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ABSTRACT 

As managers increase the use of prescribed fire as a restoration tool in the 

Missouri Ozarks, monitoring of vegetative response to treatment is critical. A landscape-

scale study at Chilton Creek Management Area (CCMA) using prescribed fire to restore 

vegetative communities was initiated in 1997, with the nearby Missouri Ozark Forest 

Ecosystem Project (MOFEP) used as an unburned control for treatment comparison. This 

study includes broad variation and encompasses a range of site types, providing a 

unique opportunity to study the effects of repeated controlled burning on vegetative 

communities at the landscape scale and within individual site types. The information 

provided by ten common plant community metrics was compared using 2013 data 

through ANOVA, ANCOVA, Pearson’s correlations, and ordinations, with emphasis 

placed on the Floristic Quality Index (FQI). Patterns in the correlation of the metrics 

varied by site type, and the Wetness Index, Coefficient of Conservatism, cover, 

evenness, and richness were found to be most effective for monitoring prescribed fire 

effects on plant communities in the Missouri Ozarks. 

Data from CCMA and MOFEP and were then used to determine effects of 15 

years of varied prescribed fire frequency on plant community response. Results from 

this analysis showed a trend of species replacement, with fire-sensitive species 

decreasing at a landscape scale with positive plant community response on exposed 

aspects and no negative effects on all site types studied. In addition, increasing values of 

the Wetness Index on burned sites suggest xerification of the burned landscape. This 
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study supports continued use of prescribed fire in the Missouri Ozarks for restoration 

projects at the landscape scale. Practitioners can expect positive short-term results from 

exposed site types and no quantifiable negative effects in mesic locations that may 

exhibit a more fire-sensitive vegetative community. 
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CHAPTER I: INTRODUCTION AND PROJECT OVERVIEW 

INTRODUCTION 

Henry Rowe Schoolcraft traversed the sparsely inhabited Ozark region to the 

southwest of the confluence of the Missouri and Mississippi Rivers in the early 1800s, 

leaving detailed descriptions of the landscape he found before European settlement. His  

fond and graceful accounting of the natural characteristics include, 

“…the whole is covered in summer by a luxuriant growth of grass, even the 
poorest hills, which hides the flinty aspect of the country, and gives it a very 
pleasing and picturesque appearance... A tall, thick, and rank growth of wild 
grass covers the whole country in which the oaks are standing interspersed like 
fruit trees in some well-cultivated orchard” (Schoolcraft 1819). 

The landscape observed by Mr. Schoolcraft was far from the colonialist notion of 

“untouched”, being shaped by mega-fauna (like the American bison (Bison bison))  

(Heikens 2007), prolonged drought (Stambaugh et al. 2011), and Native American 

practices like annual fall burning (Nelson 2012).  This region escaped the glaciation 

events that shaped the topography and soils north of the Missouri River (Thorn and 

Wilson 1980), contributing to the diversity of habitats within the Ozark region. 

Schoolcraft (1819) describes this phenomenon well: “…the traveler is alternately 

presented with poor flinty hills, rich alluvial bottoms, barren plains, towering cliffs, and 

level prairies all mixed in a very novel and surprising manner”. In scientific terms, parts 

of the Ozark region were a prairie-forest ecotone, a transitional zone characterized by a 
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mosaic of forest, woodland, savanna, and prairie (Taft 1997) maintained largely through 

Native American practices of burning (Guyette et al. 2002). 

French botanist and explorer François André Michaux (1805) described a 

connection between repeated fire and herbaceous vegetation perpetuation in 1802 

near Knoxville, Tennessee after observing a meadow overgrown with woody vegetation, 

which he called a coppice “…thickly set with trees”. The locals informed him they had 

discontinued the practice of burning in that area. Michaux concluded that this “…seems 

to prove that the extensive meadows of Kentucky and Tennessee owe their origin to 

some conflagration… and that they are preserved in that state by the custom… of 

setting fire to them annually” (Michaux, 1805). Michaux continues with a conclusion 

that grassland communities must continually encroach upon forested communities; 

today’s consensus seems to be that forests are encroaching upon grasslands (Kucera 

1960; Loehle et al. 1996). This represents a different mindset regarding which natural 

communities were commonly observed in the 1800s as compared to today. Michaux’s 

observation of the overgrown meadow allows for a perspective on the processes that 

occurred once fire was suppressed at the landscape scale (Guyette et al. 2002). 

Historical fire in the eastern US 

Humans have long been an important source of wildfire ignitions in eastern and 

central U.S. forests (Pyne 1982; Abrams 1992; Guyette et al. 2002; Stambaugh and 

Guyette 2006), and the historical role of these fires in maintaining the vegetation 

structure in the Ozark Mountains has been well-established (Cutter and Guyette 1994; 
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Batek et al. 1999; Jurney 2012). Results from this body of research show that fire 

reduces woody encroachment, shifts species composition from fire-sensitive species, 

and allows fire-adapted ground flora vegetation to carry future fires in a re-occurring 

cycle. In the absence of fire, these fire-adapted ecosystems revert to varied types of 

wooded communities (Nowacki and Abrams 2008; Cavender-Bares and Reich 2012). 

Declines in the quality and acreage of savanna and woodland ecosystems have been 

attributed to complex ecosystem-scale changes rooted not only in fire suppression but 

also agricultural/urban development, exploitation of forest products, succession to 

forested conditions, loss of native herbivores, and climatic changes (Peterson and Reich 

2001; Gilliam et al. 2006; Lettow et al. 2014).  

This degradation has occurred throughout the Midwestern United States, 

including Missouri (McCarty 1998), and land stewards in the Ozark Mountains of 

Missouri and elsewhere have increasingly focused on restoration and perpetuation of 

these communities through fire management (Pyke et al. 2010). Natural resource 

managers are using perceived pre-settlement conditions to inform their management 

objectives in the Ozark Mountains of Missouri (Chilman et al. 1996; Nature Conservancy 

1997; McCarty 1998; Stanturf et al. 2002; Stambaugh and Guyette 2006; MTNF 2010, 

2011; ONF 2012). In particular, managers and researchers commonly use historical fire 

frequencies as general guidelines for determining management prescriptions. In two 

studies from the Arkansas Ozarks, the mean fire return interval (MFI) during the late 

1600s and early 1700s was 7.7 years, with an increase to an average of every 2 years 

around 1820 until 1920 (Stambaugh and Guyette 2006). Fire remained prevalent 
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through the 1920s until 2003, with an MFI of 2.6 years (Engbring et al. 2008). In the 

Missouri Ozarks, MFI of one site was 3.7 years from 1705 to 1830, 7.6 years from 1831 

to 1960, and 3.6 years from 1961 to 1997 (Dey et al. 2004). A study from the Mark 

Twain National Forest in the Missouri Ozarks demonstrated that fire frequency was 

greatest between 1740 and 1850 with a mean return of 2.8 years , which increased to 24 

years after 1850 (Cutter and Guyette 1994).   

Fire effects on ecosystems 

Fire perpetuates grassland, savanna, and woodland ecosystems (Pyne 1982; 

Abrams 1992; Gurevitch et al. 2002; Diggs and Schulze 2007; Guyette et al. 2007; 

Hanberry et al. 2014a), and the role of fire in maintaining savanna and woodland 

structure has received much attention (Curtis and McIntosh 1951; Dorney and Dorney 

1989; Cochrane and Iltis 2000; Wolf 2004; Lettow et al. 2014). Previous studies have 

found an increase in canopy closure and basal density of woody species with decreasing 

fire frequency (Brockway and Lewis 1997; Cavender-Bares and Reich 2012). For 

example, at least three fires per decade in a Minnesota oak savanna/woodland complex 

prevented development of a sapling layer and canopy ingrowth, while less than two 

fires per decade produced stands with dense sapling thickets (Peterson and Reich 2001). 

In a later study of the same system, fire reduced density and basal area of the mid- and 

overstory, and these reductions led to the conclusion that fire can affect both overstory 

structure and understory species composition (Peterson et al. 2007). 
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Results of research projects from the Missouri Ozarks focusing on prescribed fire 

effects on vegetation communities also demonstrate reductions in woody vegetation 

and increases in herbaceous ground flora in this region. A study of Ozark glade 

communities (xeric prairies) suggested that the relatively young trees that had invaded 

glades declined dramatically as a result of treatment fires and found that reintroduction 

of low to moderate intensity fire will maintain herbaceous glade species abundance and 

richness (Jenkins and Jenkins 2006). In woodlands, the relative dominance of woody 

species decreased as fire frequency increased (Batek et al. 1999). A study from 2005 in 

the Ozarks found that repeated burning caused greater mortality of woody species than 

a single fire (Dey and Hartman 2005). While there have been relatively fewer studies 

from the Ozarks focusing on ground flora, one study did find that after five years of 

varied fire frequency the ground flora community exhibited a trend toward plant 

community homogenization and loss of fire-intolerant species, as evidenced by 

decreased community diversity metrics (Sasseen and Muzika 2004). Another Ozark 

study by Kinkead et al. (2011) found increases in herbaceous cover in response to 

prescribed fire. 

Historic stocking levels in this area have been described as lower than current 

densities (Nelson 1997; Hanberry et al. 2012, 2014b), and prescribed burning 

treatments are often paired with thinning to recreate these forest structures. Harvesting 

has been shown to increase the abundance of herbaceous vegetation. Using nine years 

of data post-harvest at the Missouri Ozark Forest Ecosystem Project (MOFEP), Zenner et 

al. (2006) demonstrated that among five harvest treatments (no-harvest control, single-
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tree selection, group selection, thinning, and clearcut), overall ground flora percent 

cover and species richness increased commensurate with harvest intensity. Results from 

a six-year study using a combination of prescribed fire and thinning treatments 

indicated that percent cover of species deemed woodland indicators increased (relative 

to the control) in harvested stands, but the response was greater in burned stands and 

greatest in stands that received both treatments (Kinkead et al. 2012). A short-term 

study consisting solely of pre-(2001) and post-treatment results (2003) found that 

burning caused shifts in dominance by physiognomic group, with forbs, grasses, and 

sedges exhibiting increases while woody tree, vine, and shrub species exhibited 

decreases (McMurry et al. 2007). Interestingly, that study found that thinned plots were 

statistically the same as controls, and concluded that inclusion of prescribed fire was 

necessary if management goals included increases in ground flora. 

In addition to fire’s effects on vegetation, many heterotrophic species groups 

have been shown to benefit from fire. Eastern collared lizards (Crotaphytus collaris 

collaris) on the Ozark Plateau of southern Missouri are restricted to islands of rocky 

habitats with sparse canopies and shallow soils located throughout the oak–hickory 

forests of the region. These reptiles demonstrated increased dispersal, increased 

colonization of previously unoccupied glades, and increased population size in burned 

areas (Brisson et al. 2003; Templeton et al. 2011). In addition, prescribed fires have 

been shown to increase the abundance of some grass-shrubland bird species (e.g., 

prairie warbler (Dendroica discolor), blue-winged warbler (Vermivora pinus), and yellow-

breasted chat (Icteria virens)) (Comer et al. 2011). Barrioz et al. (2013) found that 
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canopy reduction treatments in conjunction with burns outside the dormant season 

may be critical to restoration of savannas and their associated avifauna. The richness 

and diversity of small mammal communities have been shown to respond positively 

after thinning and prescribed burning (Masters et al. 1998). In another Ozark study it 

was found that fire increased accessibility of herbaceous and woody forage for white-

tailed deer (Odocoileus virginianus), as well as increased the local tick populations due 

to increased deer use (Allan 2009). Bats have been found to exhibit increased use of 

woodlands that have received prescribed fire treatments , which creates favorable 

habitat by opening the sub-canopy and increasing foraging success (Boyles and Aubrey 

2006).  

The species groups that can be negatively affected by prescribed fire include 

insect and amphibian communities, with insects broadly demonstrating the strongest 

negative response but also being the quickest to re-colonize a post-fire landscape 

(Swengel 2001). Although some minimal mortality may occur among reptiles and 

amphibians (largely due to fires occurring during spring emergence), Greenberg and 

Waldrop (2008) found that fire does not negatively affect amphibian or reptile 

abundance or diversity in southern Appalachian upland hardwood forests. Another 

study from Georgia had similar results, with no differences in amphibian populations in 

burned or unburned stands and increases in reptile abundance and diversity in burned 

stands (Moseley et al. 2003). Alternatively, a study from the Missouri Ozarks found 

decreased salamander abundance and surface use after fire and increased residence 

under cover objects, although this was attributed to leaf litter loss and not direct 
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mortality  (O’Donnell et al. 2015). Overall, controlled burning does not seem to 

negatively affect populations of birds, mammals, insects, and herpetofauna, and it is 

illogical to assume that species associated with fire-adapted vegetation are not also 

adapted to that disturbance (Russell et al. 1999).  

Mechanisms for herbaceous vegetation response to fire 

Fire has been shown to be a disturbance that can strongly affect plant 

communities, either increasing or decreasing diversity measures depending on the 

community, as well as characteristics of the fire regime (e.g., fire frequency or fire 

intensity) (Brockway and Lewis 1997; Apfelbaum et al. 2000; Peterson and Reich 2001; 

Bowles et al. 2003; Elliott and Vose 2005; Barrioz et al. 2013; Bourg et al. 2014). 

Disturbances like fire have evolutionary significance because fluctuations in mortality 

and reproduction lead to the expression of alternative traits in individuals and 

subsequently within populations (Sousa 1984; Attiwill 1994; Wiegand et al. 1998).  

Plant community response to harvest and prescribed fire has been shown to be 

strongly correlated with the removal of understory woody vegetation (Brockway and 

Lewis 1997; Apfelbaum et al. 2000; Elliott and Vose 2005; Elliott et al. 2009; Burton et 

al. 2011; Bourg et al. 2014); however, other mechanisms are relevant to ground flora 

responses to fire such as litter reduction, light level increases, and changes in soil 

chemistry. Low to moderate severity fires similar to those prescribed for forest 

management promote short-lived increases of pH and available nutrients (Christensen 

1977; Certini 2005). The reduction of litter by fire may encourage regeneration of 
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herbaceous plants and can explain the positive response of forbs and graminoids to 

increasing fire frequency (Burton et al. 2011), and the increase in light levels reaching 

the forest floor are correlated with additional increases in ground flora cover and 

richness (Zenner et al. 2006). A recent study by Veldman et al. (2014) found that 

frequent fires promote ground flora species richness through two processes: 70% of 

richness is attributable to reductions in the organic horizon and 30% to reduced tree 

abundance.  

There is increasing interest in monitoring plant communities to evaluate the 

effects of restoration treatments on diversity (Polley et al. 2005; Martin et al. 2005). 

Multiple metrics exist that describe plant communities, and previous studies have 

suggested they differ in their utility and as community descriptors (Alatalo 1981; Wilsey 

et al. 2005; Taft et al. 2006; Chen et al. 2013). Studies focusing on tracking vegetation 

response to disturbances, especially prescribed fire, often use different methods for 

quantifying the responses of plant communities (Chilman et al. 1996; Shifley and Kabrick 

2002; Hartman and Heumann 2003; Sasseen and Muzika 2004; Zenner et al. 2006; 

Kinkead et al. 2012; Veldman et al. 2014), and thus the interpretation of restoration 

results requires an understanding of the information provided by different plant 

community metrics. 



 

10 
 

Quantifying effects of fire on ground flora 

Diversity measures 

Diversity measures are generally based on species richness, species abundance, 

and the distribution of species abundance as measured through evenness or dominance 

(Hillebrand et al. 2008; You et al. 2009). Diversity can be measured in varied orders, as 

defined by Hill (1973) and Jost (2006). Diversity of order 0, or species richness, is the 

simple count of species in the study unit and is weighted toward rare species. Diversity 

measures of order 1, such as Shannon-Weiner (H’), have minimal weighting on either 

rare or common species (Jost 2006). H’ quantifies the uncertainty in predicting the 

species identity of an individual selected at random from the dataset (Hill 1973; 

Gurevitch et al. 2002). This value is most effectively understood and analyzed as the 

effective number of species (exponent of H’), and its base calculation is shown in 

Equation 1, where pi is the proportion of individuals belonging to the ith species and R is 

richness.  

Equation 1. Shannon - Weiner diversity (H’). 

𝐻′ = − ∑  𝑝𝑖 
𝑅
𝑖 =1 ln 𝑝𝑖      

A commonly-used diversity of order 2 is the reciprocal of Simpson’s Diversity (1/D). If 

concern is placed on the dominant species present then use of higher order diversity 

measures like Simpson’s is called for, as they place emphasis on common species. Each 

species’ presence and importance is used to calculate the probability of sampling at 

random two individuals of the same species (Jost 2006). Simpson’s Diversity (1/D) is 
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calculated as shown in Equation 2, where pi is the proportion of individuals belonging to 

the ith species and R is richness. 

Equation 2. Simpson's diversity (1/D). 

  

Evenness (Pielou’s “J”) is defined as the ratio of two indices, one which is characterized 

by the total number of species and one which is measured by each species’ relative 

presence and importance (Hill 1973; Gurevitch et al. 2002). It is an evaluation of how 

close in number of occurrences and dominance those species are, as calculated in 

Equation 3, where H’ is Shannon-Weiner diversity and H’max = ln (species richness). 

Equation 3. Evenness (J'). 

𝐽′ =  
𝐻′

𝐻′𝑚𝑎𝑥
     

Qualitative measures of community response 

Swink (1974) introduced a method for assessing the conservation value of the 

ground flora by combining characteristics of vulnerability and diversity. The Floristic 

Quality Assessment system, at its most basic, consists of three measures: a Coefficient 

of Conservatism (CC), species richness, and Floristic Quality Index. This is an expert 

system in which each native plant species in a region is assigned a Coefficient of 

Conservatism (CC) score from 0 – 10, based on each species’ association with habitats 

that are relatively unaltered as compared to pre-European settlement (Swink and 

Wilhelm 1994; Taft et al. 1997). Presumably, species exhibit a gradient of sensitivity to 
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anthropogenic disturbance and this will determine their presence in communities 

receiving varied levels of these types of disturbance (Grime 1977). Species considered to 

be tolerant of human disturbances are ranked with CC values from 0 to 3 (Table 1). 

Matrix species, those that are somewhat tolerant and occur in common plant 

communities, are ranked with CC values from 4 to 6, while the remnant-dependent 

species are ranked with CC values from 7 to 10 (Grime 1977; Taft et al. 1997). 

Table 1. Coefficient of Conservatism value ranges and descriptions.  

Range of C Resilience to Disturbance Site Fidelity 

0-3 Present in disturbed sites Widely distributed 
4-6 Resilient to moderate disturbance Specific plant communities 

7-8 Resilient to minor disturbance Site-specific but associated with mature 
communities 

9-10 No resilience Very narrow range of ecological 
conditions 

 

The Floristic Quality Index (FQI) is an amalgamation of species richness and the CC-

scoring system and is calculated by multiplying mean CC by the square root of richness 

(Swink and Wilhelm 1994; Taft et al. 1997). This system, commonly used in prairies and 

wetlands, has been adapted to many regions around the central and eastern United 

States (Ladd 1993; Lopez and Fennessy 2002; Andreas et al. 2004; Mier 2004; Rothrock 

and Homoya 2005; Miller and Wardrop 2006; Bried et al. 2012; Ladd and Thomas 2015) 

and is being used in Canada (Francis et al. 2000), China (Tu et al. 2009), and Italy (Landi 

and Chiarucci 2010). Despite its increased use (Figure 1), questions remain about its 

usefulness as a measure of plant community integrity.  
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Figure 1. Use of Floristic Quality Index in l iterature (1996 to 2013), derived from a simple count of all  
l iterature containing the phrase “Floristic Quality Index”, constrainted by each year within the search 
engine Google Scholar. 

Considerations for mean CC 

There is no consensus concerning the effectiveness of subjective measures of 

plant community quality. Some scientists accept the assumption of CC values’ ability to 

capture a species’ fidelity and resilience to disturbances (Francis et al. 2000; Cohen et al. 

2004; Cretini et al. 2012), while others argue against the subjectivity of assigning CC 

values (Bowles and Jones 2006; Landi and Chiarucci 2010; Bried et al. 2012). Bried et al. 

(2012) found that there was a tendency to confidently assign extreme rankings (0 - 1 

and 9 - 10) in New York and New England, suggesting that the most tolerant and 

sensitive species are easier to assess and have relatively stable ecological habitat 

associations. 

Given the subjective assignment of CC values, it is likely that values are assigned 

inconsistently across species. CC assignment seems to be influenced by rarity, and there 

is possible variability in fidelity across regions for a single species . For example, black 



 

14 
 

edge sedge (Carex nigromarginata Schwein.), is common in the Missouri Ozarks but 

exhibits a fair level of fidelity to undisturbed sites. It was assigned a CC of 7 in Missouri 

(Ladd and Thomas 2015). It is found in three small populations in Illinois, and in that 

state is assigned a CC of 10 (Taft et al. 1997). In this situation and others, it could be 

argued that rarity in Illinois is driving the assignment of the CC value for that state, but it 

is not clear if rarity equates to fidelity to undisturbed habitats. Moreover, some states 

like Missouri exhibit trends showing a preponderance of high CC values (Figure 2). 

Missouri’s weighted assignation of CC values of 10 may simply reflect an increased 

instance of endemic species to these regions, as there is no ecological reason to believe 

that distributions of CC-values should be normal.  

 

Figure 2. Coefficients of conservatism for the state of Missouri (from Ladd and Thomas 2015). 

 

Landi and Chiarucci (2010) tested how the “human factor”, the artificial 

assignation of C-values, can affect the calculation of the FQA indices in Italy. A relevant 
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finding of theirs that seems to embody the two-sided nature of the FQA is that a value 

calculated for a single site based on the opinion of one expert can substantially differ 

from the value based on the opinion of another expert. However, the ranking of 

multiple sites based on floristic quality values provided by one expert largely agree with 

a ranking based on the opinion of another expert (Landi and Chiarucci 2010). Given 

these findings, it may be necessary to reduce the subjectivity of mean CC scores through 

data-derived CC values, although the FQA system seems to work if applied consistently.  

Recent studies have suggested ways to objectify CC scores. For example, Mushet 

et al. (2002) subjectively divided a large sample of prairie pothole wetlands into five 

habitat quality categories and selected CC based on species occurrence and exclusivity 

to each category. Kutcher (2011) analyzed data similarly but incorporated a more 

rigorous analysis of species’ fidelity and specificity. Since experts largely agree on 

assigning values for species with ruderal ecology (0 – 1) or extreme fidelity (9 – 10), 

working from those species outward into the potential species pool could create a data-

derived set of CC values (Bried et al. 2012). Care would have to be taken with this 

method, as high-quality prairies exhibit species that are considered to have a ruderal 

ecology (Thomas 2013).  

Considerations regarding FQI: 

Richness has been shown to have a strong influence on FQI values (Taft et al. 

1997; Francis et al. 2000; Rooney and Rogers 2002). As a result, FQI and species richness 

increase with sampling area, but mean CC has been observed to remain fairly constant 

with increasing sampling area (Bourdaghs et al. 2006). Thus, a value for FQI calculated 
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from one location can only be compared to another study with the same sampling 

technique and area sampled. That technique must also be stratified by community type 

and potentially degradation level (which have their own subjectivity issues), as the 

interpretation of FQI values should be different when values are calculated in dissimilar 

communities due to varying plant species composition (Taft et al. 1997; Rooney and 

Rogers 2002; Spyreas and Matthews 2006). As such, a calculated FQI value can be 

confusing to interpret. Not only are CC values different for different states, but 

communities and vegetation composition is different across landscapes. A calculated 

FQI can only be compared with any other FQI value from the same community type, 

sampling structure, and set of CC values. This diminishes the usefulness of the FQA 

system, since it does not relate across anthropogenic borders or natural landscapes 

(Thomas 2013). 

The use of FQI has also been argued against because previous studies have found 

negative relationships between richness and mean CC (Bowles and Jones 2006; Thomas 

2013). If this correlation is consistent across ecosystems, the FQI measure could be 

misleading due to its constituents (CC and richness) exhibiting an inherent relationship. 

As a result, a single FQI value could be derived from numerous combinations of richness 

and mean CC values (Figure 3). However, it is not clear if this pattern is evident across 

different site types or ecological communities.  

Previous studies have reported conflicting results regarding the effectiveness of 

the FQA system for describing plant communities. Floristic Quality Index has been found 

to consistently outperform Coefficient of Conservatism indices at ranking locations with 
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anthropogenic disturbance in wetlands (Bourdaghs et al. 2006). Lopez and Fennessy 

(2002) found that repeated wetland sampling in the summer and autumn showed that 

FQI could be useful for the assessment, monitoring, and tracking of wetlands and 

wetland restoration projects over time. In contrast, Bried et al. (2013) found that FQI did 

not linearly correspond to a site condition gradient based on anthropogenic 

disturbance: mean CC, on the other hand, was clearly associated with site condition. 

One last argument against FQI is that it was originally designed to rank prairie sites by 

vegetation for land acquisition and not for  its current uses, which range from mitigation 

monitoring in wetlands to measuring fire effects through time in forests (Bourdaghs et 

al. 2006; MTNF 2010).  
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Figure 3. Relationships between richness and FQI. Similar FQI values can be calculated from very different 
combinations of richness and CC, and the relationship graphs as a power function when richness is on the 

x-axis. 
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METHODS AND STUDY SITES 

Study Area 

Study sites were located in the Current River Hills ecological subsection of the 

Ozark Highlands in southeastern Missouri (Nigh and Schroeder 2002). This region is 

characterized by a humid continental climate with hot humid summers and cool winters. 

The mean annual temperature is 13.3 oC and average annual precipitation is 112 cm; the 

majority of rain events occur in spring and summer (Chen et al. 2002). The study sites 

encompassed upland landscape positions ranging from 170 to 360 m in elevation, with 0 

to over 60% slope and all aspect classes. Dominant soil parent materials were hillslope 

sediments, loess, and residuum (Meinert et al. 1997). The majority of the local soils 

were classified as highly weathered Ultisols and Alfisols with a generally mesic soil 

temperature and udic soil moisture regimes (Zenner et al. 2006). 

In this study, we used the Missouri Department of Conservation’s  Ecological 

Classification System (ECS) to organize management units based on soils, geology, 

landform, and vegetation (Nigh and Schroeder 2002; Shifley and Kabrick 2002; Sasseen 

and Muzika 2004) because these units support plant communities that are expected 

respond similarly to management. Ecological Land Types (ELTs), which are fine-scale 

designations within the ECS structure, are often used to characterize Ozark forest 

communities based on landform position, soils, the vegetation community, and climate 

(Meinert et al. 1997) and were used in this study to stratify study plots to determine site 

effects on response variables. 
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Experimental design and treatments 

Chilton Creek Management Area (CCMA) 

In 1997, The Nature Conservancy and the Missouri Department of Conservation 

initiated a landscape-scale study designed to test prescribed fire as a land management 

technique. The ~ 2,500 acre CCMA is divided into five ~500 acre units for treatment 

(Figure 4). Historical information on local fire frequencies was used to determine the fire 

frequencies for the study. For example, Dey et al. (2004) used dendrochronology to 

determine fire frequency for southwest of the study area in Missouri (mean fire 

frequency = 3.7 years from 1710 – 1830), and to the northeast of the study area the 

mean fire interval was 1.97 from 1770 – 1850 (McClain et al. 2010). Batek et al. (1999) 

gave a clear description of the interaction of historic fires and the Current River (the 

dominant drainage in the Current River Hills ECS, where this study is located) when they 

reported that extensive stands of shortleaf pine and oak-dominated savannas occurred 

in the frequently burned areas southwest of the Current River, and fire-sensitive species 

such as red oaks and maples were found in the fire shadow north-east of the river. 

One of the study units at CCMA was burned annually (Kelly North), and the other 

four units were burned on a random 1-4 year return interval. The first prescribed burn, 

consisting of all units, occurred in spring 1998 (Table 2). Each unit then burned on a 

schedule based on random four-year return intervals that were independent of the 

other units. By 2014, the annual unit had a mean fire interval (MFI) of 1.1 years and the 
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average MFI of the periodic units was 2.4 years. Units were treated independently of 

each other, and there was no monitoring of individual plots’ burn history. 

Table 2. Frequency and years burned by unit at CCMA. Kelly North is the annual unit. By 2014, Chilton East 

and North had a mean fire interval (MFI) of 2.7 and had received six total fires; Chilton South had a MFI 
2.0 from eight fires; Kelly South had a MFI of 2.3 from seven fires; the annual unit, Kelly North, had a MFI 
of 1.1 from 15 fires. *Y characters represent fall  burns, X characters represent spring burns. 

Year 

 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 

Chilton 
East 

X    X X  Y*    X    X 

Chilton 
North 

X    X  X   X    X  X 

Chilton 
South 

XY*  X   X    X  X  X  X 

Kelly 
North 

XY*  X X X X X X X X X X X X  X 

Kelly 
South 

X  X X   X    X   X  X 
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Figure 4. CCMA study location and units.  

 

Missouri Ozark Forest Ecosystem Project (MOFEP) 

The Missouri Department of Conservation initiated the Missouri Ozark Forest 

Ecosystem Project in the southeast Missouri Ozarks in 1989 (Figure 5). MOFEP is a 100-

year project designed to study the effects of forest management systems (uneven-aged, 

even-aged and no-harvest) on various ecosystem components (Shifley and Kabrick 

2002). Three blocks of randomly-assigned treatments were designated and pre-

treatment data were collected for two years prior to initial harvest treatments. For the 
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current study, untreated (no-harvest) units from MOFEP were used as controls. At study 

inception, species composition at MOFEP included white oak (Quercus alba L.), black 

oak (Quercus velutina Lam.), and scarlet oak (Quercus coccinea Muench), each 

representing 20% or more of the live basal area. These species were followed in 

abundance by shortleaf pine (Pinus echinata Mill.), post oak (Quercus stellata Wang.), 

and hickories (Carya spp.) (Brookshire and Hauser 1993; USDA 2014). Most overstory 

trees ranged from 50 to 70 years old; trees older than 100 years occurred on all sites 

and a few trees were older than 140 years (Shifley and Kabrick 2002). Hartman and 

Heumann (2003) report similar stand composition and structure on Chilton Creek 

Management Area. All CCMA and MOFEP sites are located within < 20 kilometers of 

each other, and anecdotally CCMA and MOFEP had very similar historical land use. 
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Figure 5. Location of Missouri Ozark Forest Ecosystem Project (Shifley and Kabrick 2002). Lightly shaded 
units are no-harvest controls. 

Sampling and plot layout 

Study plots at CCMA and MOFEP were 0.2 hectare (0.5 acre) circular plots, with 

four 0.02 hectare (0.05 acre) subplots located 17 meters (56.5 feet) from plot center at 

compass points north, east, south, and west. Ground flora vegetation was sampled 

between the months of May and August within four permanent 1-meter2 quadrats (10.8 

feet2) located six meters (20 feet) from each subplot center at the compass points of 
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northeast, southeast, southwest, and northwest (Figure 6). Within each quadrat, all 

vascular species < 1 meter tall with live foliage or foliage obviously alive during the 

current growing season are identified and percent cover to the nearest one percent is 

estimated  (Shifley and Kabrick 2002). In both studies, any species not rooted within the 

quadrat but with cover occurring withing the bounds of the quadrat is counted. 

Sampling occurred in 1995, 1999, 2001, 2009, and 2013 at MOFEP and in 1997, 2001, 

2009, and 2013 at CCMA. Specific nomenclature follows that of Steyermark (1963) and 

Yatskievych (1999). 

 

Figure 6. MOFEP and CCMA Plot Design (Kabrick et al. 2002). 

Data preparation  

Data collected in this study were extensively processed for quality control . 

During the 16 year study period, the resolution of species identification increased as 
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botanists became more familiar with species in the study plots  (Table 3). However, to 

make robust comparisons through time, data from both studies were initially prepared 

by grouping species. For example, variable panicgrass (Dichanthelium commutatum 

(Schult.) Gould)) was identified on CCMA in 2013 by three morphologies (varieties), D. 

commutatum var. commutatum, D. commutatum var. asheii, and D. commutatum var. 

joorii (USDA 2014; Ladd and Thomas 2015). In 1997, each of these varieties were 

identified only as D. commutatum, and thus the 2013 data were altered to match the 

1997 identifications in order to standardize comparisons of species richness and other 

metrics. Current Latin names were used from the Flora of Missouri, except when 

grouped or altered species were reverted to an old synonym to keep species names 

clear (e. g. Desmodium dillenii (Darl.), which is now D. glabellum and D. perplexum) 

(Steyermark 1963; Yatskievych 1999; Ladd and Thomas 2015).  

Table 3. Unknown species counts and percentages at MOFEP and CCMA. 

 Year Total individuals 
identified 

Unknown 
Individuals 

Percent of 
total 

135 plots from MOFEP 
Control Sites 1, 6, and 8 

1995 13614 647 4.7% 

2001 12685 364 2.8% 

2009 14157 34 0.24% 

2013 14791 41 0.27% 

250 plots at CCMA 1997 44561 1485 3.3% 

2001 48213 699 1.4% 

2009 54015 89 0.16% 

2013 52574 65 0.12% 

  

Cover values were assigned differently at MOFEP and CCMA. At CCMA, any 

species with cover less than 0.6% were given a value of 0.1%. Values at MOFEP were 

assigned in increments of 0.1%, so they were rounded down to 0.1% or to the nearest 
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whole percentage point prior to analyses (i.e., if assigned cover was 2.5% then the value 

was rounded down to 2%). Values were rounded down from 0.5% in an effort to 

minimize any over-estimation of cover values at either site. 

Community response indices 

 A broad suite of indices were calculated in order to gain as complete an 

understanding as possible regarding the effects of fire on vegetative communities . Many 

of these indices were derived from Taft et al. (2006). 

Species Density (R) = Total number of species per 1-m2 quadrat (reported as plot-level 
average (n=16 quadrats per plot)) (Bowles and Jones 2006) 

Species Richness (S) = Total number of species identified in entire plot (sixteen 1-m2 
sample locations), including adventive (non-native) species 

Average Cover (C) = ∑ (total cover per plot) / 16 (the number of quadrats per plot) 

Shannon–Wiener Index of Diversity (H’) = -∑ [pi ln(pi)] where pi is proportional 
abundance (cover, in the case of this study) of each species (Hill 1973; Taft et al. 2006).  

Hill’s N1 (N1) = exp(H’), which yields an index that counts each species based on its 

frequency and abundance not weighted by rarity or commonality (Jost 2006). Data are 
reported as N1, and the base H’ is not shown. 

Simpson’s Index of Dominance (D) = ∑pi
2 where pi is proportional abundance of each 

species (Simpson 1949; Taft et al. 2006). 

Hill’s N2 (N2) = [1/(1-D)], which yields an index weighted toward common species  (Jost 

2006). Data are reported as N2, and the base D is not shown. 

Evenness (E) = H’/ ln(S) (Hill 1973; Gurevitch et al. 2002), where H’ is Shannon-Wiener 
diversity (not N1) and S is species richness. 

Species Richness Index (SRI) = R(√S) where R = species density per quadrat and S is total 

species richness (Bowles et al. 2000; Taft et al. 2006).  

Mean Coefficient of Conservatism (mCC) = ∑CC/S where CC = Coefficient of 
Conservatism and S = species richness / plot (Taft et al. 1997). For this study, all species 

only identified to genus were assigned a CC value consistent with the lowest CC value of 
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species in that genus, and adventive species were included in analyses by assigniation of 

a “0” (Francis et al. 2000). 

Floristic Quality Index (FQI) = mCC(√S) where mCC = ∑CC/S and S = species richness / 
plot (Taft et al. 1997).  

CW Wetness Index (W) = ∑(ordinate wetness values)/S, reported at the plot level (Reed 
1997; Taft et al. 1997; Francis et al. 2000; Ladd and Thomas 2015). 
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CHAPTER II: MEASURING PLANT COMMUNITIES IN THE MISSOURI 

OZARKS: EFFECTS OF SITE AND FIRE MANAGEMENT ON THE UTILITY OF 

THE FLORISTIC QUALITY INDEX 

 

INTRODUCTION 

 During the past four decades, federal, state, and private organizations have 

demonstrated increasing interest in using prescribed fire to maintain or restore forest, 

woodland, savanna, and other plant communities in the Ozark Mountains (Nature 

Conservancy 1997; McCarty 1998; Stanturf et al. 2002; Stambaugh and Guyette 2006; 

MTNF 2011). Humans have been an important source of historic and current wildfire 

ignitions in eastern and central U.S. forests (Pyne 1982; Abrams 1992; Guyette et al. 

2002; Stambaugh and Guyette 2006), and the role of fire in maintaining the vegetative 

communities in the Ozark Mountains has been well-established (Cutter and Guyette 

1994; Batek et al. 1999; Guyette et al. 2002, 2006). Studies relating to historic fire 

frequency of the region have informed managers interested in re-creating or restoring 

historic vegetative communities, and there has been an increasing level of support 

regarding restoration and perpetuation of native plant populations through prescribed 

fire (Chilman et al. 1996; Hartman and Heumann 2003; MTNF 2010; ONF 2012).  Study 

plans in the region call for monitoring of ground flora community response to 

restoration efforts, and this information is commonly used to determine restoration 

success (Bowles et al. 1996; Anderson et al. 2000; Taft and Solecki 2002; Bourg et al. 
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2014). Effective and replicable community measures are needed in order to determine 

success of restoration efforts on plant communities, especially in woodland settings 

(Taft et al. 2006).  

 Richness, diversity, abundance, and evenness are commonly used to monitor 

plant communities. Diversity measures can be classified in orders based on those 

described by Hill (1973), which equate to actual or effective numbers of species when 

weighted by abundance. Richness, a simple count of all species in a study unit, is order 0 

and is weighted toward rare species. Diversity measures of order 1, such as Shannon-

Weiner, have minimal weighting of rare or common species, and they quantify the 

uncertainty in predicting the identity of an individual selected at random (Jost 2006). 

Higher order diversity measures, for example Simpson’s, place emphasis on common 

species through calculating the probablility of sampling at random two individuals of the 

same species (Jost 2006). Abundance is the number of stems of an individual species or 

the total cover of all individuals within a sampling unit, and evenness is an evaluation of 

how close in number of occurrences and dominance species are within a sample unit 

(Gurevitch et al. 2002). Evenness uses richness and diversity metrics in its calculation. 

 Metrics that are weighted based on habitat fidelity have been argued to offer 

additional information as compared to traditional metrics (diversity, richness, or cover) 

(Taft et al. 1997) but require identification to the species  level. These metrics use expert 

rankings assigned to each species’ preference for certain conditions within a region. Two 

common weighted metrics include the Wetness Index and the Coefficient of 
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Conservatism. The Wetness Index assigns values of -5 to 5, based on preference for 

wetlands or uplands respectively. The Coefficient of Conservatism (CC) is weighted 

based on intolerance of anthropogenic disturbance and uses values of 0 to 10. Un-

weighted measures (i.e. diversity or richness) arguably lack the ability to differentiate 

between common species and species restricted in some manner. For example, fly 

poison (Amianthium muscitoxicum (Walter) A. Gray) has been given a CC = 10 in 

Missouri and is found almost exclusively in undisturbed, north-facing acidic upland plant 

communities (Yatskievych 1999; USDA 2014; Ladd and Thomas 2015). Because of its 

sensitivity to disturbance, its presence in a community may be an indicator of floristic 

integrity, and the CC system may describe these characteristics better than unweighted 

measures that treat each species similarly. A myriad of these community metrics and 

their variations have been described, used, and argued for and against (Taft et al. 1997; 

Francis et al. 2000; Bowles and Jones 2006; Landi and Chiarucci 2010; Bried et al. 2012; 

Filazzola et al. 2014), which leads to confusion and uncertainty concerning which 

measure is most effective in a particular system and for monitoring a particular 

treatment or response.  

Swink (1974) introduced a method for assessing the conservation value of the 

ground flora by combining characteristics of vulnerability and diversity. The Floristic 

Quality Assessment system, at its most basic, consists of three measures: a Coefficient 

of Conservatism (CC), species richness, and Floristic Quality Index (FQI). FQI integrates 

species richness and mean CC into one index and is intended to better describe floristic 

integrity than either of the constituent metrics  (Taft et al. 1997). It is used widely and 
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has been deemed effective in prairies and wetlands (Bourdaghs et al. 2006; Taft et al. 

2006), but assessment of its usefulness in woodlands/forests has been limited to one 

study from Canada (Francis et al. 2000).  

Previous studies have argued against the use of FQI after describing a negative 

relationship between richness and mean CC, suggesting that this relationship makes the 

interpretation of FQI ambiguous (Bowles and Jones 2006; Thomas 2013). However, it is 

not clear if this relationship is universal across different ecological site types in 

heterogenous forested landscapes. Because FQI is currently being used to monitor 

outcomes of restoration activities in the Missouri Ozarks, it is critical that forest 

managers understand the limitations of this weighted plant community metric. We 

propose a comparison of commonly used community integrity measures in an effort to 

determine which measures are most effective for monitoring ground flora change 

triggered by prescribed fire in woodlands and forests in the Missouri Ozarks. We 

attempt to answer the following questions with this data set: 

1. How effective are different plant community metrics when used to differentiate 

between burned vs. unburned locations at the landscape-scale and within 

specific ecological site types?  

2. Are relationships among plant community metrics  predictable and consistent 

across ecological site types and burn treatment? 

3. How effective is the Floristic Quality Index when applied to monitoring burned 

woodland ecosystems given its previously published issues?  
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METHODS 

Study Sites 

This study was conducted at Chilton Creek Management Area (CCMA) and the 

Missouri Ozark Forest Ecosystem Project (MOFEP) in southeastern Missouri. The CCMA 

project was established in 1997 and included five ~200 hectare landscape-scale units, 

with one unit burned annually and four units burned periodically. For unburned control 

sites, we used a subset of data from the three ~400 hectare MOFEP control sites. The 

number of sample plots within each treatment unit, treatment, and site are summarized 

in Figure 7. Plots were established on several ecological site types to represent the 

heterogeneity of the Ozarks region (Nigh and Schroeder 2002). Additional information 

on the study sites, designs, and treatments can be found in Chapter I.  

 

Figure 7. Flow chart of study design with number of plots located within each member.  

Data collection 

 The sampling design was the same at CCMA (n = 250 sample plots) and at 

MOFEP (n = 135 sample plots), although data were collected by separate field crews for 

each project area. Collaboration occurred between crews at each study location for 
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identification of unknown individuals. The study uses a nested plot design with circular, 

0.2 ha plots used to sample overstory trees and subsequently smaller units for sampling 

smaller woody vegetation. Within each plot, ground flora was sampled within sixteen 1-

m2 quadrats that were systematically located throughout each overstory plot. The 

percent cover of each species present within each quadrat was recorded to the nearest 

percentage, providing a complete list of species presence and abundance (cover). Data 

were collected from May to September, 2013. Species nomenclature reported in this 

analysis follow Ladd and Thomas (2015). 

Data analysis 

Data were prepared as described in Chapter I, and data from 2013 were used for 

this analysis due to the high level of accuracy within the data sets (less than 0.5% of 

individuals encountered at either site were unidentified). Data from Ecological Land 

Types (ELTs) 3 and 4 were used in site type analyses due to the high level of subsampling 

that occurred within them (Table 4). They also occur most frequently across treated 

units in this landscape-scale study. ELTs 3 and 4 are some of the most common site 

types in the Missouri Ozarks in general, so results from analyses of these ELTs should be 

representative of the region (Nigh and Schroeder 2002).  

Table 4. Ecological Landtype Associations and subsample frequency found at CCMA (annual and periodic) 
and MOFEP (control). Parent materials include Roubidoux sandstone (RO) and highly weathered Upper 
Gasconade dolomite (UG). 

Ecological Landtype (ELT) Name ELT # 
Annual 
plots 

Periodic 
plots 

Control 
plots 

TOTAL 
plots 

Exposed RO/UG Backslope 3 9 27 41 77 

Protected RO/UG Backslope 4 8 39 25 72 

TOTAL Plots 17 66 66 149 
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Data were summarized at the plot-level using several metrics that are commonly 

used to describe the plant communities. Metrics included unweighted measures, which 

treat each species equally regardless of its identity, and weighted metrics that place 

value on species identity. Unweighted metrics include density (average species richness 

per 1-m2 quadrat), richness (total species richness per 16 m2 sampling area), Species 

Richness Index (density * √ (plot richness)), average cover per quadrat, Hill’s (Shannon-

Wiener) diversity (exp (H’), Simpson’s diversity (1/D), and evenness H’ /ln (plot 

richness). Hill’s, Simpson’s, and evenness are all calculated at the plot level (16 m2), and 

the two diversity measures are converted into effective numbers of species (Jost 2006). 

The weighted metrics used in this study include mean coefficient of conservatism (∑CC 

values in a plot / plot richness), Floristic Quality Index (mean Coefficient of Conservatism 

* √ (plot richness)), and the Wetness Index (∑ wetness values in a plot / plot richness). 

 Analysis of Variance (ANOVA) was conducted using PROC GLIMMIX (SAS 

Software, Cary, NC) to determine treatment effects on each response variable. The 

single replication of the annual unit required ANOVA analyses that include error terms 

that specify both the random and unreplicated nature of the study design (see Figure 7). 

The error for the data from the annual unit was calculated from the replicated periodic 

and control error values, potentially leading to conservative p-values within the annual 

unit. Analyses were conducted at two levels: within all data and within Ecological Land 

Types 3 and 4. ELTs that were unreplicated at the unit level (ELTs 1 and 18) were 

removed from the analyses of all data. Degrees of freedom used for ANOVA were from 



 

36 
 

Kenward and Roger (1997), who showed that their method consistently performed 

better than other methods when sample sizes were small and/or unequal. Pairwise 

comparisons were made using Tukey’s Honestly Significant Difference adjustment. Prior 

to analyses, data were checked for normality and transformed if needed using PROC 

TRANSREG. Post-transformation tests of normality were confirmed using PROC 

UNIVARIATE after transformations. For all tests, an alpha = 0.0500 was used as statistical 

significance for all tests. 

Non-metric multidimensional scaling (NMS) was used to identify patterns in 

species composition among the plots and to determine the association of plant 

community metrics with those patterns. NMS is used to understand structure in 

ecological datasets that are complex, poorly replicated, and/or of low sample size 

(McCune et al. 2002). Rare species can have strong effects in ordination space, so 

variables analyzed included the abundance (sum of cover) of all species present in ≥ 1% 

of plots (Poos and Jackson 2012). In addition, unknown species were dropped from NMS 

ordinations. Data for ordinations were transformed when necessary because NMS has 

no built-in relativization (McCune et al. 2002) and SAS PROC TRANSREG was used to 

determine the type of transformation. We ran the ordination in PC-Ord (MjM Software, 

Oregon) using the Sorenson distance measure with random starting configurations, 250 

runs of real data, a maximum of 500 iterations per run, and a stability criterion of 

0.00001 (Hutchinson et al. 2005; McGlone et al. 2009). The stress value of the final 

solution was compared to random solutions using a Monte Carlo test with 50 



 

37 
 

randomizations. Default cut-off values of r2 > 0.2 were used when overlaying secondary 

matrix vectors relating to indices on the main ordination.  

Nonparametric multiresponse permutation procedures (MRPP) were performed 

in conjunction with NMS to determine whether species composition was significantly 

different among treatments (McCune and Grace 2002). MRPP was conducted with the 

full dataset, using the plots as the sample units (annual n=63, periodic n=187, control 

n=135), and for ELT 3 only (annual n=9, periodic n=27, control n=41) and for ELT 4 only 

(annual n=8, periodic n=39, control n=25). Reported p-values were not corrected for 

multiple comparisons within MRPP analyses. Group differences are shown with the A 

statistic, the ‘‘chance-corrected within-group agreement’’ (A = 0 is the expectation 

under the null model; A = 1 when all members of a group are identical and non-

overlapping with other groups; negative values indicate groups more similar than 

expected by chance) (McCune and Grace 2002). 

Pearson’s correlation tests were conducted using plot-level data from each 

treatment to determine the strength of the relationship between all pairs of plant 

community metrics. For variables with significant correlations, patterns in the data were 

observed by creating scatterplots. Non-linear regression was used to determine 

relationships if the scatterplots indicated a non-linear fit. For relationships between 

richness and FQI, data were fit with exponential curves to a maximum with 4 

parameters. Analysis of Covariance (ANCOVA) was run using PROC GLM to determine if 

relationships between variables were affected by treatment or ELT. ANCOVA was  also 
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conducted on plots with richness values > 55 after the relationship between richness 

and FQI was observed to differ when values of richness were relatively high. Analyses 

were conducted separately with data from all plots, data from ELT 3 only, and data from 

ELT 4 only. For ELT 3 and 4 ANCOVA analyses, data were combined into burned and 

unburned treatments due to small sample size for annually burned plots, although plots 

are graphed with all three treatments for observational purposes. 
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RESULTS 

 Using data from all plots at the landscape scale, treatment effects were 

significant for all measures except cover, wetness, the diversity measures  Hill’s and 

Simpson’s, and evenness (Table 5). Pairwise comparisons showed that the only metric 

that was significantly different between the control and both the annual and the 

periodic treatments (p-values < 0.0284) was the Floristic Quality Index. We detected 

differences in Mean CC between annual and control treatments (p = 0.0390) but not 

between periodic and control (p = 0.1119); all other metrics (density, richness, and SRI) 

that were significantly different between periodic and control treatments only (p-values 

< 0.0225).  

Within ELT 3, a significant treatment effect was detected with only the Wetness 

Index, which showed differences between the periodic and control treatments as well as 

the annual and control treatments (p-values < 0.0430). On ELT 4, pairwise comparisons 

indicated that richness (p-values < 0.0249), CC (p-values < 0.0216), FQI (p-values < 

0.0036), and wetness (p-values < 0.0065) were significantly different between the 

periodic and control treatments and between the annual and control treatments. 

Results of the statistical test of SRI showed a difference between only the periodic and 

the control (p = 0.0324). 
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Table 5. ANOVA of treatment differences for ten community indices. The uppermost table includes all  
plots across all ELTs, Per = periodic, Ann = annual, Con = control, Ῡ = mean, SE = standard error, Num = 

numerator, and Den = denominator. The same superscript uppercase letter within a row denotes no 
significant difference in Tukey’s pair-wise comparison. 

 
Per Ῡ 

Per 
SE 

Ann Ῡ 
Ann 
SE 

Con Ῡ 
Con 
SE 

Num 
DF 

Den 
DF  

F Pr > F 

Density 12.91
A 

0.37 13.32
AB 

0.59 7.09
B 

0.31 2 4.81 6.95 0.0381 

Richness 63.66A 1.87 65.27AB 3.63 36.98B 1.57 2 4.55 11.72 0.0161 

CC 4.55AB 0.02 4.71A 0.04 4.41B 0.02 2 3.59 8.82 0.0412 

FQI 35.46A 0.48 37.07A 1.00 26.14B 0.50 2 4.67 20.94 0.0047 

Cover 40.39 1.46 32.71 1.37 24.15 1.20 2 4.63 2.10 0.2244 

Evenness 0.72 0.01 0.74 0.01 0.70 0.01 2 4.09 4.34 0.0631 

Hill's  22.55 0.88 23.07 1.34 12.83 0.57 2 4.31 4.63 0.0844 

Simpson's  13.59 0.58 13.83 0.82 8.31 0.36 2 4.48 2.77 0.1651 

Wetness 3.72 0.03 3.90 0.05 3.48 0.04 2 4.54 5.26 0.0658 

SRI 109.40A 4.56 117.94AB 7.64 42.80B 2.39 2 4.66 7.49 0.0351 

Ecological Land Type 3, Exposed Roubidoux/Upper Gasconade Backslope 

Density 9.12 0.61 10.03 1.43 5.06 0.20 2 2.14 2.40 0.2846 

Richness 48.26 2.93 43.11 4.67 28.0 0.99 2 1.59 3.67 0.2535 

CC 4.78 0.04 4.84 0.11 4.53 0.04 2 2.64 4.65 0.1366 

FQI 32.74 0.95 31.52 2.10 23.9 0.56 2 1.44 17.81 0.0968 

Cover 35.29 3.94 29.61 4.53 15.8 1.08 2 2.55 1.14 0.4438 

Evenness 0.75 0.01 0.76 0.02 0.72 0.01 2 2.36 1.41 0.3961 

Hill's  19.18 1.61 18.11 2.56 11.1 0.47 2 1.84 2.07 0.3380 

Simpson’s 12.37 1.17 11.91 2.01 7.85 0.40 2 1.76 1.28 0.4529 

Wetness 4.13A 0.04 4.29A 0.09 3.72B 0.06 2 3.72 8.00 0.0450 

SRI 65.40 6.31 75.20 15.80 29.50 1.95 2 2.04 0.53 0.6537 

Ecological Land Type 4, Protected Roubidoux/Upper Gasconade Backslope 

Density 10.15 0.49 9.24 0.76 6.24 0.43 2 3.23 3.78 0.1427 

Richness 48.36A 1.82 47.50A 3.48 27.40B 1.62 2 3.94 24.72 0.0059 

CC 4.61A 0.04 4.84A 0.05 4.32B 0.05 2 4.35 16.48 0.0094 

FQI 31.76A 0.56 33.15A 1.12 22.50B 0.70 2 4.28 19.05 0.0021 

Cover 35.29 2.45 28.00 2.60 26.80 2.35 2 3.09 0.32 0.7460 

Evenness 0.65 0.02 0.69 0.03 0.65 0.02 2 3.83 0.59 0.5959 

Hill's  13.78 1.06 15.43 2.18 8.74 0.56 2 3.93 4.72 0.0901 

Simpson’s 7.98 0.75 8.97 1.69 5.58 0.43 2 3.98 2.15 0.2333 

Wetness 3.68
A 

0.04 3.90
A 

0.08 3.29
B 

0.05 2 4.15 28.33 0.0038 

SRI 72.30
A 

4.87 64.65
AB 

7.50 33.60
B 

2.49 2 3.61 9.74 0.0351 
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The ordination in Figure 8 shows separation among treatments, which was 

supported by the MRPP comparisons of differences between centroids of treatments 

(Table 6). Chance-corrected within-group agreement (A) was equal to 0.0459, with a p-

value < 0.0001. Separation among treatments appears to be most related to Axis 1, and 

the measures that had the strongest relationships to that axis were density (Axis 1 r2 = 

0.79) and SRI (Axis 1 r2 = 0.72). Evenness (Axis 2 r2 = 0.45) and Wetness Index (Axis 2 r2 = 

0.41) were more strongly correlated with Axis 2.  The final stress for the 3-dimensional 

ordination solution was 13.83 and it converged in 120 iterations. 

 

 

Figure 8. NMS ordination for all  plots with Axis 1 corresponding observationally to treatment. D = 
Simpson’s diversity and H’ = Hill ’s Diversity. + signs are centroids of each treatment. Dryness refers to 
increasing values of the wetness metric. 
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The NMS ordination and MRPP analyses for ELT 3 indicate compositional 

differences between control and burn treatments but not between burn intervals  

(Figure 9, Table 6). The MRPP analyses had chance-corrected, within-group agreement 

(A) for ELT 3 equal to 0.0603, with a p-value of < 0.0001. Most community measures 

demonstrated correlation (r2 > 0.2) with Axis 1, which appears most strongly associated 

with treatment, with density (r2=0.655) and SRI (r2=0.639) exhibiting the strongest 

correlation. Final stress for this 3-dimensional solution was 14.57, which converged in 

62 iterations.  

Table 6. MRPP pairwise comparisons of plant community differences using all  data, then data from all  ELT 
3 treatments, data from all  ELT 4 treatments, and CCMA data from ELT 3 and 4. 

Comparison T A p-value 
Periodic  vs.   Annual           -13.2973 0.0104 < 0.0001 
Periodic  vs.   Control         -65.6359 0.0395 < 0.0001 

Annual    vs.   Control         -54.4181 0.0544 < 0.0001 

ELT 3 T A p-value 
Periodic  vs.   Annual         0.5712 -0.0036 0.6742 
Periodic  vs.   Control  -15.4321 0.0548 <.0001 

Annual    vs.   Control         -9.3391 0.0481 <.0001 

ELT 4 T A p-value 
Periodic  vs.   Annual            -2.0019 0.0098 0.0446 
Periodic  vs.   Control      11.6628 0.0416 <.0001 
Annual    vs.   Control      -7.4948 0.0577 <.0001 
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Figure 9. NMS ordination of ELT 3 plots, where Axis 1 observationally corresponds to treatment. “+” signs 
are centroids of treatments , simp = Simpson’s diversity, H’ = Hill ’s diversity, and rich = richness . SRI and 

density are most highly correlated to treatment differences. Dryness refers to increasing values of the 
wetness metric. 

 

The ordination for ELT 4 shows broad differences between control and burn 

treatments, as further indicated by the MRPP analyses (Table 6). Density (Axis 1 r2 = 

0.95) and SRI (Axis 1 r2 = 0.94) were the strongest measures splitting the periodic plots 

from untreated plots (Figure 10). The Wetness Index (Axis 2 r2 = 0.57) may separate the 

annual plots from other treatments along both Axis 1 and Axis 2. Final stress for this 2-

dimensional solution was 6.15, and it converged in 50 iterations. 
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Figure 10. NMS ordination of ELT 4 plots, where Axis 1 corresponds observationally to treatment. “+” 

signs are centroids of treatments , simp = Simpson’s diversity, and H’ = Hill ’s diversity. Richness, SRI, and 
density are most highly correlated to treatment differences. Dryness refers to increasing values of the 
wetness metric.  
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Pearson’s correlation 

Pearson’s correlations (Table 7) showed significant relationships between many 

community measures. For results from all Pearson’s correlations see Appendix II. 

Richness and FQI were highly correlated in all treatments and ELTs. CC and richness had 

significant negative correlations in all three treatments when all plots are included. In 

ELT 4, there was a significant negative correlation between CC and richness on burned 

plots but not on unburned plots, and in ELT 3, CC was not correlated with richness on 

burned plots and was positively correlated with richness on unburned plots. Using data 

from all plots, FQI was not correlated with CC for any treatment. For both ELTs 3 and 4 

FQI and CC were significantly, positively correlated on control plots but there was no 

correlation on burned plots.   
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Table 7. Selected Pearson's correlation coefficients. For each community response variable, values in 
italics are p-values and strength of relationship (r value) is above each p-value. Dens = density, rich = 

richness , cov = cover, even = evenness, H’ = Hill ’s Diversity, Simp = Simpson’s Diversity, and wet = 
wetness. Burn treatments are lumped for ELT - level correlations. 

Periodically Burned Units (N = 187) 
  Dens Rich CC FQI Cov Even H’ Simp Wet SRI 

Rich 
0.918 

 

-0.547 0.960 0.527 0.587 0.938 0.832 -0.586 0.951 

<.0001 0.005 <.0001 0.007 0.002 <.0001 <.0001 0.002 <.0001 

CC 
-0.623 -0.547 

 

-0.307 -0.343 -0.118 -0.450 -0.396 0.799 -0.622 

0.001 0.005 0.135 0.093 0.573 0.024 0.050 <.0001 0.001 

FQI 
0.854 0.960 -0.307 

 
0.527 0.629 0.920 0.821 -0.396 0.882 

<.0001 <.0001 0.135 0.007 0.001 <.0001 <.0001 0.050 <.0001 

Untreated Control Units (N = 135) 

Rich 
0.935  -0.544 0.955 0.513 0.664 0.954 0.913 -0.555 0.704 

<.0001 0.016 <.0001 0.025 0.002 <.0001 <.0001 0.014 0.001 

CC 
-0.737 -0.544  -0.279 -0.718 -0.392 -0.597 -0.522 0.852 -0.699 

0.000 0.016 0.247 0.001 0.097 0.007 0.022 <.0001 0.001 

FQI 
0.816 0.955 -0.279  0.357 0.591 0.871 0.841 -0.347 0.575 

<.0001 <.0001 0.247 0.134 0.008 <.0001 <.0001 0.146 0.010 

Annually Burned Unit (N = 63) 

Rich 
0.919  -0.675 0.941 0.637 0.362 0.858 0.696 -0.648 0.941 

0.001 0.046 0.000 0.065 0.339 0.003 0.037 0.059 0.000 

CC 
-0.741 -0.675  -0.393 -0.954 0.222 -0.257 -0.019 0.876 -0.720 

0.022 0.046 0.296 <.0001 0.566 0.504 0.961 0.002 0.029 

FQI 
0.804 0.941 -0.393  0.372 0.520 0.939 0.838 -0.446 0.836 
0.009 0.000 0.296 0.324 0.152 0.000 0.005 0.229 0.005 

ELT 3 Burned (includes annual) (N = 36) 

Rich 
0.686 

 

-0.084 0.947 0.623 0.530 0.911 0.835 -0.048 0.667 

<.0001 0.624 <.0001 <.0001 0.001 <.0001 <.0001 0.780 <.0001 

CC 
-0.067 -0.084 

 

0.225 -0.137 0.175 0.061 0.103 0.599 -0.069 

0.698 0.624 0.187 0.426 0.306 0.724 0.548 0.000 0.691 

FQI 
0.630 0.947 0.225 

 

0.555 0.556 0.891 0.828 0.133 0.601 

<.0001 <.0001 0.187 0.000 0.000 <.0001 <.0001 0.440 0.000 

ELT 3 Control (N = 41) 

Rich 
0.487 

 
0.420 0.946 0.195 0.052 0.664 0.468 0.087 0.148 

0.001 0.006 <.0001 0.222 0.746 <.0001 0.002 0.590 0.356 

CC 
-0.036 0.420 

 

0.686 -0.104 0.355 0.483 0.388 0.398 0.049 

0.821 0.006 <.0001 0.516 0.023 0.001 0.012 0.010 0.761 

FQI 
0.371 0.946 0.686 

 

0.120 0.165 0.700 0.508 0.202 0.136 

0.017 <.0001 <.0001 0.456 0.302 <.0001 0.001 0.205 0.397 

ELT 4 Burned (includes annual) (N = 47) 

Rich 
0.922 

 
-0.311 0.884 0.530 0.651 0.851 0.784 0.136 0.954 

<.0001 0.033 <.0001 0.000 <.0001 <.0001 <.0001 0.362 <.0001 

CC 
-0.461 -0.311 

 

0.159 -0.504 -0.135 -0.273 -0.317 0.504 -0.433 

0.001 0.033 0.285 0.000 0.366 0.063 0.030 0.000 0.002 

FQI 
0.728 0.884 0.159 

 

0.318 0.622 0.742 0.649 0.391 0.768 

<.0001 <.0001 0.285 0.029 <.0001 <.0001 <.0001 0.007 <.0001 

ELT 4 Control (N = 25) 

Rich 
0.825 

 

0.145 0.922 0.361 0.215 0.792 0.642 0.057 0.248 

<.0001 0.491 <.0001 0.076 0.301 <.0001 0.001 0.787 0.231 

CC 
0.026 0.145 

 
0.503 -0.103 0.316 0.339 0.383 0.210 -0.186 

0.900 0.491 0.010 0.623 0.124 0.097 0.059 0.315 0.374 

FQI 
0.699 0.922 0.503 

 

0.258 0.300 0.814 0.702 0.155 0.159 

0.000 <.0001 0.010 0.213 0.146 <.0001 <.0001 0.458 0.446 
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Regression analyses 

Based on the 95% confidence intervals on the non-linear regression lines 

generated using all the data, FQI values for plots that received treatment were greater 

for a given value of richness than for control plots when richness was greater than about 

55 species per 16 m2 (Figure 11). From the analysis of covariance, we found no 

interaction between the effect of CC-values and treatments on FQI (p = 0.0649), but 

intercepts for the treatments were significantly different (p = 0.0041). Mean CC had no 

effect on FQI values (p = 0.1461), suggesting that richness is the strongest contributor to 

the measure of FQI and supporting results from the Pearson’s correlation.  When a 

reduced dataset using only plots with richness per 16 m2 > 55 species was analyzed 

using ANCOVA, mean CC was found to be significantly related FQI (p = 0.0107) (not 

shown). 

 
Figure 11. Relationships between data from all  plots for A) Floristic Quality Index and richness with 95% 
confidence intervals and B) FQI and mean CC, where the solid regression line and 95% confidence 
intervals represent main effects (r

2
 = 0.013). 
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Figure 12. Regression relationships between richness and mean CC. Black regression line and 95% 

confidence intervals  represent main effects (r
2
 = 0.004).  

Plotting mean CC against richness demonstrates a significant negative 

relationship from the analysis of covariance (p < 0.0001), with no interaction (p = 

0.0550) and significant differences among treatments (p = 0.0087) (Figure 12).  
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Figure 13. Graphs of relationships between A) richness and FQI and B) mean CC and FQI in ELT 3 (n = 77) 

and between C) richness and FQI and D) mean CC and FQI ELT 4 (n = 72). Data points represent plots and 
bands are 95% confidence intervals. Annual treatment plots are shown but no regression lines are 
included due to low sample size. 

There was little overlap between data from burned and control plots for richness 

values on ELTs 3 and 4, and both ELTs had strong linear association between richness 

and FQI (Figure 13). Interactions for both ELT 3 and ELT 4 between treatment and 

richness were significant (p-values < 0.0073) from ANCOVA. ELT 3 showed strong 

correlation between richness and FQI (p < .0001), as was the case with ELT 4 (p < .0001). 

Both ELT 3 and 4 had highly significant treatment effects as well (p-values < .0001). 

Results from the ANCOVA showed no significant interaction effects between 

treatment and mean CC on FQI for ELT 3 or ELT 4 (p-values > 0.1767). On ELT 3, 

treatment was not significant (p = 0.1259) but mean CC had a positive effect on FQI (p = 
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0.0003). The data from ELT 4 exhibited a similar trend as ELT 3, with no significant 

treatment effect (p = 0.0629) and a significant effect of mean CC on FQI (p = 0.0079).  

 

Figure 14. Graphs of relationships between mean CC and richness  on A) ELT 3 (n = 77) and B) ELT 4 (n = 
72). Data points are plots, regression has 95% confidence intervals, and graphs show all  treatments for 
observational purposes. No interaction was found between treatments. 

When relationships between mean CC and richness were analyzed (Figure 14), 

there was no significant interaction between treatment and CC in ELT 3 (p = 0.0580) or 

ELT 4 (p = 0.0602). In addition, no significant relationship between mean CC and 

richness was found on ELT 3 (p = 0.6300) or ELT 4 (p = 0.2370). Both ELT 3 and 4 were 

significant for treatment effects (p < 0.0497).  
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DISCUSSION 

Treatment effects on plant community metrics 

Under the assumption that there are distinct and quantifiable plant community 

responses to prescribed fire (Apfelbaum et al. 2000; Hutchinson et al. 2005; Glasgow 

and Matlack 2007; Burton et al. 2011), we tested the effectiveness of several common 

plant community metrics designed to describe different community characteristics at 

discerning burned and unburned treatments in Missouri Ozark woodland ecosystems. 

When data were analyzed at the landscape scale, we found no significant differences 

between burned and unburned plots using Shannon diversity (Hill’s number), Simpson’s 

diversity, evenness, wetness, and cover. In contrast, the metrics of richness, density, 

mean CC, SRI, and FQI indicated differences between the plant communities in burned 

and unburned locations. Compositional differences shown through ordinations 

indicated that the number of species present (SRI, richness, and density) was most 

strongly associated with compositional differences among treatments. The Floristic 

Quality Index seemed to be effective at differentiating burned from unburned locations 

due to significant differences between the control treatment and both the annual and 

periodic treatments.  

Interestingly, the effect of the burn treatments on the plant communities within 

site types was different for opposing aspects. ELT 3, which is characterized by more xeric 

conditions on exposed sites, had few treatment effects detected by the plant 

community metrics. In contrast, the protected ELT 4 indicated patterns that matched 

the overall dataset. This finding suggests that site conditions may affect either the 
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interpretation of plant community metrics or the effects of fire on plant communities. 

Previous studies have found strong effects on fire intensity based on aspect and slope 

position (Johnson and Miyanishi 1995; Morgan et al. 2001; Yang et al. 2008). Variation in 

fire behavior combined with differences in the plant species associated with each aspect 

may result in differential responses to fire.  

On ELT 3, we found that the Wetness Index was the only metric that was 

different between the two burn treatments and the control. In contrast, a previous 

study that used CCMA and MOFEP data reported that mean plot richness increased on 

periodically burned plots in ELT 3 during the first five years of the study (Sasseen and 

Muzika 2004). Although the ordinations in the current study indicated higher richness in 

burned sites than in controls through the strength of the correlation with burned plots, 

ANOVA did not detect significance. However, this study has statistical limitations due to 

the unreplicated nature of the annually burned unit, which can be observed in the 

results from ELT 3. While means are similar to those found in ELT 4 and standard errors 

are only slightly larger, p-values are not significant except for the measure of wetness. 

To some extent, this can be attributed to those statistical limitations, although other 

factors (topo-edaphic conditions, available seed bank) may be affecting the significance. 

The Wetness Index may have been more sensitive than other measures due to 

species turnover associated with burning on ELT 3 sites. An increase in the Wetness 

Index indicates that the species present are more strongly associated with dry sites, 

providing evidence of a ‘xerification’ effect on the plant community (Johnson et al. 
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2009). Previous studies have shown that fire xerifies the upper layers of the forest floor 

so that it is a less hospitable seedbed for mesophytic species  (Brose 2014). In addition, 

Kabrick et al. (2014) describe the functional xerification process in which fire 

temporarily causes the vegetative composition of a site resemble that of drier sites. The 

opposite trend has been observed in woody species in central and eastern hardwood 

systems, where it has been shown that disruption of the fire regime leads to 

mesification trends (Nowacki and Abrams 2008; Hanberry et al. 2014b). In regard to the 

herbaceous community, to our knowledge no studies have shown decreased Wetness 

Index (increased dryness) as a response to prescribed fire. Xerification of the plant 

community does not necessarily require a change in any other metric. For example, 

richness would not change if balanced species turnover was occurring, and mean CC 

may not change if the species colonizing the location are ruderal annuals as well as 

higher CC-value species. Our data supports the conclusion that the Wetness Index is 

effective at differentiating between burned and unburned sites and may be useful in 

future monitoring efforts. 

Comparing plant community metrics 

Several of the plant community metrics were strongly correlated in our dataset, 

suggesting that they may provide similar comparative information among plots. Land 

managers who use plant community metrics to assess the effects of prescribed burning 

can benefit from understanding the trade-offs of using various metrics. Species richness 

was significantly and positively correlated with several of the other measures, including 

density, FQI, diversity measures (Hill’s and Simpson’s), and SRI. Density and richness 
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represent number of species at different spatial scales, and our expectation is that those 

measures would be highly correlated (Rahbek 2005), despite the accurate assertion by 

Bowles and Jones (2006) that density per unit area and total richness should describe 

different community attributes. Our data support the conclusion of Taft et al. (2006) 

that the Species Richness Index (SRI) is less effective than other community measures 

and does not add information to vegetative analyses that was not already included 

through a measure of richness or density alone, although the scale (plot level richness) 

that we used to calculate SRI may affect this conclusion.  

Diversity measures, which generally weight species based on their abundance 

(cover in this study), were correlated with richness. Diversity measures include richness 

as an intrinsic part of their calculation (Jost 2006). Similar to the case of FQI, richness 

may be overwhelming the effects of abundance in the diversity calculations, although 

Stirling and Wilsey (2001) found that Shannon-Wiener diversity reflects effects of 

evenness and richness components along with their intercorrelations , and diversity 

values are not overwhelmed by any single component. Our data showed that Pearson’s 

correlations were significant for richness and all diversity metrics , while correlations 

between diversity metrics and abundance and evenness were less strong. The diversity 

measures of richness, Hill’s, and the reciprocal Simpson’s may be describing similar 

vegetative attributes in the Missouri Ozarks, lessening the need to calculate and present 

all three. The relationships among richness, diversity, and evenness in high-

heterogeneity woodlands at landscape scale deserve additional study. 
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Two of the weighted measures used in this study, mean CC and wetness, were 

highly correlated on all site and treatment combinations except the ELT 4 control. 

Species that are obligate to xeric sites may have been assigned higher CC values  than 

species occurring on more mesic locations, reflecting differences in the regional species 

pool for each site type. Alternatively, anthropogenic disturbances may have been 

limited on xeric sites in general, resulting in plant communities with species that reflect 

the lack of disturbance (i.e., have higher CC values). Fire presumably ‘xerifies’ 

landscapes (DeBano 2000; Certini 2005; Brose 2014), and we expect the plant 

community to respond similarly (Johnson et al. 2009; Kabrick et al. 2014) (see Chapter 

III). The previously-mentioned tendency for either obligate wetland (-5) or obligate 

upland (5) species to also be assigned higher CC values than facultative species could 

explain why the ELT 4 control exhibits no relationship. Fire or aspect (in the case of the 

control unit ELT 3) yields a plant community with obligate xeric species, which 

intrinsically yields higher CC values. The strong correlation observed in our data suggest 

that either mean CC or the Wetness Index could be used for monitoring vegetative 

change due to prescribed fire, although managers may want to include both since they 

were designed to describe very different community attributes. 

There were significant negative correlations between richness and CC and 

between richness and wetness in each treatment when all plots are included. This trend 

may be related to the one found in Francis et al. (2000) when they showed that CC was  

higher and richness was lower in plots in more mature forest stands and on less 

disturbed sites. Our data may exhibit similar trends but for different reasons. There are 
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highly significant differences between ELTs (see Chapter III), and instead of stand 

maturity, the relative heterogeneity of this landscape may be creating relationships 

between measures at the landscape scale that are not observed within discrete site 

types. Myers et al. (2013) discuss the importance of community sorting in the Missouri 

Ozarks due to environmental variables and how that drives larger-scale diversity, which 

may be similar to the landscape-scale comparisons conducted with this entire dataset. 

Effectiveness of Floristic Quality Index  

FQI is designed as a rapid assessment of plant community integrity but it has 

been argued that its components (richness and mean CC) are negatively correlated 

(Bowles and Jones 2006, Thomas 2013). Our results provide evidence of a negative 

relationship between richness and mean CC when analyzed at a landscape scale, but this 

was not supported within individual Ecological Land Types used in this study (ELT 3 or 4), 

suggesting that this relationship is not a predictable property of plant communities 

across Ozark woodlands. Previous studies from other ecosystems also indicated that a 

negative relationship between richness and CC is not a pre-determined property of plant 

communities. For example, Bourdaghs et al. (2006) found a positive relationship 

between CC and richness in wetlands. Both species richness and Coefficient of 

Conservatism indices decrease with an increase in anthropogenic activity in prairie and 

wetland systems (Bourdaghs et al. 2006; Taft et al. 2006).  The relationship between 

richness and CC in wetlands and prairies, where the FQI was originally designed (Taft et 

al. 1997), may be different than the relationship in wooded systems because 

anthropogenic legacies may be different. There may not have been sufficient 
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anthropogenic activity to have a negative effect on wooded plant communities, 

although some have argued that the exclusion of fire is an anthropogenic disturbance 

(Nowacki and Abrams 2008).  

The relationship between CC and richness may be due to site factors like 

elevation, parent material, aspect, and topo-position. Plot-level richness of our data was 

positively correlated with protected Ecological Land Types that occur relatively low in 

the landscape. Mean CC values were higher on exposed aspects of upland ELTs, and 

within this data set, elevation and site factors may be determining the negative 

relationship between richness and CC. This is also supported by the positive correlation 

between wetness and CC, since presumably obligate upland plants occur on relatively 

xeric locations. Site quality has been connected to total richness in burned longleaf 

systems (Kirkman et al. 2001), and our data support the conclusion of Chen et al. (2002) 

that total richness (as well as Shannon and Simpson’s diversity) may be limited by site 

factors in the Missouri Ozarks. More recent work has shown that a complex set of 

interactions rather than simple site productivity has as a direct effect on species 

richness (Adler et al. 2011). 

Our data show that richness is the dominant driver in calculations of FQI values 

and that CC has little effect on FQI, and only when richness is high. Wilhelm and Masters 

(1994) found woodland ground flora community FQI response to be driven by increasing 

richness values while CC values did not respond to prescribed fire. Francis et al. (2000) 

explained the decreased effectiveness of FQI due to relatively low variation in CC scores 
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and relatively high variation in richness, which may also explain our observations 

regarding FQI, since our CC ranged from 3.6 to 5.4 and our richness ranged from 15 (√15 

= 3.9) to 143 (√143 = 11.9). The mathematical effect of using the square root of richness 

means that at relatively small richness values, changes in richness will have a greater 

effect on FQI values than at higher levels of richness. As a result FQI values increase 

more rapidly when a new species is added to a less-rich plot than a more-rich plot (Table 

8). This gives mean CC a stronger role in determining FQI values only at higher levels of 

richness. Interestingly, we found that FQI and CC were positively correlated for 

unburned plots within each ELT, suggesting that FQI may be less effective when used in 

burned sites.  

Table 8. Example of mathematical relationship between low levels of richness and higher levels of 
richness with mean CC held constant and with richness held constant. CC values have an increased effect 

on final FQI values at higher levels of richness. 

 Richness √Richness Mean CC FQI Difference in FQI values 
Plot A 20 4.47 5 22.35 B-A = 9.25 

Plot B 40 6.32 5 31.6 
Plot C 100 10 5 50 D-C = 4.75 

Plot D 120 10.95 5 54.75 

 Richness √Richness Mean CC FQI Difference in FQI values 
Plot A 20 4.47 4 17.88 B-A = 4.47 

Plot B 20 4.47 5 22.35 
Plot C 100 10 4 40 D-C = 10 

Plot D 100 10 5 50 

 

Interpretation of Floristic Quality Index 

Histograms of two plots each from ELTs 3 and 4 show the distribution of CC-

values that can lead to similar Floristic Quality Indices  (Figure 15). High mean CC on a 

plot may be due to a lack of ruderal species rather than an abundance of conservative 
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species (e.g., Figure 15A, plot 243). Francis et al. (2000) found that relatively mature 

forest stands are characterized by fewer generalist (ruderal) species as compared to 

younger stands, rather than an increase in specialist (conservative) species. 

Interpretation of FQI in these communities becomes problematic, since the question of 

whether these communities (ELT 3 plot 243 vs plot 179) represent equal fidelity 

becomes relevant. A proponent of the Coefficient of Conservatism could argue that the 

community with a mean CC of 5.22 is exhibiting much higher floristic quality than one 

with a 4.27 (Rooney and Rogers 2002). Alternatively, a proponent of any richness-based 

metric could argue that the increased species redundancy and resilience potential of a 

richer site is equivalent to higher floristic integrity (Vogel et al. 2012). Last, a botanist 

may observe a site with high relative plant species fidelity and low richness and deem 

that community to have the same floristic quality as a relatively rich community 

dominated by species with ruderal ecology. If the last scenario were accepted, then the 

Floristic Quality Index would be functioning as it was intended.  
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Figure 15. Histograms of CC values for two plots from ELT 3 (A) and two plots from ELT 4 (B) at CCMA. In 
each case, the FQI values were very similar but the richness and CC values were di fferent. 

  

0

5

10

15

20

0 1 2 3 4 5 6 7 8 9 10

Sp
e

ci
e

s 
co

u
n

t 
o

n
 E

LT
 3

 

CC values, ELT 3 

A) 
Plot 243. Richness =
52, mean CC = 5.22,

FQI = 37.66

Plot 179. Richness =
75, mean CC = 4.27,

FQI = 37.04
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CC values, ELT 4 

B) 

Plot 7. Richness =
72, mean CC = 4.22,

FQI = 35.83

Plot 124. Richness =
51, mean CC = 5.01,

FQI = 35.81
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CONCLUSION 

 The landscape-scale study known as Chilton Creek Management Area offers a 

unique opportunity to analyze the effectiveness of common plant community metrics in 

relation to monitoring of prescribed fire effects. We found that metrics were affected 

differently by site type and by treatment. The relationships and correlations among 

these metrics indicated that they offer different community information, although some 

metrics are somewhat redundant. In addition, some of those relationships  and 

correlations changed based on scale, aspect, and treatment. 

Past issues with Floristic Quality Index (FQI) were observed in these data, 

specifically the negative relationship between richness and Coefficient of Conservatism 

(CC). This negative relationship was not observed within data from the discrete site 

types that were analyzed. The relationship between richness and CC was found to be 

more complicated than a simple negative relationship because species richness alone 

affects FQI values when richness is low and CC begins to affect FQI values only at high 

richness levels. We conclude that the interpretation of the Floristic Quality Index may 

continue to be challenging because of the possibility of obtaining the same FQI value 

through different richness and CC levels. While the overall utility, the community fidelity 

aspect, may not be affected, the inclusion of wetness and a measure of abundance 

would be necessary in order to fully describe fire effects on plant communities.  

  



 

62 
 

CHAPTER III: PRESCRIBED FIRE EFFECTS ON OZARK GROUND FLORA 

THROUGH 15 YEARS OF LANDSCAPE-SCALE BURNING 

 

INTRODUCTION  

Historically, landscape-scale and local anthropogenic fires were relatively 

common disturbances in the prairie-forest ecotone in the unglaciated part of the state 

of Missouri, and they contributed to the vegetation gradient from prairie to closed-

canopy forest in the Ozarks (Thorn and Wilson 1980; Cutter and Guyette 1994; Batek et 

al. 1999; Guyette et al. 2002; Nelson 2012). These repeated fires were one of the drivers 

of the local endemism and diversity found in this region (Zollner et al. 2005). Local 

vegetation is widely considered to be fire-adapted (Nelson 2010) due to evolutionary 

processes; for example, Gómez-González et al. (2011) showed that repeated 

anthropogenic fire changed seed traits including pubescence and shape. The trend 

toward fire suppression, which started in the early 1900s and continues today, has led 

to shifts in community composition from fire-adapted flora to fire intolerant vegetation 

(Guyette et al. 2002; Abrams 2005; Nowacki and Abrams 2008).  

Expectations regarding re-introduction of anthropogenic fire to these historically 

fire-adapted systems include structure shifts toward open woodland or savanna and 

positive response of herbaceous grasses, forbs, and sedges (Lewis and Harshbarger 

1976; Haywood et al. 2001; Hutchinson et al. 2005; Glasgow and Matlack 2007). Fire 

affects forest, woodland, and savanna structure through the removal of mid- and some 
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over-story trees (Brockway and Lewis 1997; McMurry et al. 2007; Peterson et al. 2007; 

Cavender-Bares and Reich 2012; Kinkead et al. 2012) and increases diversity through 

changes in sunlight levels, nutrient regimes, creation of microsites for germination, and 

changes in the litter layer (Apfelbaum et al. 2000; Bowles et al. 2003; Elliott and Vose 

2005; Stambaugh et al. 2006; Ponder et al. 2009; Barrioz et al. 2013; Bourg et al. 2014). 

In addition, fire has been shown to increase richness in midwestern communities 

(Schwartz and Hermann 1997) and longleaf systems (Palmquist et al. 2014), cover in 

Missouri Ozark communities (Kinkead et al. 2012), evenness in longleaf pine systems 

(Brockway and Lewis 1997), and floristic quality in prairie systems (Taft et al. 2006).  

Many public and private landowners are implementing controlled burns as a 

management tool with the goal of restoring structure and diversity of Ozark ecosystems 

(Chilman et al. 1996; Nature Conservancy 1997; MTNF 2011). Despite much research 

regarding fire effects on ground flora, few studies have focused on long-term landscape-

scale effects, especially in highly heterogenous Ozark landscapes where fire behavior is 

expected to vary based on aspect, gradient, and elevation (He et al. 2004; Yang et al. 

2008). 

This study attempts to determine the effects of 15 years of landscape-scale 

prescribed fire on Ozark ground flora both within and among varied site types using a 

comprehensive suite of community metrics. The specific objectives of this study were 

to: 
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1. Test effects of prescribed fire and site type (ELT) on number of species (richness), 

abundance (percent cover), diversity metrics (Hill’s, Simpson’s Diversity, 

evenness), and metrics weighted by species identification (Floristic Quality Index, 

the Wetness Index, Coefficient of Conservatism) for ground flora communities. 

2. Determine temporal shifts in community composition and shifts in dominance of 

individual species in relation to site type and burn treatment.   
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METHODS 

This study was conducted at the Chilton Creek Management Area (CCMA) and 

the Missouri Ozark Forest Ecosystem Project (MOFEP), located in the Ozark Highlands of 

southeastern Missouri.  

The study used a total of 250 randomly-established plots in five ~200 hectare 

units from CCMA and 135 plots from three ~400 hectare units from MOFEP. At CCMA, 

four units were periodically burned (each was burned on a random 1-4 year fire return 

interval) and one unit was burned annually, whereas units at MOFEP received no 

treatment (Brookshire and Hauser 1993; Nature Conservancy 1997). At both sites, plots 

were stratified using the Ecological Classification System, with Ecological Land Types  

(ELTs) as the individual descriptors (Table 9, Nigh and Schroeder 2002). For more 

information on study sites and experimental design, see Chapter I.  

Table 9. Ecological Landtype Associations found at CCMA and MOFEP. Parent materials include Roubidoux 
sandstone (RO), Upper Gasconade dolomite (UG), Lower Gasconade dolomite (LG), and Eminence – Potosi 
dolomite (EM).  

Ecological Landtype (ELT) Name ELT # 

RO/UG Summit (dropped for analysis) 1 

RO/UG Shoulders, Shoulder Ridges, and High Benches 2 

Exposed RO/UG Backslope 3 

Protected RO/UG Backslope 4 

Exposed LG/EM Backslope 5 

Protected LG/EM Backslope 6 

Exposed Variable Depth to Dolomite  7 

Protected Variable Depth to Dolomite  8 

LG/EM Benches or Shoulder Ridges 9 

Upper and Lower Reaches/Upland Waterways (includes ELTs 11, 12, and 13) 12 

Fens (dropped for analysis) 18 
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The sampling design was the same at CCMA and at MOFEP, although data were 

collected by separate field crews for each project area. The study uses a nested plot 

design with circular, 0.2 ha plots used to sample overstory trees and subsequently 

smaller units for sampling smaller woody vegetation. Within each plot, ground flora  was 

sampled within sixteen 1-m2 quadrats that were systematically located throughout each 

overstory plot. Percent cover of each species present within each quadrat was recorded 

to the nearest whole percentage point, providing a complete list of species presence 

and abundance (cover). Data were collected from May to September both prior to 

treatment initiation (1997) and post treatment in 2001, 2009, and 2013 at CCMA, and 

during the years of 1995, 1999, 2001, 2009 and 2013 at MOFEP. Due to the lack of 

sampling of control sites in 1997, plot-level means of each response variable from 

MOFEP were averaged between years 1995 and 1999 and those values were used for 

analyses. Species nomenclature reported in this analysis follow Ladd and Thomas 

(2015). 

 

Figure 16. Flow chart of study design with number of plots located within each member. 
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Data were summarized at the plot-level, and several weighted and unweighted 

metrics were calculated to describe the plant communities. Weighted metrics are those 

that include a qualitative measure as part or all of their value. The weighted metrics 

used in this study include mean Coefficient of Conservatism (∑CC values in a plot / plot 

richness), Floristic Quality Index (mean Coefficient of Conservatism * √ (plot richness)), 

and the Wetness Index (∑ wetness values in a plot / plot richness). Unweighted metrics 

include density (average discrete species per quadrat), richness (total discrete species 

per plot), average cover per plot, Hill’s (Shannon-Weiner) diversity (exp (H’)), Simpson’s 

diversity (1/D), and evenness (H’/ln (richness). For additional information regarding 

these metrics and their calculations see Chapters I and II. 

Data analysis 

The study design is a split-plot in space and time, with repeated sampling of the 

same locations and a nested design of plots within ELTs within units within treatments 

(Steel et al. 1960). Due to the unequal sample sizes of plots within ELTs and units (Figure 

16) ELTs 1 and 18 were removed from the dataset for analyses, which were conducted 

on ELT-level means, due to their lack of representation within the annual unit (Table 10).  

In addition, some ELT x Unit combinations have only one subsample and any single 

subsample occurrence was dropped due to the lack of subsample variation used to 

calculate a mean value (Table 10).  
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Table 10. Subsample frequency of ELTs within units: numbers are plots within ELTs and Units. CCMA 1, 2, 
3, 5 are periodically burned, CCMA 4 is annually burned, and MOFEP 1, 6, and 8 are controls. * Dropped 

from analyses due to lack of sample size or poor ELT-level replication. 

ELT 
CCMA 
1 

CCMA  
2 

CCMA  
3 

CCMA 
5 

CCMA  
4 

MOFEP 
1 

MOFEP 
6 

MOFEP 
8 

1* 3 1 -- -- -- -- 4 7 

2 5 1* 7 3 2 -- 5 8 

3 19 2 6 -- 9 -- 18 23 

4 14 -- 13 12 8 -- 13 12 

5 -- 7 1* -- 4 4 4 -- 

6 -- -- 14 11 4 1* 7 -- 

7 -- 6 5 3 12 -- 4 2 

8 -- -- 4 3 5 -- 2 4 

9 -- 5 16 7 13 1* 9 -- 

12 3 -- 12 4 6 3 1* 3 

18* -- -- -- -- 1 -- -- -- 

 

PROC GLIMMIX was used for the analyses through SAS, Version 9.4 of the SAS 

System for Windows (SAS Software, Cary, NC). A random statement was used to specify 

the error terms in the study design. Plot-level data were averaged at the Ecological Land 

Type level and then normalized prior to statistical analyses. Residual values were output 

using PROC GLM and normality tests were run on those residuals using PROC 

UNIVARIATE. We used PROC TRANSREG to determine the appropriate transformation to 

meet normality assumptions. Post-transformation tests of normality were confirmed 

using PROC UNIVARIATE after transformation.  

Degrees of freedom for ANOVAs were from Kenward and Roger (1997), whose 

method has been shown to consistently perform better than other methods when 

sample sizes are small and/or unequal. Due to the unreplicated nature of the study 

design, the variance and error for the un-replicated annual unit was drawn from the 
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entire model (calculated from the replicated units  and applied to the annual unit) when 

tests were conducted. This helps overcome the lack of replication but tends to penalize 

p-values calculated from the annual unit. An a priori Tukey’s Honestly Significant 

Difference test was selected for use to minimize family-wise error during pairwise 

comparisons. In the case of significant interactions among year, ELT, and/or treatment, 

SAS “SLICE” statements were used to determine the significance of each term within 

each level of the interacting term. P < 0.05 was used as statistical significance for all 

tests. 

Multivariate analyses 

Non-metric Multidimensional Scaling (NMS) is a method used to understand 

structure in ecological data sets that are non-normal and discontinuous in nature 

(McCune et al. 2002). Data from MOFEP sample year 1995 were used due to 1997 being 

a no-sample year at that site. Rare species can have strong effects in ordination space, 

so data analyzed were the abundance (sum of cover) of all species present in ≥ 1% of 

plots (Poos and Jackson 2012). In addition, unknown species were dropped from NMS 

ordinations. Data for ordinations were transformed when necessary because NMS has 

no built-in relativization (McCune et al. 2002) and transformations of dependent 

variables were the same as those used for ANOVA. The ordinations were conducted 

using the Sorenson distance measure with random starting configurations, 250 runs of 

real data, a maximum of 500 iterations per run, and a stability criterion of 0.00001 

(McGlone et al. 2009). The stress value of the final solution was compared to random 

solutions using a Monte Carlo test with 50 randomizations. A stress of < 15 is considered 
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good for ecological data (McCune et al. 2002). All ordinations were conducted with a 

secondary matrix consisting of treatment combinations (Periodic, Annual, and Control) 

and plot-level metrics, which consisted of all dependent variable community metrics. 

Joint plots were included in the figures if they met the default r2 value of greater than 

0.2. Ordination of treated units, with vectors indicating movement through time, 

included 1995 control data, 1997 CCMA pre-treatment data, and 2001, 2009, and 2013 

for both treated and control units. An additional ordination at ELT-level included the 

same data and time vectors as for each ELT but 2001 and 2009 were hidden from the 

figure in an effort to clarify the final figure. These analyses were conducted in PC-Ord 

(MjM Software, Corvalis, OR). 

Indicator species analyses (ISA) were used to determine the strength of species 

asociations with pre-burn (1997) and 15 year post-burn (2013) plots at CCMA. The 

indicator species analysis calculates an indicator value (IV) by multiplying the relative 

frequency of a single species within a group (in this case, year) by the relative 

abundance (percent cover) of the species in the group. An indicator species value of 100 

indicates that a particular species is always present and exclusive to that group (McCune 

et al. 2002). Initial species composition between controls and treated areas (1995 and 

1997 respectively) was sufficiently different to warrant comparisons between pre-

treatment data from CCMA and post-treatment changes in IV instead of between 

treatments. Data from annual and periodic treatments were lumped for this analysis, 

and data were prepared as described for the NMS ordination and analysed in PC-Ord 

(MjM Software, Oregon). For each species, IVs were calculated for each group, and 



 

71 
 

Monte Carlo tests were used to determine if the maximum IV was larger than would be 

expected by chance, using 4999 permutations and a random number seed from a 

random number generator (McCune et al. 2002). Species data are reported as IVs from 

1997 and 2013 for species that demonstrated > 70% IVs either before or after 

treatment. An additional IV test was conducted at the ELT level for the same years  in the 

same manner. 

Following the species diversity volume concept of You et al. (2009), we created a 

version of the diversity volume with evenness, abundance, and richness  measures by 

treatment and year to illustrate how landscape-scale fire affected the ground flora 

community. 
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RESULTS 

Analyses of variance 

All indices tested showed some level of significance for each combination tested, 

and density, richness, FQI, and Hill’s diversity were significant for a three-way 

interaction. Mean CC and wetness were significant for an ELT by year interation, and 

significant community measures at the treatment by year level include mean CC, cover, 

evenness, and the Wetness Index. The sole index with no interaction was Simpson’s 

Diversity, which only had a significant year effect and ELT effect. Cover and evenness 

also had significant ELT effects.  

Table 11. Numbers in parentheses are unadjusted degrees of freedom (numerator, denominator). ELT = 
Ecological Land Type and trt = treatment. 

  trt 
(2, 5) 

ELT 
(8, 21) 

trt*ELT 
(16, 21) 

year (yr) 
(3, 15) 

trt*yr 
(6, 15) 

ELT*yr 
(24, 63) 

trt*ELT*yr 
(48, 63) 

Density 0.0372 <.0001 0.1130 0.1561 0.3575 <.0001 0.0001 

Richness 0.0426 <.0001 0.7517 0.3255 0.2014 <.0001 <.0001 

FQI 0.0177 <.0001 0.4256 0.0626 0.0521 0.1592 0.0237 

Hill’s # 0.0605 <.0001 0.6946 0.0061 0.0618 0.0380 0.0409 

Mean CC 0.1489 <.0001 0.9852 0.0914 0.0418 0.0436 0.7019 

Wetness 0.4189 <.0001 1.0000 <.0001 0.0002 0.0459 0.3912 

Cover 0.3308 <.0001 0.6410 0.0002 0.0022 0.9608 0.8943 

Evenness 0.1464 <.0001 0.2081 0.0045 0.0096 0.4263 0.2675 

Simpson’s  0.1193 <.0001 0.5697 0.0095 0.0598 0.2640 0.2974 
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Figure 17. Means (± 95% confidence interval) of density (species richness per 1 m
2
) by year, treatment, 

and ELT. The same uppercase letter indicates no significant difference among years within treatment and 
ELT; the same lowercase letter indicates no significant difference among treatments within yea r and ELT. 
** denotes a significant treatment effect within a year and ELT but no significant pair-wise comparisons 
using Tukey’s adjustment, and * denotes a significant year effect within a treatment and ELT but no 

significant pair-wise comparisions using Tukey’s adjustment. 

 

Patterns in the response of density (species richness per 1 m2) to treatments 

through time varied among the ELTs (Figure 17). Density significantly increased through 

time on the periodically burned treatments on ELTs 2 and 3, with density significantly 

greater in 2009 and 2013 than in 1997 on ELT 2 and density significantly greater in 2009 

than in 1997 and 2001 on ELT 3 (Tukey’s p-values < 0.0086). In addition, there were 

significant increases in density on periodic treatments on ELTs 4, 5, 7, and 9, although no 

pair-wise comparisons were significant with the Tukey’s HSD adjustment (slice p-values 

< 0.0099). Density within control treatments did not change through time on any ELT. 

The only significant year effect within annual treatments was on ELT 12, where density 
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decreased through time (slice p-value = 0.0364) but pair-wise comparisons were not 

significant with the Tukey’s HSD adjustment.  

Considering burn treatment effects, periodic treatments had greater density 

than control treatments in 2009 on ELT 9 (Tukey’s p-value = 0.0137). Within years and 

ELTs, there were several significant treatment effects that did not have significant pair-

wise comparisons with the Tukey’s HSD adjustment, including for all years on ELT 8 (slice 

p-values < 0.0219), for the years of 2001, 2009, and 2013 on ELTs 4 and 7 (slice p-values 

< 0.0356), and for the years of 2009 and 2013 on ELTs 2 and 3 (slice p-values < 0.0149). 

ELT 12 had significant treatment effects in 1997 and 2001 (slice p-values < 0.0236) but 

not for the 2009 and 2013 years (slice p-values > 0.0713). 

 

Figure 18. Means (± 95% confidence interval) of richness per 16 m
2
 by year, treatment, and ELT. The same 

uppercase letter indicates no significant difference among years within treatment and ELT; the same 
lowercase letter indicates no significant difference among treatments within year and ELT. ** denotes a 
significant treatment effect within a year and ELT but no significant pair -wise comparisons using Tukey’s 
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adjustment, and * denotes a significant year effect within a treatment and ELT but no significant pair-wise 
comparisions using Tukey’s adjustment. 

 

Patterns in the response of plot level richness (species richness per 16 m2) to 

treatments through time also varied among the ELTs (Figure 18), although richness had 

no significant pairwise comparisons using the Tukey’s HSD adjustment. Richness 

significantly increased through time on the periodically burned treatments on ELTs 2, 3, 

5, 7, and 9 (slice p-values < 0.0134). Richness within control treatments did not change 

through time on any ELT. Richness significantly increased through time in ELT 2 in the 

annual unit (slice p = 0.0030) and decreased through time in ELT 12 in the annual unit 

(slice p = 0.0025). 

Within years and ELTs, there were several significant treatment effects that did 

not have significant pair-wise comparisons with the Tukey’s HSD adjustment, including 

for all years on ELT 4 (slice p-values < 0.0379), for the years of 2001, 2009, and 2013 on 

ELTs 2, 3, 8, and 9 (slice p-values < 0.0439), for the years of 1997, 2001, and 2013 on ELT 

12 (slice p-values > 0.0421), and for the year of 2009 on ELTs 6 and 7 (slice p-values < 

0.0474).  
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Figure 19. Means (± 95% confidence interval) of Floristic Quality Index by year, treatment, and ELT. The 

same uppercase letter indicates no significant difference among years within treatment and ELT; the same 
lowercase letter indicates no significant difference among treatments within year and ELT. ** denotes a 
significant treatment effect within a year and ELT but no significant pair -wise comparisons using Tukey’s 
adjustment, and * denotes a significant year effect within a treatment and ELT but no significant pair-wise 

comparisions using Tukey’s adjustment. 

 

Patterns in the response of Floristic Quality Index (mean CC * √ (plot richness)) to 

treatments through time varied among the ELTs (Figure 19). FQI significantly increased 

through time on the annually burned treatment in ELT 2 with FQI significantly greater in 

2013 than in 1997 (Tukey’s p = 0.0056) but not within any other ELT for Tukey’s HSD 

adjustment or slice effects. In addition, there were significant increases in FQI on 

periodic treatments on ELTs 2, 3, 5, 7, and 9, although no pair-wise comparisons were 

significant with the Tukey’s HSD adjustment (slice p-values < 0.0206). FQI within control 

treatments did not change through time on any ELT.  
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Within years and ELTs, there were several significant treatment effects on FQI 

that did not have significant pair-wise comparisons with the Tukey’s HSD adjustment, 

including for all years on ELTs 2, 4, and 8 (slice p-values < 0.0454), for the years of 2001, 

2009, and 2013 on ELTs 3 and 6 (slice p-values < 0.0494), for the years of 2009 and 2013 

on ELT 5 (slice p-values < 0.0394), for the years of 2001 and 2013  on ELT 12 (slice p-

values < 0.0362), and for 2009 only in ELT 7 (slice p = 0.0498).  

 

Figure 20. Means (± 95% confidence interval) of Hill ’s Diversity (exp
 (H’)

) by year, treatment, and ELT. The 
same uppercase letter indicates no significant difference among years within treatment and ELT; the same 
lowercase letter indicates no significant difference among treatments within year and ELT. ** denotes a 

significant treatment effect within a year and ELT but no significant pair -wise comparisons using Tukey’s 
adjustment, and * denotes a significant year effect within a treatment and ELT but no significant pair-wise 
comparisions using Tukey’s adjustment. 

 

Patterns in the response of plot level Hill’s diversity (exp (H’)) to treatments 

through time also varied among the ELTs (Figure 20), although Hill’s had no significant 



 

78 
 

pairwise comparisons at the Tukey level. Hill’s diversity significantly increased through 

time on the periodically burned treatments on ELTs 2, 3, 7, and 9 (slice p-values < 

0.0257) and exhibited differences between years but no increase in ELTs 8 and 12 (slice 

p-values < 0.0019). Hill’s diversity significantly increased through time in ELT 2 in the 

annual unit (slice p = 0.0147) and decreased through time in the annual unit ELT 12 (slice 

p = 0.0019). Hill’s diversity within control treatments did not change through time on 

any ELT.  

Within years and ELTs, Hill’s diversity had several significant treatment effects 

that did not have significant pair-wise comparisons with the Tukey’s HSD adjustment, 

including for the years of 1997, 2009, and 2013 in ELT 9 (p < 0.0259). Similar differences 

that were not significant with Tukey’s HSD were the years of  2009 and 2013 on ELTs 3, 

5, and 7 (slice p-values < 0.0439), the years of 1997 and 2013 on ELT 12 (slice p-values < 

0.0385), for the year of 2013 on ELT 2 (slice p = 0.0257), and in 1997 on ELTs 4, 6, and 8 

(slice p-values < 0.0429). 
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Figure 21. Means (± 95% confidence interval) of mean Coefficient of Conservatism by year and treatment. 

The same lowercase letter indicates no significant difference among treatments within a year. * denotes a 
significant year effect within a treatment but no significant pair-wise comparisions using Tukey’s 
adjustment. 

 

Mean CC was significantly different between the annual treatment and the 

control treatment in 2013 (Tukey’s p = 0.0464), with no differences between the 

periodic treatment and either the annual or control treatments (Figure 21). There was a 

significant year effect for the annual treatment, although pair-wise comparisons were 

not significant with the Tukey's HSD adjustment (slice p = 0.0252). There were no effects 

of year on mean CC for periodic or control treatments, although the control treatments 

displayed a decreasing trend in mean CC through time. 
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Figure 22. Means of mean CC for each ELT. * denotes a significant year effect within a treatment but no 
significant pair-wise comparisions using Tukey’s adjustment. 

 

There was a significant ELT by year interaction (p = 0.0436) effect on mean CC, with 

significant year effects for ELT 5 (slice p = 0.0204), ELT 8 (slice p =0.0027), and ELT 12 

(slice p = 0.0226). There were no significant pair-wise comparisons among years for any 

of those ELTs when using the Tukey's adjustment (Figure 22).  
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Figure 23. Means (± 95% confidence interval) of Wetness Index by year and treatment. The same 

uppercase letter indicates no significant difference among years within a treatment. ** denotes a 
significant treatment effect within a year but no significant pair-wise comparisions using Tukey’s 
adjustment. 

 

Wetness Index values increased significantly (Figure 23) due to treatment (i.e. 

the plant community increased in species considered obligate upland and/or decreased 

in species considered facultative, facultative-wet, or wet). In the annual unit, significant 

differences were found between 1997 and 2009 (p = 0.0185) and 1997 and 2013 (p = 

0.0021). The periodic treatment exhibited a similar trend, with significant differences 

between pre-treatment levels observed as early as 2001 (p = 0.0337) as well as 2009 

(0.0012) and 2013 (p < .0001). There was also a difference between 2001 and 2013 (p = 

0.0106) in the periodic treatment. There were significant differences among treatments 
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in 2013 (p = 0.0276), although pair-wise comparisons were not significant with the 

Tukey’s HSD adjustment. 

 

Figure 24. Means of Wetness Index values for each ELT. “ns” denotes a non-significant year effect within a 
treatment; all  other ELTs are significant for a year effect within a treatment and had significant pair-wise 
comparisons using Tukey’s adjustment. 

 

Two ELTs did not respond to treatment with a significant increase in Wetness Index 

values, ELT 4 and ELT 12 (Figure 24). All others were significant for Tukey’s HSD test. 

ELTs 2, 7, and 8 increased significantly from 1997 to 2009 (p-values < 0.0298) and 

between 1997 and 2013 (p-values < 0.0048). ELTs 3, 5, 6, and 9 increased significantly 

from 1997 to 2013 (p-values < 0.0472). This strong trend led to the overall interaction 

between treatment and year observed in Figure 23.  
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Figure 25. Means (± 95% confidence interval) of percent cover by year and treatment. The same 

uppercase letter indicates no significant difference among years within a treatment. * denotes a 
significant year effect within a treatment but no significant pair-wise comparisions using Tukey’s 
adjustment. ** denotes a significant treatment effect within a year but no significant pair -wise 
comparisions using Tukey’s adjustment. 

 

Cover increased through time on the periodic and annual treatments but not on 

the control treatment (Figure 25). On periodic plots, cover was greater in 2013 (Tukey’s 

p = 0.0003) than in 1997 and was greater in 2009 than in 2001 and 1997 (Tukey’s p < 

0.0042). In annual plots, cover increased through time (slice p = 0.0317), although the 

pair-wise comparisons were not significant at Tukey’s HSD. No pair-wise comparisons of 

cover were significant with the Tukey adjustment, but 2009 had a significant treatment 

effect (slice p = 0.0215).  
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Figure 26. Means (± 95% confidence interval) of percent cover by year and treatment. The same 

uppercase letter indicates no significant difference among years within a treatment. * denotes a 
significant year effect within a treatment but no significant pair-wise comparisions using Tukey’s 
adjustment. ** denotes a significant treatment effect within a year but no significant pair -wise 
comparisions using Tukey’s adjustment. 

 

Evenness (Figure 26) in the periodic units significantly decreased between 1997 

and 2001 (Tukey’s p = 0.0274) and significantly increased between 2001 and 2013 

(Tukey’s p = 0.0122). The annual unit exhibited a similar pattern that was not significant 

at the Tukey’s HSD level (slice p = 0.0217). In addition, slice statements showed that 

there was a significant treatment difference at study inception in 1997 (slice p = 0.0132). 
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Simpson’s diversity (reciprocal value of D) had no significant Tukey’s HSD 

comparisons and a significant slice effect of year (p = 0.0095) and was not graphed. 

Cover, evenness, and Simpson’s diversity were all significant for ELT effects (p < .0001) 

and are shown in Table 12. 

Table 12. ELT effects for Cover, Evenness, and Simpson's diversity by ELT. SE = standard error. Uppercase 
letters denote significance for Tukey’s HSD. 

 

Cover 
Cover 

SE 
Evenness 

Evenness 
SE 

Simpson's 
Simpson's 

SE 

ELT 2 19.036E 1.367 0.717C 0.005 8.915EF 0.284 

ELT 3 18.705E 0.780 0.718C 0.004 8.914E 0.221 

ELT 4 24.902D 0.831 0.643E 0.005 6.756F 0.201 
ELT 5 33.104BC 2.860 0.755AB 0.007 15.894BC 0.891 

ELT 6 33.521B 1.378 0.656E 0.006 8.186EF 0.332 
ELT 7 36.617B 1.779 0.763A 0.005 18.933A 0.674 

ELT 8 30.496C 1.692 0.727C 0.008 13.616CD 0.755 
ELT 9 29.886C 1.477 0.710D 0.005 11.221DE 0.444 

ELT 12 42.521A 1.666 0.748B 0.005 16.474AB 0.620 
 

Multidimensional analyses 

The multidimensional species diversity volume (Figure 27) illustrates within 

treated sites how cover almost doubles, how evenness decreases and then reaches pre-

treatment levels, and how richness increases by about an average of five species. The 

control changed little in all measures but exhibited a slight relative increase within the 

diversity volume space. The magnitude of change observed within the treated sites 

clearly shows the effect fire is having at a landscape scale.  
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Figure 27. Multidimensional community diversity metrics (richness, cover, and evenness) by year -level 
means for treatments and control from 1997 to 2013. 

 

In order to better understand compositional shifts of the study plots, data were 

graphed at the unit level in ordination space (final stress for the 2-dimensional solution 

was 9.44261, Figure 28), and several patterns among the data were evident. The 

majority of plots from Units 1, 3, and 5 were on protected aspects (Table 10), and the 

compositional trajectories of those plant communities were relatively similar. Unit 2 and 

Unit 4 have the majority of their sampling plots in exposed aspects, yet the plant 
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communities are still very different. Control Units 6, 8, and 11 are compositionally 

different from all other units. Despite compositional variability among the plots at the 

start of the study, prescribed burning affected the trajectory of the communities 

through time. Control units indicated movement down axis 2, whereas the burned units 

followed a general U-shaped trajectory. 

 

Figure 28. Ordination of treated units  with data symbols as unit-level species composition for each sample 
year. Circles are periodic units, squares are annual unit, and triangles are control units. No vectors from 

the secondary matrix made the cutoff of r
2
 > 0.200.  
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Ordination of species composition of each ELT shows relatively small 

compositional changes in most control ELTs and greater shifts with largely similar 

directionality in ELTs that have been burned at varied intervals over 15 years (Figure 29). 

Final stress for the 3-dimensional solution equals 9.52089, with cover Axis 1 r2 = 0.515, 

CC Axis 1 r2 = 0.608, and Wetness Index (dryness) Axis 1 r2 = 0.644.

 

Figure 29. Ordination of species’ cover data by Ecological Land Type. Each ELT has been labeled with the 
ELT number and a vector to indicate change through time. Unfil led symbols are data from CCMA (pre-
treatment, 1997) or MOFEP (control, 1995), squares denote the annual treatment, circles denote the 
periodic treatment, and triangles denote the control. For clarity, 2001 and 2009 were dropped  from the 

NMS ordination. 
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Indicator Species Analyses: 

  No species were found to have an IV of greater than 69 in 1997 when data were 

analyzed at the landscape scale (Table 13). Violet lespedeza (Lespedeza violacea (L.) 

Pers), eastern milkpea (Galactia regularis (L.) Britton, Sterns & Poggenb.), parasol sedge 

(Carex umbellata Schkuhr ex Willd.), and variable panicgrass (Dichanthelium 

commutatum (Schult.) Gould) were the perennial species with CC-values greater than 

five (Ladd and Thomas 2015) that increased in Indicator Value following 15 years of 

prescribed burning. One annual species, American burnweed (Erechtites hieraciifolius 

(L.) Raf. ex DC), increased in importance value after treatment. Hairy sunflower 

(Helianthus hirsutus Raf.), creeping lespedeza (Lespedeza repens (L.) W.P.C. Barton), 

Dillenius' ticktrefoil (Desmodium dillenii (Michx.) DC.), Bosc's panicgrass (Dichanthelium 

boscii (Poir.) Gould & C.A. Clark), nakedflower ticktrefoil (Desmodium nudiflorum (L.) 

DC.), and trailing lespedeza (Lespedeza procumbens Michx.) are all considered CC-value 

of 4 (except for D. dilenii which is given a 3) species in Missouri (Ladd and Thomas 2015). 

One woody vine, summer grape (Vitis aestivalis Michx.), and one woody tree, sassafras 

(Sassafras albidum (Nutt.) Nees) responded positively in their Indicator Values to 

treatment.  
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Table 13. Species with IV > 70 (total species = 386) after 15 years of treatment at CCMA. No species in 
1997 had IV > 70, and p – values are from Monte Carlo tests of significance. * Species with CC-values 

greater than five. 

Species name Common name 1997 IV 2013 IV P-VALUE 

Lespedeza violacea* Violet Lespedeza* 8 87 0.0002 

Galactia regularis* Eastern Milk Pea* 1 86 0.0002 

Lespedeza repens Creeping Lespedeza 3 84 0.0008 

Carex umbellata* Parasol Sedge* 0 82 0.0002 

Erechtites hieraciifolius American Burnweed 0 77 0.0002 

Vitis aestivalis Summer Grape 21 77 0.0078 

Desmodium dillenii Dillenius' Ticktrefoil 1 76 0.0002 

Dichanthelium boscii Bosc’s Panicgrass 4 76 0.0002 

Lespedeza procumbens Trailing Lespedeza 2 75 0.0054 

Dichanthelium commutatum* Variable Panicgrass* 11 74 0.0106 

Sassafras albidum Sassafras 26 74 0.0002 

Desmodium nudiflorum Nakedflower Ticktrefoil 22 72 0.0282 

Helianthus hirsutus Hairy Sunflower 1 70 0.0152 

 

Indicator species analyses were conducted within each ELT (Table 14), and many 

of the same species were found to respond throughout their habitat range on the 

landscape. All Monte Carlo tests were significant (p < 0.0406) except for one species in 

ELT 5 (black gum, Nyssa sylvatica, 1997 IV = 21 and 2013 IV = 70, p = 0.1748), one 

species in ELT 7 (carolina buckthorn, Rhamnus caroliniana, 1997 IV = 82 and 2013 IV = 9, 

p = 0.0642), and one species in ELT 8 (red elm, Ulmus rubra, 1997 IV = 24 and 2013 IV = 

72, p = 0.0518). Plants with high IVs in 1997 were found most commonly in ELTs that 

occur lower on the landscape and were protected or without aspect (see Appendix 3). In 

contrast, the ELTs that occur on exposed aspects or without aspect (except ELT 12) had 

more 2013 indicator species with CC-values of six or greater. Species with CC values 

greater than five and significant IV in 2013 for at least one ELT but not included in Table 

13 include slimleaf panicgrass (Dichanthelium linearifolium, CC=7), black-edge sedge 
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(Carex nigromarginata, CC=7), New Jersey tea (Ceanothus americanus, CC=7), smooth 

ticktrefoil (Desmodium laevigatum, CC=7), late purple aster (Symphyotrichum patens, 

CC=6), and prostrate ticktrefoil (Desmodium rotundifolium, CC=6).  

 

Table 14. Indicator Species counts within each ELT, l isted by descending elevation. Data are from CCMA 
only after 15 years of treatment; speci es were only counted if IV > 70. None = generally without aspect, 
exp = exposed aspect, and pro = protected aspect, “n” is number of species included in ordination. 

 

Total species with 
> 69% IV in 1997 

% with  
C > 5 

Total species with 
> 69% IV in 2013 

% with 
C > 5 

ELT 2 (none, n = 122) 1 0.0% 13 30.8% 

ELT 3 (exp, n = 148) 0 0.0% 8 50.0% 

ELT 4 (pro, n = 166) 1 0.0% 6 0.0% 

ELT 5 (exp, n = 164) 0 0.0% 16 37.5% 

ELT 6 (pro, n = 175) 1 0.0% 6 0.0% 

ELT 7 (exp, n = 254) 2 0.0% 16 18.8% 

ELT 8 (pro, n = 192) 3 0.0% 13 0.0% 

ELT 9 (none, n = 238) 1 0.0% 14 28.6% 

ELT 12 (none, n = 247) 3 0.0% 13 0.0% 
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DISCUSSION 

Previous studies commonly report that repeated, frequent prescribed burning 

results in increases in abundance, richness, and diversity of ground flora. For example, 

Hutchinson et al. (2005) found richness increased due to prescribed fire in mixed oak 

stands in Ohio after five fires, while both richness and cover were found to increase in 

Illinois oak woodland systems after 13 years of varied fire treatments (Apfelbaum et al. 

2000). Burton et al. (2011) found that frequent burning (five fires per decade) increased 

cover, diversity, and richness through 20 years in Oklahoma, and Brockway and Lewis 

(1997) found increases in richness, diversity, evenness, and cover in longleaf pine 

systems after forty years of annual burning. We found that percent cover consistently 

increased across ELTs after 10 years of prescribed burning. These data demonstrate a 

strong positive response of cover to fire, which is supported in the literature (Sparks et 

al. 1998; Peterson et al. 2007). The drop in cover observed in 2013 may be attributed to 

a drought in 2012 and/or a 2013 early April prescribed fire treatment that was applied 

to all units only a month and a half before sampling began in mid-May, although cover is 

expected to only be affected during the growing season immediately following fire 

(Biondini et al. 1989; Howe 1994). 

The response of the plant communities to prescribed fire varied by ELT, with some 

general patterns associated with site conditions. The ELTs with consistent increase 

among measures (2, 3, 5, 7, and 9) generally exhibit exposed, dry conditions , and the 

species present in these land types may be better adapted to conditions that could 

result from fire, including drier soils (Sparks et al. 1998; Nigh and Schroeder 2002).  ELTs 
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that largely did not show significant increase in community metrics  (ELTs 4, 6, 8, and 12) 

are primarily protected in aspect or are upland waterways (ELT 12). These sites, which 

are more mesic by nature than those with exposed aspects, exhibit plant communities 

that match that mesic nature (Olivero and Hix 1998). This is supported by ordination of 

CCMA data from ELT 3 and ELT 4, in which species variation was best explained by the 

Wetness Index (not shown, r2 = 0.84). One study of ground flora response to fire in the 

Appalachians found that fire had varying effects on species richness and diversity at 

different slope positions, with ridge tops exhibiting significant increases (Elliott et al. 

1999). They found no change in measures in the valley, and between the valley and the 

ridge top there were significant decreases in richness and diversity. CCMA data showed 

that Ozark woodlands respond positively to repeated prescribed fire in expos ed-aspect 

locations regardless of site type and protected aspects are not negatively affected by 

prescribed fire, although upland waterways exhibit a non-significant decrease in most 

community metrics and probably will require the longest recovery time out of all site 

types included in this study. Since these prescribed fires are at the landscape-scale, the 

protected plots may not actually burn due to aspect-related fire behavior, or they may 

consistently burn yet show no quantifiable community response. 

In these data, fire effects on evenness show a community experiencing species 

turnover, as observed through the decrease in evenness values followed by a rise. To a 

lesser extent Hill’s and Simpson’s diversity measures have similar trends through time. 

In the short term and from a single fire, a study from Appalachia observed a significant 

decline in understory diversity and evenness at midslope plots that was attributed to 
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both the loss of species and a change in evenness of distribution (Elliott et al. 1999). A 

previous study of the CCMA data by Hartman and Heumann (2003) showed a decrease 

in diversity and evenness. Certain species in burned units probably exhibited an 

immediate increase in relative abundance (cover) in response to fire, lowering evenness 

and diversity values. Hartman and Heumann (2003) used CCMA data to predict that 

species turnover and recovery to pre-treatment levels of diversity and evenness would 

require a longer time period than their analysis encompassed, and the trend they found 

and predicted is consistent with our findings. After 15 years of prescribed fire, the 

number of individuals identified within quadrats went from about 45,500 to over 52,500 

at CCMA. Some new species, but mostly just new individuals  of species already present 

in the surrounding community have seeded in, recruited, and increased in cover over 10 

years at the quadrat and plot level. Sparks et al. (1998) describe this process of increase 

in abundance of local individuals and fire-tolerant species in a burned Arkansas shortleaf 

pine stand.  

An increase in Wetness Index values indicates an increase in the presence of species 

associated with dry, upland conditions and supports the idea that fire results in 

xerification of burned landscapes (Brose 2014). Our results show that prescribed 

burning is driving the increase in Wetness Index values within treated locations and on 

all site types except ELTs 4 and 12 (representing a protected backslope and upland 

waterway sites, respectively). The tendency of fire to shift composition to vegetation 

associated with drier sites has been shown in regards to oak regeneration and 

recruitment (Barnes and Van Lear 1998; Kabrick et al. 2014). In addition, many studies 



 

95 
 

have shown the xerification effects that fire can have on soils and soil processes 

(DeBano 2000; Certini 2005). Originally designed for use in wetlands, our results suggest 

that the Wetness Index is sensitive to prescribed fire effects in woodlands. To our 

knowledge the Wetness Index has not been applied in this manner but may provide an 

effective biotic measure that reflects xerification associated with prescribed burning.  

The efficacy of Coefficient of Conservatism and Floristic Quality Index measures has 

been questioned in regards to woodland and prescribed fire-based restorations (see 

Chapter II). Many studies reported positive responses from CC and FQI metrics when 

used to monitor vegetation in fire-adapted communities. Hansen and Gibson (2014) 

found that higher frequency of prescribed fire was strongly positively correlated with CC 

values. In contrast, Bowles and Jones (2006) reported no relationship between fire 

frequency and prairie CC values, although they did report a positive relationship 

between fire frequency and prairie FQI values. Taft et al. (2006) argued for the use of 

FQI and CC in monitoring burned and unburned prairie restorations, although few 

studies have used FQI in woodlands (Francis et al. 2000) and fewer still have used it in 

conjunction with monitoring of prescribed fire effects in woodlands. Wilhelm and 

Masters (1994) found increases in FQI in woodland sites burned for five years, but 

concluded that the observed increase was driven by increases in species richness since 

they found no significant increase in CC values. We found positive response of CC in the 

annually burned unit through 15 years but no response in periodically burned units and 

a decreasing trend in control units. Given the strong correlation between richness and 

FQI (see Chapter II), we found that FQI increased in a similar pattern to species richness. 
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Our data show that these weighted measures are sensitive to prescribed fire effects and 

are useful for monitoring restoration efforts in burned Ozark woodland communities, 

especially CC, since the FQI largely exhibited a similar trend to richness measures. 

From the diversity volume, the magnitude of changes occurring in the burned vs. 

unburned landscape can easily be observed. You et al. (2009) argued that community 

diversity could best be described through the “diversity volume” and the measures of 

evenness, abundance, and richness. Abundance (cover) had doubled by 2013, evenness 

had decreased immediately post-treatment and had recovered to initial values by 2013, 

and richness had increased an average of about five species per plot in all treatments. 

Ordinations of these communities support a strong, consistent shift in vegetative 

composition in burned sites consistent with the results of Kirkman et al. (2013) from 

longleaf pine systems. Results from this study suggest that prescribed fire in the 

Missouri Ozarks causes landscape-scale community re-organization with shifts toward 

fire-adapted vegetation. 

Indicator values 

 We identified 13 species that responded positively to prescribed fire through 15 

years when data were analyzed at the landscape scale (all ELTs included). Presumably 

these 13 species will respond most positively to prescribed fire treatments in other 

Ozark locations. This conclusion generally matches that found in Kinkead et al. (2012), 

when they tracked ‘woodland indicator species’ and their response to fire in Ozark 

woodlands, and our species list is comprised of many of the same species .  Examples of 
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species groups that responded positively include both Desmodium spp. and Lespedeza 

spp. These genera are capable of fixing nitrogen, and the low nutrient holding capacity 

of these sites, particularly on the exposed sites, may provide an advantage to these 

species. It is unclear how fire might further affect nitrogen availaiblity, although 

previous studies have shown that high-intensity fires can result in nitrogen loss (DeBano 

2000; Certini 2005). Instead, it is probable that the study location has nitrogen-limited 

soils regardless of treatments, and as such species that are nitrogen-fixers are better-

adapted to this ecoregion.  

The IV of two woody species and two facultative herbaceous species (wetness = 0) 

decreased at the ELT level and marked increases were observed in many herbaceous 

species that are mostly xerophiles (wetness = 3 or greater). Since fire has been shown to 

xerify the soil (DeBano 2000; Certini 2005), this species-level shift is expected. Species 

with high IV prior to treatment included comparatively mesic species that are usually 

green during the dormant season (Cryptotaenia canadensis, Viola sororia ) (Beatley 

1956) and woody species previously described as fire sensitive (Cornus florida, Rhamnus 

caroliniana) (Blake and Schuette 2000). In addition, the herbaceous species with high 

pre-treatment IV (1997) occurred in ELTs 8 and 12, which are the most mesic ELTs 

included in these analyses. It is important to note that some species that increased in IV 

within discrete ELTs post-treatment are also winter-green graminoids and forbs 

(Dichanthelium spp, Symphyotrichum spp) (Beatley 1956), although these genera have 

been shown to generally respond positively to prescribed fire (Sparks et al. 1998; Burton 

et al. 2011).  
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In addition, 30.8% of the species with increases in IV have been assigned CC values 

of greater than five. Since one objective of these treatments is to increase floristic 

quality, these data suggest a positive trend toward increased floristic quality. Indicator 

Values from 2013 ELTs also show a stronger response among exposed ELTs (3, 5, and 7) 

which had 30 total species increase in IV, while protected ELTs 4, 6, and 8 only had 19 

total species increase in IV. This may be due to hotter fires on exposed slopes, which 

would expose more soil and could decrease woody vegetative competition (Yang et al. 

2007). The species present on the exposed slopes are more fire-tolerant and adapted to 

xeric conditions (Kabrick et al. 2014). ELT-level ordinations demonstrated that the 

exposed ELTs 3, 5, and 7 have more similarity in their plant community composition as 

compared to the protected ELTs 4, 6, and 8. In addition, exposed ELTs alone exhibited 

increases in IV of species with CC-value 6 or greater. Either these species with higher CC-

values only occur on exposed slopes to begin with, or they respond most positively 

when growing within those ELTs. IV analyses of CCMA support conclusions of previous 

work that certain woodland species exhibit positive responses to prescribed fire 

treatments, especially among exposed aspects in the Missouri Ozarks (Hartman and 

Heumann 2003; Kinkead et al. 2012). 

  



 

99 
 

CONCLUSION 

Understanding long-term effects of landscape-scale prescribed burning on plant 

communities is critical to anticipating restoration outcomes . Sasseen and Muzika (2004) 

found decreases in evenness and diversity in an analysis of CCMA 2001 data and 

discussed a trend toward vegetative community homogeneity following prescribed 

burning. Results from this study suggest that the initial decreases in evenness and 

diversity may represent a state of transition, with subsequent increases with continued 

burning. Managers should keep the response of diversity measures in mind when 

monitoring fire effects; short term community response values may not reflect long-

term effects of prescribed fire.  

Responses vary by ELT with clear patterns among exposed and protected sites. This 

may be due to fire behavior or plant response. Managers can expect positive responses 

from exposed and higher-elevation locations when they are implementing controlled 

burning. The other ELTs may very well respond over time, but these data suggest a 

progression through a period of recovery prior to community measure increases. 

Most community measures showed significant positive response of the ground flora 

community to prescribed fire as well as no negative response among protected site 

types. Indicator species values increased for 11 herbaceous plants, one woody vine, and 

one woody species and decreased for two woody species, lending credence to the 

conclusion of many other studies that prescribed fire has positive effects on ground 

flora. This research supports the continued use of controlled burning as a management 
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tool in the Missouri Ozarks, with concessions made for the effects of landscape scale fire 

on protected sites and upland waterways, which may require longer time periods to 

exhibit positive vegetative community response or may not need management through 

prescribed fire. 
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CHAPTER IV: CONCLUSIONS 

 The increase in use of prescribed fire management for ground flora restoration 

in the Missouri Ozarks makes monitoring of fire effects on vegetative communities of 

critical import. Not only are the effects on communities relevant, but the metrics used 

to monitor those effects may or may not operate as designed within different 

community scales and site types. In an analysis of ten community metrics and their 

effectiveness in burned Ozark woodlands, we found that two metrics (Species Richness 

Index and Simpson’s Diversity) are largely unnecessary. We recommend the use of 

species richness, cover, evenness, Hill’s Diversity, CC, and the Wetness Index. In 

addition, Floristic Quality Index may be effective for this type of monitoring as long as 

data are analyzed within site types.  

 We then analyzed a data set spanning 15 years of prescribed burning. We found 

a trend of community shift toward species adapted to dry conditions  as well as 

compositional change due to species replacement and recruitment. Species that are 

fire-adapted are increasing in frequency and abundance, with the strongest responses 

occurring on sites with exposed aspects. Repeated prescribed fire in Ozark woodlands 

causes positive vegetative community response among exposed sites and generally no 

negative response among all other site types and aspects, so this study supports the 

continued use of prescribed fire as a restoration and management technique in Missouri 

Ozark woodlands. 
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APPENDICES 

APPENDIX 1. SPECIES FOUND ON STUDY SITES  

List of species found in at least one sampling season on CCMA or MOFEP. Var = variety, 
ssp = subspecies, and () indicate the outdated name used in Steyermark’s 1963 Flora of 
Missouri. 
 
Acalypha monococca 

Acalypha rhomboidea 

Acalypha virginica 

Acer negundo 

Acer rubrum var. rubrum 

Acer saccharum ssp. 

saccharum 

Actaea racemosa 

Adiantum pedatum var. 

pedatum 

Aesculus glabra 

Ageratina altissima var. 

altissima 

Agrimonia parviflora 

Agrimonia pubescens 

Agrimonia rostellata 

Agrostis gigantea 

Agrostis hyemalis var. 

hyemalis 

Agrostis perennans 

Allium canadense var. 

canadense 

Ambrosia artemisiifolia 

Amelanchier arborea 

Amianthium muscitoxicum 

Amphicarpaea bracteata 

Andropogon gerardii 

Andropogon gyrans 

Andropogon virginicus var. 

virginicus 

Anemone americana 

Anemone virginiana 

Angelica venenosa 

Antennaria parlinii 

Apios americana 

Aplectrum hyemale 

Apocynum cannabinum 

Arisaema dracontium 

Arisaema triphyllum ssp. 

triphyllum 

Aristida oligantha 

Aristida purpurascens var. 

purpurascens 

Aristolochia serpentaria 

Arnoglossum atriplicifolium 

Arnoglossum plantagineum 

Aruncus dioicus var. 

pubescens 

Asarum canadense 

Asclepias purpurascens 

Asclepias quadrifolia 

Asclepias tuberosa ssp. 

interior 

Asclepias verticillata 

Asclepias viridiflora 

Asclepias viridis 

Asimina triloba 

Asplenium platyneuron 

Astragalus crassicarpus 

Athyrium filix-femina 

Aureolaria flava var. 

calycosa 

Aureolaria pectinata 

Baptisia bracteata var. 

leucophaea 

Bidens aristosa 

Bidens bipinnata 

Bidens frondosa 

Blephilia ciliata 

Blephilia hirsuta 

Boechera canadensis 

Boechera missouriensis 

Boehmeria cylindrica var. 

cylindrica 

Botrychium dissectum 

Botrychium virginianum var. 

virginianum 

Bouteloua curtipendula var. 

curtipendula 

Brachyelytrum erectum var. 

erectum 

Brickellia eupatorioides var. 

eupatorioides 

Bromus japonicus 

Bromus pubescens 

Callitriche terrestris 

Calycocarpum lyonii 

Calystegia sepium 

Campanula americana 

Campsis radicans 

Carex aggregata 

Carex albicans var. albicans 

Carex amphibola 

Carex annectens var. 

xanthocarpa 

Carex blanda 

Carex bushii 

Carex cephalophora 

Carex crawei 

Carex digitalis 

Carex eburnea 

Carex glaucodea 

Carex granularis 

Carex grisea 

Carex hirsutella 

Carex hirtifolia 

Carex hystericina 

Carex interior 

Carex jamesii 

Carex laevivaginata 

Carex leptalea 

Carex lurida 

Carex meadii 

Carex molesta 

Carex muehlenbergii var. 

enervis 

Carex nigromarginata var. 

nigromarginata 

Carex oligocarpa 

Carex planispicata 

Carex radiata (=rosea of 

Steyermark) 

Carex retroflexa 

Carex rosea (=convoluta of 

Steyermark) 

Carex suberecta 

Carex torta 

Carex tribuloides 

Carex umbellata 

Carpinus caroliniana 

Carya cordiformis 

Carya glabra 

Carya texana 

Carya tomentosa 

Castilleja coccinea 



 

116 
 

Ceanothus americanus 

Celastrus scandens 

Celtis occidentalis 

Celtis tenuifolia 

Cephalanthus occidentalis 

Cerastium brachypodum 

Cercis canadensis var. 

canadensis 

Chaerophyllum procumbens 

Chamaecrista fasciculata 

Chamaecrista nictitans var. 

nictitans 

Chasmanthium latifolium 

Chenopodium standleyanum 

Cicuta maculata 

Circaea canadensis ssp. 

quadrisulcata 

Cirsium altissimum 

Cirsium carolinianum 

Clematis virginiana 

Clinopodium arkansanum 

Clitoria mariana 

Cocculus carolinus 

Collinsonia canadensis 

Comandra umbellata 

Conoclinum coelestinum 

Conyza canadensis var. 

canadensis 

Corallorhiza odontorhiza 

Coreopsis lanceolata 

Coreopsis palmata 

Coreopsis pubescens 

Coreopsis tripteris 

Cornus amomum ssp. obliqua 

Cornus drummondii 

Cornus florida 

Corydalis flavula 

Corylus americana 

Crataegus crus-galli 

Crataegus engelmanni 

Crataegus intricata 

Crataegus pruinosa 

Crataegus punctata 

Crataegus uniflora 

Croton monanthogynus 

Croton willdenowii 

Cryptotaenia canadensis 

Cunila origanoides 

Cuphea viscosissima 

Cynoglossum virginianum 

Cyperus echinatus 

Cyperus strigosus 

Cypripedium calceolus var. 

pubescens 

Dalea candida 

Dalea purpurea 

Danthonia spicata 

Dasistoma macrophylla 

Daucus carota ssp. carota 

Delphinium carolinianum 

ssp. carolinianum 

Desmodium ciliare 

Desmodium cuspidatum var. 

cuspidatum 

Desmodium glabellum 

Desmodium glutinosum 

Desmodium humifusum 

Desmodium laevigatum 

Desmodium marilandicum 

Desmodium nudiflorum 

Desmodium nuttallii 

Desmodium obtusum 

(=rigidum of Stey.) 

Desmodium paniculatum 

Desmodium pauciflorum 

Desmodium perplexum 

Desmodium rotundifolium 

Dichanthelium bicknellii 

Dichanthelium boscii 

Dichanthelium capillare 

Dichanthelium clandestinum 

Dichanthelium commutatum 

var. asheii 

Dichanthelium commutatum 

var. commutatum 

Dichanthelium commutatum 

var. joorii 

Dichanthelium dichotomum 

Dichanthelium lanuginosum 

Dichanthelium latifolium 

Dichanthelium laxiflorum 

Dichanthelium linearifolium 

var. depauperatum 

Dichanthelium linearifolium 

var. linearifolium 

Dichanthelium linearifolium 

var. wernerii 

Dichanthelium 

malacophyllum 

Dichanthelium oligosanthes 

var. scribneri 

Dichanthelium ravenelii 

Dichanthelium 

sphaerocarpon 

Dichanthelium villosissimum 

var. villosissimum 

Diodia teres 

Dioscorea quaternata 

Diospyros virginiana 

Dirca palustris 

Echinacea pallida 

Echinacea purpurea 

Eleocharis erythropoda 

Eleocharis lanceolata 

Eleocharis ovata 

Elephantopus carolinianus 

Elymus canadensis var. 

canadensis 

Elymus hystrix 

Elymus villosus 

Elymus virginicus var. 

glabriflorus 

Elymus virginicus var. 

virginicus 

Equisetum hyemale var. 

affine 

Equisetum laevigatum 

Eragrostis spectabilis 

Erechtites hieracifolius var. 

hieracifolius 

Erianthus alopecuroides 

Erigeron annuus 

Erigeron pulchellus 

Erigeron strigosus var. 

strigosus 

Eryngium yuccifolium 

Euonymus atropurpureus 

Eupatorium altissimum 

Eupatorium perfoliatum var. 

perfoliatum 

Eupatorium purpureum 

Euphorbia commutata 

Euphorbia corollata 

Euphorbia cyathophora 

Euphorbia dentata 

Euphorbia maculata 

(=supina of Stey.) 

Euphorbia nutans  

Euphorbia obtusata 

Fallopia scandens 

Festuca pratensis 

Festuca subverticillata 

Fragaria virginiana 

Fraxinus americana 

Fraxinus pennsylvanica 

Fuirena simplex var. simplex 

Galactia regularis 

Galearis spectabilis 

Galium aparine 

Galium arkansanum 

Galium circaezans 

Galium concinnum 

Galium obtusum ssp. 

obtusum 

Galium pilosum 

Galium triflorum 

Gamochaeta purpurea 

Gentiana puberulenta 
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Geranium maculatum 

Geum canadense 

Geum vernum 

Geum virginianum 

Gillenia stipulata 

Glandularia canadensis 

Gleditsia triacanthos 

Glyceria striata 

Guarra biennis 

Gymnopogon ambiguus 

Hedeoma pulegioides 

Hedyotis longifolia 

Hedyotis nigricans 

Helenium autumnale 

Helianthus hirsutus 

Helianthus strumosus 

Heliopsis helianthoides 

Heliotropium tenellum 

Heuchera americana 

Hieracium gronovii 

Hybanthus concolor 

Hydrangea arborescens 

Hydrastis canadensis 

Hypericum hypericoides ssp.  

multicaule 

Hypericum prolificum 

Hypericum punctatum 

Impatiens capensis 

Ionactis lineariifolius 

Ipomoea pandurata 

Iris cristata 

Juglans nigra 

Juncus acuminatus 

Juncus dudleyi 

Juncus interior 

Juncus tenuis 

Juniperus virginiana var. 

virginiana 

Krigia biflora var. biflora 

Kummerowia stipulacea 

Kummerowia striata 

Lactuca canadensis 

Lactuca floridana 

Lathyrus palustris 

Lechea tenuifolia 

Leersia oryzoides 

Leersia virginica var. 

virginica 

Lespedeza cuneata 

Lespedeza frutescens 

(=violacea of Stey.) 

Lespedeza hirta 

Lespedeza procumbens 

Lespedeza repens 

Lespedeza violacea 

(=intermedia of Stey.) 

Lespedeza virginica 

Lespedeza x nuttallii 

Liatris aspera 

Liatris cylindracea 

Liatris pycnostachya var. 

pycnostachya 

Liatris squarrosa 

Ligusticum canadense 

Lindera benzoin 

Linum medium  

Liparis liliifolia 

Liparis loeselii 

Lithospermum canescens 

Lobelia inflata 

Lobelia siphilitica 

Lobelia spicata 

Lonicera flava 

Ludwigia palustris 

Luzula campestris var. 

bulbosa 

Lysimachia ciliata 

Lysimachia lanceolata 

Lysimachia quadriflora 

Lythrum alatum var. alatum 

Maianthemum racemosum 

ssp. racemosum 

Malaxis unifolia 

Malus ioensis 

Manfreda virginica 

Matelea decipiens 

Menispermum canadense 

Mentha arvensis 

Microstegium vimineum 

Mimosa quadrivalvis var. 

nuttallii 

Mimulus alatus 

Monarda bradburiana 

Monarda fistulosa ssp. 

fistulosa 

Monotropa hypopitys 

Morus rubra 

Muhlenbergia capillaris var. 

capillaris 

Muhlenbergia frondosa 

Muhlenbergia sobolifera 

Muhlenbergia sylvatica 

Muhlenbergia tenuiflora var. 

tenuiflora 

Nothoscordum bivalve var. 

bivalve 

Nyssa sylvatica 

Onosmodium molle ssp. 

subsetosum 

Ophioglossum engelmannii 

Ophioglossum vulgatum 

Orbexilum pedunculatum 

var. pedunculatum 

Osmorhiza longistylis 

Ostrya virginiana 

Oxalis dillenii 

Oxalis stricta 

Oxalis violacea 

Oxypolis rigidior 

Packera aurea 

Packera obovata 

Packera plattensis 

Panax quinquefolius 

Panicum anceps var. anceps 

Panicum flexile 

Panicum virgatum 

Parietaria pensylvanica 

Parnassia grandifolia 

Paronychia canadensis 

Parthenium integrifolium 

Parthenocissus quinquefolia 

Paspalum setaceum var. 

ciliatifolium 

Passiflora lutea var. 

glabriflora 

Pedicularis canadensis 

Pedicularis lanceolata 

Pellaea atropurpurea 

Penstemon digitalis 

Penstemon pallidus 

Penthorum sedoides 

Perilla frutescens 

Persicaria hydropiperoides 

Persicaria longiseta 

Persicaria pensylvanica 

Persicaria punctata 

Persicaria virginiana 

Phacelia gilioides 

Phaseolus polystachios var. 

polystachios 

Phegopteris hexagonoptera 

Phlox divaricata ssp. 

laphamii 

Phlox pilosa 

Phryma leptostachya var. 

leptostachya 

Physalis heterophylla var. 

heterophylla 

Physalis virginiana 

Physocarpus opulifolius var. 

intermedius 

Physostegia virginiana ssp. 

virginiana 

Phytolacca americana var. 

americana 

Pilea pumila 

Pinus echinata 
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Plantago cordata 

Plantago rugelii 

Plantago virginica 

Platanus occidentalis 

Poa compressa 

Poa pratensis 

Poa sylvestris 

Podophyllum peltatum 

Polemonium reptans var. 

reptans 

Polygala sanguinea 

Polygala senega 

Polygala verticillata 

Polymnia canadensis 

Polystichum acrostichoides 

Polytaenia nuttallii 

Potentilla simplex 

Prenanthes altissima 

Prenanthes aspera 

Prunella vulgaris var. 

lanceolata 

Prunus americana 

Prunus serotina ssp. serotina 

Pseudognaphalium 

obtusifolium 

Ptelea trifoliata ssp. trifoliata 

Pteridium aquilinum 

Ptilmnium nuttallianum 

Pycnanthemum albescens 

Pycnanthemum pilosum 

Pycnanthemum tenuifolium 

Pycnanthemum virginianum 

Quercus alba 

Quercus coccinea 

Quercus imbricaria 

Quercus marilandica 

Quercus muehlenbergii 

Quercus palustris 

Quercus rubra 

Quercus shumardii 

Quercus stellata 

Quercus velutina 

Ranunculus abortivus 

Ranunculus hispidus var. 

hispidus 

Ranunculus recurvatus 

Ratibida pinnata 

Rhamnus caroliniana 

Rhamnus lanceolata 

Rhus aromatica var. 

aromatica 

Rhus copallinum 

Rhus glabra 

Rhynchospora capillacea 

Ribes missouriense 

Robinia pseudo-acacia 

Rosa carolina 

Rosa multiflora 

Rosa setigera 

Rubus alumnus 

Rubus enslenii 

Rubus frondosus 

Rubus flagellaris 

Rubus laudatus 

Rubus meracus 

Rubus mollior 

Rubus occidentalis 

Rubus pensilvanicus 

Rubus roribaccus 

Rudbeckia fulgida var. 

umbrosa 

Rudbeckia hirta var. 

pulcherrima 

Rudbeckia laciniata var. 

laciniata 

Rudbeckia missouriensis 

Rudbeckia triloba var. triloba 

Ruellia humilis 

Ruellia pedunculata 

Ruellia strepens 

Rumex obtusifolius 

Sabatia angularis 

Salix exigua 

Salvia lyrata 

Sambucus canadensis 

Sanguinaria canadensis 

Sanicula canadensis 

Sanicula odorata 

Sassafras albidum 

Schizachyrium scoparium 

var. scoparium 

Scirpus atrovirens 

Scirpus pendulus 

Scleria oligantha 

Scleria pauciflora 

Scrophularia marilandica 

Scutellaria bushii 

Scutellaria elliptica 

Scutellaria incana 

Scutellaria lateriflora 

Scutellaria ovata 

Scutellaria parvula var. 

missouriensis 

Senna marilandica 

Sherardia arvensis 

Sideroxylon lanuginosa ssp. 

oblongifolia 

Silene stellata 

Silene virginica 

Silphium asteriscus var. 

asteriscus 

Silphium integrifolium 

Silphium perfoliatum 

Silphium terebinthinaceum 

Sisyrinchium angustifolium 

Sisyrinchium campestre 

Smallanthus uvedalius 

Smilax bona-nox 

Smilax ecirrhata 

Smilax glauca 

Smilax hispida 

Smilax lasioneuron 

Smilax pulverulenta 

Smilax rotundifolia 

Solanum carolinense var. 

carolinense 

Solidago altissima 

Solidago arguta 

Solidago buckleyi 

Solidago caesia 

Solidago flexicaulis 

Solidago gigantea 

Solidago hispida 

Solidago nemoralis 

Solidago petiolaris 

Solidago ptarmicoides 

Solidago radula 

Solidago rigida 

Solidago ulmifolia 

Sorghastrum nutans 

Sorghum halepense 

Sparganium americanum 

Sphenopholis obtusata var. 

major 

Sporobolus clandestinus 

Sporobolus compositus 

Sporobolus neglectus var. 

ozarkanus 

Sporobolus vaginiflorus 

Stachys tenuifolia 

Staphylea trifolia 

Strophostyles leiosperma 

Strophostyles umbellata 

Stylosanthes biflora 

Symphoricarpos orbiculatus 

Symphyotrichum anomalum 

Symphyotrichum laeve 

Symphyotrichum lateriflorum 

Symphyotrichum novae-

angliae 

Symphyotrichum 

oblongifolium 

Symphyotrichum 

oolentangiense 

Symphyotrichum patens 

Symphyotrichum pilosum var. 

pilosum 

Symphyotrichum sericeum 
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Symphyotrichum turbinellum 

Symphyotrichum urophyllum 

Taenidia integerrima 

Taraxacum officinale 

Tephrosia virginiana 

Teucrium canadense var. 

canadense 

Thalictrum revolutum 

Thalictrum thalictroides 

Thaspium barbinode 

Thaspium trifoliatum var. 

flavum 

Toxicodendron radicans 

Tradescantia longipes 

Tragia cordata 

Trichophorum planifolium 

Trichostema brachiatum 

Tridens flavus var. flavus 

Trifolium campestre 

Trifolium pratense 

Trifolium repens 

Trillium recurvatum 

Triodanis biflora 

Triodanis perfoliata 

Triosteum aurantiacum 

Triosteum perfoliatum 

Triphora trianthophora 

Ulmus alata 

Ulmus americana 

Ulmus rubra 

Uvularia grandiflora 

Vaccinium arboreum 

Vaccinium pallidum 

Vaccinium stamineum 

Verbascum thapsus 

Verbena simplex 

Verbena urticifolia 

Verbesina alternifolia 

Verbesina helianthoides 

Verbesina virginica 

Vernonia arkansana 

Vernonia baldwinii 

Veronicastrum virginicum 

Viburnum rufidulum 

Vicia caroliniana 

Viola palmata 

Viola pedata 

Viola pubescens 

Viola sororia var. sororia 

Viola striata 

Viola triloba 

Viola viarum 

Vitis aestivalis 

Vitis vulpina 

Vulpia octoflora 

Zizia aptera 

Zizia aurea 
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APPENDIX 2. PEARSON’S CORRELATIONS  

 Pearson’s Correlation for each treatment with all data included and for lumped 

treatments occurring in ELT 3 and ELT 4. Dens = density, rich = richness, cov = cover, 
even = evenness, Hp = Hill’s Diversity, Simp = Simpson’s Diversity, wet = wetness. 

Pearson Correlation Coefficients, periodic plots (N = 187) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.918 -0.623 0.854 0.693 0.557 0.878 0.816 -0.543 0.990 

<.0001 0.001 <.0001 0.000 0.004 <.0001 <.0001 0.005 <.0001 

Rich 0.918 

 

-0.547 0.960 0.527 0.587 0.938 0.832 -0.586 0.951 

<.0001 0.005 <.0001 0.007 0.002 <.0001 <.0001 0.002 <.0001 

CC -0.623 -0.547 

 

-0.307 -0.343 -0.118 -0.450 -0.396 0.799 -0.622 

0.001 0.005 0.135 0.093 0.573 0.024 0.050 <.0001 0.001 

FQI 0.854 0.960 -0.307 

 

0.527 0.629 0.920 0.821 -0.396 0.882 

<.0001 <.0001 0.135 0.007 0.001 <.0001 <.0001 0.050 <.0001 

Cov 0.693 0.527 -0.343 0.527 

 

0.454 0.574 0.600 -0.032 0.633 

0.000 0.007 0.093 0.007 0.023 0.003 0.002 0.881 0.001 

Even 0.557 0.587 -0.118 0.629 0.454 

 

0.797 0.848 0.015 0.572 

0.004 0.002 0.573 0.001 0.023 <.0001 <.0001 0.943 0.003 

Hp 0.878 0.938 -0.450 0.920 0.574 0.797 

 

0.966 -0.406 0.905 

<.0001 <.0001 0.024 <.0001 0.003 <.0001 <.0001 0.044 <.0001 

Simp 0.816 0.832 -0.396 0.821 0.600 0.848 0.966 

 

-0.281 0.829 

<.0001 <.0001 0.050 <.0001 0.002 <.0001 <.0001 0.174 <.0001 

Wet -0.543 -0.586 0.799 -0.396 -0.032 0.015 -0.406 -0.281 

 

-0.572 

0.005 0.002 <.0001 0.050 0.881 0.943 0.044 0.174 0.003 

SRI 0.990 0.951 -0.622 0.882 0.633 0.572 0.905 0.829 -0.572 

 <.0001 <.0001 0.001 <.0001 0.001 0.003 <.0001 <.0001 0.003 
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Pearson Correlation Coefficients, control plots (N = 135) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.935 -0.737 0.816 0.755 0.579 0.900 0.833 -0.786 0.831 

<.0001 0.000 <.0001 0.000 0.009 <.0001 <.0001 <.0001 <.0001 

Rich 
0.935 

 

-0.544 0.955 0.513 0.664 0.954 0.913 -0.555 0.704 

<.0001 0.016 <.0001 0.025 0.002 <.0001 <.0001 0.014 0.001 

CC 
-0.737 -0.544 

 

-0.279 -0.718 -0.392 -0.597 -0.522 0.852 -0.699 

0.000 0.016 0.247 0.001 0.097 0.007 0.022 <.0001 0.001 

FQI 
0.816 0.955 -0.279 

 

0.357 0.591 0.871 0.841 -0.347 0.575 

<.0001 <.0001 0.247 0.134 0.008 <.0001 <.0001 0.146 0.010 

Cov 
0.755 0.513 -0.718 0.357 

 

0.217 0.482 0.409 -0.836 0.836 

0.000 0.025 0.001 0.134 0.372 0.037 0.082 <.0001 <.0001 

Even 
0.579 0.664 -0.392 0.591 0.217 

 

0.826 0.854 -0.313 0.468 

0.009 0.002 0.097 0.008 0.372 <.0001 <.0001 0.192 0.043 

Hp 
0.900 0.954 -0.597 0.871 0.482 0.826 

 

0.983 -0.555 0.678 

<.0001 <.0001 0.007 <.0001 0.037 <.0001 <.0001 0.014 0.001 

Simp 
0.833 0.913 -0.522 0.841 0.409 0.854 0.983 

 

-0.443 0.592 

<.0001 <.0001 0.022 <.0001 0.082 <.0001 <.0001 0.058 0.008 

Wet 
-0.786 -0.555 0.852 -0.347 -0.836 -0.313 -0.555 -0.443 

 

-0.831 

<.0001 0.014 <.0001 0.146 <.0001 0.192 0.014 0.058 <.0001 

SRI 
0.831 0.704 -0.699 0.575 0.836 0.468 0.678 0.592 -0.831 

 <.0001 0.001 0.001 0.010 <.0001 0.043 0.001 0.008 <.0001 
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Pearson Correlation Coefficients, annual plots (N = 63) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.919 -0.741 0.804 0.770 0.256 0.734 0.535 -0.600 0.994 

0.001 0.022 0.009 0.015 0.506 0.024 0.138 0.088 <.0001 

Rich 
0.919 

 

-0.675 0.941 0.637 0.362 0.858 0.696 -0.648 0.941 

0.001 0.046 0.000 0.065 0.339 0.003 0.037 0.059 0.000 

CC 
-0.741 -0.675 

 

-0.393 -0.954 0.222 -0.257 -0.019 0.876 -0.720 

0.022 0.046 0.296 <.0001 0.566 0.504 0.961 0.002 0.029 

FQI 
0.804 0.941 -0.393 

 

0.372 0.520 0.939 0.838 -0.446 0.836 

0.009 0.000 0.296 0.324 0.152 0.000 0.005 0.229 0.005 

Cov 
0.770 0.637 -0.954 0.372 

 

-0.175 0.253 0.015 -0.844 0.725 

0.015 0.065 <.0001 0.324 0.653 0.511 0.970 0.004 0.027 

Even 
0.256 0.362 0.222 0.520 -0.175 

 

0.768 0.890 0.292 0.307 

0.506 0.339 0.566 0.152 0.653 0.016 0.001 0.446 0.422 

Hp 
0.734 0.858 -0.257 0.939 0.253 0.768 

 

0.960 -0.234 0.778 

0.024 0.003 0.504 0.000 0.511 0.016 <.0001 0.544 0.014 

Simp 
0.535 0.696 -0.019 0.838 0.015 0.890 0.960 

 

0.002 0.593 

0.138 0.037 0.961 0.005 0.970 0.001 <.0001 0.997 0.092 

Wet 
-0.600 -0.648 0.876 -0.446 -0.844 0.292 -0.234 0.002 

 

-0.566 

0.088 0.059 0.002 0.229 0.004 0.446 0.544 0.997 0.112 

SRI 
0.994 0.941 -0.720 0.836 0.725 0.307 0.778 0.593 -0.566 

 <.0001 0.000 0.029 0.005 0.027 0.422 0.014 0.092 0.112 
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Pearson Correlation Coefficients, ELT 3 burned plots (N = 36) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.686 -0.067 0.630 0.709 0.508 0.695 0.668 -0.031 0.989 

<.0001 0.698 <.0001 <.0001 0.002 <.0001 <.0001 0.857 <.0001 

Rich 
0.686 

 

-0.084 0.947 0.623 0.530 0.911 0.835 -0.048 0.667 

<.0001 0.624 <.0001 <.0001 0.001 <.0001 <.0001 0.780 <.0001 

CC 
-0.067 -0.084 

 

0.225 -0.137 0.175 0.061 0.103 0.599 -0.069 

0.698 0.624 0.187 0.426 0.306 0.724 0.548 0.000 0.691 

FQI 
0.630 0.947 0.225 

 

0.555 0.556 0.891 0.828 0.133 0.601 

<.0001 <.0001 0.187 0.000 0.000 <.0001 <.0001 0.440 0.000 

Cov 
0.709 0.623 -0.137 0.555 

 

0.350 0.579 0.553 0.025 0.670 

<.0001 <.0001 0.426 0.000 0.036 0.000 0.001 0.883 <.0001 

Even 
0.508 0.530 0.175 0.556 0.350 

 

0.798 0.858 0.189 0.500 

0.002 0.001 0.306 0.000 0.036 <.0001 <.0001 0.269 0.002 

Hp 
0.695 0.911 0.061 0.891 0.579 0.798 

 

0.981 0.083 0.689 

<.0001 <.0001 0.724 <.0001 0.000 <.0001 <.0001 0.629 <.0001 

Simp 
0.668 0.835 0.103 0.828 0.553 0.858 0.981 

 

0.106 0.664 

<.0001 <.0001 0.548 <.0001 0.001 <.0001 <.0001 0.540 <.0001 

Wet 
-0.031 -0.048 0.599 0.133 0.025 0.189 0.083 0.106 

 

-0.019 

0.857 0.780 0.000 0.440 0.883 0.269 0.629 0.540 0.912 

SRI 
0.989 0.667 -0.069 0.601 0.670 0.500 0.689 0.664 -0.019 

 <.0001 <.0001 0.691 0.000 <.0001 0.002 <.0001 <.0001 0.912 
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Pearson Correlation Coefficients, ELT 3 control plots (N = 41) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.487 -0.036 0.371 0.694 -0.155 0.186 0.060 -0.361 0.345 

0.001 0.821 0.017 <.0001 0.332 0.245 0.711 0.021 0.027 

Rich 
0.487 

 

0.420 0.946 0.195 0.052 0.664 0.468 0.087 0.148 

0.001 0.006 <.0001 0.222 0.746 <.0001 0.002 0.590 0.356 

CC 
-0.036 0.420 

 

0.686 -0.104 0.355 0.483 0.388 0.398 0.049 

0.821 0.006 <.0001 0.516 0.023 0.001 0.012 0.010 0.761 

FQI 
0.371 0.946 0.686 

 

0.120 0.165 0.700 0.508 0.202 0.136 

0.017 <.0001 <.0001 0.456 0.302 <.0001 0.001 0.205 0.397 

Cov 
0.694 0.195 -0.104 0.120 

 

-0.207 -0.064 -0.124 -0.407 0.403 

<.0001 0.222 0.516 0.456 0.195 0.692 0.438 0.008 0.009 

Even 
-0.155 0.052 0.355 0.165 -0.207 

 

0.751 0.850 0.453 -0.175 

0.332 0.746 0.023 0.302 0.195 <.0001 <.0001 0.003 0.275 

Hp 
0.186 0.664 0.483 0.700 -0.064 0.751 

 

0.957 0.351 -0.075 

0.245 <.0001 0.001 <.0001 0.692 <.0001 <.0001 0.024 0.640 

Simp 
0.060 0.468 0.388 0.508 -0.124 0.850 0.957 

 

0.411 -0.108 

0.711 0.002 0.012 0.001 0.438 <.0001 <.0001 0.008 0.501 

Wet 
-0.361 0.087 0.398 0.202 -0.407 0.453 0.351 0.411 

 

-0.091 

0.021 0.590 0.010 0.205 0.008 0.003 0.024 0.008 0.570 

SRI 
0.345 0.148 0.049 0.136 0.403 -0.175 -0.075 -0.108 -0.091 

 0.027 0.356 0.761 0.397 0.009 0.275 0.640 0.501 0.570 
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Pearson Correlation Coefficients, ELT 4 burned plots (N = 47) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.922 -0.461 0.728 0.689 0.601 0.816 0.781 -0.014 0.992 

<.0001 0.001 <.0001 <.0001 <.0001 <.0001 <.0001 0.924 <.0001 

Rich 
0.922 

 

-0.311 0.884 0.530 0.651 0.851 0.784 0.136 0.954 

<.0001 0.033 <.0001 0.000 <.0001 <.0001 <.0001 0.362 <.0001 

CC 
-0.461 -0.311 

 

0.159 -0.504 -0.135 -0.273 -0.317 0.504 -0.433 

0.001 0.033 0.285 0.000 0.366 0.063 0.030 0.000 0.002 

FQI 
0.728 0.884 0.159 

 

0.318 0.622 0.742 0.649 0.391 0.768 

<.0001 <.0001 0.285 0.029 <.0001 <.0001 <.0001 0.007 <.0001 

Cov 
0.689 0.530 -0.504 0.318 

 

0.324 0.455 0.441 -0.124 0.641 

<.0001 0.000 0.000 0.029 0.026 0.001 0.002 0.405 <.0001 

Even 
0.601 0.651 -0.135 0.622 0.324 

 

0.881 0.848 0.415 0.608 

<.0001 <.0001 0.366 <.0001 0.026 <.0001 <.0001 0.004 <.0001 

Hp 
0.816 0.851 -0.273 0.742 0.455 0.881 

 

0.972 0.239 0.839 

<.0001 <.0001 0.063 <.0001 0.001 <.0001 <.0001 0.106 <.0001 

Simp 
0.781 0.784 -0.317 0.649 0.441 0.848 0.972 

 

0.151 0.795 

<.0001 <.0001 0.030 <.0001 0.002 <.0001 <.0001 0.311 <.0001 

Wet 
-0.014 0.136 0.504 0.391 -0.124 0.415 0.239 0.151 

 

0.012 

0.924 0.362 0.000 0.007 0.405 0.004 0.106 0.311 0.934 

SRI 
0.992 0.954 -0.433 0.768 0.641 0.608 0.839 0.795 0.012 

 <.0001 <.0001 0.002 <.0001 <.0001 <.0001 <.0001 <.0001 0.934 
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Pearson Correlation Coefficients, ELT 4 control plots (N = 25) 

  Dens Rich CC FQI Cov Even Hp Simp Wet SRI 

Dens 
 

0.825 0.026 0.699 0.761 0.144 0.571 0.433 -0.244 0.315 

<.0001 0.900 0.000 <.0001 0.494 0.003 0.031 0.240 0.125 

Rich 
0.825 

 

0.145 0.922 0.361 0.215 0.792 0.642 0.057 0.248 

<.0001 0.491 <.0001 0.076 0.301 <.0001 0.001 0.787 0.231 

CC 
0.026 0.145 

 

0.503 -0.103 0.316 0.339 0.383 0.210 -0.186 

0.900 0.491 0.010 0.623 0.124 0.097 0.059 0.315 0.374 

FQI 
0.699 0.922 0.503 

 

0.258 0.300 0.814 0.702 0.155 0.159 

0.000 <.0001 0.010 0.213 0.146 <.0001 <.0001 0.458 0.446 

Cov 
0.761 0.361 -0.103 0.258 

 

0.038 0.169 0.064 -0.495 0.448 

<.0001 0.076 0.623 0.213 0.856 0.421 0.762 0.012 0.025 

Even 
0.144 0.215 0.316 0.300 0.038 

 

0.727 0.771 0.307 0.165 

0.494 0.301 0.124 0.146 0.856 <.0001 <.0001 0.135 0.432 

Hp 
0.571 0.792 0.339 0.814 0.169 0.727 

 

0.950 0.312 0.185 

0.003 <.0001 0.097 <.0001 0.421 <.0001 <.0001 0.129 0.377 

Simp 
0.433 0.642 0.383 0.702 0.064 0.771 0.950 

 

0.406 0.091 

0.031 0.001 0.059 <.0001 0.762 <.0001 <.0001 0.044 0.665 

Wet 
-0.244 0.057 0.210 0.155 -0.495 0.307 0.312 0.406 

 

-0.044 

0.240 0.787 0.315 0.458 0.012 0.135 0.129 0.044 0.833 

SRI 
0.315 0.248 -0.186 0.159 0.448 0.165 0.185 0.091 -0.044 

 0.125 0.231 0.374 0.446 0.025 0.432 0.377 0.665 0.833 
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APPENDIX 3. INDICATOR VALUES FOR EACH ELT 

 Indicator Values within each ELT. Species for each ELT refers to total species 

within a single IV test with rare species and unknown species removed; p-values are 
from Monte-Carlo tests (see Chapter III). * denotes species with CC-values >  5. 

 Species Name 1997 IV 2013 IV p-value 

ELT 2, 
122 

species 
total 

Cornus florida 73 10 0.0016 

Lespedeza violacea* 8 87 0.0002 

Galactea regularis* 1 86 0.0002 

Lespedeza repens 3 84 0.0008 

Carex umbellata* 0 82 0.0002 

Vitaes aestivalis 21 77 0.0078 

Erechtites hieracifolius 0 77 0.0002 

Dichanthelium boscii 4 76 0.0002 

Desmodium dillenii 1 76 0.0002 

Lespedeza procumbens 2 75 0.0054 

Sassafras albidum 26 74 0.0002 

Dichanthelium commutatum* 11 74 0.0106 

Desmodium nudiflorum 22 72 0.0282 

Helianthus hirsutus 1 70 0.0152 

ELT 3, 
148 

species 
total 

Lespedeza repens 7 86 0.0004 

Galactea regularis* 2 83 0.0002 

Dichanthelium linearifolium* 10 77 0.0004 

Lespedeza violacea* 9 77 0.0002 

Carex nigromarginata* 26 74 0.0002 

Vitaes aestivalis 14 73 0.0032 

Desmodium nudiflorum 22 72 0.001 

Sassafras albidum 29 70 0.0002 

ELT 4, 
166 

species 
total 

Cornus florida 78 11 0.0002 

Dichanthelium boscii 5 89 0.0002 

Vitaes aestivalis 13 86 0.0002 

Desmodium nudiflorum 24 76 0.0002 

Viola palmata 7 74 0.0002 

Amphicarpaea bracteata 27 73 0.0002 

Sassafras albidum 28 72 0.0002 
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 Species Name 1997 IV 2013 IV p-value 

ELT 5, 
164 

species 
total 

Vitaes aestivalis 6 94 0.0004 

Dichanthelium commutatum* 8 91 0.0002 

Helianthus hirsutus 2 89 0.0008 

Galactea regularis* 3 87 0.0022 

Ceanothus americanus* 0 83 0.0016 

Rhus copallina 0 82 0.0018 

Desmodium dillenii 14 79 0.0116 

Dichanthelium boscii 18 78 0.0046 

Rubus enslenii 2 77 0.003 

Solidago ulmifolia 6 74 0.0216 

Desmodium laevigatum* 15 73 0.0292 

Sassafras albidum 28 72 0.0028 

Symphyotrichum patens* 7 72 0.0128 

Monarda bradburiana 19 71 0.0406 

Nyssa sylvatica 21 70 0.1748 

Desmodium rotundifolium* 9 70 0.0642 

ELT 6, 
175 

species 
total 

Cornus florida 82 12 0.0002 

Dichanthelium boscii 7 89 0.0002 

Viola palmata 3 87 0.0002 

Vitaes aestivalis 14 86 0.0002 

Sassafras albidum 23 76 0.0002 

Erechtites hieracifolius 2 74 0.0002 

Amphicarpaea bracteata 29 71 0.0004 

ELT 7, 
254 

species 
total 

Rhamnus caroliniana 82 9 0.0002 

Cornus florida 74 9 0.0002 

Helianthus hirsutus 4 96 0.0002 

Symphyotrichum patens* 11 85 0.0002 

Galactea regularis* 10 84 0.0002 

Desmodium dillenii 7 83 0.0002 

Acalypha virginica 3 83 0.0002 

Vitaes aestivalis 18 82 0.0002 

Solidago ulmifolia 15 80 0.0004 

Dichanthelium commutatum* 12 78 0.0006 

Andropogon gerardii 13 77 0.001 

Chamaecrista nictitans 1 76 0.0002 

Carya glabra 10 74 0.001 

Physalis virginiana 6 74 0.0004 

Lespedeza procumbens 7 73 0.0042 

Rubus enslenii 3 73 0.0002 

Dichanthelium boscii 23 72 0.0016 

Euphorbia corollata 10 70 0.003 
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ELT 8, 
192 

species 

Rhamnus caroliniana 98 0 0.0002 
Cornus florida 96 2 0.0002 

Viola sororia 71 9 0.0152 
Fraxinus pensylvanica 0 100 0.0002 
Rubus enslenii 0 100 0.0002 

Helianthus hirsutus 3 89 0.002 
Viola palmata 7 87 0.0002 
Dichanthelium boscii 14 86 0.0002 
Acalypha virginica 3 85 0.0018 

Desmodium dillenii 4 84 0.0016 
Amphicarpaea bracteata 23 77 0.0156 
Symphyotrichum urophyllum 0 75 0.0004 
Vitaes aestivalis 21 74 0.0236 

Carya glabra 12 74 0.0166 
Ulmus rubra 24 72 0.0518 
Dioscorea quaternata 29 71 0.006 

ELT 9, 
238 

species 
total 

Cornus florida 71 18 0.0002 

Viola palmata 6 89 0.0002 

Vitaes aestivalis 13 87 0.0002 

Dichanthelium boscii 11 85 0.0002 

Helianthus hirsutus 1 84 0.0002 

Desmodium dillenii 7 80 0.0002 

Sassafras albidum 22 76 0.0002 

Acalypha virginica 1 75 0.0002 

Lespedeza procumbens 5 73 0.0002 

Carex albicans* 1 73 0.0002 

Galactea regularis* 3 72 0.0002 

Rubus enslenii 0 72 0.0002 

Lespedeza violacea* 4 71 0.0002 
Desmodium laevigatum* 2 71 0.0002 

Desmodium nudiflorum 27 70 0.0034 

ELT 12, 
247 

species 
total 

Cornus florida 88 4 0.0002 

Cryptotaenia canadensis 73 3 0.0002 

Rhamnus caroliniana 70 7 0.0002 

Dichanthelium boscii 13 87 0.0002 

Viola palmata 7 86 0.0002 

Ageratina altissima 9 85 0.0002 

Acalypha virginica 17 83 0.0002 

Rubus enslenii 2 83 0.0002 

Brachyelytrum erectum 14 81 0.0002 

Sanicula odorata 9 75 0.0012 

Amphicarpaea bracteata 26 74 0.0004 

Dioscorea quaternata 23 74 0.0024 

Parthenocissus quinquefolia 28 72 0.0006 

Desmodium glutinosum 18 72 0.0024 

Desmodium dillenii 4 72 0.0016 
Symphyotrichum lateriflorum 1 71 0.0002 

 

 Species name 1997 IV 2013 IV p-value 


