of both soil and vegetation) are highly 

clustered around the origin and show a strong inclination towards the third quadrant. Nitrogen 

and phosphorous show a clear inclination towards sugarberry, and calcium carbonate towards 

swamp privet. Green ash and American elm show isolation in the fourth and first quadrant 
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respectively. Sampling plots are so highly dispersed that it is hard to group them by topographic 

position or forest stage. 

 
Figure 90: PCA biplots (comp.5 vs comp. 6) for soil and vegetation, showing sampling plots. 

 Based upon Figure 70, Sugarberry and American elm seem negatively related 

with each other and are lined up close by the horizontal axis. Moisture, pH and silt show a 

positive relationship with swamp privet. Phosphorous and clay show a good inclination towards 

red mulberry, potassium leans towards sugarberry, whereas calcium carbonate is positively 

related with American elm. Sand, nitrogen, organic matter and organic carbon show an 

inclination towards green ash, cedar elm, and bur oak. Phosphorous shows a negative 

relationship with organic matter and organic carbon, whereas calcium carbonate shows a 
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negative relationship with potassium. Nitrogen seems negatively related with moisture, pH and 

silt. 

 
Figure 91: PCA biplots (comp.6 vs comp. 7) for soil and vegetation, showing sampling plots. 
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Table 27: Correlation matrix between soil parameters and the total density, total basal area and importance value of the selected tree 

species.  

Sand Silt Clay Mois OrgM OrgC CaCO3 pH Dens BA CELM BOAK SWPR GASH MULB SGRB OSGE AELM
Sand 1 -0.92 -0.88 -0.84 -0.76 -0.76 -0.38 -0.57 -0.15 -0.04 -0.41 -0.03 0.25 -0.04 0.09 0.13 0.14 0.41
Silt -0.92 1 0.63 0.65 0.52 0.61 0.57 0.68 0.16 0.13 0.25 0.06 -0.26 -0.05 -0.05 -0.01 -0.18 -0.31

Clay -0.88 0.63 1 0.88 0.89 0.77 0.08 0.32 0.11 -0.08 0.51 -0.01 -0.19 0.14 -0.12 -0.24 -0.06 -0.43
Mois -0.84 0.65 0.88 1 0.89 0.8 0.07 0.39 0.21 -0.14 0.45 -0.04 -0.08 0.1 -0.3 -0.2 -0.27 -0.5
OrgM -0.76 0.52 0.89 0.89 1 0.89 -0.11 0.18 0.01 -0.1 0.67 0.03 -0.17 0.09 -0.31 -0.34 -0.09 -0.36
OrgC -0.76 0.61 0.77 0.8 0.89 1 0.06 0.33 0.01 0 0.6 0.01 -0.23 0.08 -0.27 -0.21 -0.23 -0.34

CaCO3 -0.38 0.57 0.08 0.07 -0.11 0.06 1 0.69 0.39 0.13 -0.33 0.1 -0.03 0.08 0.03 0.1 -0.1 -0.28
pH -0.57 0.68 0.32 0.39 0.18 0.33 0.69 1 0.3 0.24 0.05 0.1 -0.16 -0.09 -0.29 0.1 -0.35 -0.28

Dens -0.15 0.16 0.11 0.21 0.01 0.01 0.39 0.3 1 -0.21 -0.39 0 0.21 0.31 -0.41 0.37 -0.23 -0.33
BA -0.04 0.13 -0.08 -0.14 -0.1 0 0.13 0.24 -0.21 1 -0.19 0.17 -0.32 0.19 0.36 -0.02 -0.08 0.26

CELM -0.41 0.25 0.51 0.45 0.67 0.6 -0.33 0.05 -0.39 -0.19 1 -0.07 -0.35 -0.32 -0.32 -0.23 -0.03 -0.11
BOAK -0.03 0.06 -0.01 -0.04 0.03 0.01 0.1 0.1 0 0.17 -0.07 1 -0.12 -0.19 -0.07 -0.17 0.37 -0.09
SWPR 0.25 -0.26 -0.19 -0.08 -0.17 -0.23 -0.03 -0.16 0.21 -0.32 -0.35 -0.12 1 -0.2 -0.16 -0.23 -0.2 -0.12
GASH -0.04 -0.05 0.14 0.1 0.09 0.08 0.08 -0.09 0.31 0.19 -0.32 -0.19 -0.2 1 0.31 -0.05 -0.02 -0.11
MULB 0.09 -0.05 -0.12 -0.3 -0.31 -0.27 0.03 -0.29 -0.41 0.36 -0.32 -0.07 -0.16 0.31 1 -0.02 0.28 0.24
SGRB 0.13 -0.01 -0.24 -0.2 -0.34 -0.21 0.1 0.1 0.37 -0.02 -0.23 -0.17 -0.23 -0.05 -0.02 1 0.05 -0.06
OSGE 0.14 -0.18 -0.06 -0.27 -0.09 -0.23 -0.1 -0.35 -0.23 -0.08 -0.03 0.37 -0.2 -0.02 0.28 0.05 1 0.13
AELM 0.41 -0.31 -0.43 -0.5 -0.36 -0.34 -0.28 -0.28 -0.33 0.26 -0.11 -0.09 -0.12 -0.11 0.24 -0.06 0.13 1
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The correlation matrix table (Table 27) shows very interesting results about the 

relationship between two parameters, one from soil and one from vegetation. It revealed that 

sand is strongly negatively correlated with the rest of the soil parameters. Sand shows negative 

correlations of 92% with silt, 88% with clay, 84% with moisture, 76% with organic matter and 

organic carbon and 57% with pH. 

Sand has another interesting response with Cedar elm and American elm. It has negative 

41% correlation with Cedar elm and positive 41% correlation with American elm. It also has 

negative correlations with total density, total basal area, Bur oak, and Green ash. Silt has a strong 

positive correlation with the rest of the soil parameters except for sand. Silt shows correlations of 

63% with clay, 65% with moisture, 52% with organic matter, 61% with organic carbon, 57% 

with calcium carbonate and 68% with pH. Clay has a strong positive correlation with moisture 

(88%), organic matter (89%), and organic carbon (77%). It shows a positive relationship with 

Cedar elm (51%) but a negative relationship with American elm (43%). Moisture shows strong 

positive relationships with organic matter (89%), and Cedar elm (45%). 

Organic matter and organic carbon have a strong relationship. In general, total organic 

matter content of soil material is commonly measured indirectly by determining the organic 

carbon percentage and multiplying by 1.724. However, the ratio of organic carbon to organic 

matter is variable in different soils and multiplication by 1.8-2.0 is more appropriate for surface 

soil (Buol et al., 2003). There is a 89% positive relationships between organic carbon and 

organic matter. Organic matter has a strong relationship with Cedar elm (67%). It is interesting 

that organic carbon has a zero relationship (0%) with total basal area, but fully expected that 

calcium carbonate has a strong relationship with pH. 



195 

5.4 Canonical Correlations (CANCOR) Analysis 

Canonical Correlation Analysis (CANCOR) was performed between soil and vegetation 

parameters and the results are shown in Table 27. Out of eight canonical correlations results 

(0.955, 0.856, 0.754, 0.689, 0.585, 0.430, 0.123, and 0.028), the first four CANCOR (0.955, 

0.856, 0.754, and 0.689) shows significantly higher correlations among them. Using these four 

correlations values, the following plots (Figure 92) are generated for canonical variables of X 

and Y, where Xcan represents soil variables, and Ycan vegetation variables. As shown in Figure 

92, the first two diagrams (Xcan [,1] and Xcan[,2] depict the strength of the relationship between 

the set of soil variables and set of vegetation variables. They show a very good linear pattern of 

increment and yield the high canonical correlations. The last two diagrams (Xcan [,3] and Ycan 

[,4] also show a somewhat linear pattern, but seem more scattered than the first two diagrams. 

The canonical correlation values for x coefficients (soil parameters) and y coefficients 

(vegetation parameters) are given in Table 23. 



196 

 

Figure 92: Canonical correlation plots generated by using the first four canonical variables of X 

and Y. Plots are of Ycan (vegetation) and Xcan (soil).  
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Table 28: Canonical Correlations (CANCOR) results; x-coefficient (soil parameters) and y-coefficient (total density, total basal area 

and importance value of the selected tree species)  

x-coefficient
Sand 12.7548 -441.3054 63.9317 -262.4205 270.3881 -807.5344 179.8105 -503.8301
Silt 7.685 -264.8698 38.5112 -157.675 162.2103 -484.5455 107.6732 -302.1663

Clay 6.3536 -223.4518 32.6181 -133.0557 137.1254 -408.9493 91.4472 -255.2819
Mois -0.2823 -0.0254 -0.2699 0.0625 0.3057 -0.2923 -0.0509 0.0501

OrgM 0.4821 0.0571 0.0541 0.0877 -0.4962 -0.3906 -0.1583 -0.0432
OrgC -0.076 -0.0066 -0.0917 0.0312 0.2646 0.4181 -0.0344 -0.1549

CaCO3 -0.1136 0.0894 -0.0083 0.0533 -0.0403 -0.2081 -0.0255 -0.2772
pH 0.1435 -0.0381 -0.1569 -0.0573 -0.1461 0.096 0.1562 0.0909

y-coefficient
Dens -0.0504 0.1717 0.0658 -0.197 -0.0579 -0.1025 0.0546 0.0718 0.0123 -0.1963
BA 0.0746 0.0181 -0.0148 -0.0882 -0.1131 0.0624 0.1478 0.0792 0.0517 0.051

IV-CELM 0.1921 0.0409 0.0953 -0.0579 0.1527 0.004 0.1208 -8.00E-04 0.1216 -0.13
IV-BOAK 0.0484 -0.0483 -0.0222 0.0536 0.0454 0.0847 -0.0828 -0.1243 0.1705 -0.0985
IV-SWPR 0.0767 -0.0535 0.0303 0.1242 0.0803 -0.0043 0.1721 0.0219 0.2052 -0.0326
IV-GASH 0.0912 -0.0079 -0.0264 0.224 0.1005 0.1655 0.0577 -0.0495 0.0215 -0.0499
IV-MULB -0.0974 0.0646 0.1623 -0.1499 0.1167 0.0031 -0.0267 0.0403 0.1062 -0.0792
IV-SGRB 0.0299 -0.1555 -0.0186 0.0504 0.1175 0.083 0.1325 -0.1399 0.059 -0.0276
IV-OSGE 0.035 0.0673 0.1207 0.0274 -0.1347 -0.0635 0.1117 -0.0285 -0.0549 0.0481
IV-AELM 0.0506 -0.1091 0.05 0.045 -3.00E-04 0.0075 -0.017 0.0502 -0.0027 -0.1796
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5.5 Canonical Correspondence Analysis (CCA) in Reference to Topographic Position. 

Canonical correspondence analysis (CCA): CCA is a great statistical tool, useful to 

analyze simple two-way and multi-way tables containing some measures of correspondence 

between the rows and columns. The concept of rows and columns applies in this chapter for soil 

and vegetation parameters with topographic positions. The biplots using scores, Figure 93 (for 

the importance value of eight selected tree species) and Figure 95 (soil parameters and the 

importance value of eight selected tree species) show the combination of different sampling plots 

by topographic position. 

Observations are labeled as 1 to 28 (sampling plot) and the variables are the importance 

value of the selected tree species (Cedar elm, American elm, Green ash, Swamp privet, Red 

mulberry, Osage orange, Bur oak, and Sugarberry) Circles in the same color belong to the same 

topographic position or to forest stage. The proximity between pairs of observations denotes the 

degree of similarity between those observations. CCA 1 and CCA 2 represent horizontal axis and 

vertical axis respectively. 

According to Figure 93, cedar elm and bur oak show a strong positive correlation with 

each other and a negative correlation with swamp privet. Sugarberry and red mulberry show a 

positive relationship with each other. Most of the plots in topographic position 1 are vertically 

lined up closely with zero axis line. This topographic position shows good inclination with 

American elm and slightly with Osage orange. Plots in topographic position 2 are vertically lined 

up and are grouped in the first and fourth quadrants. Several species show a positive relationship 

with this topographic position. Four species, Sugarberry, Red mulberry, Swamp privet, and 

Green ash are well distributed in this topographic position. Plot 3 is isolated from the rest of the 

plots in this position. Plots in topographic position 3 are vertically lined up with the zero axis and 
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are scattered in the second and third quadrants. This position shows a good inclination with 

Cedar elm and Bur oak, and plot 28 shows a tendency towards American elm as well. Plots in 

topographic position 4 are spread through almost all the quadrants. However, the majority of the 

plots show close positioning near the horizontal axis. Two plots show a slope towards cedar elm 

and Bur oak. Plots in topographic position 5 are very closely grouped and all plots fall into the 

fourth quadrant (positive), showing a close relationship with Swamp privet.  

 
Figure 93: CCA biplots using scores for importance value of the selected tree species.  

5.6 Canonical Correspondence Analysis (CCA) in Reference to Forest Stage. 

According to Figure 94, cedar elm and bur oak show a strong positive correlation with 

each other and a negative correlation with swamp privet. Sugarberry and red mulberry show a 

positive relationship with each other. Most of the plots in early successional forest stage closely 

lined up with vertical and horizontal axis. This forest stage shows good inclination with 

American elm, osage orange, red mulberry, cedar elm and bur oak. Plots in mid successional 

forest stage are vertically lined up and are grouped in the first and second quadrants. Several 

species show a positive relationship with this forest stage. Four species, sugarberry, red 

mulberry, osage orange, and American elm, are well distributed in this forest stage. Plot 26 is 
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isolated from the rest of the plots in this forest stage. Plots in late successional forest stage are 

well grouped near horizontal axis. This forest stage shows a good inclination with Cedar elm and 

Bur oak, red mulberry, green ash. Plot 21 shows a tendency towards American elm as well. Plots 

in wetland low forest are very closely grouped and all plots fall into the fourth quadrant 

(positive), showing a close relationship with Swamp privet. Figure 94 gives a clear impression 

CCA of vegetation species in reference to different forest stages. 

 

Figure 94: CCA biplots using scores for importance value of the selected tree species. 

Soil parameters are added in Figure 95 to understand how those selected tree species 

respond with different soil parameters. It is found that most of the soil parameters fall under the 

third quadrant, while vegetation falls under the first quadrant. Calcium carbonate is associated 

with sampling plots dominated by green ash and swamp privet. Likewise, sand is associated with 

the sampling plots where dominant tree types are sugarberry and red mulberry. Silt and pH show 
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a positive relationship with cedar elm and bur oak. The rest of the soil parameters, organic 

carbon, organic matter, clay and moisture are all in the third quadrant and are positively related. 

Sampling plots 3, 4, 5, 8, 14, and 20 are also in this quadrant where most of the soil variables 

show a positive relationship between each other. These sampling plots are dominated by the 

following species; Sampling plot 3 by cedar elm and western soapberry, 4 by cedar elm and 

sugarberry, 5 by honey locust and cedar elm, 8 by cedar elm and other elm species, 14 by green 

ash and cedar elm, and sampling plot 20 is dominated by cedar elm and green ash. With this 

evidence, we can predict that cedar elm has a positive relationship with high amounts of silt and 

clay. It is also clear that this species shows a good inclination with organic carbon, organic 

matter and soil moisture. Diagrammatic overview of the above mentioned relationships can be 

found in Figure 95 (CCA biplots of species and soil). 

 
Figure 95: CCA biplots (importance value of the selected tree species and soil parameters). 
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5.7 Linear Discriminant Function 

Table 29: Linear discriminant function results (topographic position vs soil parameters) 

Soil by position
                   Prior Probabilities of groups

1 2 3 4 5 6
0.18 0.18 0.25 0.25 0.11 0.04

Group means
Xsand Xsilt Xclay Xmois XOrgM XOrgC XCaCO3 XpH
25.89 51.73 22.38 2.49 3.36 0.50 2.87 7.86
26.30 46.79 26.92 2.53 3.82 0.59 2.43 7.34
21.67 47.93 30.40 3.90 5.09 0.83 1.40 7.48
12.35 51.60 36.05 3.67 5.85 0.95 1.79 7.50
8.48 60.48 31.04 3.71 4.45 0.72 3.58 7.74
17.64 54.71 27.65 3.04 3.89 0.49 4.64 7.92

                              Coefficients of linear discriminants
LD1 LD2 LD3 LD4 LD5

Xsand -1.62E+02 -101.58 -16.79 -107.98 -101.36
Xsilt -1.62E+02 -101.60 -16.77 -107.93 -101.23
Xclay -1.62E+02 -101.41 -16.88 -107.92 -101.37
Xmois -3.04E+00 -1.72 -0.90 -0.06 -0.12

XOrgM 1.14E+00 0.05 1.13 -1.72 -0.32
XOrgC -1.70E+00 3.67 -1.79 4.37 1.22

XCaCO3 -1.07E-03 -0.50 -0.90 -0.81 -0.60
XpH 1.42E+00 -0.17 3.77 -0.19 -0.03

        Proportion of trace
LD1 LD2 LD3 LD4 LD5
0.46 0.34 0.12 0.05 0.02  

The results shown in Table 29, and the results expressed in the proportion of trace, 92 % 

of variance is explained by just the first three axes. 
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Table 30: Linear discriminant function results (forest stage vs soil parameters) 
               Prior probalities of groups

CTF ESF LSF MSF WLF
0.04 0.25 0.32 0.29 0.11

Group means
Xsand Xsilt Xclay Xmois XOrgM XOrgC XCaCO3 XpH
17.64 54.71 27.65 3.04 3.89 0.49 4.64 7.92
24.27 45.54 30.19 3.51 4.79 0.75 2.00 7.48
18.85 52.17 28.98 3.12 4.84 0.78 2.04 7.51
19.94 50.13 29.93 3.19 4.44 0.70 2.06 7.62
8.48 60.48 31.04 3.71 4.45 0.72 3.58 7.74

                             Coefficients of linear discriminants
LD1 LD2 LD3 LD4

Xsand 171.34 3.19 119.13 -17.48
Xsilt 171.19 3.31 119.07 -17.53
Xclay 171.33 3.09 119.00 -17.40
Xmois 2.38 -0.40 -0.56 -1.05

XOrgM -0.53 1.06 2.00 0.62
XOrgC -1.48 -3.41 -2.87 -2.88

XCaCO3 1.40 0.50 0.68 -0.05
XpH -1.82 -1.07 -0.21 2.65

       Proportion of trace
LD1 LD2 LD3 LD4
0.55 0.28 0.11 0.06  

Soil parameters based upon forest stage where 94% of the variance is explained by the first three 
axes. 
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Table 31: Linear discriminant function results (topographic position vs total density and total 
basal area) 

            Prior probalities of groups
1 2 3 4 5 6

0.18 0.18 0.25 0.25 0.11 0.04
Group means
yTotal density yTotal basal area

1046.40 43.34
864.00 36.27
916.57 18.85
1152.00 26.32
1376.00 19.83
864.00 26.00

                         Coefficients of linear discriminants
LD1 LD2

yTotal density -0.0004 0.0023
yTotal basal area -0.0738 0.0042

   Proportion of trace
LD1 LD2
0.78 0.22  

 

Based on result expressed in Table 31, it requires only two axes to explain total variance.  
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Table 32: Linear discriminant function results (forest stage vs total density and total basal area) 

             Prior probalities of groups
CTF ESF LSF MSF WLF
0.04 0.25 0.32 0.29 0.11

Group means
yTotal density yTotal basal area

CTF 864.00 26.00
ESF 1266.29 16.15
LSF 707.56 38.61
MSF 1100.00 31.70
WLF 1376.00 19.83

                        Coefficients of linear discriminants
LD1 LD2

yTotal density -0.002 -0.002
yTotal basal area 0.057 -0.048

  Proportion of trace
LD1 LD2
0.959 0.041  

 

According to Table 32, stands can be grouped by forest stage with only one axis, which 

explains greater than 95% of variance. 
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Table 33 Linear discriminant function results (topographic position vs importance value of the 

selected tree species) 

 
                    Prior probalities of groups

1 2 3 4 5 6
0.18 0.18 0.25 0.25 0.11 0.04

   Group means
Ys CELM Ys BOAK Ys SWPR Ys GASH Ys MULB Ys SGRB Ys OSGE Ys AELM

11.53 5.38 0.83 14.71 7.20 43.40 3.39 18.59
19.97 0.63 3.94 59.35 22.50 55.84 9.82 8.05
65.99 0.00 23.57 26.08 1.29 32.96 0.84 3.04
95.37 0.75 8.22 51.05 0.56 15.12 1.57 8.34
0.00 0.00 125.14 11.31 6.01 6.26 0.00 0.00
62.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00

                               Coefficients of linear discriminants
LD1 LD2 LD3 LD4 LD5

Ys CELM -5.88E-05 -0.0005 -0.0319 0.0122 -0.0053
Ys BOAK 8.05E-02 -0.0060 -0.0288 0.2178 -0.0176
Ys SWPR -3.02E-02 0.0130 -0.0244 0.0246 -0.0047
Ys GASH 7.23E-03 0.0027 -0.0370 0.0179 0.0017
Ys MULB -1.80E-02 0.0930 -0.0130 0.0085 0.0017
Ys SGRB 8.57E-03 0.0180 -0.0169 0.0188 -0.0233
Ys OSGE 1.05E-02 0.1347 -0.0472 -0.0678 0.0454
Ys AELM 5.14E-02 -0.0150 -0.0158 0.0719 0.0093

          Proportion of trace
LD1 LD2 LD3 LD4 LD5
0.39 0.32 0.23 0.05 0.01

 

Based on the results shown in Table 33, it requires 3 axes to explain 94% of the variance.  
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Table 334: Linear discriminant function results (forest stage vs importance value of the selected 

tree species) 

                      Prior probalities of groups
CTF ESF LSF MSF WLF

0.035714 0.25 0.321429 0.285714 0.1071429

    Group means
Ys CELM Ys BOAK Ys SWPR Ys GASH Ys MULB Ys SGRB Ys OSGE Ys AELM

62.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00
56.20 0.24 23.82 27.01 0.00 47.75 0.70 1.71
65.42 0.75 0.52 38.91 10.32 24.46 5.59 9.14
38.10 3.36 9.37 46.36 8.58 34.81 3.46 14.83
0.00 0.00 125.14 11.31 6.01 6.26 0.00 0.00

                                Coefficients of linear discriminants
LD1 LD2 LD3 LD4

Ys CELM -0.01 0.02 0.00 -0.02
Ys BOAK -0.08 0.26 0.04 0.05
Ys SWPR 0.02 0.04 0.00 -0.01
Ys GASH -0.02 0.03 0.00 -0.01
Ys MULB 0.01 0.03 -0.04 -0.02
Ys SGRB -0.01 0.03 0.02 -0.02
Ys OSGE -0.02 -0.07 -0.09 -0.09
Ys AELM -0.06 0.08 -0.01 0.02

            Proportion of trace
LD1 LD2 LD3 LD4
0.67 0.24 0.07 0.03

 

From Table 334, two axes can classify 91% of variance.  

  



208 

5.8  Cluster Analysis 

In this section of the chapter, dendrograms or tree diagrams are used to illustrate the 

arrangement of the clusters. The dendrogram results of cluster analysis are displayed graphically 

in the form of a two-dimensional diagram, showing the group formation. The dendrograms of the 

following six data sets were created, and discussed based on the sampling plots’ position in 

different clusters, and the soil and vegetation parameters’ differences and similarities to different 

topographic position and forest stage.  

Six different dendrograms are; Soil by topographic position, soil by forest stage, total 

density and total basal area (stand) by topographic position, total density and total basal area 

(stand) by forest stage, importance value of the selected tree species by topographic position and 

the importance value of the selected tree species by forest stage. The resulting dendrograms (run 

on Minkowski distance and the Ward method) follow. Each branch is denoted with plot number 

followed by topographic position and forest stage. Five groups (rectangles) are shown for forest 

stage and six for topographic position. 

Figure 96 shows that all topographic position 1 plots are in one group but the rest of the 

plots are distributed among the other groups. The six marked clusters occur at a distance of 30 

units and include several plots. At about distance 100 and 150, two different clusters are 

distinguished and there is a third cluster at a height of about 250. The third cluster is dominantly 

occupied by topographic position 1. However, plot 27 (topographic position 2), plot 6 

(topographic position 6), and plot 20 (topographic position 3) are also associated with this 

cluster. Sampling plot 6 belongs to topographic position 6 and is the single upland plot. 

Therefore removing this upland plot from the group will make cluster three more uniform. 

Likewise, sampling plot 27 of topographic position 2 is very close to topographic position 1, and 
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this could be why plot 27 falls in the same cluster with topographic position 1. Soil information 

from plot 20 resembles information with results obtained from the sampling plots that belong to 

topographic position 1. Therefore, all this information helps to conclude that plots in topographic 

position 1 are highly grouped and in the same cluster. Sampling 13 of topographic position 3 

shows a separate dendrogram and is combined with two plots of topographic position 2 and one 

plot of topographic position 4 to give the next height dendrogram. 

 

 

Figure 96: Dendrogram (soil by topographic position). Plot numbers and their topographic 

position are at the bottom. 

Performing cluster analysis of different sampling plots based upon forest stage using five 

major groups (Figure 97) shows that only one cluster (fourth cluster, which has plot 12 and 17 of 

the early successional forest stage,) is grouped perfectly and the rest of the plots are mixed with 

each other. However, the second cluster that has three plots (2 and 9 belongs to late successional 
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forest and plot 15 belongs to medium successional forest stage) could belong to the same forest 

stage, as sampling plot 15 is in the transition of medium successional forest (M) and late 

successional forest (L). Sampling plot 6 is the only plot from the cross timbers forest (which is 

not in the floodplain). Therefore, removing this plot from the third cluster makes the cluster more 

occupied by medium successional forest. Sampling plot 16 of early successional forest shows a 

separate position in this dendrogram.  

As shown in Figure 97, the five marked clusters occur at a distance of 40, including 

several plots. At about distance 100 and 150, two different clusters are distinguished and have 

made the third cluster at about the height of 250. 

 

Figure 97: Dendrogram (soil by forest stage). Plot numbers and their forest stage are at the 

bottom. 

The cluster analysis performed for total density and total basal area with topographic 

position shows that none of the sampling plots’ total density and total basal area are grouped 
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under one cluster for any particular topographic position. As shown in Figure 98, they are all 

mixed. However, plot 23 of topographic position 4 shows a separate grouping with only one plot 

and has combined with the plots of four other topographic positions to make the next level of the 

dendrogram. At about a height of 5000, we can distinguish two different clusters. One cluster 

includes 9 plots and the other cluster includes the rest of the sampling plots. 

 

Figure 98: Dendrogram (total density and total basal area by topographic position). Plot numbers 

and their topographic position are at the bottom. 

Cluster analysis performed with total density and total basal area with forest stage, as 

shown in Figure 99, shows five marked clusters occuring at a distance of 800 including several 

plots. At about distance 3500, two different clusters are distinguished and have made the third 

cluster at about a height of 5000, which includes 9 plots and the other cluster includes the rest of 

the sampling plots. It shows that many plots categorized under late successional forest stage (L) 

are in one group. Plots 13 and 28 are in the transition of medium successional forest and late 
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successional forest. Several plots belonging to early successional forest stage (E) are in one 

group. Plot 23 belongs to medium successional forest and has somewhat similar density and 

basal area with the rest of the plots that belonging to early successional forest stage. Therefore, 

by considering the majority of forest stage occupancy in different clusters, it can be concluded 

that based upon total density and total basal area, the first cluster is late successional forest, 

second cluster is early successional forest and the fifth cluster is medium successional forest 

stage. 

 

Figure 99: Dendrogram (total density and total basal area by forest stage). Plot numbers and 

forest stage are at the bottom. 

The dendrogram (importance value of the selected tree species by topographic position) 

as shown in Figure 100, shows six marked clusters occurring at a distance of 200, including 

several plots. At about distance 500, three different clusters are distinguished and have made the 

fourth cluster at about a height of 800. According to Figure 100, all the sampling plots are 
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categorized as topographic position 4 in the first cluster. Sampling plot 6 is the only plot in 

topographic position 6 which is cross timbers forest, and not in the floodplain area. Sampling 

plot 3 of topographic positions 2 and 4 are in transition with the third topographic position. 

Considering all these points, it is confirmed that all the plots in topographic position 3 are in one 

cluster. Likewise, the fourth cluster has two positions 5 and one position 3. The fourth cluster is 

mixed. The fifth cluster has many plots that belong to topographic position 1. The last cluster has 

the majority of second topographic position plots. Sampling plot 3 is on the border of position 2 

and 3. Therefore, all this information confirms that importance values of the selected species by 

topographic position are highly clustered. 

 

Figure 100: Dendrogram (importance value of the selected tree species by topographic position). 

Plot numbers and respective topographic position are at the bottom. 

The dendrogram (importance value of the selected tree species by forest stage) as shown 

in Figure 101, shows five marked clusters occurring at a distance of 200, including several plots. 
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At about distance 500, three different clusters are distinguished and have made the fourth cluster 

at about a height of 800. According to Figure 101, all the sampling plots show a mixed response 

with different forest stages. However, the second cluster can be considered as wetland low forest, 

as plot 16 is highly dominated by swamp privet, which is the dominant species in plots 14 and 

22. The third cluster has plots that belong to medium successional forest and early successional 

forest, their position appears in the transition line between two forest stages, and the information 

collected from the field shows a similar response including available tree species in these plots. 

Similarly, the fourth and fifth clusters have a good combination of all the forest stages. 

 

Figure 101: Dendrogram (importance value of the selected tree species by forest stage). Plot 

numbers and respective forest stage are at the bottom. 
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CHAPTER 6  

CONCLUSIONS AND FURTHER RESEARCH 

This study conducted at GBC revealed important information about soil and vegetation, 

and their relationship with topographic positions and forest stages. The study also investigated 

the soil and vegetation relationship in this floodplain ecosystem. 

As explained in the second chapter about the study area and its location, the GBC lies 

between two manmade lakes: Lake Ray Roberts on the northern side and Lake Lewisville to the 

south. The watershed to the north of the study area drains to Lake Ray Roberts and then passes to 

Lake Lewisville via the Elm Fork of the Trinity River (which runs along the side of the GBC). 

During seasonal flash flooding, the U.S. Army Corps of Engineers controls the release of water 

from Lake Lewisville to prevent the downward community from flooding, as happened in 2007. 

Controlling the release of water from Lake Lewisville may lead to ecological 

consequences in the GBC due to the backwater from Lake Lewisville. This has an impact on the 

local soil, the vegetation and animals which inhabit the GBC. Impacts of such activities will be 

disturbances in nutrient composition, an effect on vegetation that is not flood tolerant and 

animals having to leave their habitat. New sediment deposition could lead to problems to the 

recent germinated seeds. Sediment deposition brings benefits as well. As this study reveals, the 

dynamics and soil and vegetations are subject to complex environmental conditions both natural 

and manmade and its understanding is a very complicated undertaking. 

There are pros and cons of dam construction both at the upper and lower sides of the 

dam. It was a bitter experience from the field work summer 2007 and 2008, when I personally 

noticed several animals missing from the area, and saw dead deer calf, baby armadillo, many fish 

and also in some migratory birds. These are some of the adverse effects on the plant and animal. 
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Sediment deposition, including chemical or any toxic substances, agricultural waste such as 

nitrogen, phosphorous and potassium that the flooding may carry, will stay in the forest soil 

along with the water and some accumulation of garbage. 

Although the GBC is relatively small in size, it is comprised of several ecosystems such 

as bottomland hardwood forest, cross timber forest, and prairie. Floodplain soils are essential in 

terms of sustaining this ecological community and are also an important factor in water quality 

management, bearing a direct relationship with surface water and ground water. 

Riparian buffer zones have several benefits for the surrounding ecosystem and the local 

environment. They help in purifying several different components of the environment. Therefore, 

it is imperative to protect riparian floodplain areas for the sustainability of the local ecosystems, 

and to enhance the integration of soil and vegetation relationships for a healthier environment. 

Therefore, further research in this study site could include: the impact of manmade dams 

on local soil and vegetation communities, the impact of recent sediment deposition due to flash 

flooding, the urban impacts on local floodplains. As this is a recently impounded dam, and the 

floodplain area is still in varying successional stages, it is an ideal study site, offering a wide and 

changeable diversity among the biota. The surrounding urban areas are also in a state of rapid 

development, and the effect of this on the GBC ought to be documented. 

The study area was categorized into six different topographic positions and five forest 

stages, from which soil samples were collected and vegetation surveys were carried out. The 

results obtained from the analysis of the soil and vegetation data suggests the a variety of 

conclusions which are summarized in this chapter. 
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6.1 Soil 

Soil parameters were analyzed and their differences by topographic positions and forest 

stages were analyzed. ANOVA and its non parametric counterparts were very useful for this 

purpose. The statistical results suggest that calcium carbonate shows a significant difference 

among the topographic positions; swampy and upland areas are significantly different from the 

rest of the positions. Similarly, soil pH shows significant results in the swamp, ridge, and upland 

areas. However, none of the soil parameters shows significant differences among the forest 

stages. 

Proportions of soil particle sizes play a very important role in determining soil moisture, 

organic matter, organic carbon, calcium carbonate, pH and soil nutrients (especially nitrogen, 

phosphorus and potassium). Statistical analysis detected significant differences between the soil 

texture classes and the tested soil parameters. 

Moisture is not significantly different among silt loam, clay loam, sandy loam, and sand. 

However, a significant difference was evident between silty clay, silty clay loam, clay, loam, and 

loamy sand. Organic matter is not significantly different among clay, silty loam, clay loam, 

loam, and sand. However, it shows a significant difference among silty clay, silty clay loam and 

loamy sand. 

It was determined that silty clay and sand show a significant different in organic carbon. 

The rest of the soil texture classes are not significantly different in terms of organic carbon 

concentration. The amount of calcium carbonate is significantly different with clay loam, sandy 

loam, and silty clay loam but not with the rest of the texture classes. Except sandy loam and clay 

loam none of the texture classes shows a significant difference in pH. 
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Regarding the soil nutrients nitrogen, phosphorous, and potassium, the results of a one 

way ANOVA between these three nutrients and soil texture class, show that only sandy loam and 

sand bear a significant difference in nitrogen. Phosphorous shows no significant difference with 

any soil texture classes. Potassium shows a significant difference only with sand. No other 

texture class shows a significant difference with the amount of potassium. 

The correlation results determined that sand shows a strong negative correlation with 

moisture, organic matter, organic carbon, and also a negative correlation with calcium carbonate 

and potassium. Silt shows a positive correlation with moisture, organic matter, organic carbon, 

and calcium carbonate. Likewise, clay shows a strong positive correlation with moisture, organic 

matter and organic carbon. However, a negative correlation between clay and soil pH was found. 

6.2 Vegetation 

Twenty six tree species were identified during the vegetation survey at GBC. Not all of 

these species are present in each topographic position or forest stage. Cedar elm seems to be the 

dominant tree species on the ridge and in the slough, as poorly drained clay soils are suitable 

habitat for them. Swamp privet is highly dominant in the slough as they grow very well in 

wetland low forest. Osage orange occupies diverse topographic positions, preferring moist soil 

but also having a strong drought tolerance. Box elder trees are in every soil type, from heavy 

clay to pure sands, and are found in all the floodplain topographic positions. Honey locust, 

known to prefer moist and fertile soil, is present in all the topographic positions except front and 

slough. The relative density and importance value of sugarberry is significantly different among 

the topographic positions. Its IV in ridge and slough are significantly different to the rest of the 

positions. 
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Species density, basal area, and importance value in terms of forest stages shows 

significant patterns only between different ages. Basal area is significantly different between 

early successional forest stage and late successional forest stage, but not among other stages. In 

terms of tree species presence in the different forest stages, post oak and blackjack oak are 

available only in the cross timbers forest as they are flood intolerant. However, winged elm and 

eastern red cedar are abundant in cross timbers forest as well as in early successional and mid-

successional forest stages respectively, seemingly adaptable to a variety of soil types. 

Chittamwood, redbud, and hawthorn are available only in a late successional forest stage. 

Soapberry, chinaberry and some ulmus species are present in late successional as well as early 

successional forest stages. Honey mesquites are available only in early successional forest stages. 

Eastern cottonwood is flood tolerant and grows abundantly along the river bank. Black willow 

has a high flood tolerance and is found only in wetland low forest and early successional forest. 

Swamp privet is a highly dominant species in the wetland low forest. Therefore, it shows 

a high significant difference in total density, total basal area and importance value for that 

location with respect to others. Red mulberry shows a significant difference in mid successional 

forest stage and late successional forest stage. Similarly, American elm, box elder and honey 

locust, show significant differences in terms of their total density and total basal area in different 

forest stages. Sugarberry and cedar elm prove to be dominant tree species in most of the forest 

stages. 

 

6.3 Soil and Vegetation Relationships  

Principal component analysis shows that cedar elm abundance is strongly related with 

organic carbon, organic matter, nitrogen, pH, and phosphorus. Silt, pH, and calcium carbonate 
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offer a positive relationship with green ash, red mulberry and sugarberry. Nitrogen, moisture and 

clay are closely associated with swamp privet but silt and pH show a negative relationship with 

this species. Cedar elm and phosphorus are closely associated. Potassium and nitrogen show a 

close association with red mulberry and green ash. 

The results obtained from the correlation matrix show that clay is negatively correlated 

with American elm but positively correlated with cedar elm. Organic matter and moisture show a 

strong positive correlation with cedar elm. 

Canonical Correlations (CANCOR) were performed between soil and vegetation 

parameters and the first two components show significantly high correlation values. Thus we can 

assume that indeed soil and vegetation parameters used here are related in the study site. 

According to the results obtained from canonical correspondence analysis; .calcium 

carbonate is associated with sampling plots dominated by green ash and swamp privet. Likewise, 

sand is associated with the sampling plots where dominant tree types are sugarberry and red 

mulberry. Silt and pH show a positive relationship with cedar elm and bur oak. From the results, 

it can be predicted that cedar elm has a positive relationship with high amounts of silt and clay. 
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APPENDIX A 

 PHYSICAL AND HYDROLOGICAL PROPERTIES OF THE SOIL SAMPLES 
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4.1 0-25 Very dark grey 2.5 

Y (3/1) 
Abundant fine roots, friable, more 

granular like structure 
Silty 
Clay 

0.24 0.41 1.23 0.33 

4.2 25-45 Very dark grey 2.5 
Y (3/1) 

Moderate friable and tends to compact, 
few fine roots 

Silty 
Clay 
Loam 

0.20 0.38 1.25 0.49 

4.3 45-85 Black 2.5 Y (2.5/1) More compact and platy like structure, 
trace of some fine roots 

Silty 
Clay 
Loam 

0.18 0.36 1.27 0.60 

4.4 85-110 Black 2.5 Y (2.5/1) Hard to break, more compact and massive Silty 
Clay 
Loam 

0.18 0.36 1.27 0.56 

4.5 110-
125 

Black 2.5 Y (2.5/1) Hard to break, very massive and compact Silty 
Clay 
Loam 

0.19 0.37 1.26 0.51 

         
5.1 0-20 Very dark grey 10 

YR (3/1) 
Abundant fine roots, friable, fine 
granular, trace of organic matter 

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.40 

5.2 20-50 Very dark grey 2.5 
Y (3/1) 

Some fine roots, moderate friable, tends 
to compact 

Silty 
Clay 
Loam 

0.20 0.37 1.25 0.52 

5.3 50-92 Very dark grayish 
brown 2.5 Y (3/2) 

No roots, hard and tending more massive, 
some trace of organic matter, presence of 

CaCO3 and fine shells 

Silty 
Clay 
Loam 

0.17 0.35 1.27 0.65 

5.4 92-130 Very dark grey 2.5 
Y (3/1) 

Compact, more clay like structure, hard to 
break 

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.41 

5.5 130-
170 

Very dark grey 2.5 
Y (3/1), 

Very massive, compact and hard to break, 
presence of CaCO3 

Silty 
Clay 
Loam 

0.22 0.40 1.24 0.38 

         
6.1 0-15 Black 2.5 Y (2.5/1) Abundant fine roots, some organic 

material, friable, somewhat granular 
structure. 

Silty 
Clay 
Loam 

0.22 0.40 1.23 0.40 

6.2 15-50 Very dark greay 10 
YR (3/1) 

Some fine roots, tends to compact and 
massive 

Silty 
Clay 
Loam 

0.18 0.36 1.26 0.57 

6.3 50-72 Very dark greay 10 Massive, hard to break, trace of some fine Silty 0.17 0.35 1.27 0.62 
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YR (3/1) roots and couple of pieces of medium size 
roots. 

Clay 
Loam 

6.4 72-120 Very dark grayish 
brown 10 YR (3/2) 

No roots, tending to lose the compactness 
or massiveness, trace of CaCO3 

Loam 0.11 0.24 1.45 1.24 

6.5 120-
175 

Dark grayish brown 
10 YR (4/2) 

Back to compactness or hard to break, 
bulky structure, presence of CaCO3 

Clay 
Loam 

0.15 0.31 1.33 0.57 

6.6 175-
195 

Dark brown 10 YR 
(3/3) 

compact and bulky, hard to break, 
presence of CaCO3 

Silt 
Loam 

0.14 0.32 1.31 1.05 

6.7 195-
220 

Very dark brown 10 
YR (3/1) 

Very compact, strong bulky structure, 
hard to break, presence of CaCO3 

Silty 
Clay 
Loam 

0.20 0.37 1.25 0.51 

         
7.1 0-10 Very dark grey 10 

YR (3/1) 
Abundant fine roots, friable and granular, 

presence of organic material 
Silty 
Clay 
Loam 

0.16 0.34 1.29 0.74 

7.2 10-28 Very dark grayish 
brown 10 YR (3/2) 

Fine roots, loosely compacted, somewhat 
granular structure 

Silty 
Clay 
Loam 

0.17 0.35 1.28 0.60 

7.3 28-38 Very dark grayish 
brown 10 YR (3/2) 

Trace of fine roots, somewhat friable, 
loosely arranged 

Silt 
Loam 

0.11 0.27 1.43 1.64 

7.4 38-63 Very dark grayish 
brown 10 YR (3/2) 

Fine and medium sized roots, somewhat 
friable 

Silt 
Loam 

0.14 0.32 1.31 0.96 

7.5 63-78 Very dark grayish 
brown 10 YR (3/2) 

Trace of some fine roots, somewhat 
friable and loosely arranged 

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.77 

7.6 78-103 Very dark grayish 
brown 10 YR (3/2) 

No roots, somewhat friable but tends to 
compact 

Silt 
Loam 

0.14 0.32 1.32 0.99 

7.7 103-
152 

Dark olive brown 
2.5 Y (3/3) 

No roots, compact, massive and hard to 
break, trace of CaCO3 

Silt 
Loam 

0.13 0.31 1.34 1.17 

7.8 152-
167 

Very dark grayish 
brown 2.5 Y (3/2) 

Compact and massive, hard to break, 
trace of CaCO3 

Silt 
Loam 

0.15 0.33 1.30 0.86 

7.9 167-
190 

Very dark grayish 
brown 2.5 Y (3/2) 

Compact and massive, hard to break, 
presence of CaCO3 

Silty 
Clay 
Loam 

0.15 0.34 1.29 0.79 

         
8.1 0-23 Very dark grey 2.5 

Y (3/1) 
Fine roots, some organic matter, friable, 

more granular structure 
Silt 

Loam 
0.15 0.30 1.31 0.77 

8.2 23-50 Black 2.5 Y (2.5/1) Few fine roots, tends to massive and 
compact  

Loam 0.11 0.26 1.45 1.55 
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8.3 50-75 Black 2.5 Y (2.5/1) Trace of some roots, more compact and 
tending to platy structure,  

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.38 

8.4 75-112 Very dark grey 2.5 
Y (3/1) 

No roots, compact and massive, platy 
structure 

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.48 

8.5 112-
165 

Very dark grey 2.5 
Y (3/2) 

Few medium sized roots, tending to lose 
compactness 

Silty 
Clay 

0.25 0.42 1.22 0.33 

8.6 165-
180 

Very dark grey 2.5 
Y (3/1) 

No roots, back to compactness and platy 
structure 

Silty 
Clay 

0.27 0.43 1.22 0.30 

         
9.1 0-23 Dark brown 10 YR 

(3/3) 
Fine roots, friable, granular, looks like 
recent sediment deposition from 2007 

flooding 

Silt 
Loam 

0.09 0.25 1.53 3.27 

9.2 67-80 Dark brown 10 YR 
(3/3) 

Somewhat friable, loosely arranged but 
tending to massive 

Loam 0.12 0.27 1.40 1.05 

9.3 80-97 Grey dark grayish 
brown 10 YR (3/2) 

Few medium sized roots, massive and 
bulky structure 

Loam 0.13 0.27 1.40 0.81 

9.4 97-115 Dark yellowish 
brown 10 YR (3/4) 

No roots, looks more sandy and loosely 
arranged but still has some bulky 

structure 

Sandy 
Loam 

0.11 0.22 1.48 1.22 

9.5 115-
130 

Dark brown 10 YR 
(3/3) 

compact, tending to develop massive 
somewhat bulky structure 

Sandy 
Loam 

0.12 0.22 1.48 1.05 

9.6 130-
150 

Dark brown 10 YR 
(3/3) 

more compact, and mixed with few 
pebbles and small rock particles 

Sandy 
Loam 

0.12 0.21 1.49 1.08 

         
13.1 0-20 Black 2.5 Y (2.5/1) Abundant fine root, moderate fine 

granular and moderate sub angular blocky 
structure; very porous  

Silty 
Clay 

0.25 0.42 1.22 0.35 

13.2 20-50 Black 2.5Y (2.5/1) Frequent fine roots, moderate medium 
sub angular with some granular structure, 
tends to compact, hard to break when it is 

dry 

Silty 
Clay 

0.23 0.40 1.23 0.39 

13.3 50-75 Black 2.5Y 2.5/1) Weak medium sub angular str., tends to 
compact, very hard to break when it is 
dry, frequent roots (fine and medium) 

Silty 
Clay 

0.23 0.40 1.23 0.39 

13.4 75-106 Black 2.5Y (2.5/1) Few fine and medium sized roots, weak 
structure tends to massive 

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.42 
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14.1 0-20 Black 2.5Y (2.5/1) Abundant very fine roots, moderate fine 

granular, moderate sub angular blocky in 
structure, soft to break. 

Silty 
Clay 

0.24 0.41 1.23 0.36 

14.2 20-30 Very dark gray 
10YR (3/1) 

Abundant fine roots, weak sub angular 
blocky, moderate close aggregate, soft to 

break 

Silty 
Clay 
Loam 

0.21 0.38 1.24 0.45 

14.3 30-60 Very dark gray 
10YR (3/1) 

Frequent fine roots, weak angular blocky, 
hard to break, and frequent carbon (black 

material) 

Silty 
Clay 
Loam 

0.22 0.39 1.23 0.44 

14.4 60-80 Very dark gray 
10YR (3/1) 

Frequent fine roots, weak sub angular 
blocky, close aggregate, presence of 

abundant fine shells, presence of CaCO3 

Silty 
Clay 

0.24 0.41 1.22 0.38 

14.5 80-110 Very dark gray 
10YR (3/1) 

Few fine roots, weak sub angular blocky, 
close aggregate, presence of abundant 

fine shells, hard to break 

Silty 
Clay 
Loam 

0.18 0.41 1.26 0.60 

14.6 110-
130 

Very dark gray 
10YR (3/1) 

Few fine roots,weak angular blocky, close 
aggregate, moderate hard to break, 

abundant shells, few carbon indication 
(black material) 

Silty 
Clay 
Loam 

0.19 0.36 1.25 0.58 

         
15.1 0-25 Very dark grayish 

brown 10YR 3/2) 
Abundant fine roots, moderate fine 

granule, porous, friable (easy to break) 
 

Silty 
Clay 
Loam 

0.18 0.35 1.28 0.52 

15.2 25-55 Very dark grayish 
brown 10YR (3/2) 

Frequent fine roots, weak sub angular, 
close aggregate (not so porous), moderate 

friable 

Clay 0.34 0.46 1.22 0.17 

15.3 55-75 Very dark grayish 
brown 10YR (3/2) 

Frequent fine roots, very weak sub 
angular, tends to massive, moderate 

friable, some shells 

Silt 
Loam 

0.14 0.32 1.33 0.73 

15.4 75-105 Dark grayish brown 
10YR (4/2), about 

60% light yellowish 
brown 

Some fine roots, very weak angular 
blocky, tends to massive, friable, 

presence of CaCO3 

Loam 0.12 0.26 1.41 0.97 

15.5 105-
140 

Very dark gray 
10YR (3/1) 

Some fine roots, weak sub angular 
blocky, close aggregate, moderate friable,  

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.52 

15.6 140-
160 

Black 2.5 Y (2.5/1) Few roots, sub angular blocky, close 
aggregate, compact and hard to break 

Silty 
Clay 
Loam 

0.21 0.38 1.24 0.46 
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16.1 0-25 Very dark gray 

10YR (3/1) 
Abundant fine roots, strong fine granular, 

blocky sub angular structure, friable, 
porous 

Silty 
Clay 

0.27 0.43 1.21 0.33 

16.2 25-45 Very dark gray 
10YR (3/1) 

Abundant fine medium roots, moderate 
sub angular blocky structure, close 

aggregate, moderate friable 

Silty 
Clay 
Loam 

0.21 0.39 1.24 0.45 

16.3 45-60 Black 10YR (2/1) Frequent fine roots, moderate sub angular 
blocky and moderate granular, moderate 

friable, few shells  

Silty 
Clay 
Loam 

0.21 0.39 1.24 0.44 

16.4 60-85   Silty 
Clay 

0.23 0.40 1.23 0.39 

16.5 85-105 Black {darker than} 
2.5Y (2.5/1) 

Moderate angular and sub angular blocky, 
moderate close aggregate, moderate hard 

to break 

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.51 

16.6 105-
135 

Very black, {darker 
than} 2.5Y (2.5/1) 

Frequent roots, moderate angular and sub 
angular blocky, moderate friable (hard to 

break)  

Silty 
Clay 

0.26 0.43 1.22 0.32 

         
17.1 0-25 Black 2.5Y (2.5/1) Abundant dense fine roots, granular and 

moderate sub angular blocky, moderate 
close, slightly compact, moderate hard  

Silty 
Clay 

0.26 0.43 1.22 0.31 

17.2 25-45 Black 2.5Y (2.5/1) Abundant fine roots, moderate sub 
angular blocky, also tending to compact, 

hard 

Silty 
Clay 
Loam 

0.18 0.36 1.26 0.60 

17.3 45-70 Very dark gray 
(10YR 3/1). But 
slight mixed with 

light yellowish 
brown 10YR (6/4) 

Few fine roots, moderate sub angular 
blocky structure, moderate close, trace of 
Carbon (black material), moderate hard 

 

Silty 
Clay 
Loam 

0.17 0.34 1.30 0.45 

17.4 70-90 Very dark gray 2.5Y 
(3/1)  

Frequent fine roots, moderate sub angular 
blocky, moderate close, , moderate hard 

Silty 
Clay 
Loam 

0.19 0.36 1.27 0.47 

17.5 90-110 Black 2.5Y (2.5/1)  Few fine and medium sized roots, 
moderate sub angular blocky, moderate 

close, moderate hard, 

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.42 

17.6 110-
130 

Black 2.5Y (2.5/1) Few fine roots, moderate hard, moderate 
angular blocky, close aggregates 

Silty 
Clay 
Loam 

0.21 0.38 1.25 0.42 
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18.1 0-20 Dark brown 10YR 
(3/3) 

Abundant fine and few medium sized 
roots, moderate sub angular blocky, 

friable 

Loam 0.14 0.28 1.38 0.59 

18.2 20-40 Dark yellowish 
brown 10YR (4/6)  

Frequent medium sized roots, loosely 
arranged not in a structural form, looks 

recent deposition, 

Sandy 
Loam 

0.09 0.18 1.57 2.6 

18.3 40-62 Dark yellowish 
brown 10YR (4/4), 
10% mottled 7.5YR 
(5/6) strong brown 

Few fine roots, weak sub angular 
structure, friable 

Sandy 
Loam 

0.09 0.19 1.55 2.2 

18.4 62-82 Very dark grayish 
brown 10YR (3/2) 

Few fine roots, very weak sub angular 
structure, 

friable 

Sandy 
Loam 

0.08 0.18 1.60 3.39 
 
 

18.5 82-106 Brown 10YR (4/3)  Few fine roots, saturated, loamy fine and 
medium sand mixed, friable 

Sandy 
Loam 

0.10 0.20 1.53 2.09 

18.6 106-
130 

Black 10YR (2/1) 
and few Yellowish 
brown 10YR (5/6) 

mottled 

Rift filling, Few fine roots, moderate 
angular blocky, pilot point alluvium 

Silty 
Clay 
Loam 

0.19 0.35 1.29 0.38 

18.7 130-
150 

Black 10YR (2/1) 
filling with 10YR 
(5/6) Yellowish 

brown 

Rift filled with sand, silty clay, few fine 
roots, weak angular blocky tending to 

massive, , Pilot Point Alluvium 

Loam 0.15 0.30 1.34 0.56 

         
19.1 0-5 Very dark grayish 

brown 10YR (3/2), 
about 20% mottled 

with Yellowish 
brown 10 YR (5/6) 

Root mat (abundant fine roots), moderate 
sub angular blocky 

Sandy 
Loam 

0.12 0.22 1.47 1.09 

19.2 5-20 Dark yellowish 
brown 10YR (4/4)  

Abundant fine and medium sized roots, 
moderate sub angular blocky, 

Sandy 
Loam 

0.10 0.20 1.52 1.76 

19.3 20-45 Dark yellowish 
brown 10YR (4/4)  

Few fine roots about 10% gravel (fine), 
2mm-2cm gravel, very weak sub angular 

blocky, moderate friable 

Sand 0.07 0.14 1.65 5.26 

19.4 45-85 Strong brown 7.5YR 
(5/6) 

Few fine roots, medium sized sand, 
loosely arranged, very friable 

Sand 0.05 0.12 1.75 10.63 

19.5 85-120 Dark reddish brown 
5YR (3/2) 

Few roots, mostly small rocks, peebles 
and sand very friable 

Sand 0.06 0.13 1.72 8.38 

19.6 120-
140 

Dark reddish brown 
5 YR (3/2) 

No roots, the rock particlees size are 
larger than previous layer and very friable 

Sand 0.06 0.13 1.71 8.17 
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20.1 0-20 Very dark gray 

10YR (3/1)  
Abundant fine roots, granular and sub 

angular blocky, moderate hard, 
Silty 
Clay 

0.25 0.41 1.24 0.25 

20.2 20-50 Black 10YR (2/1), 
about 20% mottled 
with dark yellowish 
brown 10YR (4/4)  

Abundant fine and medium sized roots, 
moderate angular blocky, second color 

corresponds to the rift 

Silty 
Clay 
Loam 

0.21 0.37 1.26 0.31 

20.3 50-70 Black 10YR (2/1) Frequent fine and medium sized roots 
granular and sub angular blocky, very 

hard 

Silty 
Clay 

0.23 0.39 1.27 0.28 

20.4 70-90 Black 10YR (2/1) Few fine roots, moderate angular blocky, 
tends to compact 

Silty 
Clay 
Loam 

0.22 0.38 1.26 0.29 

20.5 90-110 Black 10YR (2/1)  Few fine roots, weak angular blocky, 
tends to massive 

Clay 0.23 0.39 1.26 0.25 

         
21.1 0-22 Dark grayish brown 

10YR (4/2), about 
10% mottled with 
brownish yellow 

10YR (6/8)  

Few very fine roots, looks recent 
sediment deposition from 2007, platy 

structure weak structure, friable, presence 
of CaCO3 

Silty 
Clay 
Loam 

0.17 0.35 1.28 0.62 

21.2 22-42 Brown 10YR (5/3)  Abundant fine and medium sized roots, 
weak sub angular block, friable, trace of 

CaCO3 

Silty 
Clay 
Loam 

0.17 0.35 1.28 0.65 

21.3 42-58 Dark gray 10YR 
(4/1)  

Frequent fine and medium sized roots, 
moderate friable, weak sub angular block, 

trace of CaCO3 

Clay 
Loam 

0.15 0.32 1.32 0.57 

21.4 58-90 Brown 10YR (5/3)  Few fine roots, weak sub angular blocky, 
friable 

Silt 
Loam 

0.14 0.31 1.33 0.76 

21.5 90-120 Brown 10YR 5/3) Few fine roots, weak sub angular, blocky, 
tends to massive 

Silt 
Loam 

0.11 0.27 1.42 1.36 

21.6 120-
136 

Brown 10YR (5/3)  Few fine roots, weak blocky closed,  Silt 
Loam 

0.11 0.29 1.39 1.41 

21.7 136-
160 

Very dark gray 
10YR 3/1)  

Few fine roots, tends to massive and 
compact  

 

Loam 0.10 0.25 1.47 1.74 

21.8 160-
190 

Dark grayish brown 
10YR (4/2)  

 Tends to massive and compactness  Loam 0.10 0.14 1.47 1.75 
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22.1 0-22 Very dark grayish 
brown 10YR (3/2)  

Frequent fine roots, granular and 
moderate sub angular blocky, slightly 

compact, trace of CaCo3 

Silty 
Clay 
Loam 

0.17 0.35 1.28 0.54 

22.2 22-38 Grayish brown 
10YR (5/2)  

Frequent and fine roots, weak angular 
blocky, moderate friable 

Silt 
Loam 

0.14 0.32 1.32 0.92 

22.3 38-56 Very dark grayish 
brown 10YR (3/2) 

and about 30% 
mottled with grayish 
brown 10YR (5/2)  

Few fine roots, weak angular blocky, 
moderate friable  

 

Loam 0.12 0.25 1.43 1.11 

22.4 56-80 Dark grayish brown 
10YR (4/2)  

Frequent fine roots, , weak angular 
blocky, moderate friable, presence of 

carbon (black material) 

Loam 0.11 0.27 1.42 1.24 

22.5 80-95 Light brownish gray 
10YR (6/2)  

No roots, tends to be massive, moderate 
friable  

Sandy 
Loam 

0.09 0.21 1.56 2.92 

22.6 95-110 Brown 10YR (4/3)  No roots, weak angular blocky, moderate 
friable 

Silt 
Loam 

0.13 0.30 1.35 1.10 

22.7 110-
126 

Dark brown 10YR 
(3/3) and about 30% 

mottled with very 
pale brown 10 YR 

(7/3) 

No roots, tends to be massive, 
 
 

Loam 0.10 0.23 1.49 1.99 

22.8 126-
150 

Dark grayish brown 
10YR (4/2)  

No roots, massive and close structure Loam 0.11 0.25 1.45 1.58 

         
23.1 0-20 Very dark gray 

10YR (3/1) 
Abundant fine roots, moderate sub 

angular blocky, friable 
Silt 

Loam 
0.12 0.28 1.38 0.96 

23.2 20-40 Very dark grayish 
brown 10YR (3/2) 

Frequent fine roots, moderate sub angular 
blocky, moderate friable 

Clay 
Loam 

0.16 0.31 1.33 0.52 

23.3 40-70 Very dark gray 
10YR (3/1) 

frequent fine roots, moderate sub angular 
block, hard to break 

Silt 
Loam 

0.14 0.31 1.34 0.79 

23.4 70-100 Very dark gray 
10YR (3/1) 

Few fine roots, moderate sub angular 
blocky, moderate friable, moderate 

compact 

Silty 
Clay 
Loam 

0.17 0.33 1.31 0.51 

23.5 100-
120 

Dark gray 10YR 
(4/1) 

few fine roots, weak sub angular blocky, 
fine to medium aggregate, moderate 

friable, moderate compact 

Clay 
Loam 

0.15 0.32 1.33 0.56 

         
24.1 0-20 Dark Grayish brown Abundant fine roots, moderate sub Loam 0.11 0.26 1.43 1.26 
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10YR (4/2) angular blocky, friable, porous 
24.2 20-40 Brown 10YR (4/3 Frequent fine roots, weak angular blocky, 

friable, moderate compact 
Loam 0.12 0.25 1.43 1.07 

24.3 40-60 Brown 10YR (5/3) Frequent fine roots, weak angular blocky, 
friable, trace of CaCO3 

Loam 0.13 0.28 1.38 0.78 

24.4 60-90 Dark grayish brown 
10YR (4/2 

Few fine roots, weak angular blocky, 
friable, trace of CaCO3 

Silt 
Loam 

0.14 0.31 1.34 0.80 

24.5 90-120 Black 10YR (2/1) Few fine roots, fine granular, slightly 
close, friable 

Silt 
Loam  

0.15 0.32 1.32 0.67 

         
25.1 0-20 Very dark gray 

10YR (3/1) 
Very abundant fine roots fine granular 
and sub angular, strong aggregate, very 

porous, friable 

Silty 
Clay 

0.23 0.40 1.24 0.35 

25.2 20-40 Dark grayish brown 
10YR (4/2 

Abundant fine roots, moderate sub 
angular, moderate close and compact, 

friable  

Silty 
Clay 
Loam 

0.18 0.38 1.27 0.52 

25.3 40-65 Light brownish gray 
10YR (6/2) 

Few fine roots, very weak angular blocky, 
very friable 

Silt 
Loam 

0.13 0.30 1.35 0.88 

25.4 65-90 Very dark grayish 
brown 10YR (3/2) 

Few fine roots, moderate to weak angular, 
blocky structure, moderate compact, 

moderate friable 

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.50 

25.5 90-110 Very dark gray 
10YR (3/1) 

Few fine roots, moderate to weak angular 
blocky, close, moderate friable 

Silty 
Clay 
Loam 

0.19 0.39 1.27 0.49 

25.6 110-
130 

Very dark gray 
10YR (3/1 

Few fine roots, weak sub angular blocky, 
tends to compact, friable, presence of 

CaCO3 

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.68 

         
26.1 0-20 Very dark gray 

10YR (3/1) 
Abundant fine roots, moderate sub 
angular blocky, slightly compact, 

moderate friable 

Silty 
Clay 

0.27 0.44 1.21 0.33 

26.2 20-40 Black 2.5Y (2.5/1) Abundant fine roots, weak angular blocky 
structure, moderate compact and hard 

Silty 
Clay  

0.30 0.46 1.20 0.30 

26.3 40-60 Black 2.5Y (2.5/1) Frequent fine roots, weak angular blocky, 
compact and very hard 

Silty 
Clay 

0.24 0.41 1.22 0.38 

26.4 60-80 Very dark gray 2.5Y 
(3/1 

Few fine and medium sized roots, weak 
angular blocky, very hard, very compact  

Silty 
Clay 

0.24 0.41 1.22 0.37 

26.5 80-100 Black 2.5Y (2.5/1) Few fine roots, very weak angular blocky, 
tends to massive, very hard  

Silty 
Clay 

0.24 0.41 1.22 0.39 
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27.1 0-20 Very dark gray 

10YR (3/1 
Very abundant fine roots, granular, 
moderate sub angular blocky, very 

porous, friable 

Silty 
Clay 
Loam 

0.19 0.36 1.27 0.50 

27.2 20-50 Dark grayish brown 
10YR (3/2) 

Abundant fine roots, moderate sub 
angular, slight compact, friable 

Silt 
Loam 

0.14 0.30 1.35 0.74 

27.3 50-75 Dark grayish brown 
10YR (4/2) 

Few fine roots, moderate sub angular 
blocky, slightly compact, moderate 

friable 

Silty 
Clay 
Loam 

0.17 0.34 1.29 0.57 

27.4 75-100 Black 2.5Y (2.5/1) Few roots, granular and moderate sub 
angular blocky, compact, moderate 

friable, trace of shells 

Silty 
Clay 

0.23 0.40 1.23 0.37 

27.5 100-
120 

More black than 
‘Black’ 2.5Y (2.5/1) 

few roots, weak sub angular blocky, 
compact, moderate hard 

Silty 
Clay 
Loam 

0.20 0.37 1.25 0.46 

         
29.1 0-3 Reddish brown 

10YR (5/2) 
Abundant very fine roots, platy layer, 

friable, (greater than 0.5mm) looks new 
sediment from 2007 flooding 

Silt 
Loam 

0.12 0.39 1.37 1.22 

29.2 3-10 Very dark grayish 
brown 10YR (3/2) 

Abundant fine and very fine roots, 
moderate granular, slightly compact, 

moderate friable 

Silt 
Loam 

0.15 0.33 1.30 0.82 

29.3 10-30 Reddish brown 
10YR (5/2) 

 Few fine roots, weak, sub angular 
blocky, friable 

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.79 

29.4 30-55 Brown 10YR (4/3) Few fine roots, moderate sub angular 
blocky, friable 

Silty 
Clay 
Loam 

0.16 0.34 1.29 0.63 

29.5 55-80 Brown 10YR (5/3) 
and about 40% 

mottled with Dark 
brown 10 YR (3/3) 

Few roots, weak angular blocky, friable 
 

Silt 
Loam 

0.14 0.32 1.32 0.84 

29.6 80-105 Dark grayish brown 
10YR (4/2) 

Few fine roots, very weak angular blocky, 
friable, moderate compact 

Silty 
Clay 
Loam 

0.16 0.34 1.29 0.67 

29.7 105-
135 

Dark grayish brown 
10YR (4/2) 

 

Few roots, weak angular, tends to 
massive, but still somewhat friable, 

Loam 0.14 0.30 1.35 0.67 

29.8 135-
155 

Brown 10YR (5/3 No roots, no structure, very friable, very 
loosely arranged 

Loamy 
Sand 

0.07 0.15 1.67 5.88 
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29.9 155-
185 

Dark brown 10YR 
(3/3) 

Few roots, weak angular blocky, very 
close, moderate compact, moderate 

friable  

Loam 0.13 0.28 1.38 0.74 

29.10 185-
192 

Dark grayish brown 
10YR (4/2) 

Few fine roots, weak angular blocky, 
friable 

Loam 0.14 0.29 1.37 0.66 

         
30.1 0-20 Very dark gray 

10YR (3/1 
Abundant fine and medium roots, 

granular, moderate sub angular blocky, 
very porous, moderate friable, slightly 

compact 

Silty 
Clay 
Loam 

0.17 0.35 1.29 0.54 

30.2 20-40 Very dark gray 
10YR (3/1) 

Abundant fine and medium sized roots, 
granular and moderate compact, moderate 

friable 

Silty 
Clay 
Loam 

0.18 0.36 1.28 0.48 

30.3 40-65 Very dark gray 
10YR 3/1) 

Frequent fine roots, moderate sub angular 
slightly compact, friable 

Silty 
Clay 

0.29 0.45 1.20 0.30 

30.4 65-90 Black 10YR (3/1) 
 

Few fine roots, granular, moderate sub 
angular moderate compact and moderate 

friable, (Pilot Point Alluvium) 

Silty 
Clay 
Loam 

0.19 0.37 1.26 0.45 

30.5 90-110 Black 10YR (3/1) Few fine roots, moderate sub angular 
blocky, very close, moderate compact 

 

Silty 
Clay 
Loam 

0.20 0.37 1.26 0.43 

30.6 110-
125 

Black 10YR (3/1) Few roots, weak angular structure, 
tending to massive, moderate hard 

Silt 
Loam 

0.14 0.32 1.32 0.51 

         
31.1 0-20 Very dark grey 10 

YR (3/2) 
Abundant fine roots, friable, granular and 

sub-angular blocky, strong structure, 
porous 

Silty 
Clay 
Loam 

0.17 0.34 1.29 0.56 

31.2 20-40 Dark grey brown, 10 
YR (4/2) 

Abundant fine roots, granular, and sub 
angular, blocky, slightly compact 

Loam 0.14 0.29 1.36 0.70 

31.3 40-60 Dark grey brown 10 
YR (4/2) and about 
40 % mottled with 
very pale brown 10 

YR (7/4)  

Frequent fine and medium sized roots, 
weak angular blocky structure, very 

friable 
 

Loam 0.12 0.27 1.41 1.08 

31.4 60-100 Brown 10 YR (5/3) Few roots, weak angular blocky structure, 
very friable  

Silt 
Loam 

0.11 0.27 1.41 1.26 

31.5 100-
120 

It has mix color; 
Brown 10 YR (4/3) 
about 80 %, very 

Few fine roots, friable, weak angular 
blocky structure, color is kind of mixed or 

in alternate in bands  

Silt 
Loam 

0.12 0.29 1.37 1.06 
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pale brown 10 YR 
(7/4) about 15% and 
Reddish brown 5YR 

(4/4) is about 5%. 
31.6 120-

150 
Very dark grey 10 

YR (3/1) 
Few fine roots, hard, strong, granular 
structure, looks like it has more pilot 

point alluvium 

Silty 
Clay 
Loam 

0.17 0.35 1.28 0.62 

         
32.1 0-3 Very dark grey 2.5 

Y (3/1) 
Abundant roots, new sediment, recent 
deposition from 2007 flooding, friable, 

tending to show platy structure 

Silty 
Clay 
Loam 

0.19 0.37 1.25 0.51 

32.2 3-30 Very dark grayish 
brown, 2.5 Y (3/2) 

Abundant fine roots, soil not very dry, 
friable, strong granular and sub angular 

blocky structure 

Silty 
Clay 
Loam 

0.22 0.39 1.24 0.40 

32.3 30-65 Very dark grayish 
brown, 2.5 Y (3/2) 

Few fine roots, moderate fine angular 
structure, moderate compact  

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.77 

32.4 65-100 Very dark grayish 
brown, 2.5 Y (3/2) 

Few roots, moderate humid, moderate 
compact, weak angular structure  

Clay 0.48 0.60 1.30 0.71 

32.5 100-
130 

Very dark grayish 
brown, 2.5 Y (3/2) 

Few fine and medium sized roots, 
moderate humid, moderate compact, 

weak angular structure 

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.74 

32.6 130-
160 

 Dark olive brown 
2.5 Y (3/3) 

Moderate compact, very weak angular 
structure, more platy like structure 

Silty 
Clay 
Loam 

0.15 0.33 1.30 0.75 
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APPENDIX B 

 NORMALITY TEST RESULTS (SOIL AND TOPOGRAPHIC POSITION)
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Abbreviations: 1 = Front, 2 = Flat, 3 = Swamp, 4 = Ridge, 5 = Slough, 7 = Hill 

Table B.1 Normality test and descriptive statistics soil texture by topographic position. 
Sand Topo. 

Pos. 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
1 5 25.89 4.27 18.23 0.87 20.63 24.27 24.57 28.08 31.90 
2 5 26.29 21.70 470.97 0.20 5.42 5.60 23.15 46.47 50.85 
3 7 21.66 29.84 890.85 0.00 2.58 4.14 10.58 21.93 87.57 
4 7 12.35 18.62 347.06 0.00 1.00 1.03 2.74 16.30 52.53 
5 3 8.47 1.14 1.31 0.25 7.67 7.67 7.97 9.79 9.79 
7 1 NA NA NA NA NA NA NA NA NA 

Silt Topo. 
Pos 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 51.73 2.07 4.31 0.57 49.33 49.90 52.08 53.21 54.15 
2 5 46.78 9.17 84.11 0.08 33.53 40.76 52.81 53.05 53.78 
3 7 47.93 19.65 378.54 0.00 6.16 42.61 56.20 60.74 60.87 
4 7 51.59 10.56 111.63 0.02 29.21 48.79 54.39 56.95 61.36 
5 3 60.48 6.03 36.36 0.43 55.74 55.74 58.44 67.27 67.27 
7 1 NA NA NA NA NA NA NA NA NA 

Clay Topo. 
Pos 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 22.37 2.75 7.56 0.98 18.77 21.29 22.02 23.65 26.16 
2 5 26.91 13.88 192.87 0.17 12.77 15.62 23.07 41.35 41.77 
3 7 30.40 11.53 133.02 0.03 6.27 26.10 35.00 36.68 40.64 
4 7 36.05 8.59 73.84 0.07 18.26 34.92 37.64 40.94 44.80 
5 3 31.04 5.94 35.38 0.79 24.76 24.76 31.77 36.59 36.59 
7 1 NA NA NA NA NA NA NA NA NA 
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Table B.2 Normality test and descriptive statistics by topographic position for soil moisture, 
organic matter, and organic carbon. 

 

Moisture Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 2.49 0.37 0.14 0.10 1.85 2.53 2.55 2.74 2.80 
2 5 2.53 1.11 1.23 0.43 1.17 1.62 2.72 3.49 3.67 
3 7 3.90 1.50 2.25 0.03 0.86 3.03 4.49 4.87 5.14 
4 7 3.67 1.27 1.61 0.60 1.38 2.78 4.12 4.39 5.24 
5 3 3.71 0.99 0.98 0.15 2.57 2.57 4.20 4.36 4.36 
7 1 NA NA NA NA NA NA NA NA NA 

Organic 
Matter 

Topo. Pos N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 5.35 0.55 0.30 0.24 2.88 3.04 3.09 3.54 4.24 
2 5 3.82 1.48 2.21 0.19 2.62 2.83 3.27 4.12 6.28 
3 7 5.09 1.60 2.58 0.16 2.19 3.63 5.89 6.03 6.75 
4 7 5.84 1.87 3.50 0.33 2.50 4.23 6.18 7.21 7.79 
5 3 4.45 1.31 1.73 0.79 3.06 3.06 4.61 5.68 5.68 
7 1 NA NA NA NA NA NA NA NA NA 

Organic 
Carbon 

Topo. Pos N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.49 0.09 0.00 0.76 0.39 0.42 0.50 0.53 0.64 
2 5 0.59 0.26 0.06 0.34 0.17 0.59 0.65 0.65 0.89 
3 7 0.82 0.45 0.20 0.70 0.11 0.49 0.82 1.34 1.41 
4 7 0.94 0.39 0.15 0.63 0.24 0.82 0.91 1.31 1.44 
5 3 0.72 0.19 0.03 0.88 0.54 0.54 0.71 0.92 0.92 
7 1 NA NA NA NA NA NA NA NA NA 
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Table B.3 Normality test and descriptive statistics by topographic position for soil calcium 
carbonate and pH. 

 

Calcium 
Carbonate 

Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 2.87 0.65 0.43 0.02 1.73 2.90 3.20 3.22 3.31 
2 5 2.43 1.38 1.90 0.01 0.00 2.80 2.81 3.22 3.34 
3 7 1.40 1.31 1.73 0.51 0.02 0.09 1.24 2.09 3.78 
4 7 1.78 1.31 1.72 0.18 0.04 0.62 2.08 2.98 3.21 
5 3 3.58 1.00 1.00 0.50 2.76 2.76 3.28 4.70 4.70 
7 1 NA NA NA NA NA NA NA NA NA 

pH Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 7.86 0.09 0.00 0.19 7.78 7.80 7.83 7.87 8.02 
2 5 7.34 0.82 0.68 0.00 5.87 7.63 7.67 7.72 7.83 
3 7 7.48 0.38 0.14 0.00 6.66 7.39 7.62 7.70 7.79 
4 7 7.50 0.27 0.07 0.07 6.94 7.38 7.56 7.68 7.75 
5 3 7.74 0.09 0.00 0.71 7.64 7.64 7.76 7.83 7.83 
7 1 NA NA NA NA NA NA NA NA NA 

 



238 

APPENDIX C 

 NORMALITY TEST RESULTS (SOIL AND FOREST STAGE)
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Abbreviations: CTF = Cross Timber Forest, ESF = Early Successional Forest, MSF = Mid 

Successional Forest, LSF = Late Successional Forest, WLF = Wetland Low Forest 

Table C1. Normality test and descriptive statistics of soil texture by forest stage. 
 

Sand Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 24.27 29.04 843.67 0.00 2.58 8.13 16.30 28.08 87.57 
LSF 9 18.85 19.05 363.03 0.06 1.00 4.14 10.58 24.57 50.85 
MSF 8 19.93 17.23 296.99 0.36 1.03 4.17 21.28 27.52 52.53 
WLF 3 8.47 1.14 1.31 0.25 1.67 7.67 7.97 9.79 9.79 

Silt Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 45.54 18.31 335.32 0.01 6.16 42.61 49.90 56.20 60.74 
LSF 9 52.16 9.27 86.01 0.08 33.53 52.08 54.15 56.98 61.36 
MSF 8 50.13 8.68 75.38 0.00 29.21 50.65 53.13 53.97 56.33 
WLF 3 60.48 6.03 36.36 0.43 55.74 55.74 58.44 67.27 67.27 

Clay Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 30.18 12.01 144.47 0.02 6.27 22.02 35.11 36.68 40.64 
LSF 9 28.98 10.91 119.06 0.35 12.77 21.29 32.44 37.64 41.77 
MSF 8 29.93 10.75 115.63 0.11 18.26 20.92 26.13 41.14 44.80 
WLF 3 31.04 5.94 35.38 0.79 24.76 24.76 31.77 36.59 36.59 
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Table C.2 Normality test and descriptive statistics by forest stage for soil moisture, organic 
matter and organic carbon. 

Moisture Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 3.51 1.51 2.29 0.41 0.86 2.55 4.12 4.64 5.14 
LSF 9 3.12 1.33 1.78 0.49 1.17 1.85 3.48 4.29 4.87 
MSF 8 3.19 1.77 1.38 0.81 1.38 2.62 2.91 3.91 5.24 
WLF 3 3.71 0.99 0.98 0.15 2.57 2.57 4.20 4.36 4.36 

Organic 
Matter 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 4.78 1.62 2.64 0.06 2.19 3.09 5.89 6.03 6.18 
LSF 9 4.83 1.82 3.34 0.15 2.62 3.04 5.27 6.28 7.21 
MSF 8 4.43 1.94 3.77 0.08 2.50 3.07 3.87 5.64 7.79 
WLF 3 4.45 1.31 1.73 0.79 3.06 3.06 4.61 5.68 5.68 

Organic 
Carbon 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 0.75 0.39 0.15 0.50 0.11 0.39 0.82 0.91 1.34 
LSF 9 0.78 0.39 0.15 0.73 0.17 0.53 0.75 0.89 1.41 
MSF 8 0.69 0.38 0.15 0.24 0.24 0.45 0.61 0.87 1.44 
WLF 3 0.72 0.19 0.03 0.88 0.54 0.54 0.71 0.92 0.92 
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Table C.3 Normality test and descriptive statistics between forest stage and soil calcium 
carbonate. 

Calcium 
Carbonate 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 2.00 1.48 2.20 0.34 0.02 0.09 2.08 3.22 3.78 
LSF 9 2.03 1.23 1.52 0.32 0.00 1.24 2.09 3.21 3.34 
MSF 8 2.06 1.32 1.74 0.01 0.04 0.72 2.84 3.05 3.22 
WLF 3 3.58 1.00 1.00 0.50 2.76 2.76 3.28 4.70 4.70 

pH Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

CTF 1 NA NA NA NA NA NA NA NA NA 
ESF 7 7.48 0.40 0.16 0.10 6.66 7.38 7.62 7.75 7.87 
LSF 9 7.50 0.62 0.38 0.00 5.87 7.58 7.68 7.79 7.83 
MSF 8 7.62 0.30 0.09 0.06 6.94 7.59 7.65 7.76 8.02 
WLF 3 7.74 0.09 0.00 0.71 7.64 7.64 7.76 7.83 7.83 
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APPENDIX D 

 NORMALITY TEST RESULTS (TOPOGRAPHIC POSITION AND TREE SPECIES)
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Abbreviations: Topo. Pos. = Topographic Position, RD = Relative Density, RBA = Relative 
Basal Area, and IV = Importance Value 
Table D.1 Normality test and descriptive statistics between topographic position and total basal 

area and total density. 
Total 
basal 
area 

Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 43.33 23.97 574.79 0.79 13.70 27.11 42.07 62.32 71.54 
2 6 32.21 14.59 213.12 0.54 11.93 22.84 30.89 48.33 48.40 
3 8 23.91 14.30 204.75 0.48 8.51 11.85 21.36 34.02 48.33 
4 8 28.11 12.05 145.34 0.06 12.30 17.50 29.01 39.46 40.70 
5 3 19.82 5.17 26.80 0.63 14.18 14.18 20.95 24.35 24.35 
6 2 25.91 0.38 0.14 1.00 25.64 25.64 25.91 26.18 26.18 

Total 
density 

Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 1046.4 381.42 145484.3 0.38 688 832 912 1136 1664 
2 6 938.66 425.21 180804.26 0.13 512 544 904 1312 1456 
3 8 728 331.34 109787.42 0.37 368 488 608 968 1328 
4 8 1080 529.48 280356.57 0.18 576 632 1000 1352 2096 
5 3 1376 366.60 134400 0.63 1056 1056 1296 1776 1776 
6 2 1200 475.17 225792 1.00 864 864 1200 1536 1536 

 
Table D.2 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Cedar Elm. 
RD Topo. 

Pos. 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
1 5 5.19 8.03 64.53 0.03 0.00 0.00 0.00 7.69 18.27 
2 6 5.80 12.33 152.22 0.00 0.00 0.00 0.00 4.05 30.77 
3 8 27.94 20.25 410.33 0.41 0.00 9.64 31.65 43.91 53.13 
4 8 41.17 38.79 1505.07 0.15 0.76 4.42 38.26 78.88 97.50 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 20.37 28.80 829.87 1.00 0.00 0.00 20.37 40.74 40.74 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 6.33 13.75 189.27 0.00 0.00 0.00 0.00 0.74 30.94 
2 6 10.83 26.32 693.19 <0.00 0.00 0.00 0.00 0.45 64.58 
3 8 34.10 30.91 955.56 0.08 0.00 4.00 31.25 66.17 70.00 
4 8 42.65 40.25 1620.68 0.18 0.28 4.39 38.12 78.21 99.48 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 10.87 15.37 236.31 1.00 0.00 0.00 10.87 21.74 21.74 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 11.52 21.37 457.05 0.00 0.00 0.00 0.00 8.43 49.21 
2 6 16.64 38.60 1489.99 <0.00 0.00 0.00 0.00 4.51 95.35 
3 8 62.04 49.73 2473.90 0.14 0.00 17.79 60.89 110.82 117.35 
4 8 83.83 78.33 6135.64 0.23 1.39 8.64 70.39 157.09 196.98 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 31.24 44.18 1951.87 1.00 0.00 0.00 31.24 62.48 62.48 
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Table D.3 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Bur Oak. 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.28 0.63 0.39 0.00 0.00 0.00 0.00 0.00 1.41 
2 6 0.42 1.04 1.09 0.00 0.00 0.00 0.00 0.00 2.56 
3 8 1.29 3.65 13.36 <0.00 0.00 0.00 0.00 0.00 10.34 
4 8 1.19 2.00 4.01 0.00 0.00 0.00 0.00 1.99 5.56 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 5.09 11.39 129.84 0.00 0.00 0.00 0.00 0.00 25.48 
2 6 0.10 0.24 0.06 <0.00 0.00 0.00 0.00 0.00 0.61 
3 8 7.97 22.56 508.96 <0.00 0.00 0.00 0.00 0.00 63.81 
4 8 1.99 5.16 26.66 <0.00 0.00 0.00 0.00 0.62 14.75 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 5.37 12.02 144.61 0.00 0.00 0.00 0.00 0.00 26.89 
2 6 0.52 1.29 1.67 <0.00 0.00 0.00 0.00 0.00 3.17 
3 8 9.27 26.21 687.46 <0.00 0.00 0.00 0.00 0.00 74.16 
4 8 3.19 7.03 49.43 <0.00 0.00 0.00 0.00 2.61 20.30 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.4 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Chittamwood. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.21 2.36 5.60 0.00 0.00 0.00 0.00 1.72 6.25 
4 8 0.32 0.90 0.81 <0.00 0.00 0.00 0.00 0.00 2.56 
5 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 2 0.52 0.73 0.54 1.00 0.00 0.00 0.52 1.04 1.04 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.79 4.49 20.16 <0.00 0.00 0.00 0.00 0.77 12.83 
4 8 0.06 0.18 0.03 <0.00 0.00 0.00 0.00 0.00 0.51 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.66 0.94 0.88 1.00 0.00 0.00 0.66 1.33 1.33 

IV Topo. N Mean SD S2 Prob. Five Number Summary 



245 

Pos. Min Q1 Q2 Q3 Max 
1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 3.00 6.72 45.21 <0.00 0.00 0.00 0.00 2.49 19.08 
4 8 0.38 1.08 1.17 <0.00 0.00 0.00 0.00 0.00 3.07 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 1.19 1.68 2.83 1.00 0.00 0.00 1.19 2.38 2.38 

 
 

Table D.5 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Dead Tree. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 8.7 7.41 54.99 0.88 0.00 5.26 6.98 11.54 19.72 
2 6 4.41 4.13 17.05 0.30 0.00 0.00 4.09 8.82 9.46 
3 8 8.51 12.29 151.16 0.00 0.00 0.89 5.25 9.17 37.50 
4 8 3.97 4.47 20.02 0.13 0.00 0.00 3.30 6.17 12.82 
5 3 6.35 4.74 22.55 0.69 1.23 1.23 7.21 10.61 10.61 
6 2 15.68 11.70 136.95 1.00 7.41 7.41 15.68 23.96 23.96 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 3.18 3.41 11.68 0.18 0.00 1.54 2.51 2.92 8.96 
2 6 1.50 1.75 3.07 0.21 0.00 0.00 1.14 2.31 4.46 
3 8 4.2 6.23 38.86 0.00 0.00 0.18 1.73 5.78 18.19 
4 8 2.20 4.90 24.02 <0.00 0.00 0.00 0.27 1.44 14.22 
5 3 17.05 15.02 225.67 0.56 0.45 0.45 20.99 29.71 29.71 
6 2 9.27 10.32 106.58 1.00 1.97 1.97 9.27 16.57 16.57 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 11.88 9.38 88.08 0.58 0.00 6.80 9.89 20.50 22.23 
2 6 5.91 5.42 29.38 0.60 0.00 0.00 6.19 9.19 13.92 
3 8 12.71 18.13 328.83 0.00 0.00 1.16 9.50 12.35 55.69 
4 8 6.17 9.03 81.67 0.00 0.00 0.00 3.91 7.26 27.04 
5 3 23.4 19.76 390.54 0.59 1.68 1.68 28.20 40.32 40.32 
6 2 24.95 22.02 485.16 1.00 9.38 9.38 24.95 40.53 40.53 

 

Table D.6 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Swamp Privet. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.77 1.72 2.96 0.00 0.00 0.00 0.00 0.00 3.85 
2 6 2.56 6.27 39.42 <0.00 0.00 0.00 0.00 0.00 15.38 
3 8 10.47 22.44 503.61 <0.00 0.00 0.00 0.00 9.76 64.29 
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4 8 5.72 13.05 170.46 <0.00 0.00 0.00 0.88 3.08 37.88 
5 3 73.76 16.92 286.59 0.35 54.55 54.55 80.25 86.49 86.49 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.06 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.31 
2 6 0.71 1.75 3.09 <0.00 0.00 0.00 0.00 0.00 4.31 
3 8 9.48 21.95 481.99 <0.00 0.00 0.00 0.00 6.61 62.61 
4 8 1.83 4.26 18.20 <0.00 0.00 0.00 0.14 1.03 12.33 
5 3 51.37 26.92 724.86 0.71 22.43 22.43 56.03 75.67 75.67 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.83 1.85 3.44 0.00 0.00 0.00 0.00 0.00 4.15 
2 6 3.28 8.04 64.68 <0.00 0.00 0.00 0.00 0.00 19.7 
3 8 19.95 44.37 1968.81 <0.00 0.00 0.00 0.00 16.37 126.89 
4 8 7.56 17.30 299.60 <0.00 0.00 0.00 1.33 3.81 50.20 
5 3 125.13 42.24 1784.91 0.30 76.97 76.97 142.52 155.92 155.92 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.7 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Green Ash. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 7.69 6.21 38.64 0.88 0.00 3.85 6.98 12.28 15.38 
2 6 12.17 10.13 102.79 0.63 0.00 5.13 11.74 14.71 29.73 
3 8 8.37 9.38 88.04 0.16 0.00 0.00 6.73 13.38 26.79 
4 8 23.72 32.31 1044.45 0.00 0.00 3.57 12.37 32.37 93.13 
5 3 4.04 4.38 19.20 0.12 1.23 1.23 1.80 9.09 9.09 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 7.00 8.10 65.67 0.12 0.00 2.95 4.71 6.53 20.85 
2 6 37.28 36.53 1334.47 0.20 0.00 4.24 3.29 76.99 81.86 
3 8 18.87 26.07 679.98 0.01 0.00 0.00 10.00 26.99 76.99 
4 8 22.77 33.26 1106.32 0.00 0.00 0.34 9.96 31.69 98.17 
5 3 7.26 8.19 67.21 0.38 0.98 0.98 4.28 16.54 16.54 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 14.70 13.03 169.83 0.87 0.00 6.80 11.69 21.92 33.13 
2 6 49.45 45.57 2077.29 0.52 0.00 9.37 42.04 91.69 111.59 
3 8 27.24 31.04 963.99 0.06 0.00 0.00 25.77 37.36 91.69 
4 8 46.49 64.92 4215.80 0.00 0.00 7.28 19.08 63.94 191.30 
5 3 11.30 12.55 157.61 0.29 2.21 2.21 6.08 25.63 25.63 
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6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
 

Table D.8 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Mulberry. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 5.83 4.51 20.39 0.88 0.00 2.82 7.02 7.69 11.63 
2 6 15.40 18.13 328.85 0.15 0.00 1.10 7.97 31.25 44.12 
3 8 7.46 15.23 232.00 <0.00 0.00 0.00 0.00 7.80 44.12 
4 8 1.81 3.93 15.52 <0.00 0.00 0.00 0.00 1.69 11.11 
5 3 4.54 7.87 62.01 <0.00 0.00 0.00 0.00 13.64 13.64 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 1.36 1.42 2.02 0.50 0.00 0.37 1.16 1.67 3.63 
2 6 3.34 3.76 14.16 0.11 0.00 0.21 1.88 7.43 8.67 
3 8 1.17 3.03 9.20 <0.00 0.00 0.00 0.00 0.36 8.67 
4 8 0.18 0.36 0.13 0.00 0.00 0.00 0.00 0.27 0.96 
5 3 1.46 2.54 6.45 <0.00 0.00 0.00 0.00 4.40 4.40 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 7.19 5.43 29.56 0.56 0.00 3.19 8.69 11.32 12.78 
2 6 18.74 21.87 478.42 0.14 0.00 1.31 9.85 38.68 52.79 
3 8 8.63 18.22 332.07 <0.00 0.00 0.00 0.00 8.15 52.79 
4 8 2.00 4.29 18.45 <0.00 0.00 0.00 0.00 1.97 12.07 
5 3 6.01 10.41 108.48 <0.00 0.00 0.00 0.00 18.04 18.04 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.9 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Sugarberry. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 27.75 29.28 857.72 0.18 2.82 5.77 26.32 27.91 75.96 
2 6 30.38 22.17 491.63 0.74 2.44 17.95 27.30 39.19 68.13 
3 8 17.98 14.68 215.61 0.67 0.00 3.94 18.78 28.45 41.54 
4 8 8.29 15.87 252.00 0.00 0.00 0.00 1.22 8.71 46.46 
5 3 2.11 2.29 5.25 0.77 0.00 0.00 1.80 4.55 4.55 
6 2 0.52 0.73 0.54 1.00 0.00 0.00 0.52 1.04 1.04 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 15.64 24.91 620.74 0.00 0.32 2.79 6.73 8.56 59.84 
2 6 17.00 27.99 783.56 0.00 2.07 2.69 6.36 10.74 73.77 



248 

3 8 8.79 11.88 141.32 0.00 0.00 1.61 3.41 12.60 34.99 
4 8 7.01 13.03 169.98 0.00 0.00 0.00 0.20 9.02 37.68 
5 3 4.14 6.01 36.18 0.21 0.00 0.00 1.38 11.04 11.04 
6 2 0.06 0.08 0.00 1.00 0.00 0.00 0.06 0.12 0.12 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 43.40 53.68 2881.93 0.05 3.14 8.56 33.05 36.46 135.80 
2 6 47.38 48.25 2328.75 0.02 5.13 25.30 33.70 44.57 141.91 
3 8 26.78 24.22 586.65 0.23 0.00 7.19 26.94 34.73 76.53 
4 8 15.31 28.88 8.34.58 0.00 0.00 0.00 1.43 17.73 84.15 
5 3 6.25 6.42 41.29 0.91 0.00 0.00 5.93 12.84 12.84 
6 2 0.58 0.82 0.67 1.00 0.00 0.00 0.58 1.16 1.16 

 
Table D.10 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Osage Orange. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.75 1.22 1.50 0.02 0.00 0.00 0.00 0.96 2.85 
2 6 4.93 5.15 26.54 0.14 0.00 1.22 2.82 10.26 12.50 
3 8 0.56 1.10 1.21 0.00 0.00 0.00 0.00 0.77 2.94 
4 8 0.40 0.74 0.55 <0.00 0.00 0.00 0.00 0.76 1.69 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 2.63 4.07 16.62 0.03 0.00 0.00 0.00 3.92 9.27 
2 6 4.30 5.72 32.79 0.04 0.00 0.29 2.60 5.10 15.21 
3 8 0.57 1.51 2.28 <0.00 0.00 0.00 0.00 0.14 4.31 
4 8 0.97 1.90 3.61 0.00 0.00 0.00 0.00 1.38 5.02 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 3.39 5.30 28.09 0.03 0.00 0.00 0.00 4.88 12.09 
2 6 9.23 9.74 94.91 0.22 0.00 3.23 5.10 16.51 25.46 
3 8 1.13 2.21 4.90 0.00 0.00 0.00 0.00 1.61 5.85 
4 8 1.37 2.60 6.78 0.00 0.00 0.00 0.00 2.23 6.53 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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Table D.11 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Cottonwood. 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 5.06 5.14 26.47 0.41 0.00 0.00 5.26 8.45 11.63 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.63 1.78 3.18 <0.00 0.00 0.00 0.00 0.00 5.05 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 31.27 32.91 1083.13 0.12 0.00 0.00 25.41 64.63 66.62 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 3.50 9.91 98.28 <0.00 0.00 0.00 0.00 0.00 28.04 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 36.33 37.10 1377.12 0.22 0.00 0.00 33.86 69.59 78.24 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 4.13 11.69 136.86 <0.00 0.00 0.00 0.00 0.00 33.09 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.12 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Winged Elm. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.25 0.71 0.51 <0.00 0.00 0.00 0.00 0.00 2.02 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 26.56 37.56 1411.39 1.00 0.00 0.00 26.56 53.13 53.13 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.0 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.25 0.70 0.50 <0.00 0.00 0.00 0.00 0.00 2.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 7.55 10.68 114.15 1.00 0.00 0.00 7.55 15.11 15.11 
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IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.50 1.42 2.02 <0.00 0.00 0.00 0.00 0.00 4.02 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 34.11 48.24 2327.66 1.00 0.00 0.00 34.15 68.23 68.23 

 
 
Table D.13 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Eve’s Necklace. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.31 0.88 0.78 <0.00 0.00 0.00 0.00 0.00 2.50 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.65 0.18 0.03 <0.00 0.00 0.00 0.00 0.00 0.52 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.37 1.06 1.14 <0.00 0.00 0.00 0.00 0.00 3.02 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.14 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of American Elm. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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4 8 0.37 1.06 1.14 <0.00 0.00 0.00 0.00 0.00 3.02 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 9.97 13.64 186.26 0.09 0.00 0.44 2.35 15.26 31.69 
2 6 5.04 10.39 108.04 0.00 0.00 0.00 0.40 3.37 26.10 
3 8 1.31 2.49 6.22 0.00 0.00 0.00 0.00 2.01 6.50 
4 8 9.11 13.73 188.59 0.00 0.00 0.00 0.00 19.50 33.92 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IM Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 18.59 21.60 466.65 0.01 1.91 3.26 3.31 41.30 43.17 
2 6 6.71 11.19 125.27 0.00 0.00 0.00 3.16 4.72 29.23 
3 8 3.04 4.93 24.31 0.00 0.00 0.00 0.00 5.86 12.66 
4 8 12.92 18.50 342.45 0.00 0.00 0.00 0.00 29.18 45.04 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.15 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Boxelder. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 29.34 24.97 623.92 0.49 0.00 6.98 38.46 42.11 59.15 
2 6 15.12 34.42 1185.36 <0.00 0.00 0.00 1.22 2.94 85.37 
3 8 1.61 2.53 6.41 0.00 0.00 0.00 0.00 3.01 6.90 
4 8 4.51 12.76 162.99 <0.00 0.00 0.00 0.00 0.00 36.11 
5 3 2.13 1.10 1.21 0.48 0.00 0.90 2.47 3.03 3.03 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 17.41 21.64 468.49 0.07 0.00 0.78 4.73 36.18 45.36 
2 6 17.62 34.49 1189.57 0.00 0.00 0.00 3.28 11.78 87.40 
3 8 2.72 4.30 18.54 0.00 0.00 0.00 0.00 5.00 11.78 
4 8 1.07 3.04 9.28 <0.00 0.00 0.00 0.00 0.00 8.62 
5 3 9.96 3.84 14.77 0.78 6.39 6.39 9.46 14.03 14.03 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 46.75 43.13 1860.42 0.39 0.00 7.76 46.83 83.83 95.34 
2 6 32.74 68.81 4537.93 0.00 0.00 0.00 4.50 14.72 172.76 
3 8 4.33 6.28 39.51 0.00 0.00 0.00 0.00 9.99 14.72 
4 8 5.59 15.81 250.09 <0.00 0.00 0.00 0.00 0.00 44.73 
5 3 12.09 4.88 23.88 0.94 7.29 7.29 11.93 17.06 17.06 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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Table D.16 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Pecan. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 3.93 9.48 89.93 <0.00 0.00 0.00 0.00 2.10 27.27 
5 3 0.3 0.51 0.27 <0.00 0.0 0.00 0.00 0.90 0.90 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 5.49 11.52 132.92 <0.00 0.00 0.00 0.00 5.92 32.12 
5 3 0.31 0.53 0.28 <0.00 0.00 0.00 0.00 0.93 0.93 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 9.43 17.06 291.34 0.00 0.00 0.00 0.00 18.16 39.13 
5 3 0.61 1.05 1.11 <0.00 0.00 0.00 0.00 1.83 1.83 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.17 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Unknown. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.49 0.93 0.87 0.00 0.00 0.00 0.00 0.77 2.38 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.41 0.77 0.60 0.00 0.00 0.00 0.00 0.76 1.82 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.90 1.70 2.91 0.00 0.00 0.00 0.00 1.53 4.20 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.18 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Honey Locust. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.40 0.99 0.99 <0.00 0.00 0.00 0.00 0.00 2.44 
3 8 9.44 15.60 243.59 0.00 0.00 0.00 3.36 12.13 44.58 
4 8 0.17 0.50 0.25 <0.00 0.00 0.00 0.00 0.00 1.43 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.52 0.73 0.54 1.00 0.00 0.00 0.52 1.04 1.04 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.15 0.37 0.14 <0.00 0.00 0.00 0.00 0.00 0.92 
3 8 5.19 10.01 100.37 0.00 0.00 0.00 0.60 5.70 28.93 
4 8 0.05 0.15 0.02 <0.00 0.00 0.00 0.00 0.00 0.43 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.12 0.16 0.02 1.00 0.00 0.00 0.12 0.24 0.24 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.56 1.37 1.88 <0.00 0.00 0.00 0.00 0.00 3.36 
3 8 14.64 25.54 652.64 0.00 0.00 0.00 3.97 17.83 73.51 
4 8 0.23 0.65 0.43 <0.00 0.00 0.00 0.00 0.00 1.86 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.64 0.90 0.81 1.00 0.00 0.00 0.64 1.28 1.28 

 
Table D.19 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Black Willow. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.89 2.52 6.37 <0.00 0.00 0.00 0.00 0.00 7.14 
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4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 1.51 2.62 6.90 <0.00 0.00 0.00 0.00 4.55 4.55 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.59 4.49 20.22 <0.00 0.00 0.00 0.00 0.00 12.72 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 3.83 6.64 44.16 <0.00 0.00 0.00 0.00 11.51 11.51 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 2.48 7.02 49.30 <0.00 0.00 0.00 0.00 0.00 19.86 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 5.35 9.27 85.97 <0.00 0.00 0.00 0.00 16.06 16.06 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.20 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Eastern Red Cedar. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.19 0.54 0.29 <0.00 0.00 0.00 0.00 0.00 1.54 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 1.96 0.16 0.02 1.00 1.85 1.85 1.96 2.08 2.08 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.17 0.48 0.23 <0.00 0.00 0.00 0.00 0.00 1.38 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.49 0.31 0.10 1.00 0.27 0.27 0.49 0.72 0.72 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.36 1.03 1.06 <0.00 0.00 0.00 0.00 0.00 2.92 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 2.46 0.48 0.23 1.00 2.12 2.12 2.46 2.80 2.80 
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Table D.21 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Redbud. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.29 3.65 13.36 <0.00 0.00 0.00 0.00 0.00 10.34 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.12 0.34 0.11 <0.00 0.00 0.00 0.00 0.00 0.97 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.41 3.99 15.98 <0.00 0.00 0.00 0.00 0.00 11.31 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
 

Table D.22 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Hawthorn. 

 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.43 1.21 1.48 <0.00 0.00 0.00 0.00 0.00 3.45 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.02 0.06 0.00 <0.00 0.00 0.00 0.00 0.00 0.17 
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4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.45 1.27 1.63 <0.00 0.00 0.00 0.00 0.00 3.62 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.23 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Soapberry. 

 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 4.79 10.28 105.85 0.00 0.00 0.00 0.00 3.13 25.64 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.17 0.50 0.25 <0.00 0.00 0.00 0.00 0.00 1.43 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 1.02 2.40 5.77 <0.00 0.00 0.00 0.00 0.23 5.93 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.04 0.13 0.01 <0.00 0.00 0.00 0.00 0.00 0.37 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 5.82 12.68 161.02 0.00 0.00 0.00 0.00 3.36 31.58 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.22 0.63 0.40 <0.00 0.0 0.00 0.00 0.00 1.80 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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Table D.24 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Honey Mesquite. 

 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.30 0.85 0.72 <0.00 0.00 0.00 0.00 0.00 2.41 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.39 3.95 15.65 <0.00 0.00 0.00 0.00 0.00 11.19 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 1.7 4.80 23.12 <0.00 0.00 0.00 0.00 0.00 13.6 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.25 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Post Oak. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 26.8 27.6 760.9 1.00 7.29 7.29 26.7 46.3 46.3 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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6 2 58.6 21.4 458.4 1.00 43.4 43.4 58.6 73.7 73.7 
IV Topo. 

Pos. 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 85.37 48.98 2399.8 1.00 50.73 50.7 85.4 120.0 120.0 

 

Table D.26 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Chinaberry. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 1.56 3.82 14.66 <0.00 0.00 0.00 0.00 0.00 9.38 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.3 0.51 0.27 <0.00 0.00 0.00 0.00 0.90 0.90 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.82 2.01 4.05 <0.00 0.00 0.00 0.00 0.00 4.93 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.11 0.19 0.03 <0.00 0.00 0.00 0.00 0.33 0.33 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 2.38 5.83 34.08 <0.00 0.00 0.00 0.00 0.00 14.30 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.41 0.71 0.50 <0.00 0.00 0.00 0.00 1.23 1.23 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 

Table D.27 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Blackjack Oak. 

 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 4.69 6.63 43.99 1.00 0.00 0.00 4.69 9.38 9.38 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 11.14 15.76 248.42 1.00 0.00 0.00 11.14 22.29 22.29 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 15.83 22.38 501.17 1.00 0.00 0.00 15.83 31.66 31.66 

 

Table D.28 Normality test and descriptive statistics between topographic position and relative 
density, relative basal area and importance value of Ulmus Species. 

 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.83 1.48 2.20 0.00 0.00 0.00 0.00 1.35 3.66 
3 8 0.15 0.42 0.18 <0.00 0.00 0.00 0.00 0.00 1.20 
4 8 1.42 4.04 16.33 <0.00 0.00 0.00 0.00 0.00 11.43 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.28 0.63 0.40 <0.00 0.00 0.00 0.00 0.13 1.58 
3 8 0.10 0.29 0.08 <0.00 0.00 0.00 0.00 0.00 0.83 
4 8 2.36 6.68 44.74 <0.00 0.00 0.00 0.00 0.00 18.92 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 1.12 2.10 4.42 0.00 0.00 0.00 0.00 1.48 5.24 
3 8 0.25 0.72 0.52 <0.00 0.00 0.00 0.00 0.00 2.04 
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4 8 3.79 10.72 115.06 <0.00 0.00 0.00 0.00 0.00 30.34 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table D.29 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Crataegus Species. 
 

RD Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 2.37 1.88 3.53 1.00 1.04 1.04 2.37 3.70 3.70 

RBA Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 1.24 1.49 2.24 1.00 0.18 0.18 1.24 2.30 2.30 

IV 
 

Topo. 
Pos. 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

1 5 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
2 6 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
3 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
4 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
5 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
6 2 3.61 3.38 11.47 1.00 1.22 1.22 3.61 6.01 6.01 
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APPENDIX E 

 NORMALITY TEST RESULTS (FOREST STAGES AND TREE SPECIES)
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Abbreviations: ESF=Early Successional Forest, MSF=Mid Successional Forest, LSF=Late 

Successional Forest, WLF=Wetland Low Forest, and CTF=Cross Timber Forest, TBA = Total 

Basal Area, TD = Total Density 

Table E.1 Normality test and descriptive statistics between forest stage and total basal area and 
total density. 

TBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 15.62 5.71 32.69 0.45 8.51 12.11 14.15 18.77 26.39 
MSF 8 31.70 13.44 180.84 0.48 9.09 21.42 36.06 40.62 48.33 
LSF 11 38.69 16.53 273.28 0.28 19.27 26.36 37.44 48.40 71.54 
WLF 3 19.82 5.17 26.80 0.63 14.18 14.18 20.95 24.35 24.35 
CTF 2 25.91 0.38 0.14 1.00 25.64 25.64 25.91 26.18 26.18 

TD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1272 356.13 126829.71 0.45 672 1008 1320 1592 1664 
MSF 8 1100 495.42 245449.14 0.36 544 736 1048 1296 2096 
LSF 11 673.45 243.85 59466.47 0.23 368 512 624 912 1184 
WLF 3 1376 366.60 134400 0.63 1056 1056 1296 1776 1776 
CTF 2 1200 475.17 225792 1.00 864 864 1200 1536 1536 

 
Table E.2 Normality test and descriptive statistics between forest stage and relative density of Cedar 

Elm. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 22.78 24.64 657.79 0.10 0.00 0.50 18.77 34.01 75.71 
MSF 8 19.00 34.46 1187.75 0.00 0.00 0.00 3.41 23.84 97.50 
LSF 11 25.49 27.32 746.40 0.07 0.00 0.00 27.59 47.83 82.05 
WLF 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CTF 2 20.37 28.80 829.87 1.00 0.00 0.00 20.37 40.74 40.74 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 26.38 29.78 887.03 0.04 0.00 0.06 18.95 50.47 72.14 
MSF 8 19.09 35.77 1280.18 0.00 0.00 0.00 0.68 25.95 99.48 
LSF 11 31.54 35.23 1241.53 0.00 0.00 0.00 8.00 64.58 84.29 
WLF 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CTF 2 10.87 15.37 236.31 1.00 0.00 0.00 10.87 21.74 21.74 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 49.17 53.72 2886.88 0.14 0.00 0.56 43.62 78.60 147.8 
MSF 8 38.09 70.18 4925.61 0.00 0.00 0.00 4.91 48.99 196.9 
LSF 11 57.03 61.20 3745.58 0.03 0.00 0.00 35.58 115.9 166.3 
WLF 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CTF 2 31.24 44.18 1951.87 1.00 0.00 0.00 31.24 62.48 62.48 
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Table E.3 Normality test and descriptive statistics between forest stage and relative density, 
relative basal area and importance value of Bur Oak. 

RD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.17 0.50 0.25 <0.0001 0.00 0.00 0.00 0.00 1.43 
MSF 8 0.17 0.49 0.24 <0.0001 0.00 0.00 0.00 0.00 1.41 
LSF 11 1.91 3.32 11.06 0.0002 0.00 0.00 0.00 2.56 10.34 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.03 0.09 0.008 <0.0001 0.00 0.00 0.00 0.00 0.26 
MSF 8 3.18 9.00 81.15 <0.0001 0.00 0.00 0.00 0.00 25.48 
LSF 11 7.28 19.25 370.6

6 
<0.0001 0.00 0.00 0.00 0.98 63.81 

WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.21 0.59 0.35 <0.0001 0.00 0.00 0.00 0.00 1.68 
MSF 8 3.36 9.50 90.38 <0.0001 0.00 0.00 0.00 0.00 26.89 
LSF 11 9.19 22.36 500.4 <0.0001 0.00 0.00 0.00 3.54 74.16 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.4 Normality test and descriptive statistics between topographic position and relative 

density, relative basal area and importance value of Chittamwood. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 1.11 2.09 4.38 <0.0001 0.00 0.0 0.00 2.56 6.25 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.52 0.73 0.54 1.000 0.00 0.00 0.52 1.04 1.04 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 1.35 3.83 14.71 <0.0001 0.00 0.00 0.00 0.51 12.83 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.66 0.94 0.88 1.000 0.00 0.00 0.66 1.33 1.33 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.0 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.0 
LSF 11 2.46 5.75 33.14 <0.0001 0.00 0.00 0.00 3.07 19.0 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.0 
CTF 2 1.19 1.68 2.83 1.000 0.00 0.00 1.19 2.38 2.3 
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Table E.5 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Dead Tree. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 2.97 3.11 9.69 0.11 0.00 0.89 2.01 4.24 9.52 
MSF 8 5.99 7.01 49.16 0.11 0.00 0.00 3.94 10.18 19.72 
LSF 11 8.29 10.50 110.38 0.0004 0.00 0.00 6.78 9.46 37.50 
WLF 3 6.35 4.74 22.55 0.69 1.23 1.23 7.21 10.61 10.61 
CTF 2 15.68 11.70 136.95 1.00 7.41 7.41 15.68 23.96 23.96 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1.98 2.64 6.97 0.024 0.00 0.00 0.83 3.15 7.57 
MSF 8 1.83 3.03 9.19 0.001 0.00 0.00 0.63 2.21 8.96 
LSF 11 4.22 6.16 38.03 0.0006 0.00 0.00 1.98 4.46 18.19 
WLF 3 17.05 15.02 225.67 0.56 0.45 0.45 20.99 29.71 29.71 
CTF 2 9.27 10.32 106.58 1.000 1.97 1.97 9.27 16.57 16.57 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 4.96 5.11 26.20 0.14 0.00 1.16 2.73 9.18 13.53 
MSF 8 7.82 8.99 80.87 0.047 0.00 0.00 5.34 14.84 22.23 
LSF 11 12.51 16.28 265.33 0.001 0.00 0.00 8.76 13.92 55.69 
WLF 3 23.4 19.76 390.54 0.595 1.68 1.68 28.20 40.32 40.32 
CTF 2 24.95 22.02 485.16 1.000 9.38 9.38 24.95 40.53 40.53 

 
Table E.6 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Swamp Privet. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 10.92 22.27 496.32 0.0001 0.00 0.00 0.50 11.03 64.2 
MSF 8 7.23 13.46 181.17 0.0005 0.00 0.00 0.38 9.61 37.8 
LSF 11 0.87 1.50 2.27 <0.0001 0.00 0.00 0.00 2.78 3.45 
WLF 3 73.76 16.92 286.59 0.35 54.5 54.5 80.2 86.49 86.4 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 9.92 21.75 473.38 <0.0001 0.00 0.00 0.37 8.02 62.6 
MSF 8 2.13 4.37 19.17 0.0001 0.00 0.00 0.07 2.31 12.3 
LSF 11 0.13 0.39 0.15 <0.0001 0.00 0.00 0.00 0.08 1.31 

IV WLF 3 51.37 26.92 724.86 0.71 22.4 22.4 50.0 75.67 75.6 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 20.84 44.01 1937.2 <0.0001 0.00 0.00 0.88 19.06 126.89 
MSF 8 9.37 17.82 317.68 0.0003 0.00 0.00 0.45 11.92 50.2 
LSF 11 1.01 1.78 3.17 <0.0001 0.00 0.00 0.00 2.92 4.70 
WLF 3 125.1 42.24 1784.9 0.30 76.9 76.9 142.5 155.9 155.9 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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Table E.7 Normality test and descriptive statistics between forest stage and relative density, 
relative basal area and importance value of Green Ash. 

RD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 11.71 10.42 108.7 0.14 0.00 4.30 9.12 19.42 28.00 
MSF 8 18.48 30.93 957.2 0.0002 0.00 0.00 12.31 15.04 93.13 
LSF 11 12.73 15.28 233.6 0.006 0.00 0.00 8.70 13.89 50.85 
WLF 3 4.04 4.38 19.20 0.124 1.23 1.23 1.80 9.09 9.09 
CTF 2 0.00 0.00 0.00 NA 0.00 0.0 0.00 0.00 0.0 

RB
A 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 11.92 9.81 96.32 0.38 0.00 5.39 9.96 18.20 28.26 
MSF 8 27.88 34.41 1476 0.01 0.00 0.00 10.28 52.16 98.17 
LSF 11 20.42 26.34 693.9 0.01 0.00 0.00 4.71 36.06 86.86 
WLF 3 7.26 8.19 67.21 0.38 0.98 0.98 4.28 16.54 16.54 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 23.63 18.15 329.4 0.84 0.00 10.9
1 

20.03 35.45 56.26 

MSF 8 46.36 66.10 4370.
2 

0.08 0.00 0.00 23.47 66.33 191.3
0 

LSF 11 33.16 37.96 1441.
0 

0.03 0.00 0.00 14.57 59.06 111.5
9 

WLF 3 11.30 12.55 157.6 0.29 2.21 2.21 6.08 25.63 25.63 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.8 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Mulberry. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.0 0.00 0.00 0.00 0.00 
MSF 8 6.96 15.24 232.37 <0.0001 0.00 0.00 0.55 5.25 44.12 
LSF 11 8.72 8.51 72.57 0.008 0.00 3.39 7.02 11.11 31.25 
WLF 3 4.54 7.87 62.01 <0.0001 0.00 0.00 0.00 13.64 13.64 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 00.00 0.00 0.00 0.00 0.00 
MSF 8 1.61 3.11 9.68 0.0003 0.00 0.00 0.10 2.00 8.67 
LSF 11 1.47 2.10 4.43 0.0002 0.00 0.35 0.96 1.67 7.43 
WLF 3 1.46 2.54 6.45 <0.0001 0.00 0.00 0.00 4.40 4.40 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 8.57 18.27 334.05 <0.0001 0.00 0.00 0.65 7.25 52.79 
LSF 11 10.19 10.50 110.30 0.002 0.00 3.94 8.69 12.78 38.68 
WLF 3 6.01 10.41 108.48 <0.0001 0.00 0.00 0.00 18.04 18.04 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
 

Table E.9 Normality test and descriptive statistics between forest stage and relative density, 
relative basal area and importance value of Sugarberry. 

RD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 65.48 14.82 219.6 1.00 55.0 55.0 65.4 75.9 75.96 
MSF 8 19.32 24.51 600.7 0.03 0.00 1.79 7.43 34.0 68.13 
LSF 11 18.52 13.35 178.2 0.32 0.00 3.13 20.69 28.1 39.19 
WLF 3 2.11 2.29 5.2 0.77 0.00 0.00 1.80 4.55 4.55 
CTF 2 0.52 0.73 0.5 1.00 0.00 0.00 0.52 1.04 1.04 

RB
A 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 17.23 22.23 494.1 0.03 0.00 0.87 5.59 32.5 59.84 
MSF 8 15.48 26.33 693.7 0.001 0.00 0.24 2.43 22.3 73.77 
LSF 11 6.39 4.90 24.0 0.57 0.00 1.61 6.73 8.56 16.72 
WLF 3 4.14 6.01 36.1 0.21 0.00 0.00 1.38 11.0 11.04 
CTF 2 0.06 0.08 0.00 1.00 0.00 0.00 0.06 0.12 0.12 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 42.42 51.59 2661.8 0.04 0.00 2.56 15.93 83.2 135.8 
MSF 8 34.80 50.08 2508.1 0.008 0.00 2.03 13.69 52.5 141.9 
LSF 11 24.92 15.79 249.7 0.16 0.00 7.87 32.05 37.4 44.57 
WLF 3 6.25 6.42 41.2 0.91 0.00 0.00 5.93 12.8 12.84 
CTF 2 0.58 0.82 0.6 1.00 0.00 0.00 0.58 1.16 1.16 

 
Table E.10 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Osage Orange. 
 

RD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.27 0.50 0.25 0.0001 0.00 0.00 0.00 0.48 1.22 
MSF 8 1.10 1.28 1.65 0.02 0.00 0.00 0.76 2.18 2.94 
LSF 11 2.46 4.52 20.46 <0.0001 0.00 0.00 0.00 2.70 12.50 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1.12 2.11 4.45 0.0002 0.00 0.00 0.00 1.96 5.10 
MSF 8 2.36 3.48 12.16 0.002 0.00 0.00 0.14 4.66 9.27 
LSF 11 2.10 4.55 20.76 <0.0001 0.00 0.00 0.00 2.77 15.21 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1.40 2.62 6.86 0.0002 0.00 0.00 0.00 2.44 6.32 
MSF 8 3.46 4.43 19.65 0.04 0.00 0.00 1.61 6.19 12.09 
LSF 11 4.57 8.51 72.56 <0.0001 0.00 0.00 0.00 4.47 25.46 
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WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.11 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Eastern Cottonwood. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 1.38 2.57 6.60 0.0001 0.00 0.00 0.00 2.52 6.00 
MSF 8 1.05 2.98 8.92 <0.0001 0.00 0.00 0.00 0.00 8.45 
LSF 11 1.53 3.70 13.69 <0.0001 0.00 0.00 0.00 0.00 11.63 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RB Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 8.08 15.15 229.56 0.0002 0.00 0.00 0.00 14.02 36.66 
MSF 8 3.17 8.98 80.70 <0.0001 0.00 0.00 0.00 0.00 25.41 
LSF 11 11.90 24.49 701.76 <0.0001 0.00 0.00 0.00 0.00 66.62 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 9.46 17.71 313.93 0.0002 0.00 0.00 0.00 16.54 42.66 
MSF 8 4.23 11.97 143.31 <0.0001 0.00 0.00 0.00 0.00 33.86 
LSF 11 13.43 29.96 897.75 <0.0001 0.00 0.00 0.00 0.00 78.24 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.12 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Winged Elm. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.25 0.71 0.51 <0.0001 0.0 0.0 0.0 0.0 2.0 
MSF 8 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.0 
LSF 11 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.0 
WLF 3 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.0 
CTF 2 26.65 37.5 1411.3 1.00 0.0 0.0 26.

6 
53.1 53.1 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.25 0.70 0.5 <0.0001 0.0 0.0 0.0 0.00 2.00 
MSF 8 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.00 0.00 
CTF 2 7.55 10.6 114.15 1.00 0.0 0.0 7.5 15.1 15.1 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.50 1.42 2.02 <0.0001 0.0 0.0 0.0 0.0 4.02 
MSF 8 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.00 
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LSF 11 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.00 
WLF 3 0.00 0.00 0.00 NA 0.0 0.0 0.0 0.0 0.00 
CTF 2 34.11 48.2 2327.6 1.00 0.0 0.0 34.

1 
68.2 68.2 

 
Table E.13 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Eve’s Necklace. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.31 0.88 0.78 <0.0001 0.00 0.00 0.00 0.00 2.50 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.06 0.18 0.03 <0.0001 0.00 0.00 0.00 0.00 0.52 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.37 1.06 1.14 <0.0001 0.00 0.00 0.00 0.00 3.02 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.14 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of American Elm. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.71 1.66 2.78 <0.0001 0.00 0.00 0.00 0.48 4.76 
MSF 8 5.11 5.04 25.42 0.307 0.00 1.41 3.74 7.88 14.81 
LSF 11 4.34 8.46 71.58 <0.0001 0.00 0.00 1.35 3.13 27.91 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.78 1.50 2.25 0.0002 0.00 0.00 0.00 1.17 3.89 
MSF 8 9.72 12.67 160.73 0.026 0.00 0.06 3.47 19.50 31.69 
LSF 11 7.22 12.25 150.22 0.0002 0.00 0.00 0.15 15.26 33.92 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1.49 3.11 9.69 <0.0001 0.00 0.00 0.00 1.65 8.65 
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MSF 8 14.83 16.17 261.61 0.095 0.00 1.53 7.96 29.18 41.30 
LSF 11 11.57 18.19 330.94 0.0002 0.00 0.00 1.91 29.23 45.04 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
 

Table E.15 Normality test and descriptive statistics between forest stage and relative density, 
relative basal area and importance value of Box Elder. 

RD Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 10.67 30.18 911.0 <0.0001 0.00 0.00 0.0 0.00 85.37 
MSF 8 13.09 22.76 518.0 0.0006 0.00 0.00 2.0 20.77 59.15 
LSF 11 8.49 15.43 238.1 <0.0001 0.00 0.00 0.0 6.98 42.11 
WLF 3 2.13 1.10 1.21 0.489 0.90 0.90 2.4 3.03 3.03 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.0

0 
0.00 0.00 

RB
A 

Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 10.92 30.90 954.8 <0.0001 0.0 0.00 0.00 0.00 87.4 
MSF 8 12.96 17.79 316.5 0.010 0.0 0.00 5.18 23.98 45.3 
LSF 11 1.84 2.99 8.95 0.0003 0.00 0.00 0.00 4.73 8.62 
WLF 3 9.96 3.84 14.77 0.784 6.39 6.39 9.46 14.03 14.0 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 21.59 61.07 3730.
75 

<0.0001 0.00 0.00 0.00 0.00 172.
7 

MSF 8 26.05 39.65 1572.
7 

0.001 0.00 0.00 7.27 49.27 95.3 

LSF 11 10.34 17.98 323.3 <0.0001 0.00 0.00 0.00 12.31 46.8 
WLF 3 12.09 4.88 23.88 0.94 7.29 7.29 11.9 17.06 17.0 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.16 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Pecan. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.17 0.50 0.25 <0.0001 0.00 0.00 0.00 0.00 1.43 
MSF 8 3.40 9.64 92.95 <0.0001 0.00 0.00 0.00 0.00 27.27 
LSF 11 0.25 0.83 0.70 <0.0001 0.00 0.00 0.00 0.00 2.78 
WLF 3 0.30 0.51 0.27 <0.0001 0.00 0.00 0.00 0.90 0.90 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 1.48 4.18 17.55 <0.0001 0.00 0.00 0.00 0.00 11.85 
LSF 11 2.92 9.68 93.79 <0.0001 0.00 0.00 0.00 0.00 32.12 
WLF 3 0.31 0.53 0.28 <0.0001 0.00 0.00 0.00 0.93 0.93 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.17 0.50 0.25 <0.0001 0.00 0.00 0.00 0.00 1.43 
MSF 8 4.89 13.83 191.39 <0.0001 0.00 0.00 0.00 0.00 39.13 
LSF 11 3.17 10.52 110.72 <0.0001 0.00 0.00 0.00 0.00 34.90 
WLF 3 0.61 1.05 1.11 <0.0001 0.00 0.00 0.00 1.83 1.83 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.17 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Unknown. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 8.80 15.88 252.28 0.0005 0.00 0.00 1.90 11.04 44.58 
MSF 8 0.57 1.63 2.66 <0.0001 0.00 0.00 0.00 0.00 4.62 
LSF 11 0.39 1.31 1.72 <0.0001 0.00 0.00 0.00 0.00 4.35 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.52 0.73 0.54 1.000 0.00 0.00 0.52 1.04 1.04 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 4.97 10.09 101.84 0.0001 0.00 0.00 0.67 4.75 28.93 
MSF 8 0.36 1.03 1.08 <0.0001 0.00 0.00 0.00 0.00 2.94 
LSF 11 0.01 0.051 0.002 <0.0001 0.00 0.00 0.00 0.00 0.17 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.12 0.16 0.02 1.000 0.00 0.00 0.12 0.24 0.24 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 4.97 10.09 101.84 0.0001 0.00 0.00 0.67 4.75 28.93 
MSF 8 0.36 1.03 1.08 <0.0001 0.00 0.00 0.00 0.00 2.94 
LSF 11 0.01 0.051 0.002 <0.0001 0.00 0.00 0.00 0.00 0.17 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.12 0.16 0.02 1.000 0.00 0.00 0.00 0.12 0.24 

 
Table E.18 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Honey Locust. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 8.80 15.88 252.28 0.0005 0.00 0.00 1.90 11.04 44.58 
MSF 8 0.57 1.63 2.66 <0.0001 0.00 0.00 0.00 0.00 4.62 
LSF 11 0.39 1.31 1.72 <0.0001 0.00 0.00 0.00 0.00 4.35 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.52 0.73 0.54 1.000 0.00 0.00 0.52 1.04 1.04 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 4.97 10.09 101.84 0.0001 0.00 0.00 0.67 4.75 28.93 
MSF 8 0.36 1.03 1.08 <0.0001 0.00 0.00 0.00 0.00 2.94 
LSF 11 0.01 0.051 0.002 <0.0001 0.00 0.00 0.00 0.00 0.17 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.12 0.16 0.02 1.000 0.00 0.00 0.12 0.24 0.24 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 4.97 10.09 101.84 0.0001 0.00 0.00 0.67 4.75 28.93 
MSF 8 0.36 1.03 1.08 <0.0001 0.00 0.00 0.00 0.00 2.94 
LSF 11 0.01 0.051 0.002 <0.0001 0.00 0.00 0.00 0.00 0.17 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.12 0.16 0.02 1.000 0.00 0.00 0.12 0.24 0.24 

 
Table E.19 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Black Willow. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 1.14 2.52 6.36 <0.0001 0.00 0.00 0.00 1.00 7.14 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 1.51 2.62 6.90 <0.0001 0.00 0.00 0.00 4.55 4.55 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 2.02 4.49 20.16 <0.0001 0.00 0.00 0.00 1.75 12.72 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 3.83 6.64 44.16 <0.0001 0.00 0.00 0.00 11.51 11.51 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 3.17 7.01 49.18 <0.0001 0.00 0.00 0.00 2.75 19.86 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 5.35 9.27 85.97 <0.0001 0.00 0.00 0.00 16.06 16.06 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.20 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Eastern Red Cedar. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.19 0.54 0.29 <0.0001 0.00 0.00 0.00 0.00 1.54 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 1.96 0.16 0.02 1.000 1.85 1.85 1.96 2.08 2.08 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.17 0.48 0.23 <0.0001 0.00 0.00 0.00 0.00 1.38 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.49 0.31 0.10 1.000 0.27 0.27 0.49 0.72 0.72 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.36 1.03 1.06 <0.0001 0.00 0.00 0.00 0.00 2.92 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 2.46 0.48 0.23 1.000 2.12 2.12 2.46 2.80 2.80 

 
Table E.21 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Redbud. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.99 3.11 9.71 <0.0001 0.00 0.00 0.00 0.00 10.34 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.08 0.29 0.08 <0.0001 0.00 0.00 0.00 0.00 0.97 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 1.02 3.41 11.62 <0.0001 0.00 0.00 0.00 0.00 11.31 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.22 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Hawthorn. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.31 1.04 1.08 <0.0001 0.00 0.0 0.00 0.00 3.45 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.01 0.05 0.002 <0.0001 0.00 0.00 0.00 0.00 0.17 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.32 1.09 1.19 <0.0001 0.00 0.00 0.00 0.00 3.62 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.23 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Soapberry. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.17 0.50 0.25 <0.0001 0.00 0.00 0.00 0.00 1.43 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 2.61 7.69 59.19 <0.0001 0.00 0.00 0.00 0.00 25.64 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.04 0.13 0.01 <0.0001 0.00 0.00 0.00 0.00 0.37 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.56 1.78 3.17 <0.0001 0.00 0.00 0.00 0.00 5.93 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.22 0.63 0.40 <0.0001 0.00 0.00 0.00 0.00 1.80 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 3.17 9.47 89.76 <0.0001 0.00 0.00 0.00 0.00 31.58 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.24 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Honey Mesquite. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.30 0.85 0.72 <0.0001 0.00 0.00 0.00 0.00 2.41 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 1.39 3.95 15.65 <0.0001 0.00 0.00 0.00 0.00 11.19 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 1.17 4.80 23.12 <0.0001 0.00 0.00 0.00 0.00 13.60 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.25 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Post Oak. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 26.79 27.58 760.89 1.000 7.29 7.29 26.79 46.30 46.30 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 58.58 21.41 458.43 1.000 43.44 43.44 58.58 73.72 73.72 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 85.37 48.98 2399.85 1.000 50.37 50.37 85.37 120.01 120.01 

 
Table E.26 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value the species Chinaberry. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.85 2.82 7.99 <0.0001 0.00 0.00 0.00 0.00 9.38 
WLF 3 0.30 0.51 0.27 <0.0001 0.00 0.00 0.00 0.90 0.90 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.44 1.48 2.20 <0.0001 0.00 0.00 0.00 0.00 4.93 
WLF 3 0.11 0.19 0.03 <0.0001 0.00 0.00 0.00 0.33 0.33 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 1.30 4.31 18.59 <0.0001 0.00 0.00 0.00 0.00 14.30 
WLF 3 0.41 0.71 0.50 <0.0001 0.00 0.00 0.00 1.23 1.23 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.27 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value Blackjack Oak. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 4.69 6.63 43.99 1.000 0.00 0.00 4.69 9.38 9.38 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 11.14 15.76 248.42 1.000 0.00 0.00 11.14 22.29 22.29 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 15.83 22.38 1.000 1.000 0.00 0.00 15.83 31.66 31.66 

 
Table E.28 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Ulmus Species. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 2.03 4.00 16.04 0.0002 0.00 0.00 0.00 2.43 11.43 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.12 0.40 0.16 <0.0001 0.00 0.00 0.00 0.00 1.35 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 2.66 6.59 43.46 <0.0001 0.00 0.00 0.00 1.20 18.92 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.01 0.03 0.00 <0.0001 0.00 0.00 0.00 0.00 0.13 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 4.70 10.52 110.74 <0.0001 0.00 0.00 0.00 3.64 30.34 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.13 0.44 0.19 <0.0001 0.00 0.00 0.00 0.00 1.48 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

 
Table E.29 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Crataegus Species. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 2.37 1.88 3.53 1.000 1.04 1.04 2.37 3.70 3.70 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 1.24 1.49 2.24 1.000 0.18 0.18 1.24 2.30 2.30 

IV Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
MSF 8 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 3.61 3.38 11.47 1.000 1.22 1.22 3.61 6.01 6.01 

 
Table E.30 Normality test and descriptive statistics between forest stage and relative density, 

relative basal area and importance value of Unknown Species. 
RD Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.29 0.84 0.70 <0.0001 0.00 0.00 0.00 0.00 2.38 
MSF 8 0.19 0.54 0.29 <0.0001 0.00 0.00 0.00 0.00 1.54 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 

RBA Forest 
Stage 

N Mean SD S2 Prob. Five Number Summary 
Min Q1 Q2 Q3 Max 

ESF 8 0.22 0.64 0.41 <0.0001 0.00 0.00 0.00 0.00 1.82 
MSF 8 0.19 0.53 0.28 <0.0001 0.00 0.00 0.00 0.00 1.52 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
IV Forest 

Stage 
N Mean SD S2 Prob. Five Number Summary 

Min Q1 Q2 Q3 Max 
ESF 8 0.52 1.48 2.20 <0.0001 0.00 0.00 0.00 0.00 4.20 
MSF 8 0.38 1.08 1.17 <0.0001 0.00 0.00 0.00 0.00 3.06 
LSF 11 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
WLF 3 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
CTF 2 0.00 0.00 0.00 NA 0.00 0.00 0.00 0.00 0.00 
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APPENDIX F 

 TREE SPECIES PARAMETERS BY TOPOGRAPHIC POSITION
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Figure F.1 Cedar elm by topographic position 
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Figure F.2 Bur oak by topographic position 
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Figure F.3 Chittamwood by topographic position 
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Figure F.4 Dead tree by topographic position 
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Figure F.5 Swamp privet by topographic position 
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Figure F.6 Green ash by topographic position 
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Figure F.7 Mulberry by topographic position 
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Figure F.8 Sugarberry by topographic position 
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Figure F.9 Osage orange by topographic position 
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Figure F.10 Eastern cottonwood by topographic position 
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Figure F.11 Winged elm by topographic position 
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Figure F.12 Eve’s necklace by topographic position 
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Figure F.13 American elm by topographic position 



292 

 

Figure F.14 Box elder by topographic position 
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Figure F.15 Pecan by topographic position 
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Figure F.16 Unknown by topographic position 
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Figure F.17 Honey locust by topographic position 
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Figure F.18 Black willow by topographic position 
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Figure F.19 Eastern red cedar by topographic position 
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Figure F.20 Redbud by topographic position 
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Figure F.21 Hawthorn by topographic position 
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Figure F.22 Ulmus spp. 1 by topographic position 
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Figure F.23 Soapberry by topographic position 
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Figure F.24 Ulmus spp. 2 by topographic position 
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Figure F.25 Honey mesquite by topographic position 
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Figure F.26 Post oak by topographic position 
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Figure F.27 Crataegus spp. by topographic position 
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Figure F.28 Ulmus spp. 3 by topographic position 
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Figure F.29 Chinaberry by topographic position 
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Figure F.30 Ulmus spp. 4 by topographic position 
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Figure 102 Blackjack oak by topographic position 
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APPENDIX G 

 TREE SPECIES PARAMETERS BY FOREST STAGE
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Figure G.1: Cedar elm by forest stage 
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Figure G.2: Bur oak by forest stage 
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Figure G.3: Chittamwood by forest stage 
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Figure G.4: Dead trees by forest stage 
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Figure G.5: Swamp privet by forest stage 
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Figure G.6: Green ash by forest stage 
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Figure G.7: Mulberry by forest stage 
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Figure G.8: Sugarberry by forest stage 
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Figure G.9: Osage orange by forest stage 
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Figure G.10: Eastern cottonwood 



 

321 

 

Figure G.11: Winged elm 
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Figure G.12: Eve's necklace 
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Figure G.13: American elm by forest stage 
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Figure G.14: Boxelder by forest stage 
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Figure G.15: Pecan by forest stage 
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Figure G.16: Unknown by forest stage 
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Figure G.17: Honey locust by forest stage 
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Figure G.18: Black willow by forest stage 
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Figure G.19: Eastern red cedar 
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Figure G.20: Redbud by forest stage 
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Figure G.21: Hawthorn by forest stage 
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Figure G.22: Ulmus species 1 by forest stage 
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Figure G.23: Soapberry by forest stage 
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Figure G.24: Ulmus species 2 by forest stage 
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Figure G.25: Honey mesquite by forest stage 
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Figure g.26: Post oak by forest stage 
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Figure g.27: Crataegus species 1 by forest stage 
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Figure G.28: Ulmus species 3 by forest stage 
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Figure G.29: Chinaberry by forest stage 
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Figure G.30: Ulmus species 4 by forest stage 
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Figure G.31: Blackjack oak by forest stage 
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