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DEDICATION 

And N UH is the letter I u se to spell Nutches 

Who live in small caves , known as Nitches , for hutches . 

These Nutches have tro ubles , the biggest of which is 

The f act there are many more Nut ches than Nit ches . 

Each Nutch in a Nit ch knows that some other Nutch 

Would like to move into his Nit ch very much .  

So each Nutch in a Nit ch has to wat ch that small Nit ch 

Or Nut ches who haven1t got Nitches will snitch .  

( Giesel , 1955)  
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ABSTRACT 

The purpose of th is  study was to evaluate the effecti veness of 

using discriminant analysi s  i n  assessing plant niches. As a preliminary 

to establishment of the Environmental Research Park Program at Oak 

Ridge, Tennessee, five sites were inventoried for herbaceous spec i es. 

From this inventory, four sympatri c  species of Galium and seventeen 

co-occurring herbaceous species were selected for d i scr imi nant analysis. 

The four spec i es of Galium were treated as two data sets: one was com­

posed of i nformation collected at one site ( a mesic hardwood area ) and 

the other contained data from two cedar s i tes of shallow soil over lime­

stone bedrock. The seventeen herbaceous species all occurred in the 

mesic hardwood area. 

Variables selected for the analysis i ncluded si te character ist i cs 

such as aspect and percent slope, bioti c  var i ables such as total woody 

basal area and litter composi tion, and (for the seventeen spec i es ) soil 

character i st ics includi ng pH and texture. B i otic variables were 

included for possible allelopath i c  influence and as indicators of 

environmenta l var i ables. 

Univar i ate and multivariate analysi s of variance on the three data 

sets showed si gnificant d ifferences for most variables i ncluded in the 

analysis. A ll  var i ables wi th zero value for one or more spec i es and 

h i ghly corre l ated variables were eliminated before the discrimi nant 

analysis was performed. F-rat i os for overall discrimination among 

groups was h i ghly signifi cant (p < 0.001) in all three data sets. 
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The first discriminant function was found to be most highly corre­

lated with variables related to canopy density in both Galium data sets, 

while the second is most highly correlated with variables related to pH. 

The third discriminant function ( available only from the cedar set ) was 

most highly correlated with cedar litter and cedar basal area. Species 

ordering on the discriminant functions satisfactorily approximated known 

general habitat descriptions. 

In the seventeen species data set, percent beech litter, slope 

position, pH and steepness of slope, and soil texture were respectively 

most highly correlated with the first, second, third and fourth d i s­

criminant functions. These axes are interpreted as moisture axes, the 

first reflecting soil and air moisture, the second average moisture, 

the third drainage and the fourth water holding capacity. 

Univariate comparisons of presence versus absence of seven of the 

seventeen species found to have the closest means of occurrence showed 

significant differences in mean pH values for all but one species. Dis­

criminant analysis of presence versus absence data added little informa­

tion to the univariate comparisons. 

Combining the results of the univariate presence versus absence 

data with the discriminant analysis results in a comparison of fundamen­

tal and realized niche characteristics. The significance of pH values 

in determining species absence versus species presence implies the 

fundamental niches of these species include pH as a limiting factor. 

However, these species have quite similar mean pH values and results of 

the discriminant analysis implicate the importance of moisture axes in 

circumscribing realized niches. 
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INTRODUCTION 

Ecolog i sts are, by defi n i ti on, concerned w i th defi n i ng the rela­

ti onsh ips of spec i es to one another and to the i r  surround i ngs. Although 

much of th i s  i nterest was or i gi nally generated by naturali sts trying to 

understand what they could about such interacti ons the need for more 

quanti tati ve informati on has taken on added importance i n  the face of 

ever i ncreasing human populat i ons and the concurrent destructi on of 

natural hab i tat. To effect leg islati on such as the Endangered Spec i es 

Act ( and possi ble si mi lar protecti ve leg i slati on for hundreds of plant 

spec i es) synecologi cal and other knowledge about the protected spec i es 

is  required : the i r  habitats, the i r  populati on dynami cs, and the i r  

i nteracti on w i th other speci es. Some such relati onsh ips are fai rly 

apparent; e.g., preservati on of several of the cedar glade endemi c  

speci es of plants of mi ddle Tennessee and Alabama can be effecti vely 

ach i eved by protecti on of the glades. For other spec i es, factors 

controlli ng the spec i es' survi val are not as obvi ous. 

Although consi derable effort has been expended i n  recent years 

exami n i ng the n i che relati onsh i p  of an imal speci es ( Wh i ttaker and 

Lev i n, 1975) li ttle has been done i n  th i s  country regard i ng spec ies of 

herbs even though the preponderance of vascular speci es li sted i n  the 

U.S. Congress Report on Endangered and Threatened Plant Spec ies of the 

Uni ted States (1975) are herbaceous. 
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The p resent study of habitat and niche relationships of certain 

her baceous plants was conducted in conjunction with the N ational 

Environmental Research Park at Oak Ridge . The ERDA charter of National 

En vi ronmenta 1 Research Parks states a " N ation a 1 En vi ronmenta 1 Research 

Park (NERP) is an outdoor laboratory where research may be carried out 

to achieve national environmental goals . "  Although the main orienta­

tion is toward the goals of the National Environmental Policy Act 

(NEPA) , the Energy Reorganization Act , and the Nonnuclear Energy 

Research and Development Act , p rog ram directives for 1976 direct 

" spec i a 1 attention to endangered and threatened species " as we 11 as 

compilation of a " regional environmental encyclopedia" which is to 

include species characterizations .  

Although the NERP • s are p rimarily concerned with inventorying eco­

systems in terms of  assessing future imp acts of  pollutants and other 

"environmental insults , "  a basic understanding of species interactions 

is necess ary for evaluati ng the possibility of reco very from such 

insults . Species with h i ghly specialized niche requirements may not 

survive under certain conditions . This may be especially true of rare 

or endangered species . Conversely species with broad requirements may 

not only survive disrupti on of an ecosystem but may exp and into niches 

" vacated" by other species . This study was initiated in the hope that 

a better understanding of niche (or habitat) relationships of species 

may enable us  to reduce the long term effects of environmental insults 

(p articularly "mechanical " insults of logging and urbanization) by 

cons cious effort to p reser ve those facets of a species niche discerned 

to be critical for its eventual survival . 
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CHAPTER I 

LITERATURE REVIEW 

The term 11n i che 11 was fi rst i ntroduced by Gr i nnell (1917) a l though 

the concept ex i sted earli er and is  imp l i c it i n  Darwi n 1S concept of 

11Surv i va l  of the fi ttest 11 where the 11fi ttest 11 exp l o its the n i che most 

effecti vely. Gr i nnell used the word i n  re l ati on to the nesti ng hab i tat 

of the Californ i a  Thrasher. He ass i gned the Ca l iforn i a  Thrasher to a 

11mi nor n i che" i n  the chaparra l ecosystem and imp l i ed that an ecosystem 

i s  composed of a collecti on of such n i ches occup i ed by a ll  the spec i es 

occurr i ng there. In th is  sense, the n i che as Gr i nne l l defi ned i t, i s  

pr imar i ly one of pl ace, space, address, or habi tat as l ater authors 

ca 11 i t. 

Char l es Elton (1927) i s  cred i ted with hav i ng expanded the concept 

to i nc l ude spec i es functi on i n  the defi n i ti on of n i che. For Elton 11the 

ni che 11 of an an ima l  means 11 its place i n  the b i ot i c  env i ronment, i ts 

rel at i ons to food and enemi es. 11 Elton used the term to descr i be spec i es 

occupy i ng the same functi on i n  d ifferent commun i t i es wh i l e  Gri nne ll 

used it to descr i be si ngle spec i es occupyi ng d ifferent pos iti ons in the 

same commun ity. 



4 

G au se ( 1 934) combined both concepts defining niche as 11what p l ace 

the given species occupies in a community , i . e . , what are its habits , 

food and mode of life ... Gau se recognized ( as had ear lier workers 

including Grinne ll (19 17) ) that 11as a res u l t  of competition , two 

simil ar species scarce l y  ever occupy simil ar niches . .. This concept was 

l ater devel oped as the competitive exclu sion princip l e  as dis cu ssed by 

Hardin ( 1960) . This exp anded the concept such that a species niche is 

not sol e ly  defined by its su rroundings (habitat ) or by its function in 

the community but a l so by its interactions with other species . Gau se 

(1 934) s ubstantiated this experimentall y with two closel y  related 

species of Paramecium finding that given a resource (food in this case ) 
one species expl oited that resource more effective ly  than the other 

res u l ting in the exc l u sion from a microcosm of the lesser competitor . 

This rel ationship of niche and competition was later exp anded to 

inc l ude the more general concept of limiting factors .  Levin (1970) 

defined a 1 imiti ng factor as 11 any density dependent response which 

feeds back to affect the dynamics of the popu l ations in question .. 

( Whittak er and Levin , 1 975) . By inc l uding the concept of l imiting 

factors in the definition of niche , a species niche is then defined in 

terms of external  factors that relate to its survival as a population , 

interna l  factors such as density effects on reproduction again re l ating 

to the species survival as a population as well as habitat factors and 

behavior al or functional factors that affect surviva l of the 

individual , hence the popul ation . 

Hutch inson (1957) developed the abstract multidimensional concept 

of niche incorporating a l l  the environmental factors acting on the 
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organism within a community . E ach ax i s  in the hyperspace of the niche 

is defined by Hutchinson as a linear rep resentation of the environmental 

factors affecting a species . The niche itself is then defined as the 

hypervolume des cribed by the limiting values of the coordinate system 

of a species . 11Every point ( of constr ucted hyper vo lume ) corresponds to 

a set of values of the variables permi tting the organism to exist .. 

( Hutchinson , 1965) . Hutchinson recognized that in addition to this 

abstr act 11fundamental 11 niche that there was an effective or 11realized11 

niche whose boundaries were defined by interactions with other species 

( competition ) and whose hyper volume was therefore a s ubset of the larger 

fundamental niche . Hutchinson ( 1967) defines the fundamental niche of 

a species in terms of ordering 11linearly on the axes of an n-dimensional 

coordinate system, all the factors required to define a habitat . .. How­

ever , recognizing the fact that two species ( e . g . ,  of zooplankton ) may 

occu r  in the s ame actual space (habitat ) , the fundamental niche would 

be different due to differences in limiting factors on other axes 

( e . g . ,  food size ) of a functional nature . It is worth noting that 

Hutchinson did not exclude habitat from his concept of niche , in fact , 

some of his examples ( Hutchinson , 1965), draw strongly on habitat 

variables as niche dimensions . 

Due to the long development of the niche concept , there has been 

some ambiguity in terminology . Whittaker , Levin and Root (1973) 

dis cu ss this pro blem in some detail reaching the conclu sions that 

habitat should be u sed as an intercommunity term ( rather than intra­

community as Hutchinson has used it ) , niche sho uld remain as an 
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intra-community concept , and that a new term , ecotope , should be used 

to refer to the .. compound hyperspace , representing the full range of 

external circumstances to which species in the landscape are adapted.11 

They do not define the intra-community habitat of a species although 

they imply that it is included in the niche hypervolume . In addition , 

they define diversity as within-ha bitat diversity ,  a product of niche 

differentiation among species , and diversity as between habitat 

diversity ,  the product of habitat differentiation presumably among 

communities . The realized niche of a species occurring in several 

communities (different ha bitats ) whose hypervolume is variously defined 

by different competitors in each comm unity is therefore best referred 

to as an ecotope . 

A number of studies have been directed at assessing niche relation­

ships , especially among animals . Multiple discriminant function 

analysis has been used to evaluate niche separation and dimensionality 

in several species of bivalve mollusks (Green 1971) and four species of 

small mammals ( Dueser et al . ,  1976) . Within community habitat and niche 

relations of birds have been examined extensively both qualitatively as 

early as Grinnell (1917) and quantitatively in more recent papers 

( MacArthur , 1958; Root , 1967; James , 1971; and Brown and Wilson , 1956) . 

Studies attempting to quantify the niche of selected species 

utilizing Hutchinson•s hypervolume concept involves attempts to define 

continuous variables ana l ogous to the hypervolume axes . Usually this 

is done by using multivariate statistical techniques to reduce the 

number of variables to a few hopefully interpretable axes . James 
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( 1 97 1) used both principal components analysis and discriminant function 

analysis to describe bird distributions along gradients of habitat 

structure . Cody (1 968) and Hespenheide (197 1) have also used discrimi­

nant function analysis to delineate habitat preferences of grassland 

birds and flycatchers , respectively . Since these studies included 

within and between community relations , they would be classed as ecotope 

analysis rather than niche analysis by Whittaker et al . (197 3) . Shugart 

and Patten (1 972) , Anderson and Shugart (1 974) and Couner and Adkinson 

( 197 7) have also applied multivariate techniques to assess the distribu­

tion of birds in relation to vegetation ( habitat or ecotope ) . 

It  is perhaps appropriate that most of the research related to 

niches has been with birds since the word niche is derived from the 

latin root nidus meaning a (bird • s ) nest . However , it is unfortunate 

that little emphasis has been placed on niche relations among plants . 

There are several very obvious reasons for this lack of emphasis . 

Although most regional published floras usually describe plants as 

species , a great many genera are not at all clearly subdivided . Popula­

tions that appear to be good species in one area grade into one another 

in other locations ( e . g . , species of Crataegus,  Rubus and Desmodium ) . 

Pielou (1974 ,  1 9 75) discusses this problem and emphasizes that niches 

are not occupied by species but by local intrabreeding populations . 

I dentifiGation of a local intrabreeding population of plants given the 

vegetal world • s  inclination to apomixis , vegetative reproduction and 

hybirdization is not easy . 
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Another practical p roblem in niche studies of many plant species 

is the necessity of having flowering and sometimes fruiting material 

for determination . In the case of perennials , j uvenile individuals 

might be present in great abundance but only investigations of at least 

2 years duration would allow positive identification in many cases . 

A number of environmental variables make up axes of plant niche 

hyperspaces . The maj or ones are light , nutrients , moisture , and 

temperature . Both the intensity and quality of light are important as 

is daylength . Nutrients in a plant niche include those cations and 

anions known to effect plant growth as well as pH , with its effects on 

nutrient availability , toxic elements and organic matter . Moisture and 

temperature include as axes both soil and air components .  Other factors 

defining the plant niche include reproductive strategy , predation by 

herbivores , repeated disturbances and seasonal changes . Although many 

plants are wind pollinated , most of the great variety in floral 

characteristics of the vascular plants is directly attributable to 

pollination strategy , making pollinators a very important niche axes 

especially among annual species dependent on seed set for existance of 

the following year's population . Although predators are not usually 

included in niche characterizations they are none the less important 

axis as are disturbances such as fire and flooding and seasonal changes 

particularly the closing of forest canopy in early summer . 

Species role in the community (n i che sensu Whittaker et al . ,  1 973) 

is much more difficult to define for plants than for animals . Food 

choice or height of feeding is  much easier to quantify for a bird than 

nitrogen utilization or even rooting depth in a plant . In  addition , 
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lack of mobility in plants limits the diversity of their role in the 

community . Pielou (1974) corrnnents that 

niche diversification is far more often found among animals 
than among plants . This is not surprising since most vascular 
plants , being autotrophic and sessile , have no means of 
partitioning resources of food or of living space . 

In any case , resource partitioning is undoubtedly more subtle for plants 

than for animals . Although Gause • s  Principle has been assumed to apply 

to plants as well as animals it is apparent that its expression is in 

differences of degree in the requirements for different environmental 

resources and that 11marginal differentiation .. in requirements may result 

in broad overlaps for plants with population densities changing rather 

than abrupt shifts in species (Whittaker , 1 965) . 

Niche diversification among congeneric plant species in relation to 

microhabitats is mentioned briefly by Mcintosh (1 963) . He notes that 

several species of Aster in the prairie are separated by adaptation to 

specialized microhabitats even though they are found in the same 

location with each reaching maximum population density in different 

sites . Nixon (1 964) examined soil relationships of 2 species of 

Lupinus in Texas and found that although species overlapped in range , 

one occurred primarily on calcareous soils . In  examining two sympatric 

species of Erigeron , Mooney (1 966) discovered major differences in soil 

parent material on which the two species reached optimal development . 

He attributed the differences in distribution to differences in soil 

moisture and temperature related to soil texture and color . Hadley and 

Levin (1967) investigated the effects of soil heterogeneity in the 

pattern of distribution of a complex of three Liatris species and their 
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hybrids in a prairie community. They found a pattern related to eleva­

tion, soil moisture, organic matter, exchangeable cations and phospho­

rus. Sarukhan and Harper (1973 ) also found microtopography to be impor­

tant in the distribution of 3 species of Ranunculus with moisture 

probably being a limiting factor. Werner and Platt (1976 ) found six 

co-occurring species of Solidago to be tightly packed along a moisture 

gradient with frequency of occurrence of each species approximating a 

normal distribution about a different soil moisture "optimum." 

Willmot and Moore (1973 ) identified a difference in photosynthetic 

efficiency related to low light intensity as important in niche parti­

tioning by two species of Dioica. Light intensity as well as pH and 

moisture were demonstrated by Vitt and Slack (1975 ) as important param­

eters in species distribution of 8 species of Sphagnum in a bog. Green 

and Palmbald (1975 ) approached the problem of resource allocation of 

closely related species from a different perspective. They found that 

two species of Astragalus differed in seed morphology and therefore 

their susceptibility to different types of seed predation. 

Although the question of niche partitioning in congeneric species 

is important in terms of evolution of any particular group, the question 

of species packing and spatial pattern in any given ecosystem remains 

of interest. A number of authors have approached the problem of 

pattern from within communities rather than within taxonomically closely 

related groups. Whittaker (1975 ) has discussed vertical, seasonal, and 

horizontal aspects of niche partitioning in a Sonoran desert plant 

community pointing out the complex environmental gradients involved in 
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these three niche axes . The horizontal pattern of species (especially 

of her bs) has been investigated by a number of authors and is the 

primary object of study in this paper . 

Non-randomness in the distribution of plants has been attributed 

to differences in dispersal mechanisms , differences in environment , and 

species interrelations including density dependent phenomena (Whittaker 

1 975,  Greig-Smith 1 964) . Differences in environment may include 

moisture , humidity,  ligh t ,  soil texture , soil depth , soil chemistry ,  

drainage , mi crorelief , microtopography , burning and history while 

species interrelations include alleopathy and competition (Smith and 

C ottam 1 967 , and Greig-Smith 1 964) . The distribution of plant popula­

tions as determined by environmental factors was we l l  stated by Gleason 

(19 26) in his individualistic concept of plant associations . Abundant 

literature exists concerning the distribution of different communities 

in relation to differences in environment including Braun (1935) who 

looked at community distribution in relation to aspect , slope , soil 

texture and soil depth ; Cain (1931) who observed the relationship of 

soil reaction to species distribution , Shanks and Norris (1 950) who 

noted the effect of microclimate on the distribution of forest herbs; 

Crandall (1 958) who added elevation and soil parent material as 

factors; Ross (1 958) who found soil depth , soil moisture , and micro­

climate most important as forest type factors ; and Rasche (1958) who 

found soil pattern and ground water patterns most important in 

community distribution . 

Several authors have examined the problem of pattern within 

communities of herbaceous speci es in relation to one or more 
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environmental factors . Hall ( 1971) found that pattern on a small scale 

in Brachypodium and Bromus and on a larger scale in Festuca was related 

to boron concentrations i n  a chalk grassland community . Owen and 

Har berd (1 970) found that distribution of Agrostis was correlated with 

low pH and that distribution of Festuca was related to micro-reli ef in 

a grassland community.  Struick and Curtis ( 1962) , in a study of wood­

land herbaceous species ,  also found correlations with microtopography 

as well as with canopy openings .  

T o  explore the poss i ble effects of soil heterogeneity on species 

distributi on , Snaydon (1 962) measured soil pH , moisture percentage , 

exchangeable hydrogen , total exchange capacity and calcium, phosphorus 

and potassium concentrations in an intensive sampling grid at one 

location and in paired samples from many widespread sites . He found 

significant differences in soil nutrients between samples where 

Trifolium repens occurred and where it was absent . 

Bratton (1 975) also attributed pattern among herbs in a cove hard­

wood forest to substrate heterogeneity, especially as manifested in 

differences in water holding capacity , and in a beech wood she found 

species distributed along a topograph i c  moisture gradient . Sharitz and 

McCormick (1 973) identified soil depth and available moisture as factors 

affecting distributions of Sedum and Minuartia on granitic rock outcrop 

communities . 

Differences in soil pH have also been noted for many plant species . 

Stone (1 944) and Lunde (1 962) made extensive measurements of pH in 

relation to a number of herbaceous vascular species . Lunde ( 1962) 
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found that pH was partially correlated to relative base saturation and 

calcium content . He quantified the 11 normal amplitude11 of pH for many 

species . Although Stone (1944) found no relation between pH and species 

occurrence , she concluded that each grew best within a limited optimum 

range . Working with calcicolous plants in Japan , Terao (1961) found 

bell shaped distributions of species in relation to pH and soil calcium . 

Woodruff (1935) also found wide variability in pH of soils with 

different species of ferns although there were conspicuous differences 

in mean pH values . 

Oosting and Hess (1956) noted the effect of differences in micro­

climate on the distributi on of hemlock and some herbs in a Pleistocene 

relict community in North Carolina . They found these species were 

associated with high humidity though not necessarily with high soil 

moisture . Whittaker (1956, 1967) plotted species density against a 

topographic moisture gradient for a number of tree species in the 

Siskiyou Mountains of Oregon and The Santa Catalina Mountains of Arizona 

and found differences in optima for many of the species studied . 

Curtis and Mcintosh (1951) and Gilbert and Curtis ( 1953) explained 

pattern in terms of a continuum index based on a climax adaptation 

number and importance values . Soil properties such as calcium, water 

holding capacity , and organic matter of the horizon were correlated 

with the continuum index .  Gilbert and Curtis ( 1953) showed several 

species of forest herbs to be unimodally distributed in frequency along 

the continuum index .  

Several authors have approached the problem of pattern among 

species and communities by using species associations and ordination 
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techniques. Whittaker (1973) has provided an excellent review of this 

material. Principle component and ordination axes can often be related 

to environmental gradients such as moisture or nutrients. Smith and 

Cottam (1967) used Cole•s index of association values for ordinat i on 

and explained that species that were highly associated had different 

temporal or rooting strategies. However, they did not assess 

environmental factors. 

Few ecological researchers have used discriminant function analysis 

to examine species relationships, despite its apparent usefullness. 

Cody (1968) and Hespenheide (1971) used discriminant analysis to reduce 

multidimensional habitat data for breeding birds to a single function. 

By using abundance of different herb species as variates, Norris and 

Barkham (1970) were able to discriminate among several beech woodlands. 

Green (1971) used multiple discriminant analysis to identify functional 

niche separation of molluscs among several physical and chemical 

variables. Dueser et al. (1976) used discriminant functions based on 

structural forest characteristics to define niche partitioning among 

four species of small mammals. Garten (in press ) has also used 

discriminant analysis to differentiate among nutrient composition of 

several plant species and their associated soil nutrients . Green (1971) 

has discussed the utility of discriminant analysis in assessing 

realized niche hypervolumes. 

Discriminant analysis is appropriate for the analysis of plant 

niche relationships or pattern in relation to environmental factors for 

a number of reasons. First, it reduces the variables to new independent 
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(orthogonal) linear additive functions of the original variables (Cooley 

and Lohnes , 1 97 1) . These functions become axes describing a new space 

in which the original values of the variables for each species can be 

plotted . Since the axes are derived to maximize differences between 

groups and si nee the discriminant functions are orthogonal to one 

another , mean species differences (centroids of groups) are more easily 

identified . Secondly , since the coefficients of the original variables 

used in the discriminant functions can be ranked as to their contribu­

tion to the functions , ecological interpretation of the axes is usually 

possible . Third , discriminant analysis does not assume linearity of 

ecological gradients as do principal components and cluster analysis 

( Ihm and Groenewoud , 1 9 75) . In  fact it assumes that environmental 

variables used in the analysis have normal distributions as many such 

variables actually do ( Ihm and Groenewoud , 1 975 ; Whittak er ,  1 956) . 

Fourth , if the underlying statistical assumptions can be met , the 

analysis provides a statistic similar to the F ratio of analysis of 

variance to differentiate between population centroids . A significant 

F ratio for overall discrimination indicates that there is a significant 

difference in the population means of the species studied in relation to 

the environmental variabl es measured . 

Although discriminant analysis assumes normality of variates , this 

assumption is not actuall y justified by most data sets . Harris (1 975) 

discusses the robustness of normal-curve based F tests which can be 

considered valid for even U-shaped populations and concludes that this 

robustness pro bably extends to multivariate tests , also . Marriott 
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(1 9 74) , in a discussion of discriminant analysis concludes that the 

" centra 1 1 imit theorem ensures robustness for almost any di stri buti on 

in which the variance is independent of the mean ( or of group (species ) 
membership ) , "  although heterogeneity of the dispersion (covariance ) 
matrixes is a more serious problem requiring quadratic rather than 

linear discriminant analysis . Finn (1974) says that the Heck chart 

value (used as a test of significance of discriminating ability ) 
approach is too conservative for most purposes . Michaelis ( 1973) 

examined the problem of inequality of dispersion matrixes of multiple 

groups by comparing results from linear and quadratic analyses of 

biological (medical ) data. He found little difference between the 

accuracy of the two methods when distances between centroids were not 

relatively small. Unfortunately , he doesn • t  elaborate on how small 

these differences may be before serious error is introduced . 

Although previous investigations have established the appropriate­

ness of using discriminant analysis in evaluating niche relations of 

some animal species , such analyses have not been applied to plants . 

The present study consisted of an initial herbaceous inventory followed 

by an evaluation of the effectiveness of using discriminant analysis to 

interpret soil , site , and biotic factors as plant niche parameters . 

The pro blem of plant niche relations is approached by exploring 

resource allocation first among a group of closely related sympatric 

species and second among members of a guild or functionally similar 

group of species . 
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CHAPTER II  

METHODS AND PROCEDURES 

The Oak Ridge ERDA property consists of approximately 15,000 ha of 

land in Anderson and Roane Counties, Tennessee. Melton Hill and Watts 

Bar Reservoirs on the Clinch River form southern and eastern boundaries 

of the area while the city of Oak Ridge forms the northern boundary. 

The area has been under government control since 1942 and has not been 

disturbed except for experimental use, regulated forest management, 

highways and utility lines. The geology of the area consists of 

parallel southwest-northeast oriented ridges of sandstone, shale, and 

cherty dolomite, separated by valleys underlain by less weather resis­

tant limestones and shales. Topography ranges from gently sloping 

valleys, rolling to steep slopes, to ridges with elevations ranging 

from 230 to 410 meters above mean sea level. The climate is typical of 

the humid southern Appalachian region with a mean annual rainfall of 

136 em and mean annual temperature of 14. 3°C. Although storm fronts 

usually come from the northwest or southeast prevailing winds, generally 

follow the valleys from southwest to northeast. Seasonal precipitation 

is characterized by wet winters and springs and dry summers and autumns. 

Soils are primarily Ultisols (Kitchings and Mann, 1976) . 
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As preparation for the NERP at Oak Ridge, five sites on t he Oak 

Ridge ERDA property  had been designated as natura l or reference areas 

by Spring 1976. Prior to estab l ishment of t he NERP program at Oak 

Ridge, transects were estab lished in each of the five designated areas 

to inventory overstory and shrub vegetation. This was l ater extended 

to inc l ude herbaceous vegetation. Transects and pl ots were origina l l y  

spaced on a 10% forestry cruise basis (4 chains by 5 chains). Since 

this intensity of cruise did not provide an adequate sampl ing of the 

three sma l l est areas , additiona l pl ots were added to resul t in a 20% 

cruise (2 chains x 4 chains). Three concentric pl ots 1/5 acre in 

diameter for trees > 24.4 em dbh , 1/10 acre for trees > 9.0 em dbh and 

1/100 acre for shrubs > 0.5 em in diameter were used to sampl e woody 

vegetation. Three circu l ar m2 pl ots were establ ished within the 

smal l er diameter woody pl ot and were arranged symetrica l l y  around the 

center of the pl ot. Cover and number of herbaceous species were ta l lied 

on each of the m2 pl ots throughout the growing season. This informa­

tion comprises Appendix A. Number of species and cover represent maxima 

for each species on a pl ot during t he sampling period. Environmental 

data co l l ected at each m2 p l ot were sl ope angl e (percent) , sl ope 

aspect re l ative canopy cl osure , l itter depth and l itter composition 

(Appendix B). Soil data were co l l ected from l ocation 1 onl y. Basa l 

area data was avail abl e  from the ear lier inventory. 

Sl ope percentage was measured with an abney l evel .  On pl ots with 

sl ope l ess than 10%, readings were made by sighting across two meter 

sticks set on t he highest and l owest sides of the pl ot. Aspect was 
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recorded from compass readings and transformed by summing the sine and 

cosine of degrees from north (Stage , 1976) to give a maximum at 45° 
N E .  Sl ope position was cal cul ated as the percentage of total sl ope 

l ength each pl ot center was from the va l ley bottom S l ope l ength and 

pl ot location on t he sl ope were calcul ated from topographic maps with 

a l l  sl opes being treated as right triangl es in cross section . S l ope 

position and aspect were included in the analysis because of their 

documented affect on microc l imate and moisture (Cott l e ,  1932; Potzger , 

1939; Hough , 1945; Jackson and Newman , 1967). 
Litter depth and composition were included for several reasons . 

Litter presence has an affect on moisture retention in soil (K oshi, 

1959) as well as present i ng a possibl e  mechanica l barrier to establ ish­

ment of some species. Leaf litter of a number of species of trees has 

a l so been demonstrated to have an al l elopathic effect . Al though many 

authors have felt t hat the high humidity in the eastern deciduous 

forest resul ts in rapid breakdown and l eaching of any potential l y  

allel opathic substances , Mu l l er and C hou (1972) have documented an 

instance of a woody pl ant inhibiting toxin released by a species of 

Quercus in the southeast . At least two other species of oak are known 

to have an effect on herbaceous species in drier l ocations and it has 

been suggested t hat litter of Fagus grandifo l ia and Acer saccharinum 

may a l so exert a similar infl uence (Mul l er ,  1974). Other species of 

trees which occur in the study areas that have been found to inhibit 

the growth of herbs are Pl atanus occidentalis , Ce l tis l aevigata and 

Pinus strobus (Rice , 1974). Three species of j uniper , another species 

of pine , anot her species of mapl e ,  and the European beech have 
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also been shown to exert an allelopathic influence on herbs (Rice 1 974) 

implicating Juniperus virginiana , the yellow pines (Pinus virginiana 

and P .  echinata) , and possibly other members of the genus Quercus.  

Another aspect of litter composition is the relative nutrient 

contribution of various species to the upper layers of the soil where 

most of the herbs included in this study are rooted . Chandler (1941) 

found a linear relationship between the percentage of calcium in leaf 

litter and pH of the upper three inches of soil . A number of authors 

(Monk , 1 966 ; Ovington , 1 953 ; Coile , 1938) have noted the effect of 

conifer litter in depressing soil pH . A number of authors have 

discussed differences in nutrient composition of foliage of different 

species (Chandler , 1939 ; Auchmoody and Hammack , 1975 ; Scott , 1955 ; and 

Woodwell ,  et al . ,  1 975) and Coile (1938) has discussed their probable 

effects on her baceous vegetation . Of the maj or overstory species 

included in this study , red cedar litter is apparently highest in bases 

while most species of oaks are intermediate and beech and the yellow 

pines are lowest in base content of li tter . Many of the species con­

sidered mesic associates (e . g . , tulip poplar , basswood , and hophornbean) 

are among the highest in litter base content . 

Oak , beech , pine , and grass litter contributions to the cover of 

each plot was relatively easy to estimate . Unfortunately , scheduling 

necessitated making litter estimates i n  mid-summer by which time most 

of the leaves of other species were decomposed to the point that 

identification was impractical if not impossible . Litter was therefore 

only categorized as to the contribution of those sources . Recognizing 

that canopy drip might also be a factor (Rice , 1974) , basal area of 
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each woody species occurring on the l arger concentric pl ots was 

inc l uded in the initial  ana l ysis . 

Due to the known al l e l opathic effect of some species of eastern 

grass (Rice , 1974), grass l itter was al so incl uded as a variabl e but 

was not identified as to species and is therefore not as l ikel y  to show 

any effect on distribution of species . Percent moss and l ichen ground 

cover in the pl ot was a lso recorded . 

Rel ative canopy c l osure and total basal area were inc l uded i n  the 

ana l ysis because of their effects on microc l imate and l ight avail abil ity 

(Koshi, 1959 ; Oosting , 1956 ; Jemison , 1934 ;  Robinson , 1966) . Rel ative 

canopy c l osure was estimated by straddl ing the pl ot and l ooking verti­

ca l l y  above the center of the pl ot through a rectangul ar cardboard tube 

with a screen mesh grid taped over the end . The grid consisted of 16 

intersections which were counted if they intersected part of the canopy . 

The resul ting score was recorded as a percentage of the 16 total 

possibl e intersections . 

Al l soil measurements were made on the upper 8 inches soil which 

was assumed to inc l ude most of the rooting zone of the species under 

consideration . Percent sand , sil t  and cl ay were estimated using the 

hydrometer method (Day , 1 965) , soil weight l oss on ignition at 350°C 

was measured to approximate organic matter content and pH was measured 

in a 2 : 1  0 . 05 � CaCl : soil s l urry with a pH meter . 

Data computations were carried out using the computer facil ities 

at Oak Ridge Nationa l Laboratory . Computer packages SAS 76 and Mudaid 

were used for a variety of ana l yses inc l uding univariate and mul ti­

variate anal ysis of variance . Discriminant anal ysis was performed on 

the data using the programs out lined in Coo l ey and Lohnes (197 1) . 
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CHAPTER III 

RESULTS AND DISCUSSION 

Preliminary evaluation of the data showed that, of those species 

occurring on the inventory plots, four species of Galium and six of 

Aster were widespread enough and abundant enough to be suitable for an 

assessment of niche partitioning of selected environmental variables 

among congeneric species. Because of difficulties in positive 

identification of species of Aster, especially in non-flowering 

material, Galium was selected. 

Although these species occurred abundantly in four of the five 

areas under consideration, vast differences in geology, overstory 

community composition, and past forest management of some of the areas 

cast doubt upon the different locations necessarily being occupied by 

reasonably uniform genetic material. To avoid the possibility of the 

presence of ecotypes confounding the analysis, two of the areas con­

taining relatively few plots on which Galium occurred ( locations 4 and 

5 ,  Appendix A ) were eliminated and the remaining three locations were 

analyzed as two groups. 
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One of the remaining locations (location 1, Appendix A) is 

primarily a north slope mature mesic hardwood site occurring on Armuchee 

silt loam derived from Reedsville shale, Sequatchie limestone, and Rock­

wood Formation parent material. The other two locations occur on 

Chickamauga limestone as rolling stony land with Colbert and Talbott 

soil materials and are superifically similar in species composition of 

woody vegetation. Location 2 contains a number of prairie disjunct 

species and can be classed as a cedar barren while location 3, perhaps 

because of topographic position and aspect is moister in parts and has 

denser tree cover. Location 3 seemed similar enough to location 2 to 

combine the two for analytical purposes since at most they seem to 

represent opposite ends of a moisture gradient operating on similar 

soils and geology. These two will be referred to as the "cedar areas" 

in the following discussion. 

Distribution of Galium 

The four species selected are Galium aparine, G. circaezans, G. 

triflorum and Q. pilosum. All four occurred in the cedar areas but G. 

pilosum was absent from the mesic area. Figures 1 ,  2, and 3 illustrate 

the topography, position of plots and abundance of each species used in 

the two analyses. For statistical analyses each individual was treated 

as a separate observation. 

Fernald (1950) describes all but G. aparine as perennials, and 

gives various descriptions of woodlands as their habitats. All four 

occur from at least as far north as New England and Michigan south 

through Tennessee to Florida (Q. circaezans and Q. aparine) or Texas 

(Q. triflorum and Q. pilosum) . He lists G. pilosum as occurring in dry 
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Watts Bar 

Reservoir 
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Figure 1 .  Location Two , cedar barren area . (Numbers of each 
species occurring at each sample plot are preceded by the following 
encircled code numbers : 1 = Galium aparine , 2 = G .  circaezans , 
3 =G . triflorum, 4 =G . pilosum. )  
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woods and copses , � ·  tr ifl orum in woods and thickets , � ·  aparine in 

rich woods, thickets , seashores and waste ground and � ·  circaezans in 

rich woods . Al though there is considerabl e over l ap in these habitat 

descriptions , it might be hypothesized from these descriptions that � ·  

pil osum woul d occur in dryer sites , � ·  circaezans i n  mesic , fertil e 

wooded sites , � ·  aparine possibl y in more open or disturbed mesic 

fertil e sites and G .  trifl orum in sites intermediate in moisture ,  

fertil ity and forest density, or that at l east the i r  optimal densities 

woul d occur there . 

Since discriminant anal ysis cannot be performed using more 

variabl es than the sma l l est number of observations in any group , 

anal ysis of variance was used to he l p  determine which variabl es woul d  

be most useful in the discriminant analysis . There were significant 

differences in the mean basal areas of many species of trees associated 

with the four species of Gal ium (Appendix C) . Mcintosh (1 962) observed 

a simil ar phenomenon for her bs occurring in a Wisconsin woodl and and 

noted that it was not para l l el ed by any apparent differences in rel a­

tion to the environmental factors studied . The imp l ications of 

possibl e  a l l el opathic effects are worth noting . 

Since so many of the tree species in each area were significant l y  

different for species of Gal ium , the decision was made to excl ude them 

from the discriminant anal ysis since most tree species had zero basal 

area on pl ots where one or more species of Gal ium occurred . Presence 

of zeros or invariant variabl es creates probl ems in discriminant 

anal yses because of the impossibil ity of inverting matrixes containing 

such data . Instead , composite variabl es were constructed using the 
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added basal areas of all pine species as one and the added basal areas 

of all oak species as another . Other variables included in the initial 

multivariate analysis are shown in Tables 1 and 2 .  To obtain the 

maximum amount of discrimination and comply with the number of variables 

allowed in the analysis (least number of observations for any species 

minus one) , those variables shown in Tables 1 and 2 to be correlated 

with r2 > 0 . 5 were eliminated also . 

The variables used for discriminant analysis in the cedar areas 

were then ridge height (to see if there were maj or differences between 

the two areas) plot position on the slope , litter depth , oak litter ,  

cedar litter , other litter , moss cover , cano py closure , aspect , percent 

slope , Juniperus virginiana basal area , Pinus basal area , and total 

basal area . Stepwise discriminant analysis (Coole and Lohne , 1971) was 

then used with this data . 

Although the data did not pass the test of equality of dispersion 

matrixes , centroids for the four species were well spaced in the 

discriminant space and the F ratio for overall discrimination = 4 . 2  

with 39 and 465 degrees of freedom , at a significance level of< 0. 001. 

Following Michaelis' (197 3) comments (see previous discussion) , it may 

therefore be assumed that there are significant differences in centroids 

and that their positions in an abstract hyperspace can be defined by 

the selected environmental variables . Figure 4 shows the relative 

position of each species on the first , second , and third discriminant 

functions and Figure 5 shows their relative positions in the three 

dimensions defined . 



TABLE 1 

CORRELATION MATRIX OF VARIABLES FROM LOCATION ONE RELATED TO THREE SPECIES OF GALIVM 

Percent Percent Percent Oak Total 
Plot Slope Plot Litter Oak Beech Other Canopy Percent Basal Basal 

Variables Altitude Height Position Depth Litter Litter Litter Closure Aspect Slope Area Area 

Plot 1.000 0.219 0.736 0.132 0.643 0.083 -0.398 0.184 0.262 0.632 -,0.812 -0.237 
Altitude 

Slope 1.000 0.527 0.082 -0.150 0.365 -0.214 0.104 0.041 0.475 0.073 0.387 
Height 

Plot 1.000 0.163 0.159 0.433 -0.567 0.474 0.205 0.692 0.400 -0.229 
Position 

Litter 1.000 0.115 0.425 -0.354 0.114 0.102 -0.072 0.024 0.157 
Depth N 

Percent Oak 1.000 -0.255 -0.137 0.085 0.112 0.280 0.826 -0.163 1.0 
Litter 

Percent Beech 1.000 -0.863 0.395 -0.016 0.291 -0.223 -0.176 
Litter 

Percent Other 1.000 -0.439 -0.093 -0.518 -0.162 -0.387 
Litter 

Canopy 1.000 0.034 0.512 -0.041 -0.183 
Closure 

Aspect 1.000 0.001 0.184 -0.056 
Percent 1.000 0.553 -0.128 

Slope 
Oak 1.000 -0.220 

Basal Area 
Total 1.000 

Basal Area 



TABLE 2 

CORRELATION MATRIX OF VARIABLES FROM LOCATIONS TWO AND THREE RELATED TO FOUR SPECIES OF � 

Percent Percent Percent Percent Percent Percent Cedar Oak Pine Total 
Plot Slope Plot Litter Oak Cedar Other Moss Grass Canopy Percent Basal Basal Basal Basal 

Variables Altitude Height Position Depth Litter Litter Litter Cover Litter Closure Aspect Slope Area Area Area Area 

Plot 
1.000 0.488 o. 180 -0.100 0.407 -0.028 -0.037 -0.330 -0.003 0.214 -0.029 -0.106 -0.345 0.379 -0.309 0.086 

Altitude 
Slope 

1.000 -0.130 0.010 0.059 0.042 0.188 -0.082 0.119 0.141 0.188 -0.062 -0.050 0.002 -0.112 0.238 
Height 

Plot 
1.000 -0.214 -0.044 -0.241 -0.020 -0.251 -0.132 0.036 -0.046 -0.405 -0.064 -0.065 0.152 0.027 

Position 
Litter 

1.000 0.134 -0.090 -0.159 0.138 -0.097 0.107 -0.078 0.151 -0.132 0.094 -0.123 -0.014 
Depth 

Percent 
1.000 0.014 -0.284 -0.407 -0.120 0.240 -0.144 0.205 -0.125 0.735 -0.468 0.234 

Oak Litter 
Percent 

1.000 -0.014 -0.093 0.203 0.057 0.150 0.280 0.328 0.011 -0.395 -0.231 
Cedar Litter 

Percent 
1.000 -0.032 0.194 0.091 0.159 0.222 0.161 -0.199 -0.084 0.118 w 

Other Litter 0 
Percent 

1.000 0.040 -0.149 0.163 0.018 0.108 -0.337 0.255 -0.179 Moss Cover 
Percent 

1.000 -0.062 -0.097 0.164 0.138 -0.242 -0.102 -0.231 
Grass Litter 

Percent 
1.000 0.109 0.296 0.215 0.149 -0.341 0.252 

Canopy Closure 

Aspect 1.000 0.017 0.221 -0.135 0.059 0.199 

Percent 1.000 0.221 0.300 -0.548 0.093 
Slope 

Cedar 
1.000 -0.434 -0.096 -0.071 

Basal Area 
Oak 

1.000 -0.558 0.340 
Basal Area 

Pine 
1.000 0.123 

Basal Area 
Total 

1.000 
Basal Area 
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Figure 4. Positions of species centroids on each of the separate 
discriminant functions . (The upper diagrams are for the four species of 
Galium occurring in the cedar areas while the lower applies to the three 
found in the mesic area . 1 = G .  aparine , 2 = G .  circaezans , 3 =G . 
triflorum, and 4 = G .  pilosum .- DF-1 in both locat1ons is related-to 
canopy closure with--2 most open in the cedar areas and -2 most closed in 
the mesic area . DF-2 and DF-3 in the cedar areas are related to pine and 
cedar respectively with -2 most pine on DF-2 and +2 most cedar on DF-3 . 
A value of +2 on DF-2 is most oak and pine in the mesic area . )  
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Figure 5 .  Positions of centroids of Galium species in multidimensional discriminant space . 
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The three d iscr imi nant functi on axes can be tentati vely defi ned by 

usi ng the factor pattern for each functi on. The factor pattern (Table 

3 )  gi ves the relati ve contr i buti on of each var i able to that parti cular 

discr i mi nant functi on or the relati ve correlat i on of the or i g i nal var i­

ables w ith that functi on. In th is ana l ys is  81% of the var i ab i lity i n  

the or i g i nal data i s  accounted for by the f i rst d iscr imi nant functi on ,  

w i th 12% rema i n i ng for the second and 6% for the th i rd. The major 

env i ronmental i nfluence suggested by the fi rst axi s  is related to over­

story development i nclud i ng total basa l area , canopy closure and a con­

current i ncrease i n  li tter depth (Table 3 ) . Th is  functi on d iscr imi nates 

between the four spec i es separati ng them i nto two groups w ith Gali um 

apar i ne and G. pi losum at one extreme and G. c i rcaezans and G. tri florum 

i n  the other. 

The second d iscr imi nant functi on has the h i ghest correlati on w ith 

percent moss cover , pi ne basal area and plot posi ti on on the slope. 

Si nce aspect and steepness of slope also are correlated w ith th is  axi s ,  

i t  may be i nterpreted as a mo i sture axis combi ned w ith an ac i d ity ax i s. 

The effects of p ine li tter on so il  ac i dity have been d iscussed pre­

v i ously and the occurrence of moss and li chen carpeting on ac i d  so ils 

w ith li ttle accumulati on of li tter is  common i n  th is  area. The effects 

of aspect and slope posi ti on on so il mo i sture i n  relati on to speci es 

di str i buti on has also been d iscussed. The d istr i buti on of Gali um 

tr i florum is most strongly affected by th is  ax i s  (Fi gures 4 and 5) . 



TABLE 3 

FACTOR PATTERNS ( CORRELATI ONS OF D I S C R I M I NANT FUNCT IONS W I TH O R I G I NAL VARIABLES ) AND 
PERCENT TRACE ATTRI BUTABLE TO EACH FUNCT I ON FOR FOUR SPEC I ES O F  GALiu.M I N  TWO LOCATIONS 

Cedar Area s Mes i c  Area 

Factors Factors �-----
D ,

-.
s
-
c
-
r

-
i m

_
i
_
n
_
a

-
nt

----------------���----- �� nant 
Function Functi on 

Va ri abl e 1 2 3 Vari a b l e 1 2 

R i dge He i g h t  0 . 1 97 0 . 1 74 -0 . 039 R i dge Hei ght 0 . 277  0 . 091  
P l ot Pos i t i on 0 . 1 1 5  - 0 . 601 0 . 377  L i tter Depth - 0 . 547 0 . 298 
L i tter Depth 0 . 804 0 . 1 02 - 0 . 209 Percen t Oak L i tter 0 . 1 1 4 0 . 855  

w 
Percent Oa k L i tter 0 . 596 0 . 356 -0 . 31 3  Percent Beech L i t ter - 0 . 277  0 . 001 � 

Percent Cedar L i tter - 0 . 1 77 0 . 1 71 0 . 637 Percent Canopy Cl os u re 0 . 458 0 . 1 79 
Percen t Other L i t ter 0 . 080 0 . 246 0 . 31 9  Aspec t  0 . 085 -0 . 439 
Percent Mos s  G ro un d  Cover 0 . 21 7 - 0 . 664 - 0 . 007 Percent S l ope - 0 . 2 1 5 0 . 445  
Perc ent Canopy C l os ure 0 . 782 - 0 . 1 42 0 . 449 Percent P i ne L i tter - 0 . 324 0 . 766 
Aspect 0 . 461  - 0 . 454 - 0 . 023 To tal Ba sa l Area - 0 . 623 - 0 . 1 04 
Percent S l ope 0 . 21 4  0 . 4 1 0  -0 . 00 7  
Ceda r Basal  Area - 0 . 1 06 0 . 023 0 . 450 Percent Tra ce 83 1 7  
Percent P i ne L i tter 0 . 4 5 1  - 0 . 606 0 . 207 
Tota l Basa l Area 0 . 854 - 0 . 092 0 . 202 

Percent Trace 81 1 2  6 
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The 3rd discriminant function is most highly correlated with those 

variables that can be related to high pH or calcium content of soils, 

to differences in resistance to allelopathic substances from Juniperis 

virginiana, or as a dryness or high calcium axis since �· virginiana is 

known to be abundant on droughty limestone soils. The three variables 

most strongly correlated with this function are Juniperus basal area, 

percent Juniperus litter and canopy closure. The distribution of Galium 

aparine in most strongly affected by this axis (Figures 4 and 5) . 

Although the centroids define the centers of distribution of the 

four species in the three dimensional space defined by the three 

discriminant functions, the relationsh ip  of species positions to the 

values of the variables incorporated into all of the three functions is 

immediately clear (Figure 5) . Basal area, litter depth and canopy 

closure for G. triflorum and G. circaezans was greater than for G. 

aparine and G. pilosum (Table 2 ) . Similarly, Juniperus basal area, 

Juniperus percent litter and percent canopy closure were less for 

optimum occurrence of G. aparine than for the other three species. The 

sign of  the second discriminant function, however, is reversed for 

1 1 acidity.11 G. triflorum is associated with greater pine basal area and 

percent moss litter rather than less as the sign on that discriminant 

function might imply. By multiplying the sign of the factor (Table 3) 

associated with each discriminant function variable by the sign of the 

centroid value for that function, the direction of change of the 

variables in relation to the species centroids may be obtained. For 

example, G. triflorum is at the negative end of discriminant function 
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two . The variables moss litter , pine basal area , plot position and 

aspect all have negative factors for dis criminant function two . This 

means that the mean occurrence of this species is associated with larger 

values of those  variables . The reverse is true of percent slope . 

To return to the original hypothesis of distribution these species , 

G .  aparine does indeed appear to occur in more open areas (dis criminant 

function one) as does §. pilosum. If dis criminant function three is 

interpreted as a moisture axis , §. pil osum has a mean occurrence at the 

xeric end . It is less clear what factors separate the niches of §. 

circaezans and G .  triflorum since these are best dis criminated with 

function two which is the least interpretable . It appears that �· 

triflorum occurs on more acid , flatter , more northerly in terms of 

aspect , sites than §. circaezans which also fits the original 

hypothesis . It should be noted that no pattern of distribution i n  

relation to any of the variables measured was apparent during the data 

collection with the pos s i ble exception of total basal area in relation 

to §. pilosum . 

I n  the mesic area , the variables used in the analysis were slightly 

diff erent . Because of the importance of pine in dis criminating between 

groups in the other location , that variable was included even though it 

had a mean of zero f or G .  circaezans .  The results of the dis criminant 

analysis indicate that as in the cedar areas , basal area , litter depth 

and canopy closure were most highly correlated with the first dis crimi­

nant function (Figures 4 and 5) . However , separation of species on this 

axis are slightly different : G .  aparine and G .  circaezans occurring in 
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slightly more open areas than G. triflorum. It is surprising that this 

axis accounted for 83% (Table 3) of the variability in species occur­

ranee since the area appears fairly un iform in these variables on casual 

inspection and differences in means (Appendix C) is slight. As in the 

cedar areas, the second discriminant axis is difficult to interpret. 

It is most highly correlated with percent oak litter and pine basal 

area which at first glance seems contradictory. However, oak litter 

also results in somewhat acid soil and both may result in slightly 

lowered fertility following leaching of bases. If this is the case, G. 

circaezans and �· aparine have reversed their positions in relation to 

this axis compared to the cedar areas. 

It is obvious from the above discussion that while differentiation 

among species using discriminant analysis is possible, interpretation 

of the variables correlated with the axes may prove difficult. 

Differences in species distribution in relation to different variables 

in the two areas studied may be due to differences in variables not 

under consideration. As Whittak er has hypothesized (1965), presence of 

one favorable factor (such as moisture in cove forests ) allows a greater 

diversity of herbs whose distribution is then dependent on other 

factors. It is apparent that direct measurement of such factors as 

available water and soil and litter nutrients would be valuable in 

analyses of species distributions, but such measures were outside the 

scope of this study. 
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Distribution of Seventeen Species 

After establishing that discriminant ana l ysis cou l d  be used to 

identify niche axes for cl ose l y  rel ated species , an attempt was made to 

use the same approach on pattern of distribution of seventeen species 

of herbs in the mesic area described previous l y. The term 1 1 herb11 in 

this case inc l udes Chimaphil a  macu l ata , severa l geophytes and 

hemicryptophytes and two species of ferns. Species sel ected were those 

that occurred on seven or more of the 99 pl ots and tota l ed at l east 

thirteen individua l s  regardl ess of the number of pl ots in which they 

occurred. 

Of the species under consideration , most occur in rich woods 

( Fernal d ,  1950 ; Oxendine , 1971), the others being Gal ium trif l orum and 

Geranium macul atum , occurring in woods and thickets , Ph l ox divaricata 

and Po l ygonatum bifl orum in damp to dry , rocky woods and thickets, 

Po l ystichum acrostichoides in woods and on rocky sl opes , Smil acina 

racemosa in woods , c l earings and b l uffs , Chimaphil a  macul ata in dry 

woods and Hexasty l is arifo l ia in wood l ands. One coul d conc l ude from 

these descriptions that Actaea pachypoda , Arisaema triphyl l um , 

Botrichium virginianum , Dentaria diphyl l a ,  Dentaria l acinata , Ga l ium 

aparine , Tiare l l a  cordifol ia ,  Tril l um luteum and T. vaseyi wou l d  occur 

randoml y together in rich woods and that the other species might occur 

in s light l y  dryer or more open situations. Discriminant ana l ysis 

shoul d  give an indication as to what habitat variabl es ,  if any ,  contri­

bute to niche separation among those species described as occurring in 

simil ar areas as we l l  as those that probabl y  are centered in dryer or 

more open areas. 
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In add i t i on to vari ables measured respecti ve to the Galium speci es 

(d iscussed prev i ously ) , so il te xture , so il loss on i gn i t i on and so il pH 

were i ncluded i n  the analysi s .  All vari ables under consi derati on 

(Append i x  D )  showed si gn ifi cant differences i n  spec i es means at the 

0 . 0001% level . Due to the limi tati ons on number of vari ables allowed 

in  d iscr imi nant analysi s (13 o bservat i ons - 1 = 12  i n  th i s  case ) all 

vari ables wh i ch had a mean of zero for any speci es were eli mi nated . 

V ar i ables (SAS 76 , Barr et al . ,  1976 ) w i th a correlat i on > 0 . 6  were also 

elimi nated . Percent s ilt content i n  so il samples was also elimi nated 

si nce the value of th is  var i able is  d irectly dependent on sand and clay 

percent ages resulti ng i n  a si ngular matr i x  wh i ch cannot be i nverted i n  

the d iscr imi nant functi on calculat i ons . 

As i n  the Galium analyses , the cond i t i on of equali ty of d ispersi on 

matr i xes could not be met , a l though the F rat i o for overall d i scr imi na­

ti on was 8 . 64 ,  si gn ifi cant at the < 0 . 001 level . The factor pattern 

and percent of var i abil i ty accounted for by each d iscr imi nant funct i on 

are shown i n  Table 4 .  Ch i square values were si gn ifi cant for the fi rst 

9 d iscr imi nate functi ons . The fi rst three discr imi nant functi ons are 

much easi er to i nterpret i n  th is case than was the case for the Galium 

dat a si nce each has only one var i able h i ghly correlated w i th i t . 

The fi rst d iscr imi nant functi on i s  most h i ghly correlated w i th 

beech litter . The relat i onsh i p  of th is  var i able to spec i es d istr i bu­

ti on may be i nterpreted in at least two ways : i t  may represent a 

causat i ve agent i n  the sense of hav i ng allelopath i c  effects on some or 

all speci es or it may represent a complex gradi ent of other unmeasured 



TAB LE 4 

FACTOR PATTERN AND PERCENT TRACE FOR SEVENTEEN SPEC I ES 

Facto rs 

Vari a b l e s  -.............. 1 2 3 4 5 6 7 8 9 1 0  1 1  

Total Basal  Area -0 . 51 0 .  21 0 . 23 0 . 24 -0 . 1 8  - 0 . 1 7  -0 . 29 0 . 07 - 0 . 66 -0 . 05 -0 . 1 0  

P l ot Pos i t i o n  -0 . 22 - 0 . 7 7  0 . 2 7 0 . 35 0 . 23 - 0 . 23 - 0 . 05 0 . 07 -0 . 02 - 0 . 1 9  0 . 1 5  

L i t ter Depth - 0 . 04 - 0 . 07 0 . 29 0 . 1 9  - 0 . 1 4  -0 . 1 3  -0 . 38 0 . 1 1  0 . 1 6  0 . 09 -0 . 81 

Aspect 0 . 25 0 . 09 0 . 06 -0 . 1 8 - 0 . 29 0 . 1 7  0 . 09 0 . 36 0 . 4 1  -0 . 66 0 . 21 +==-
0 

Percent Canopy C l o s ure 0 . 38 -0 . 03 0 . 1 6  0 .  21 0 . 46 0 . 59 0 . 36 0 . 1 0  - 0 . 1 4  -0 . 1 4 -0 . 1 4  

Percen t S l ope -0 . 03 - 0 . 1 4  0 . 67 0 . 02 0 . 54 -0 . 21 0 . 1 8  -0 . 1 1  0 . 1 6  - 0 . 1 0  0 . 35 

PH 0 . 52 0 . 35 -0 . 43 0 . 23 0 . 1 9  -0 . 50 -0 . 02 0 . 23 0 . 07 0 . 05 - 0 . 1 8  

Percen t Sa n d  - 0 . 1 4  -0 . 37 0 . 09 - 0 . 49 - 0 . 4 5  -0 . 21 0 . 26 0 . 49 0 . 08 0 . 2 1 - 0 . 04 

Percent C l ay 0 . 04 0 . 22 - 0 . 1 3  0 . 59 0 . 29 0 . 32 -0 . 1 9  0 . 1 2  0 . 33 0 . 1 9  0 . 47 

Loss on I gn i t i on 0 . 52 0 . 03 - 0 . 04 0 . 23 - 0 . 30 - 0 . 34 0 . 49 0 . 1 8  0 . 40 0 . 1 7  - 0 . 1 0  

Percent Beech L i tter 0 . 91 0 . 02 0 . 27 0 . 1 7  - 0 . 1 7  -0 . 06 - 0 . 1 6  - 0 . 01 0 . 1 3  0 . 08 -0 . 04 

Percent Trace 35 . 07 29 . 1 3  1 2 . 43 8 . 20 5 . 81 3 . 46 2 . 68 1 . 1 7  1 . 00 
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variables (such as moisture ) which are effecting distribution of beech 

in the same way as it is affecting the herbaceous species. Occurrence 

of most of the species identified as occurring in dryer or more open 

habitats on the negative end of this function is evidence for the 

latter. Loss on ignition ( organic matter ) and pH of soil were also 

fairly highly correlated (0.52) with this axis. The negative correla­

tion of total basal area with this axis may reflect the tendency of 

fewer seedling trees occurring under beech trees. Since all of these 

variables occur together on this axis it can be best interpreted as a 

nutrient-mo i sture axis or a "rich woods" axis. This function accounts 

for only 35% of the variability in the data. 

The second discriminant function, which accounted for 29% of the 

variability, was most highly correlated with plot position on the slope 

and was not correlated with any other variables. This function 

undoubtedly is related to moisture. 

The third discriminant function is most correlated with percent 

slope (0. 66) and soil pH (0. 43) with higher pH values accompanying more 

level slopes. This may reflect the tendency of less steep slopes to 

allow greater accumulations of litter. The fact that litter depth was 

not highly correlated with this axis implies that such litter accumula­

tions must be rapidly decomposing types ( e. g., tulip poplar ) which may 

also be relatively high in calcium and other bases (Chandler, 1941) . 

More level slopes may also have higher available moisture levels, 

implying that this axis may also represent a moisture-nutrient axis. 
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The fourth d i scr imi nant functi on wh i ch together w i th the fi rst 

three acco unts for 84% of the var i ab il i ty i n  the data also appears to 

be related to mo i sture and possi bly nutri ents . The h i ghest correla­

ti ons w ith th i s  functi on were for clay (0. 58) and sand (-0. 48) . H igher 

clay content and lower sand content i n  so ils would be related to 

greater water hold i ng capac i ty wh ile clay content may be related to 

base saturati on and nutri ent ava ilab ility .  

That the fi rst four discr imi nant functi ons seem to represent the 

same l im it ing factors for the spec i es i nvolved and yet are orthogonal 

to one another may at fi rst seem contrad i ctory .  Altho ugh data are not 

ava ilable from th i s  st udy, i nferences may be made based on other 

research on the effect of other var i ables on those measured . So il 

texture affects water holdi ng capac ity of the so il or how much of the 

inc i dent ra infall i s  reta i ned and rema ins ava ilable for plants . Slope 

pos iti on is  related to mo i sture i n  the so il si nce mo i sture moves by 

grav ity down slope . Temperature d ifferences (h i gher and more var i able 

on upper slopes) affect evapotranspi rati on resulti ng i n  more rapid  

removal of mo ist ure from upper slopes regardless of the amount of water 

ava ilab l e .  Steep slopes allow l ess water to percolate into the so il 

dur i ng heavy ra i ns and lose more mo i sture by grav i ty than more level 

slopes . Level slopes have a greater potenti al for becomi ng saturated 

dur i ng heavy ra i ns resulti ng i n  poor aerati on .  If the second, th i rd, 

and fourth d iscr imi nant functi ons (Fi gures 6 and 7 )  are i nterpreted i n  

these terms i t  becomes apparent that extremes i n  mo i sture fluctuati ons 

may be important i n  compet i ti on among these spec i es .  If th i s  i nterpre­

tat i on i s  correct, one mi ght expect to fi nd Polyst i chum acrost i cho i des 
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F i gure 6 .  D istr i buti ons of centro i ds of 17  spec i es from the mes i c  
area as d i str i buted i n  the three d imensi onal space descr i bed by the fi rst 
three d iscr imi nant functi ons . (1 = Actaea pachypoda , 2 = Ari saema 
triphyllum , 3 = Botr ich ium v i rg i n i anum, 4 = Ch i maph i la maculata , 5 = 
Dentar ia  d i phylla , 6 - Q. Lac i nata , 7 = Galium apari ne ,  8 = �· tr i florum , 
9 = Geran ium maculatum, 10 = Hexastyli s ar ifol ia ,  1 1  = Phlox d ivar i cata , 
12  = Polyst ichum acrost icho ides , 13 = Polygonatum b iflorum , 14 = 
Smi lac i na racemosa , 15 = Tiarella cordifoli a ,  16 = Tr illi lum luteum , and 
17 = Tr i llium vaseyi .) 
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Figure 7 .  Positions of centroids of 17  species from the mesic area 
on the first 6 discriminant functions . (Functions 7 ,  8 and 9 ,  although 
contributing significantly to separation of species centroids , are not 
shown since their contributions are not apparent in one dimension . 1 = 
Actaea pachypoda , 2 = Arisaema triphyllum, 3 = Dentaria diphylla , 6 = Q. 
laciniata , 7 = Galium aparine , 8 =G . triflorum, 9 =Geranium maculatum, 
10 = Hexastylis arifolia , 11 = Phlox divaricata , 12 = Polystichum 
acrostichoides ,  13 = Polygonatum biflorum, 14 = Smilacina racemosa , 15 = 
Tiarella cordifolia , 16 = Trillilum luteum and 1 7  = Trillium vaseyi .)  
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and Phlox divaricata , two species described as occurring on rocky 

slopes , on relatively steep slopes , both conditions allowing good 

drainage . These two species are isolated on the steep end of discrimi­

nant function 3 .  These species may be poor competitors in wet situa­

tions but slightly more tolerant of drought than other species . 

To return to my original hypothesis concerning likely niche 

segregation among the seventeen species based on general habitat 

descriptions , the following conclusions can be reached based on the 

discriminant analysis . Of the 8 species not described as occurring in 

rich woods all occur on the negative end of the first discriminant 

function ( rich woods) and five occur on the upper slope end of the 

second discriminant function implying that in this case , as was true of 

the Galium analyses , it was possible to differentiate among species 

using discriminant functions as moderately interpretable niche axes . 

I nterestingly , many of the species described as occurring in rich woods 

are more widely separated from one another in the discriminant hyper-

space than are the other species . 

To better visualize the spatial pattern among species centroids in 

the eleven dimensional discriminant space , distances between centroids 

of species were calculated ( Table 5) . Two species pairs , Trillium 

luteum and Arisaema triphyllum ( D2 
= 1 . 456) and Trillium vaseyi and 

Dentaria diphylla ( D2 
= 1 . 818) were closer than any other pairs in 

the hyperspace . To examine the effect of factors other than competi-

tion among species on their distributions , analysis of variance was 
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cal cul ated testing significance of species presence versus species 

absence in r-e l ation to severa l of the variabl es studied . 

Species inc l uded in the presence vs absence eval uation incl uded 

both species of Dentaria,  both species of Tril l ium , Arisaema 

triphyl l um, Geranium macul atium and Ph l ox divaricata . The other 

species were not inc l uded since they occurred on fewer than seven 

pl ots . Due to the l imitations on discriminant anal ysis dis cussed 

previous l y ,  on l y  six variabl es coul d be used in the ana l ysis . This 

meant ar bitrair l y  e l iminating some variabl es . Based on the resul t of 

the dis criminant ana l ysis of a l l 1 7  species , pl ot position , canopy 

cl osure , s l ope angl e ,  pH , percent sand and percent c l ay were sel ected 

for this part of the ana l ysis . Beech litter was eliminated since it 

had a val ue of zero for a number of the species absence data . Tabl e 6 

contains F ratios and significance l eve l s  for univariate and discrimi-

nant functions .  F or five of the seven species , mean pH was signifi-

cant ly  different in pl ots where species were present vs pl ots  where 

species were absent . I n  a l l  of these cases , pH va l ues were higher 

where species occurred than where they did not occur . Pl ot position on 

the s l ope was al so significant for four species with a l l  of the four 

occurring on l ower s l opes . Steepness of s l ope was on l y  significant in 

the distribution of Dentaria l aciniata which was found on s l opes l ess 

steep than where it was absent , and soil texture was on l y  significant 

for Tril l ium l uteum which was found i n  l ess  sandy soil s .  

Discriminant ana l ysis using a l l six variabl es did not resul t in an 

increase in abil ity to dis criminate among groups on the basis of habitat 



TABLE 6 
ANALYS I S  OF VAR I ANCE SUMMAR I ES FOR PRESENCE VERSUS ABSENCE DATA 

Spec i e s  P l ot Ca nopy Percent Percen t Percent F-ra t i o  for Overa l l 
Po s i t i on C l o s u re S l ope pH Sand C l ay D i  s c r i mi na ti on 

Dentaria laciniata 1 5 . 0*** 0 . 1 9  4 . 80* 1 9 .  9*** 5 . 24 2 . 95 5 . 96*** 

Arisaema triphy l lum 1 .  37 1 .  70 0 . 1 8  29 . 5*** 5 . 74 1 . 77 6 . 00*** 

Dentaria diphy lla 0 . 60 1 . 65 0 . 01 6 .  1 1 * 0 . 86 0 . 01 1 . 42 
� Geranium maculatum 1 . 64 0 . 52 1 . 80 0 . 83 0 . 30 0 . 39 0 . 60 (X) 

Phlox divaricata 6 . 80* 1 . 1 7  1 . 1 7  o .  74 0 . 91 0 . 37 2 . 44* 

Tri l lium luteum 5 . 91 * 1 . 30 3 . 1 4  36 . 2*** 7 . 60** 1 . 36 7 . 83*** 

Tri l lium vaseyii 4 . 08* 1 . 1 6  1 . 92 7 . 80** 0 . 09 0 . 1 1  1 . 81 

* 
S i gn i fi ca n t  at the 0 . 05 l evel . 

** 
S i gn i f i c a n t  at the 0 . 01 l evel . 

*** 
S i gn i fi ca n t  at the 0 . 001 l evel . 
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variables . I n  fact two species , Trillium v aseyi and Dentaria diphylla 

whose presence/absence was distinguishable in the univariate case on 

the basis of pH were no longer separable using discriminant analysis . 

Of the seven species included , only Geranium remained inseparable 

as to presence/absence on the basis of the included variables . Uni­

variate analysis of variance of all the original variables (except for 

sep arate species of trees) discloses that only one v ariable , beech 

litter (p < 0 . 001) was significant ly different in the presence or 

absence of Geranium with individuals only occurring on plots where beech 

litter is present . This is further evidence that the presence of beech 

litter reflec ts other variables not included in the present study such 

as humidity,  nutrients , and temperature , rather than exerting an 

allelopathic effect . 

I t  is apparent from the above analyses that some habitat variables 

(e . g . ,  soil pH) may draw boundaries to species occurrence ; that , is they 

can be limiting factors in the fundament al niche of a plant species . 

The fact that those same variables or limiting factors do not provide a 

basis for discriminating among species (e . g . , pH was only weakly corre­

lated with discriminant function 3) implies that competition among 

species (perhaps along moisture grad i ents) is more import ant in deter­

mining species distribution (realized niche) within that fundamental 

niche . 
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CHAPTER IV 

CONCLUS IONS 

From the preced i ng discuss i on I conclude that d iscr imi nant analysi s  

can be used to analyze n i che relati onsh ips among vascular plant spec ies. 

The greatest percentage of var i abili ty i n  the data as expla i ned by the 

fi rst few sign ifi cant d i scr i mi nant functi ons was i nterpretable as 

d iscr i mi nat i ng among spec i es i n  a manner compati ble with ava ilable 

habi tat descr i pti ons even though hab i tat d ifferences were not all super­

fi c i ally obv i ous dur i ng the data collecti on. Although i nterpretati on 

of some of the d i scr imi nant axes is  ambi guous i n  some cases, espec i ally 

for those most h i ghly correlated wi th var i ables of a bi ologi cal nature 

( e.g., percent beech li tter ), the i r  relati onsh ip to spec i es d i str i bu­

ti on i s  apparently real at least for the spec i es d iscussed here. When 

th is  study was i n i ti ated, plot posi ti on on the slope, slope angle and 

aspect were selected as var i ables thought most likely to be correlated 

w ith mo i sture. If th is had been the case, these three var i ables were 

expected to be h i ghly correlated on one discr imi nant functi on. Each of 

these var i ables does have an effect on so il mo i sture, but, as ment i oned 

prev i ously, other facets of water relati ons of plants are apparently 

more important i n  pattern or n i che relati ons among spec i es. 
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Unfortunately most interpretation of the axes found to discriminate 

among groups is conj ectural . This is especially so since most of the 

variables used in this analysis were selected on the presumption that 

they were related to other variables known to affect plants . C anopy 

closure and basal area were presumed to be correlated with available 

light,  litter depth with a buffering of soil moisture , pine basal area 

and moss l i chen cover with acidity and consequent lower soil base 

status , aspect with temperature , pH with base status and nutrient 

availability ,  and the above mentioned moisture rel ations . Beech litter 

was included because of its likely allelopathic effects . It is apparent 

from the analyses that , while the selected variables do serve to 

differenti ate among species , they do not represent simple niche axes as 

was intended . To create niche hypervolumes with "real" variables as 

axes would apparently involve sophisticated microclimate measurements 

as well as soil moisture maxima and minima,  nutrient status , etc .  There 

is precedent for using vaguely defined environmental axes to array 

species including Whittaker • s  classic niche segregation among tree 

species al ong an altitudinal gradient (Whittak er, 1 975) . Foresters 

commonly use such variables in attempts to identify environments most 

suitable for growth of particul ar species . In that case the emphasis 

is on identification of environmental phenomena  that can be used in a 

predictive m anner . Presumably , the discriminant functions derived from 

this analysis could be used to predict occurr ance of species in other 

areas or to assess suitability of habitat for their  occurrance in areas 

where past land use (including environmental insul ts) has eliminated 
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them . However , it must be emphasized that this particular study is 

pro bably site specific for two reasons :  the areas under consideration 

were sel ected because of the occurrance of species unusual on the Oak 

Ridge Reservation or because of spec i es richness in the area and it is 

assumed that the relationships among species would differ if some of 

the species were absent . 

The fact that the analyses appear to work for these vascular 

species allows the possibility of usi ng discriminant analysis to assess 

habitat variables of certain rare or endangered species and their 

potential niche spaces . 
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1 7 3 7 1 3 T R I L L I U I' L U T E U I'I  2 

1 7 4 7 2 1 C H I M A P H I L A  M A C U L A T A  ? 1 
1 7 5 7 2 2 A U R E O L A R I A  V I R G I N I C II  1 

1 7 6 7 2 2 C H I ., A P H I L A M A C U L A T A  .:: 1 

1 7 7 7 2 2 C U N I L A O R I G A N O l D F S  1 . 

1 7 8 7 3 1 C H I M A P H I L A  M A C U L A T A  4 3 
1 7 9  7 3 1 G A L I U I'I C I R C II E Z A N S  1 
1 ,, 0 7 3 1 P O T  � N T  I L L A  C A N A D E N S I S  3 

H 1  7 3 2 C H II'' A P H I L A  I'I A C U L A T A  1 
1 I 2 7 3 3 C � R  F X N I G R Q .., A il G ! N A T A  4 

1 ': 3  7 3 � C � R  E )(  P L A T Y P H Y L L A  1 

1 8 4 7 3 3 C H J Y A P H I L A I'I A C U L A T A ? 2 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L C C = 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 13 5  L I N E  P L O T  S U H  G UJ U S S P E C I E S "1 A X N U M  r� A X F � C  

1 X 5  7 3 3 l'l E S M C O I U I"  N U O I F L O R U I<: 2 

1 1' ,£,  7 3 3 P A N  ! C U M O I C H O T O M U M  7 ? 
1 8 7  7 3 3 P O T E N T  I L L A  C A N A D E •'I S F 2 2 

1 8 b 7 3 3 S C U T E L L A R I A  l "l C A N A 1 � .. 
H 9  7 4 3 S M I L A C I N A R A C E M O S A 1 1 

1 9 l� ll 1 1 C A R E �  D I G I T A L I S  (' 4 

1 9 1  b 1 D E N T A R I A  L A C I N I A T A  1 i 1 

1 9 2  '3 1 H E U C h E R A  A M E R I C A N A  1 2 
1 9 3 8 1 P H L O X  D I V A R I C A T A  3 1 

1 9 4 8 1 P O L Y S T I C H U M A C R O S T I C H O I I> E S  1 3 

1 9 5  b 1 T I A R E L L A  C O R D I  F O L I A  2 5 

1 9 6  H 1 T R I L L I U M  L U T E U M  1 2 
1 9 7  ll 1 C: n R E '<  D I G I T A L I S  1 1 

1 9 � R 1 2 G A L I IJ M  T R I  F l O R U M  4 1 

1 9 9 8 1 2 S E D U M  T E R III A T U M  'i �  3 t-
z r c  II 1 ? T I A R E L L A  C O R D l f O L I A  2 7 

2 0 1  !s 1 3 A N E M O N E L L A T H A l l  C T R O  J D F S  3 2 

2 0 2  � 1 3 A R I S H M A  T R I P H V L L U M  3 1 

2 (; 3  8 1 3 C A R  E X  D I G I T A L I S  1 ? 
2 C 4  !s 1 3 T I A R E L L A  C O R O l f (l L l A  -� 4 

2 0 5  8 1 3 V I O L A  H I R S U T U L A 1 1 

2 0 6  d 2 1 A N T E N N A R I A  P L A N T A G ! N l  F O L I A  1 3  7 
2 0 7  8 2 1 A S P L E N I U I" P L A T Y N f U R G N  1 ;> 

2 0 1'  8 2 1 C A R  E X  N I G R O 'I � R G I N A T A  4 4 

2 '1 9  R 2 1 C A R  E X  P L A  T Y P H Y L L A  1 l  1 2  

2 1 r : ll 2 1 C U N I L A  O R I G A N O I D E S  2 � 
2 1 1 li 2 1 H E U C H E R A  A M E R I C A N A  2 3 

2 1 2 1\ 2 1 H O U S T O N I A  P U R P U R I' A  1 2 
2 1 3  8 2 1 P O L Y G O N A T U M R I F L O R U M 5 3 
2 1 4  8 2 2 A N T E N N A R I A  P L A N T A G I N I F O L I A  4 4 

2 1 5 f; 2 2 C A R E X  N I G R O I" A R G I N H A  3 2 
2 1 6  8 2 2 C H I M A P H I L A  M A C U L A T A  1 1 

2 1 7  H 2 2 C U N I L A  O R I G A I'I O I D f S  1 1 

2 11\ 8 2 ? O E S M O D I U I" V I R I D I F L O R U M 1 1 

2 1 9  8 2 2 H O U S T O N I A  P U R P U R E A  1 ? 
2 r  I' 2 2 S E D U M  T E R N  A T U M  6 3 

2 2 1  8 2 3 A i'l T E N N A R  I A P L A N T A G I N I F O L I A  3 4  1 5  
2 2  2 8 ? 3 C U N I L A  O R I G A N O I D r S  4 5 
2 2 3  8 2 3 D E S I'I O O I U M V I R I D I F L O R U M  1 2 

2 2 4  R 2 3 H E U C H F R A  A lli E R  I C A N A  2 4 

2 2 5  3 2 3 S E D U M  T E R N A T U I'I  4 3 
2 2 6 8 3 1 C A R E  X N I G R O M A R G I N A T A  4 5 

2 2 7  8 3 1 C H I I'I A P H I L A  M A C U L A T A  2 2 

2 2 1\  8 3 1 D E S I'I O D I U M V I R I D I F L O R U M 8 3 ::  

2 2 9 8 3 2 A M P H I C A R P A  B R A C T E A T A  8 2 

2 3 C  8 3 2 C H I I'I A P H I L A  M A C U L A T A  7 5 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - L O C = 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T S UB G E N U S  S P E C H S  M A X N U I'I  M A X F A C  

2 3 1 8 3 (! L E S P E D E Z A P R O C U MR E N S 1 2 

2 3 2  8 3 2 P A N I C UI'I C O I'I I'I U T A T U III 1:.: 2 

2 3 3  H 3 3 A M P H I C A R P A  B R A C T E A TII 1 3 

2 3 4  8 3 3 C H I I'I A P H I L A  M A C U L A T A  6 3 
2 3 <;  9 1 1 B O T R V C H I U I'I  V I R G I N I A e4 U I'I  1 3 

2 3 6  9 1 1 S A N I C U L A  C A N A D E N S I S  1 1 

2 3 7  9 1 3 S A N I C U L A C A N A D E N S I S  2 � 
2 3 1'  9 2 1 A C T A F A  P A C H Y P O D A  1 4 

2 3 9  9 2 1 C A R E )(  D I G I T A L I S  1 1 

2 4 C 9 2 1 C A U L !J P H Y L L U M  T H A L I C T R 0 I DI: S  1 6 

2 4 1 9 2 1 D E N T A R I A L A C I N I A T A  1 5  1 

2 4  2 9 (! 1 F R Y T H R O N I U M A M E R I C A N 1. 1 M  1 '5 
2 4 3  9 2 1 G A L I U M  T R I F L O R U M  1 1 

2 4 4  9 2 1 H E X A S T Y L I S  A R I F O L I A 1 2 
2 4  5 9 2 1 P H L O X  D I V A R I C A I A  8 1 

2 4 6  9 2 1 r O L Y S T I C H UM A C R O S T I C H O I D E S  � 3 r  
2 4 7  9 2 1 T R I L L I U M  V A S E Y  I I  1 3 

2 4 ,. 9 2 2 C A R  E X  D I G I T A L I S  1 :. e 
2 4 9  9 2 2 D E N T  A R I A  L A C I N I A T fl 1 ' 1 

2 s r  9 2 2 t; A L I I I M  T R I F L O R U M  1 1 

2 5 1  9 2 2 H E X A S T Y L I S  A R  I F O L I A  1 1 

2 5 2 9 2 2 P H L O X  D I V A R I C A T A 1 4  4 

2 5 3  9 2 2 P O L Y S T I C f' U M A C R O S T I C H O I D E S  4 4 �. 
2 5 4  9 2 2 S T E L L A R I A  P U B  E R A  1 ,  6 

2 5 5  9 2 2 T I A R E L L A  C O R D I F O L I A  7 4 

2 5 6  9 2 2 T R I L L I U I'! L U T E U I'1 3 2 

2 5 7  9 2 3 C A R  E X  D I G I T A L I S  3 5 

2 s �, 9 2 3 D E N T  fi R  I A  L A C I N I A T A  2 9  1 

2 5 9  9 2 3 G A L I U M T R I F L O R U M  4 3 
2 6  9 2 3 H E X A S T Y L I S  A R I F C L I A  2 1 

2 6 1  9 2 3 P H L O X  D I V A R I C A T A  9 3 

2 6 2  9 2 3 P O D O P H Y L L U M  P E L  T A T U M  5 

2 6 3  9 2 3 P O L Y S  T I  C H U M A C R O S T I C t-t O I D E S  3 
2 6 4 9 2 3 S T E L L � R I JI  P U B E R �  1 1  3 

2 6 5  9 2 3 T I A R E L L A  C O R D I F O L I A  3 f, 
2 6 6  9 2 � T R I L L I U M  L U T E U r-i  1 

26 7 9 3 1 G E R A  ... I U M I'IA C U LII T U "l  3 

2 6 f  9 3 1 P O L Y G O N A T U P"  A I F L C R U M  2 4 

2 6 9  9 3 1 S E D U ,.  T E R N A T U M  2 6  1 , 
2 7  9 3 1 S M I L t. C I N A  R A C E

·
� c  S A  � 

2 7 1  '1 3 2 A C T A E A  P A C H Y P O D >  1 ) 
2 7 2  9 3 2 G E R A N I U M M A C U L A T U II, 1 
2 7 3  9 3 2 P O L Y C, Q N f T li M Ei l F L O R U M  3 5 
2 7 4 9 � c S E DU ·- T E R N  H U M  ) 5 1 3 

2 7 5  9 3 3 S E D U V  T E R 'I i- T U M  5 4 

2 7 6  9 3 3 S M I L � C I N A  R A C E '' 0 S A  2 4 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O  C =  1 

O B S L I N F  P L O T  

2 7 7  9 4 
2 7 8  9 4 
2 7 9 1 tl 1 

21', ,  1 J 1 

? 8 1 1 ·l 1 

2 1' 2  1 [) 1 

2 8 3  1 0  1 

2 8 4  1 0  1 
? 8 5  1 1  1 

2 1\ 6  1 rt 1 

2 8  7 1 0  1 

2 8 t  1 0  1 

2 8 9  1 :· 1 

2 9 f1 H 1 

2 9 1 1 0  1 
2 9 2  1 [; 1 

2 9 3 1 8  1 

2 9 4  1 0  1 

2 9 5  1 1) 1 

2 9 6  1 C  1 

2 9 7  1 C'  1 

2 9 8  1 "  , )  1 

2 9 9  1 C  1 
3 0 0  1 0  2 

3 ( 1 1 0  2 
3 0 2  1 C  2 

3 0 3  1 0  2 
3 C 4  1 0  2 

3 ( 5  1 :J 2 
3 CJ 6  1 :J  2 

3 C 7  1 0  2 

3 J k 1 0  2 

3 : 9  H 2 
3 1  ,, 1 C  2 

3 1 1 1 0  2 

3 1 2  1 0 2 
3 1 3  1 0  3 

3 1 4  11' 3 
3 1 '> 1 0  3 

3 1 6  1 :!  3 

3 1 7  1 G  3 

3 H  1 0  3 

3 1 9  1 0  3 

3 2 1; 1 G  3 

3 2 1  1 0  3 

3 2 2  1 1  1 

S U B  

1 

2 
1 

1 

1 

1 

1 
1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 

3 

3 

3 

3 
1 

1 

1 

1 
1 

1 

1 

2 

2 
2 
2 
3 

3 

1 

1 

1 

1 

2 

2 
3 

3 

3 

2 

G £ N U S  

C Il l M A P H  I L II 
C H I M A P H I L A 

B O T R Y C H I U M 

F R A G A  R I A  

G A L J U M  

G .A l l l l r-1  

P R U N E L L A  

T R I L L I U M 

V I O L A 
A S P L F N I U I' 

9 0 T R Y C H I IJ M  

C A I H  X 

E U P A T O R I U "' 

F R A G A R I A  

G A L l  l i M  
G E U M 

T R I L L I U M 

V I O U 

A S P L E N I U I"  

B O T R Y C H I U r-1  

F R A G A R I A  

G A L l lJ M  

G E U M 

A R I S A E I" A  

D E N T A R I A  

G A L I U M  

P O L Y S T I C H U M  

S A "' G U I N A R I A  

S T E L L A R  I A  

T R I L L I U M 

A R I S A E M A  

P E N T 4 R I A  

T H E L Y P T E R I S  

T R I L L I U M 

A R I S A E M A  

T R I L L I U M 

A C T A F A  

A R I S A E M A  

9 0 T R Y C H I U M 

T R I L L I U M 

A R I S A f M A  

H E  X A S  T Y L I  S 

A R I S A E M A  

D E N T A R I A  

T R I L L I U M 

C H I M A P H I L A  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S P E C I E S M A X f. U M  f'1 A X F A C  

I" A C U L A T A  4 
M A C U L H A  <, 1 

V I R G l '< I A N IJ M  9 !' 
V I R G I <i ! A N A  4 2 
A P A R I >: F  2 2 
T R  I F  L O R U M  ? 3 

V U L G A R I S 3 1 

L U T E U ,.  .! 3 

H I R S U T U L A  1 1  4 
P L A T Y N F U R C N  4 5 
V I R G i r\ l A N U M  7 2 
R E T R O  f L E  X I, 1 ' 5 

R U G O S L: M  2 

V I R G I N I A N �  3 2 

A P A R I N E  ::: 3 
C A 'I A D E N S E 3 1 

L U T E U M  ? 2 

H I R S U T U L A  .., 1 

P L A  T Y N E U R  O N  7 1 0  

V I R G I N I A N U M  1 1  6 
V I R G I N I A N �  3 2 

A P A R I N E  6 4 

C A N A D E N S E 1 1 
T R I P H Y L L U "'  ? 7 

D I P H Y L L A  3 2 
C I R C A E Z A N �  7 7 

A C R O S T I C H C1 1 D E S  1 5 
C A "' A D E N S I S  1 5  1 r 
P U B  E R A  3 2 
L U T E U M  4 7 

T R  I P H Y L L U '' 1 h  6 

D I P H Y L L A  � 2 

H E X A G O N O P T F R A  6 6 
L U T E  U l!  5 6 
T R I P H Y L L U "'  2 1  7 

L U T E U M  1 2 
P A C H Y P O D A 6 1 4  

T R I P H Y L L U M 1 2  'i 
V I R G i r-. I A N U M  1 4 

L U T E U M 1 2 
T R  I P H Y L L U 'I  2 3  7 

A R I F O L I A  2 3 

T R I P H Y L L U M  4 4 

D I P H Y L L A  6 2 

L U T E U M 3 2 
M A C U L A T A  ') 1 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L G  C = 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O R S L I N f  P L O T  S U B  G E N U S  S P E C I E S  !I! A X N U M  M A X F A C  

3 2 3 1 1  1 3 C H I M A P H I L A M A C U L A T A  1 ' 1 
3 2 4  1 1  2 1 A S P L E N I U I" P L A T Y N E U R O N  1 3 
3 2 5  1 1  2 1 B O T R Y C H I U M V 1 R G P H  A 'l UI'! 1 1 
3 2 6  1 1  2 1 C A R  E X  R E T R O F L E X A 1 7  5 

3 2 7  1 1  2 1 D E N T II R I A  L A C I N I A T A  1 1 

3 2 B  1 1  2 1 E U P A T O R I U M  R U G O S U M  4 2 
3 2 9  1 1  2 1 G A L I U M  A P A R I N E 1 1 

3 3 r  1 1  2 1 H E X A S T Y L I S  A R I F O L I A  2 2 
3 3 1  1 1  2 1 S E D U M  T E R N A T U M  p 3 
3 3 2  1 1  2 2 A S P L E N I U I" P L A T Y N E U R O N 1 1 

3 3 3  1 1  2 2 G A L l  U "l  A P A R I N E  i' 3 
3 3 4  1 1  2 2 H E X A S T Y L I S  A R I F O L I A  � 4 

3 3  s 1 1  2 2 M I C R O S T E G F U M V I M I N E U M 4 n 

3 3 6  1 1  2 2 R A N U N C U L U S  R E C U R V A T U S  1 1 

3 3 7  1 1  2 2 T R I L L I U M  L U T E U M 1 1 

3 3 �  1 1  2 2 T R I L L I U M  V A S E Y I I  1 1 

3 3 9 1 1  2 3 A S P L E N I U M P L A T Y N E U R O N  5 8 
3 4 i : 1 1  2 3 'l O T R Y C H i lJ M  V I R G I N I A N IJM 7 2 -
3 4 1 1 1  2 3 C A R  E X  D I G I T A L I S  2 1 

3 4 2  1 1  2 3 C A R  E X  R E T R O F L E X A  2 2 

3 4  3 1 1  2 3 D E N T A R I A  L A C I N I A T A  7 1 
3 4 4  1 1  2 3 E U P A T O R I U M R U G O S U M  1 1 
3 4  5 1 1  2 3 G A L I U M A P A R ! N E  4 2 

3 4 6  1 1  2 3 G f Uflll C A N A D E N S E 2 1 

3 4  7 1 1  2 3 L A P O R T E  A C A N A D E N S I S  r; 7 
3 4 8  1 1  2 3 '1 I C R O S T E G E U M  V I M I N E U M f.., 2 

3 4 9  1 1  2 3 R A N U N C U L U S  R E C U R V A T U S  1 
3 5 :· 1 1  2 3 T I A R E L L A  C O R D I  F O L I A  1 

3 5 1  1 1  2 3 T R I L L I U M  L U T E U M 3 3 
3 5 2  1 1  3 1 A C T A E A  P A C H Y P O D A 1 2 

3 5 3  1 1  3 1 � R I S A E M A  T R I P H Y L L U M 5 3 

3 5 4  1 1  3 1 D E N P R I A  D I P H Y L L A  2?. 1 (;  

3 5 5  1 1  3 1 G A L l  LI M A P A R I N E  1 2 

3 5 6  1 1  .3 1 L A P O R T E /I  C A N A D E N S I S  6 1 7 
3 5 7  1 1  3 1 S Mj G U I N A R I A C A N A D E N S I S  7 4 

3 H  1 1  3 1 T R I L L I U M  L U T E U M 1 

3 5 9  1 1  3 1 T R I L L I U M V A S E  V I I  4 

3 6 •  1 1  3 2 A C T A E A  P A C H Y P O D �  4 

3 6 1  1 1  3 2 f. R I S � E M A  TR I P H Y L L U M  3 2 

3 6 2  1 1  3 ? C\ E N T � R I A  D I P H Y L L A  1 7 6 
.3 6 3  1 1  3 t'. S n N G ll l N A U A  C A � A D F N S I S  1 

3 6 4  1 1  3 ? T R I L L I U M V A S E Y  I I  z 
3 6 "  1 1  3 3 A C T A F A  P A C H Y P O D '  2 

') 6 6  1 1  3 3 A I H M O N E L L A  T H A L I C T R 0 I D F S  

3 6 7  1 1  3 7 � R I S A E I'I A T R  I P H Y L L ! ' M  4 2 ..) 
3 6 8  1 1  3 3 D E N T I\ R I A  D I P H Y L L A  3 1  1 3  
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L t; C = 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O H S  L I N E P L O T  S U !3  G PW S  S P E C I E S  M � X N I I M  "" A X F � C  

3 6 9  , 1 3 3 S T E L L A R I A  P U B  E R A  1 1 
3 7 �  1 1  3 3 T H E L Y P TI' R I S H f X A G O N O P T E R A  4 5 
3 7 1 1 1  3 3 T R I L L I U M  L U T E  l i M  1 � 
3 7 2  1 1  3 3 T R I L L I U M  V A S E Y I I  4 2 
3 7 3 1 1  4 1 P \l L  Y S  T I  C � U M A C R O S T I C H O ! O E S  , 4 
� 7 4  1 1  4 1 T R I L L I U M L U T E U M 1 1 
3 7 5  1 1  4 2 A N E M O N E L L A  T H A L I C T R O I D E S  2 2 
3 7 6  1 1  4 2 A O T R Y C H I U M V I R G I '-o J A fl U M  1 1 

3 7 7  1 1  4 t! D 1 S P :> R U M  L A N U 0 J N O S U M  2 2 
3 7 8  1 1  4 2 L .A f O R T E A  C A "< A D F "< S I S  3 2 
3 7 9 1 1  4 2 S M I L II C I N A R A C E M O S A  1 2 
3 8 ,  1 1  4 3 P N E M O t-I E L L A  T H A L  I C T R ( ' I D E S  1 2 
3 1' 1 1 1  4 3 B O T R Y C H J U "1 V I R G I N I A t: UM 1 ?. 
3 8 2  1 1  4 3 D I S P O R U M L A "< U G I N O S UM 1 5 
3 R 3  1 1  4 3 S M I L A C I N A R A C H O S A  1 1 

3 8 4 1 2  1 1 • c T A E A  P A C H Y P O D A  � 6 
3 H S  1 2  1 1 D E N T  A R I A  L A C I � J A T A  <' 4 ( 
3 8 6  1 2  1 1 F R Y T H R O N  I U M A M E R I C A N U M 5 3 C  
3 8 7  1 2  1 1 G A L I U M A P A R l N E  ? 2 
3 8 &  1 2  1 1 G E U M  C A N A D E N S F  (! � 
3 8 9  1 2  1 1 H Y D R O P H Y L L U M "' A  C R O P H Y L L U M  7 2 J  
3 9  i 1 2 1 1 J F F F E R S O 'i i A  D l  P H Y L L A  2 
3 9 1 1 2  1 1 T R I L L I U M L U T E U M � 1 1 -: 

3 9 2  1 2  1 1 T R I L L I U M  V A S E Y I I  1 2 
3 9 3  1 2  1 2 A R I S A E "' A T R I P H Y L L U M  5 2 
3 9 4  1 2  1 2 R O T R Y C H I L M  V I  R G I N I A t> UM 1 2 
3 <,1 5  1 2  1 2 D E N T  A R I A  D I P H Y L L A  1 1  1 "  
3 9 6  1 2  1 2 ll E N T A R I II  L A C I  ... I A T A  1 1 

3 9 7  1 2  1 2 G A L I U M  A P A R I N f 2 2 
3 9 �  1 2  1 2 H Y !l R O P H Y L L U M I'I A C R C P H Y L L U M  1 2 4 5  
3 9 9  1 2  1 t! J E F F E R S O N I A  D I P H Y L L A  1 1 
4 C U  1 2  1 2 L A P O R T E  A C A N A D E N S T S  1 J 7 
4 ::1 1  1 2  1 2 R A N U N C U L U S  A B O R T I V U S  1 1 
4 G 2  1 2  1 ;> T R I L L I U M L U T E lJ M  8 !' 
4 0 3 1 2  1 3 A R I S A E M A  T R I P H Y L L U I'I 6 4 
4 0 4  1 2  1 3 C A U L (I P H Y L L lJ M  T H A L I C T R 0 I D E S  , 1 
4 r s  1 2  1 3 D E t H A R I A  L A C I "< I A H  5 1  1 C' 
4 0 6  1 2  1 3 G A L I U "' A P A R I N E  3 3 
4 fJ 7  1 2  1 3 H Y D R O P H Y L L U M  I'I A C R O P H Y l L U M  1 1  3 3  
4 J 8 1 2  1 3 L A P O R T E A  C A N A D E N S I S  5 3 
4 ' 1 9  1 2  1 3 T R I L L I U M L U T E U M 5 4 
4 1 G  1 2  1 3 T R I L L I U I'I V A S E Y  I I  2 4 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O fl S  L I N E  P L O T  S U B  G E N U S  S P E C I E S  M A X N I I M  M A X F A C  

4 1 1  1 1 1 A M P H I C A R P A A R A C T E A T A  1 

4 1 2  1 1 1 D A N T H O N I A  S P I C P T A 1 r 
4 1 3  1 1 1 G A L  1 U M  T R I F L O R U M  3 1 

4 1 4 1 1 1 G E U M  V I R G I N I A "l Uflll 1 1 

4 1 5  1 1 1 S E N E C I O  S M A L L !  I 2 1 

4 1 6  1 1 1 S I L D H I U M T R I F 0 L l  A T  U M  2 2 

4 1 7  1 1 1 V E R B E S I N �  O C C J D E N T A L I S  1 2 

4 1 8  1 1 1 V I O L A  H I R S U T U L A  3 2 
4 1 9  1 1 2 F R A G A R I A  V I R G I N I M: - 4 2 

4 2 C  1 1 2 G A L l U M  A P A R I N E  2 1 

4 2 1  1 1 2 P R U N E L L A  V U L G A R I S  3 1 

4 2 2  1 1 � S A N l C U L A  C A N A D E N S I S  2 1 

4 2 3  1 1 2 V E R " E S I N A O C C I D E N T A L I S 1 'J 

4 2 4  1 1 2 V I O L A  H I R S U T U U  3 2 

4 2 5  1 1 3 A M P H I C A R P A A R A C T E A H  2 1 

4 2 6 1 1 3 F R A G A  R I A  V I R G I N I A "l A  3 2 

4 ? 7  1 1 3 P A N I C U M  L A  N U G I N 0 S U M  1 1 

4 2 8  1 1 3 S F N E C I O  S M A L L  I I  1 3  6 
4 2 9 1 1 3 S I L P H I U � T R I F C L I A T U M 2 1 

4 3 [)  1 2 1 A M P H I C A R P A B R A C T F. A T A  6 1 

4 3 1  1 2 1 E U P H O R B I A  C O R O L L A H  2 1 

4 3 2  1 2 1 L E S P E D E Z A  P R O C U M B E N S  1 1 

4 .3 3  1 2 2 L E S P E D E Z A  P R O C LI M B E N S  1 3 
4 3 4  1 2 2 P A N  I C U M  L A X I F L O R U M 9 3 

4 3 5  1 2 2 S I L P H I U fll T R I F O L I A T UM 2 2 

4 � 6  1 2 3 A S T E R  P I L O S U S  1 r 
4 3 7  1 2 3 D A N T H O N I A  S P I C H A 1 1 

4 3 8  1 2 3 S A N I C U L A  C A N A D E N S I S  1 1 

4 3 9  1 2 3 V E R Y E S U . A  O C C I D E N H L I S  1 1 

4 4 0  1 2 3 V I O L A  H I R S U T U U  ? 1 

4 4 1  2 1 1 F R A G A R I A  V I R G I N I A N A  1 

4 4 2  2 1 1 P A N I C U flll L A X I F L O R U M 1 

4 4 3  2 1 1 P O L Y G O N � T U I'I  B I F L IJ R U M  0 
4 4 4  2 1 1 S M I L A C I N A  R A  C EI'� O S A  4 2 

4 4 5  2 1 2 G A L I U M C I R C A E Z A N S  2 1 

4 4 6  2 1 2 P A N !  C U M  L A X I  F L O R U M  1 1 

4 4 7  2 1 2 P O L Y G O N  q u M  B I F L C R U M  1 1 

4 4 8  2 1 2 IJ V U L A R I A  P E R F O L I A T A  7 2 
<t 4 9  2 1 3 P A N I C U "'  L A  X I FL O R  U M  5 3 

4 5 ' 2 1 3 P O L Y GO N  q u M  B I F L O R U M  1 1 

4 5 1  " 1 3 U V U L A R  I A  P E R f. J L I A  f A  ? 2  1 r  
4 'i ?  2 2 1 D E S M O D i lJ M V I R I D I F L �' R U M  z 
4 5 3  2 2 1 [, A L I U M T R  I F  L O R U IO  

4 5 4  2 2 1 � H R  Y "'  A L E P T C S T A C H Y A  1 
4 5 5  2 " 1 S A N l C U L A  C A N A D E N S I S  , 
4 5 6  2 ? , V I O L A H I R S U T U L �  4 2 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = �  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T S U B  G E N U S  S P E C I E S M A X t--. U "'  M II X F A C  

4 5 7  2 2 2 G A L l  U M  C I R C A E 7 A N S  1 0 
4 5 C'  2 2 2 P A N I C U"l L A X I F L O R U �  1 1 

4 5 9  2 2 3 A f_, P H I  C A R P A  B R A C T F A T A  1 1 

4 6  'J 2 2 3 A S  T E �  C O � D I F O L l t i S 2 1 

4 6 1  2 2 3 G E R A � I U M  C A R O L I N I A N U M  -.: 1 

4 6 2  2 2 3 P A N I C U M L A X I F L O R U fl'  2 1 

4 6 3  2 2 3 S M I L A C I N A  R A C E M O S A  1 1 
4 6 4  2 2 3 V I O L A H I R S U T U L A  2 1 

4 6 5  2 3 1 A N E M O N E  V I R G I N  l A N A  3 1 

4 6 6  2 3 1 A N E M O N E L L  A T H A L I C T R O I D E S  3 1 

4 6 7  2 3 1 A S T E R  C O R D I  F O L I U S 5 c; 

4 6 b  2 3 1 C A R D  N I G R O M A R G I N A T A  4 1 

4 6 9  2 3 1 D E S I''I'J D I U I" P A N I C U L A T U I'I  1 1 

4 7 �  2 3 1 G A L I U M C I R C A E Z A N S  2 1 

4 7 1  2 3 1 P A 'l i C U M L A X I F L O R U M  4 1 

4 7 2  2 3 1 P O L H O N A T U M  B I F L O R U M  1 c 
4 7 3  2 3 1 S A N I C U L A  C A N A D f N S I S  3 1 

4 7 4  2 3 1 S C U T E L L A R I A  P A R V U L A  5 1 

4 7 5 2 3 1 S M I L A C I N A  R A C E M O S A  1 1 

4 7 6  2 3 2 A M P H I C A R P A  B R A  C T E A T A [1 
4 7 7  2 3 2 A R A B  I S  L A E V I G A T A  1 

4 7 �  2 3 2 A S PL E N I U I" P L A T Y "l E U R O N  c 
4 7 9  2 3 2 A S T E R  C O R D I F O L I U S 1 

4 8 '  2 3 2 C A R E X N I G R O ., A R G I N A T A  3 4 

4 !S 1  2 3 2 G A L I U M  C I R C A E Z A N S  2 0 
4 8 2  2 3 2 P A � I C U M  L A X I F L O R U "'  4 2 

4 8 3  2 3 ? S I L P H I UM T R I F O L I A T UM 3 1 

4 8 4  2 3 3 A N E I'I iJ N E  V I R G i l'>  l A N A  7 ? 
4 8 5  2 3 3 A N E M O N E L L A  T H A L l  C T R O I  D E S  4 1 

4 8 6  2 3 3 A S T E R  C O R D I F O L I U S 5 3 

4 8 7  2 3 3 C A R  E X  N l r. R O M A R G I N A T A  4 2 

4 8 1>  2 3 3 D E S M O D I U M V I R I D I F L O R U M f, 9 

4 8 9  2 3 3 G E R A N I U M M A C U L A  T U M  1 1 

4 9 f' 2 3 3 O X A L J S  V I O L A  e t A 1 1.) 
4 9 1  2 3 3 P A N I C U M L A X  I F L O R U .,  2 n 
4 9 ?  2 3 3 P O L Y G O N A T U M B I F L O � U M 3 1 

4 9 3  2 3 3 S M I L A C I N A  R A C E "' O S A  1 1 

4 9 4  2 4 1 A G R I M O N P  P U B E S C E N S  3 2 

4 9 5  2 4 1 A I'I P H I C A R " A  B R A C T f A T A  4 2 

4 9 6  2 4 1 A l\j E I'I O N E  V I R G I N I A N A  6 2 

4 9 7  2 4 1 A S T E R  C O R D I F O L I U S  2 1 

4 9 e  2 4 1 G A L I U M C I R C A E Z A N S  5 1 

4 9 9  2 4 1 P A N  I C U M L A X I F L O R U I"  1 2 

5 0 0  2 4 1 P H R Y M A  L E P T O S T A C H Y A  1 1 

5 0 1  2 4 1 S A N I C U L A  C A N A D E � S I S  3 1 

5 0 2  2 4 1 U V U L A R I A  P E R F O L I A T A  6 2 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E P L O T  S U B G E N U S  S P E C I E S M A X N U M  M A )( F A C  

5 :' 3  2 4 1 V I O L A H I R S U T U LA 4 
., 

5 C 4  2 4 2 A S T F R C O R D I F O L  l U S  2 1 

5 P 5  2 4 2 P O T R Y C H I U M  V I R G I N I A "J U M  ., ,_ 1 

5 [; 6 2 4 2 G A L  I U l'l  C I R C A E Z A N S 2 ., 
5 C' 7  2 4 2 S A N I C U L A  C A N A D E N S I S  3 

., '· 
5 [' 8  2 4 2 V I O L A  H I R S U T U L A 1 1 

5 n 9 2 4 3 A G R I M O N I A  P U B E S C E N S  1 
., 

5 1 0  2 4 3 A R A R I S L A E V I G A T A 1 2 

5 1 1  2 4 3 A S H  R C O R D I F O L I U S 1 1 

5 1 2  2 4 3 G A l I liM C I R C A E Z A N S  3 1 

5 1 3  2 4 3 P O L Y G O N A T U M  B I F L O R U M  2 1 

5 1 4  2 4 3 S A L V I A  L Y R A T A 1 1 

5 1 5  2 4 3 S AN I C U U C A N A D E N S I S 2 1 

5 1 6  2 5 1 A M P H I C A P P A  B R A C T E A T A  5 3 

5 1 7  2 5 1 A t-i E M O N E  V I R G I N I A 'I A 1 1 

5 1 8  2 5 1 A S T E R  C O R D I F O L I U S 4 3 

5 1 9  2 5 1 G A L I U M C I R C A E Z A N S  5 1 

5 2 r  2 5 1 H E P A T I O  A M E R I C A N A  2 3  2 G  
5 2 1  2 5 1 P R E N A N T H E S  A L T I S S I J V 1 1 

5 2 2  2 5 1 S A N I C U L A  C A N A D E N S I S  c 1 

5 2 3  2 5 1 S M I L A C I N A R A C F "'' O S A  1 3 
5 2 4  2 5 1 U V U L A R  I A  P E P F O L I A T A  6 2  4 2  

5 ? 5  2 5 2 A S P L E N I U M  P L A T Y N E U R O N 1 1 

5 2 6  2 5 2 C A R E X  D I G I T A L I S  1 2 

5 2 7  2 5 2 G A L I U M C I R C A E Z A 'I S  2 1 

5 2 8  2 5 2 H E P A T I C A  A M E R I C A N A 7 3 

5 C: 9  2 5 2 H E X A S T Y L I S  A R J F O L I A  1 

5 3 f 2 5 2 M E L I C A  M U T I C A 2 

5 3 1  2 5 2 P H L  0 X D I V A R I C A T A  3 

5 3 2 2 5 2 P H R Y M A  L E P T O S T A C H Y A  1 1 

5 3 3  2 5 2 P R E N A N T H S S E R P E N T A R I A  1 1 

5 3 4  2 5 2 S M I L A C I N A  R A C E '" O S A  2 2 

5 3 5  2 5 2 U V U L A R  I �  P E R F O L I A l A  5 1:1  4 C  

5 3 6  2 5 2 V I P U � N U M  C A S S I N O !  D E S  1 

5 3 7  2 5 2 V I C  I I\  C A R O L  I N  l A N A 1 1 

5 3 8 2 5 3 A f'I P f! I C A R P A B R A C T E A T A 3 1 
5 3 9 2 5 3 A S T E R C O R D I F O L I U S 4 3 

5 4 ·, 7. ') 3 C A R F X D I G I T A L I S 1 1 
5 4 1  2 5 3 G A l l U M  C I R C H Z A 'J S  1 [ 
5 4 2  2 5 3 G E R II N -I U ,. M A C U L A T U �1 1 1 

5 4 3  2 � 3 H E P A T I C A  A I"'E R  I C A N A  1 7 1 0 
5 4 4  2 5 3 P A N I C U I'I L A X I  F L O P  l i M  ? 1 

5 4 5  2 5 3 P H R Y � A L E P T C S T A C H Y A  1 I •  
5 4 6  2 5 3 P O L Y G O N  • T U �i R l  F L (l R U M  ;> 
5 4 7  2 5 3 S M I L A C I I\ A R A C E " O S A 2 3 

5 4 1!  2 '; 3 U V U L A R  I A  P E R F O L I A T A 'i 1 H 
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Appendi x  A (conti nued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N F  P L O T  S U B G F "' U S  S P H  I E S M A X N U M  M A X F A C  

5 4 9  2 r; 3 V I O L A  H I R S U T U L A  1 

s s e  2 6 1 A M P H I C A R I' A  B R A C T E A T A  1 
5 5 1  2 6 1 A N E M O "' E  V I R G I N I JI N A  3 

5 5 2  2 6 1 C H R Y S A N T H E M U M  L E U C A N T H E M U M  2 

5 5 3  2 6 1 F R A G A R I A  V I R G I N I A N A 4 

� 5 4  2 6 1 H E X A S T Y L I S  A R I F O L I A  1 0 

5 5 5  2 6 1 L E S P E D E l.A  P R O C U M B l N S 6 4 

5 5 6  2 6 1 P A N I C U M L A N lJ C, I N O S U M  1 1 

5 5  7 2 6 1 P A N  ! C U M  L A X  I F L O  R U M .., 3 

5 5 8  2 6 1 P H R Y '! A  L E P T O S T A C H Y A  1 1 

5 5 9  2 6 1 S C L F R I A  T R I G L O I'I E R A T A  2 1 

5 6 ') 2 6 1 S P I G E L I A  M A R I L A N D I C A  1 1 

5 6 1  2 6 2 A M P H I C A R P A  B R A C T E A T A  1 2 4 

5 6 2  2 6 2 A N E M O N E  V I R G H I I A N A  2 1 

5 6 3  2 6 2 C A R f X  D I G I T A L I S  2 3 

5 6 4  2 6 2 D A N T H O N I A  S P H A T A  1 2  2 

5 6 5  2 6 2 F R A G A R I A  V I R G I N I A N A 1 1 

5 6 6  2 6 2 H E P A T I C A  A M E R I C A N A 2 2 

5 6 7  2 6 2 H E X A S T Y L I S  A R I F O L I A  1 1 

S 6 o  2 6 2 L O B E L I A  S P I C A T A  2 n 
5 6 9  2 6 2 M E L I C A  M U T I C A  5 2 

5 7 r. 2 6 2 P A N I C U M L A N U G I N O S U M  1 1 

5 7 1  2 6 2 P A N I C U M L A X I F L O R U M 2 1 

5 7 2  2 6 2 P O T E N T I L L A  C A N A D E N S I S  ;> 1 

5 7 3  2 6 2 S A N I C  U L A  C A N A D E N S I S .� 1 

5 7 4  2 6 2 S C L E R I A  T R I G L O M t R A T A  1 1 

5 7 5  2 6 3 A N E M O N E  V I R G I N V . N A 1 1 

5 7 6 2 6 3 A S  T E  P C O R rl l F O L I U S  1 1 

5 7 7  2 6 3 G A l l lJ M  C I R C A E Z A N S 1 r 

5 7 8  2 6 3 M E L I C A  M U T I C A  4 1 

5 7 9 2 6 3 P A N I C U M L A X I f L O R U M 2 2 

s a r  2 6 3 P O T E N T  I L L A  C A N A D E N S I S  2 1 
5 8 1  2 6 3 U V U l A R  l A  P E R F O L I A T A 4 2 

5 8 2  2 6 3 V I C T A C A R O L I N I A N A  1 3 

5 8 3  3 1 1 A L L I U M  C E R N LJ U M  R 5 

5 8 4  3 1 1 A M P H I C A R P A  B R A C T E A T A  5 2 

5 8 5  3 1 1 A III E M O N E L L A  T H A L I C T R O I D E S  9 2 

5 8 6  3 1 1 A S T E R  C O R  D I F O L I U S  6 4 

5 8 7  3 1 1 B O T R Y C H I U M V I R G I N !  A N U M  1 0 

5 8 8  3 1 1 G E R A N I U M M A C U L A T U M 2 1 

5 8 9  3 1 1 M E L I C A  I'I U T I C A  2 4 

5 9 0  3 1 1 P A N I C U M L A X I F L O R U M 1 2 

5 9 1  3 1 2 A G R I "! O N J. A  P LJ B E S C E N S  1 1 

5 9 2  3 1 2 A S T E R  C O R D I F O L I U S  1 0 6 

5 9 3 3 1 2 B O T R Y C H I U M V I R G I N I A NU I'I  1 a 
5 9 4  3 1 2 C A R  E X  P L A T Y P H Y L L A  1 1 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S UB G E N U S  S P E C I E S  M A X N U M  I'! A H A C  

5 9 5  3 1 2 G A L I U I'I C I R C A E Z A ti S  1 1 

5 9 6  3 1 2 G A L I U M  T R I F L O R U M  2 0 

5 9 7  3 1 2 G E R A N I U I'I  M A C U L A T U !" 1 1 

5 9 8  3 1 2 M E L I C A  II! U T I C A  6 2 

5 9 9  3 1 2 S M I L A C I N A  R A C E "' O S A  2 1 

6 l• O  3 1 2 U V U L A R  I A  P E R F O L I A T A  s;; 4 

6 [1 1  3 1 2 V I O L A  H I R S U T U L A  , 1 

6 u 2  3 1 3 A M P H I C A R P A  fl R A C T E A T A  5 1 

6 '13 3 1 3 A S T E R  C O R D I F O L I U S 2 2 

6 0 4 3 1 3 B O T R Y C H I U M V I R G I N I A N UI'I 4 1 

6 C 5  3 1 3 O R E X  D I G I T A L I S  1 0 

6 ( 6  3 1 3 G E R A N I U I'I I'! H U L A T U M  3 1 

6 0 7  3 1 3 P A N I C U I'I L A X I F L O R U M 2 1 

6 0 8  3 2 1 A S T F Q  C O R D I F O L I U S 5 2 

6 09 3 2 1 B O T R Y C H I U M  V I R G I N !  A N U M  2 0 

6 1 0  3 2 1 P A N I C U M L A X I F L O R U I'I 3 2 

6 1 1 3 2 1 P H !l Y M A  L E P T O S T A C H Y A  1 1 

6 1 2  3 2 1 S C U T E L L A R I A  I � C A N A  1 1 

6 1 3  3 2 1 S M I L A C I N A R A C E I" O S A  , 1 

6 1 4  3 2 1 T H A L I C T R U M D I O I C UI'! 6 6 

6 1 5  3 2 2 C O N O P H O L I S  A M E R I C A N A  1 1 

6 1 6  3 2 2 P A N I C U M  L A X I F L O R U M 1 1 

6 1 7  3 2 3 R O T R Y C H I U I'I V I R G I N I A N U I'!  1 1 

6 1 8  3 2 3 P H L O X  D I V A R I C A T A  2 2 

6 1 9  3 2 3 S M I L A C I N A  R A C E I'I O S A  6 1 

6 2 0  3 2 3 U V U L A R I A  P E R F O L I A T A  3 1 

6 2 1  3 3 1 A S T E R  C O R D  I F O L I U S  6 4 

6 2 2  3 3 1 G A L I U l"'  C I R C A F Z A N S  1 J 
6 ? 3  3 3 1 H E P A T I C A  A M E R I C A N A  5 4 

6 2 4  3 3 1 P A N  I C U M  L A X I F L O R U I'I ? 1 
6 2 5 3 3 1 P O T E � T I L L A  C A N A D E N S I S  1 1 

6 2 6  3 3 1 U V U L A R  I A  P E R F O L I A T A 4 5  2 1  

6 2 7  3 3 1 V E R ? E S I N A O C C I D E N T A L I S  1 1 

6 2 8  3 3 2 H E P A T I C A  A M E R I C A N A  2 2 

6 2 9  3 3 2 U V U L A R  I A  P E R F O L I A T A  3 3  1 0 
6 3 " 3 3 3 A S T E R  C O R D I F O L I U S 1 1 

6 3 1  3 3 3 A S T E R  S I M P L E X  1 c 
6 3 2  3 3 3 S M I L  A C  I N A  R A C E M O S A  1 1 
6 3 3  3 3 3 U V U L A R  I A  P E R  f( l l l A T A  2 9  1 2 

6 3 4  3 4 1 A S P L E N I U M  P L A T Y N E U R O N  1 2 

6 3 5  3 4 1 P Q T R Y C H I U M  V I R G I � I A N U M  6 2 

6 3 6  3 4 1 G A L I U M C I R C A E Z A N S  1 1 

6 3 7  3 4 1 P A N I C U M  L A X I F L O R U M  3 1 
6 3 8  3 4 1 P H R Y M �  L E P T O S T A C H Y A  

, 
1 < 

6 3 9  3 4 1 P O L Y G O N  H U M  B I F L O R U M  3 2 
6 4 C  3 4 1 P O T :O N T I L L A  C A N A D E N S I S  1 

r; 6 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L C C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  

O R S  L I N E P L O T  S U B G E N t i S  S P E C I E S  M A X N lJ M  M A X F A C  

6 4 1  3 4 1 U V U L A R  I A  P E R F O L I A T A  3 .3 
6 4 2  3 4 2 R O T R Y C H I U M V I R G I N I A N U I'I  1) 1 
6 4 3  3 4 2 P A N J C U M  L A X I F L O R U M 3 1 
6 4 4  3 4 2 P HR Y M A L E P T O S l A C H Y A  1 1 

6 4 5  3 4 2 P O D O P H Y L L U M P E L T  A TU M 1 2 

6 4 6  3 4 2 P O L Y G O N  A T U M  B I  F l O � U M  9 3 

6 4 7  3 4 ? P O T E N T I L L A  C A N A D E N S I S  fl 4 

6 4 8  3 4 2 S A N I  C U L A  C A N A D E N S I S  7 1 

6 4 9  3 4 2 S M I L A C I N A R A C E M O S A  1 2 
6 5 0  3 4 2 U V U L A R  I �  P E R F O L I A T A  9 3 

6 5 1  3 4 3 A l l I U M C E R N U U M  3 3 

6 5 2  3 4 3 A S T E R  C O R D I F O L J U S  1 1 

6 5 3  3 4 3 P A N  I C U M L A X I F L O R LJ I'I  1 1 
6 5 4  3 4 3 P O H N T I L L A  C A N A D E N S I S  1 "  4 

6 5 5  3 4 3 S M I L A C I N A  R A C E M O S A  1 2 

6 5 6 3 4 3 U V U L A R  I A  P E R F O L I A T A  1 5 4 

6 5 7  4 1 1 A M P H I C A R P A  B R A C T E A H  4 2 

6 5 8  4 1 1 A N E I'I O N E V I R G I N I A N A  1 1 

6 5 9 4 1 1 A O T R Y C H I U M V I R G I N I A N U I'I  3 2 

6 6 G  4 1 1 G A L I U M C I R C A E Z A N S 2 1 

6 6 1  4 1 1 H E X A S T Y L I S  A R I F O L I A  2 2 

6 6 2  4 1 1 P A N  I C U M  L A X  I F L O R I I M  1 1 

6 6 3  4 1 1 P H L O X  D I V A R I C A T A  4 2 
6 6 4  4 1 1 P H R Y M A  L E P T O S T A C H Y A  1 1 
6 6 5  4 1 1 S A N I C U L A  C A N A D E N S I S  2 

6 6 6  4 1 1 S M I L A C I N A  R A C E M O S A  1 1 

6 6 7  4 1 1 T H A L I C T R U JIII D I O I C U M  2 1 
6 6 8  4 1 1 U V U L A R  I A  P E R F O L I A T A  8 2 
6 6 9  4 1 1 V E R B E S I N A V I R G I N I C A  1 1 
6 7 0  4 1 2 A S T E R  C O R D I F O L  I U S 1 1 
6 7 1  4 1 2 H E P H I C A A M E R I C A N A  1 2 
6 7 2  4 1 2 P H L O X  D I V A R I C A T A 2 1 
6 7 3  4 1 2 S M I L A C I N A  R A C E M O S A  1 1 
6 7 4  4 1 2 T R I L L I U M L U T E  U M  1 1 

6 7 5  4 1 2 V I O L A  H I R S U T U L A  1 1 
6 7 6  4 1 3 B O T R Y C H I U � Vl R G I N I A ' WM 1 1 

6 7 7  4 1 3 G A L  I U M  C I R C A E Z A N S  1 " 

6 7 8  4 1 3 P HL O X  D I V A R I C A T A  6 3 
6 7 9  4 1 3 P H R Y M A  L E P T O S T A C H Y A  2 1 

6 8 C  4 1 3 S M I L  A C  I N A  R A C E M O S A  3 4 

6 8 1 4 1 3 T H A L I C T R U M  D I O I C U M 1 1 
6 8 2  4 1 3 U V U L A R  I A  P E R F O L I A T A  9 3 

6 8 3  4 2 1 A G R I I'I O N I JI  P U B E S C E N S 2 1 
6 8 4  4 2 1 C H H I A P H J L A M A C U L A T A  3 2 

6 8 5  4 2 1 O X A L I S  V I O U C E A  2 ' ·  
6 8 6  4 2 1 P A N  I C U M L A X J F L O R U M 1 
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Appendi x  A (conti nued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S U B  G E N U S  S P E C I E S M A X N U M  lf! A X F  A C  

6 8  7 4 2 1 P O D O P H Y L L U M P E L  T A T U M  ( 5 

6 8 E  4 2 1 S II! I L A C I N A  R A C E M O S A  3 2 

6 8 9  4 2 1 U V UU R I A  P E R  F O L I  A T A 1 1 

6 9 ('  4 2 2 A S T E R  C O R D H O L I IJ S  1 1 

6 9 1 4 2 2 C H I IIl A  P H  l l  A M A C U L A T A  1 1 

6 9 2  4 2 2 O X A L I S  V I O L A C E A  2 0 

6 9 3  4 2 2 P O DO P H Y L L UM P E L  T A T UM s 1 8  

6 9 4  4 2 2 S f'I I L A C I N A  R A C E M O S A  1 1 

6 9 S  4 2 2 U V U L A R I A  P E R F O L I A T A  6 3 

6 9 6  4 2 3 A S T E R  C O R D J F O L I U S 1 1 

6 9 7  4 2 3 A S T E R  S I M P L E X  2 2 

6 9 8 4 2 3 B O T R Y C H I U M V I R G I N I A N U!fl 1 1 
6 9 9  4 2 3 C H I I'I A P H I L A  M A C U L A T A  2 1 

7 0 0  4 2 3 G A l l  U M  C I R C A E Z A N S  2 0 

7 0 1  4 2 3 P H R Y M A  L E P T O S T A C H Y A  1 1 

7 0 2  4 2 3 P O D O P H Y L L UM P E L  T A T U M  � 8 

7 0 3  4 3 1 A M P H I C A R P A  B R A C T E A T A  1 1 

7 0 4  4 3 1 P O D O P H Y L L U M  P E L  T A T U M  3 1 0  

7 0 5  4 3 1 V E R B E S I N A  O C C I D OH A L I S  1 1 

7 0 6  4 3 2 G A l l  l i M  C I R C A E Z A N S  "3 1 

7 0 7  4 3 2 P O D O P H Y L L U M  P E L T  A T U M  1 4 

7 0 8  4 3 2 P O L Y G O N A T U M  B I F L O R U III 1 c 

7 0 9  4 3 2 U V U L � R I A  P E R F O L I A T A  4 2 

7 1 0  4 3 2 V E R B E S I N A  O C C  I D E N  T A L I S  2 1 

7 1 1 4 3 2 V I O L A H I R S U T U L A  1 1 

7 1 2 4 :s 3 B O T R Y C H I U I'! V I R G I N I A N U M 1 1 

7 1 3 4 3 3 P H R Y M A  L E P T O S T A C H Y A  2 1 

7 1 4 4 3 3 S M I L A C I N A  R A C E M O S A  ;;> 2 

7 1 5 4 3 3 U V U L A R  I A  P E R  F O L I A T A  1 1 

7 1 6  4 4 1 A M P H I C A R F A  B R A C T E A T A  5 1 

7 1 7  4 4 1 A N E M O N E  V I R G i t-. I A N A  4 3 
? H I  4 4 1 A S T E R  C O R D I F O L I I I S  , 4 1 0  

7 1 9  4 4 1 C A R  E X  D I G I T A L I S  1 1 

7 2 �  4 4 1 C A R E X  N I G R O M A R G I N A T A  3 1 

7 2 1  4 4 1 F R A G A  R I A  V I R G I N I A N �  1 1 

7 2 2  4 4 1 G A L I U M  C I R C A E Z A N S  ? n 
7 2. 3  4 4 1 L E S P E D E Z A  P R O C U M R E N S  4 1 

7 2 4  4 4 1 P A N I C U M  L A X I F L O R U M 1 5 5 
7 2 5  4 4 1 R U D B f C K I A  H I R T A , 0 
7 2 6  4 4 1 S C L E R I !\  T R I G L C M E R A T A  1 

7 2 7  4 4 1 V I OL A  H I R S U T U L A  1 

7 2 8  4 4 2 � M P H I C A R P A  B R A C T E A T A  � 2 

7 2 9  4 4 2 � N E M O N E  V I R G I 1'< 1 A N II  .� 1 
7 3  4 4 2 &. S T E ll  C O R D I F O L J L1 S  H 1 1  

7 3 1 4 4 2 H O T R Y C H I U M V I R  G H: I A N  U M 3 1 
7 3 2 4 4 2 F R A G A R I A V I R G I \ I A N A 2 1 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = Z  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O b S L I N E  P L 'l T  S U H  G E N U S  S P E C I E S  M � X N U M  M A X F A C  

7 3 3 4 4 2 G A L I U I'I  C I R C A E Z A 'i S  4 1 

7 3 4  4 4 2 G A L I U M T R  I F L O R ll o'l 1 6 ? 
7 3 'i  4 4 2 H E L l  � N TI ' U S  H I R S U T U S  1 1 

7 3 6  4 4 2 R U D H E C K I A  H I R n 1 0 
7 31 4 4 2 S � N I C U L � C A N A D E N S I S  ? 1 

7 � 8  4 4 2 S E N � C I O  S M A L L  I I  1 1 

7 3 9  4 4 2 V I O L � H I R S U T U U  3 1 

7 4  (i 4 4 3 A M P H I C A R P A  B R A C T E A T A  5 3 

7 4 1 4 4 3 A N E M O N E  V I R G I N I A t\ A  5 ? 
7 4 2  4 4 3 A S H R C O R D I F O L I U S 7 3 

7 4 3  4 4 3 f"l O T R Y C H I U M V I R G I N I A rJ U M  2 1 

7 4  4 4 4 3 F R A G A R I A  V I R G I N I A I\ A  2 1 

7 4 5  4 4 3 G AL ! U M  C I R C A E Z A N S  1 8 
7 4 6  4 4 3 L F S P E D E Z A  P R O C IJ M B E N S  3 2 

7 4 7  4 4 3 P OT E N T I L L A  C A N A D E N S I S  1 1 

7 4 8  4 4 3 R U D ii E C K I A  H I R T A  1 0 

7 4 9 4 4 3 S A N I C U L A  C A N A D E N S I S  5 1 

7 5 'J  4 4 3 S M I U C I N A R A C E M O S A  2 1 

7 5 1  4 4 3 V I O L A  H I R S U T U L A 1 1 

7 5 2  5 1 1 G �l I U M  C I R C A E Z A �J S ? 1 

7 5 3  5 1 1 G OO D Y E R A  P U B E S C E N S  2 1 

7 5 4  5 1 1 P E N S  T E M O N  L A E V I G A T U S  1 1 

7 5 5  5 1 1 P O L Y G O N A T U fll B I F L O R U M  1 1 

7 5 6  5 1 1 V I O L  A H I R S U T U U  3 1 

7 5 7  5 1 2 A M P H I C A R P A  B R A C T E A T A  5 2 

7 � 8  5 1 2 G A L I U M C I R C A E Z A '4 S  1 0 
7 5 9  5 1 2 P O L Y GO N A T U M B I F L O R U M  2 1 

7 6 C  5 1 3 A M P H I C A R P A  B R A C T E A T A  2 1 

7 6 1  5 1 3 A S T E" R  S I M P L E X  2 1 

H - 2  5 1 3 D E L P H I N I U M T R I C O R N E  1 1 
7 6 3  5 1 3 G O O D Y E R A  P U B E S C E N S 1 1 

7 6 4  5 1 3 P H R Y I'I A  L E P T O S T A C H Y A  1 1 

7 6 5  5 1 3 S P I G E L I A  M A R I L A N D I C A 1 1 

7 6 6  5 2 1 A L l  I U M  C E R N U U M  2 8  1 2  

7 6 7  5 2 1 A M P H I C A R P A  B R A C T E A T A  8 3 

7 6 11.  5 2 1 A S T E R  C O R D I F O L J U S 2 1 

7 6 9  5 2 1 P A N  I C U M L A X I F L O R U M  2 1 

7 7 C  5 2 2 A N E M O N E  V l R G I N I A N A  2 1 

7 7 1  5 2 2 A S H R  C O R D I F O L I U S  2 1 

7 7 2  5 2 2 B O T R Y C H I UM V I R G I N !  A N U M  6 1 

7 7 3  5 2 2 D E S M O D I U M P A N I C U L A T UM 1 1 

7 7 4  5 2 2 G A L I U M C I R C A E Z A •l S  1 0 

7 7 5  5 2 2 H E L  I A N T I W S  H I R S U T U S  1 1 

7 7 6  5 2 2 P A N  I C U M L A X I F L O R U M 2 1 

7 7 7  5 2 2 P O L Y G O N A T U fll B I F L O R U M  1 1 

7 7 8  5 2 2 S A N I C U U  C A N A D E N S I S  1 (' 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C A S  L I N E  P L O T  S UB G E NU S  S P E C  I F  S M A X � U M  M A X F A C  

7 7 9  5 2 2 V I O L A  H I R S U T U L A  6 3 
7 8 r, 5 2 3 A N E M O N E  V I R G I N I A N A  4 1 
7 8 1 5 2 3 A S T E R  C O R D I F O L I U S  7 1 
7 8 2  5 2 3 D E S M O D I U fil V I R I D I F L O R U M  3 2 
7 8 3  5 2 3 F R A G A R I A V I R G J N I A N A  1 1 
7 8 4  5 2 3 H E l l  II N T H U S  H I R S U T U S  5 6 
7 11 5  5 2 3 P A N I C UM L A X I F L O R UM 6 2 
78 6  5 2 3 S A N I C UL A  C A N A D E N S I S  3 2 
78 7 5 2 3 V E R P E S I N A  O C C I D E N T A L I S  1 1 
7 8 8  5 2 3 V I O L A  H I R S U T U L A  4 1 
7 8 9  5 3 1 A M P H I C A R P A  B R A C T E A T A  5 2 
7 9 (;  5 3 1 A N EM O N E  V I R G I N I A NA 1 1 
7 9 1  5 3 1 A S T E R  C O R D J F O L I U S 3 2 
7 9 2  5 3 1 C H I M A P H I L A  M A C U L A T A  1 1 
7 9 3  5 3 1 H E L I A N T H U S  IU R S U T U S  1 1 
7 9 4  5 3 1 P O L Y G O N A T U M  B I F L O R U M  1 c 
7 9 5  5 3 1 S C L E R I A  T R  I G L O M E  R A T A  2 1 
7 9 6  5 3 1 S M I L A C I N A  R A C E M O S A 1 1 
7 9 7  5 3 1 U V UL A R  l A  P E R  F O L  I A T A  3 1 
7 9 11  5 3 1 V E R B E S I N A O C C I D E N T A L !  S 2 1 
7 9 9  5 3 2 A M P H I C A R P A  B R A C T E A T A  6 2 
8 0 0  5 3 2 F R A G A I! I A  V I R G I N I A N A  2 2 
8 0 1  5 3 2 H E L I A N T H U S  H J R S U T U S  ? 1 
8 0 2  5 3 2 0 X A L I S V I O L A C E A  4 1 
8 ( 3 5 3 2 S A N I C U L A  C A N A D E N S I S  ,., 1 
8 (, 4  5 3 2 V E R B E S I N A  O C C I D E N T  A L I  S 3 2 
8 (; 5  5 3 2 V I O L A  H I R S U T U L A  1 1 
8 2 6  5 3 3 A r-I P H I C A R P A  B R A C T E A T A  1 1 
8 0 7  5 3 3 A S T E R  C O R  D I F O L I U S  1 9  1 2  
8 0 8  5 3 3 G A L I U M  C I R C A E Z A N S o; 1 
8 C 9  5 3 3 H E l l  A N T H  U S  H l R S U T U S  2 1 
8 1  .-, 5 3 3 P H R Y I'I A  L E P T O S T A C H Y A  1 1 
8 1 1 5 3 3 V E R 8 E S I N A  O C C I D E N T A L I S  1 1 
8 1 2 5 4 1 A N E M O N E  V I R G I N I � NA 1 1 
8 1 3  5 4 1 A S T E R  C O R D  I F O L I U S  2 9  1 3 
b 1 4  5 4 1 C H R Y S A N T H E M U M  L E U C A N T H E M U M  3 1 
8 1 5  5 4 1 D A N T H O N I A  S P I C A T A  1 
8 1 6  5 4 1 F R A G � R I A  V I R G I N !  A NA ? 
8 1 7  5 4 1 L F S P E D E Z A  P R O C.UM B �' N S I-. 1 C  
8 1 8  5 4 1 l l  T H O  S .P E  R I'I U I'I  C A N E S C P. S  ' 2 
8 1 9  5 4 1 O X A L ! S  S T R I C T A  
b 2 ' 5 4 1 R U D B E C K I A  H I R T A  1 
8 2 1 5 4 1 S A L V I A  L Y R A T A  2 
ll 2 2  5 4 1 S A N I C U L A  C A N A D !' N �, J S  ? 2 
8 2 3  5 4 1 S O L I D � G O  " E M O R A L I S  1 
8 2 4  5 4 V I O L �  H I R S U T U L A 
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Appendi x  A (conti nued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L G C = l  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T S U B G E N U S S P E C I E S  M H N UM "'' A X F A C  

8 2 5  5 4 2 A N E M C1 N E V I P G I N I � N A  1 1 
8 2 6  5 4 2 A S T E R  C O R D I F O L I U S  1 5 5 
b 2 7  5 4 2 C H R Y S A N T H M U M L E U C A N T H E M U M  1 " 
B <?k  5 4 2 D A N T H O N I A  S P I C A T A  
8 2 9  5 4 2 F R A G A  R I A  V I R G I N !  A N A  2 
e 3  c 5 4 2 G A L I U M  P I L U S U M  4 
8 3 1  5 4 2 L I T H O S P E R M U M  C A N E S C E N S 4 
8 3 2  5 4 2 L O B E L I A  S P I O T A  5 
8 3 3  5 4 2 S A L V I A  L Y R A T A  1 
8 3 4  5 4 < S C L E R I A  T R I G L O M E R A T A  1 
b 3 5  5 4 2 S C U T E L L A R I A  P A R V U L A 2 n 
8 3 t- 5 4 2 S O L I D A G O  N E M O R A L I S  5 2 
8 3 7  5 4 3 A M P H I C A R P A  B R A C T E A l A 6 3 
1'! 3 8  5 4 3 A S T E R  C O R D I F O L I U S  1 4  6 
8 3 9  5 4 3 C H R Y S A N T H E M U M L E U C A N T H E M U M  2 1 
8 4 r: ') 4 3 D A N T H O N U S P I C A T A  4 1 
8 4 1  5 4 3 F R A G A R I A  V I R G I N !  A N A 1 1 
8 4 2  5 4 3 G A L I U M  C I R C A E Z A N S 2 0 
84 3 5 4 3 L E S P E D E Z A  P R O C U I'I B E N S 3 4 

8 4 4  5 4 3 L l T H O S P E P MU M  C A N E S C E N S "- 2 
8 4 5  5 4 3 R U D B E C K I A H I R T A  1 1 
8 4 6 5 4 3 S A L V I A  L Y R A T A  5 2 
84 7 5 4 3 S A N I C UL A  C A N A D E N S I S  1 1 
8 4 8  'i 4 3 S O L I D A G O  N E M O R A L I S  4 2 
8 4 9  5 4 3 V I O L A H I R S U T U L A  1 1 
8 5  :l 6 1 1 A N E M O N E  V I R G I N I A N A 3 1 
8 5 1 6 1 1 A N E M O N E L L A  T H A L I C T R O I D E S  2 '  6 
8 5 2  6 1 1 A S T E R  C O R D I F O L I U S  4 2 
8 5 3  6 1 1 D E L P H I N I U M T R I C O R N E  3 2 
8 5 4  6 1 1 L O B E L I A  S P I C A T A  1 1 
8 5 5  6 1 1 P O L Y G O N  A T UM B I F L O R U M  3 1 
8 5 6  6 1 1 S C L E R  l A  T R I G L O I'If R A T A  1 c 
8 5 7 6 1 1 S I L P H I U M T R I F OL I A T U M  1 1 
8 5 8  6 1 1 S P I G E L I A  M A R I L A N D I C A 1 1 
8 5 9  6 1 2 A M PH I C A R P A  B R A C T E A T A  3 1 

8 6 '1 6 1 2 li S T E R  C O R D I F O L I U S  4 2 
8 6 1 6 1 2 A S T E R  S I M P L E X  1 0 

8 6 2  6 1 2 B O T R Y C H J L [j! V I R G I N I A N U M  2 1 
8 6 3  6 1 2 G A L I U M  C I R C A E Z A N S  1 0 
8 6 4  6 1 2 S A L V I A  L Y R A T A  2 2 
8 6 5  6 1 2 S C L E R I A T R I G L O M E R A T A  3 2 

8 6 6  6 1 3 A N E I'I O N E L L A  T H A L I C T R O I D E S  1 2  2 
8 6 7  6 1 3 A S T E R C O R D I  F O L I U S 6 2 
8 6 8  6 1 3 B O T R Y C H I U M V I R G I N I A NU I'I  5 2 
8 6 9  6 1 3 G A L I U I'I  C I R C A E Z A N S 5 1 

8 7 0  6 1 3 S C L E R I A  T R I G L O M E R A T A  3 1 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -

O B S L I N E  P L O T  S U B  G E N U S  S P E C I E S  � A X N U M  M A X F A C  

8 7 1  6 2 1 A I'I I' H I C A R P "  B R A C T E A T A  0 6 
8 7 2  6 2 1 A S T E R  C O R D I F O L I U S  2 1 
8 7 3  6 2 1 D A N T H O N J A  S P I C A T A  2 0  3 0  
8 7 4  6 2 1 F R A G A  R I A  V I R G I N I A IIIA 1 1 
8 7 5  6 2 1 G A L l  U M  T R I F L O R U M 1 c 

8 7 6  6 2 1 L I T H O S P E R M U M  C A N E S C E N S 2 2 
't!J 7 7  6 2 1 S A N I C U L A  C A N A D E N S I S  1 1 
8 7 8  6 2 1 S C L E R I A  T R l G L O � f R A T A  1 1 
8 7 9  6 2 2 A G A V E  V I R G I N I C A  3 2 
8 8 C  6 2 2 A M P H I C A R P A  B R A C T E A T A  p 2 
8 8 1 6 2 2 A S T E R  C O R D I F O L I U S 9 7 
8 8 2  6 2 2 C A S S I A  F A S C I C U L A T A  4 1 
8 8 3  6 2 2 C H R Y S A N T H � M U I'l  L E U C A N T H EI'I U I'I  1 t' 
8 8 4  6 2 2 D A N T H O N I A  S P I C A T A  2 1 
8 8 5  6 2 2 D E S I'I O D I U fll C I L I A R E  ? 1 
8 8 6  6 2 2 D E S I'I O D I U fll V I R I D I F L O R U M  9 2 
8 8 7  6 2 2 F R A G ,. R I A  V I R G I N !  A N A  9 2 
b B E  6 2 2 G A L I U M  C I R C A E Z A N S  2 1 
8 8 9  6 2 2 H O U S T O N I A  T E N U I F O L I A  1 0 
8 9 :'  6 2 2 L O B E L I A  S P I C A T A  1 c 
8 9 1 6 2 2 P E N S T E I'I O N  L A E V I G A T U S  1 1 
8 9 2  6 2 2 P O T E N T I L L A  C A N A D E N S I S  2 1 
8 9 3  6 2 2 S A L V I A  L Y R A T A  1 4  ,., 
8 9 4  6 2 2 S II N I C U L A  C A N A D E N S I S  1 1 
8 9 <;  6 2 2 S C U T E L L A R I A  P A R V U L A  1 r, 
8 9 1>  6 2 2 S E N E C I O S I'I A L L I  I 3 2 
8 9 7 6 2 3 A I'I P H I C A R F A  B R A C T E A T A  1 1  4 
f: 9 8  6 2 3 8 0 T R Y C H I U I'I V I R G I N I A N U I'I  4 1 
8 9 9  6 2 3 F R A G A R I A  V I R G I N !  A N A  7 3 
9 0 0  6 2 3 H O U S T ON I A  T E N LI I F O L I A  1 (] 
9 0 1  6 2 3 P O T E N T  I L L  II C A N A D E N S I S  1 1 
9 0 2  6 2 3 S C L E R I A  T R I G L O I'I E R A T A  5 2 
9 (1 3  6 3 1 A N E I'I O N E  V I R G I N I A N A  1 1 
9 (1 4  6 3 1 A S T E R  C O R D I F O L I U S  - 4 
9 0 5 6 3 1 D E S I'I O D I U ¥  V I R I D I F L O R U M  2 1 
9 0 6  6 3 1 G A L I U M  C I  R C AI: l A NS 3 1 
9 0 7  6 3 1 G A L I U M T R I F L O R UM 2 f"l 
9 l1 8  6 3 1 L E S P E D E Z A P R O C U M 8 F NS l 
9 ;; 9  6 3 1 P A N I C U I'I C O I'I I'I U T A T UIII < 
9 1  :. · 6 3 1 P F N S T E I"' O N  L U V I  G A T  U S  1 

9 1 1 6 3 1 P O T E N T I L L A  C A N A D E N � I S  7 -
9 1 2 6 3 1 S A L V I A  L Y R A T A  9 I' 
9 1 3 6 3 1 S A N I C U L A  C A N A D E N S I S L: 
9 1 4  6 3 1 S C L H I A T R I G L O I'I F R A T A  1 
9 1 5 6 3 1 V I O L � H I R S U T U L A (' 1 
9 1 6 6 3 i A S T E R  C O R D I F O L I U S  9 4 
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Appendix A (continued) 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E:  P L O T  S UA b E  N U S  S P E C I E S  M A H� U M  M � X F A C  

9 1 7 6 3 2 8 0 T R Y C H I U i'l V I R  G 1 N I .\ NU M 9 2 

9 1 R  6 3 2 C A S S I A  F A S C I C U L A T A  1 [] 
9 1 9  6 3 2 C H I I't A P H I L A  M A C U L A T A  7 3 
9 2 C  6 3 ? D A N T H O N I A  S P I C A T A  1 1 

9 2 1 6 3 2 G A L I U M  P I L O S U M  1 (1 
9 2 2  6 3 2 L E S P E D E Z A  P R O C UM B E N S � 3 
9 2 3  6 3 2 P A N I C U I't C O M M U T A T UI't 4 1 
9 2 4  6 3 2 P A N !  C UM L A X l f L O R UI't � 2 

9 2 5 6 3 2 P O T E t-4 T I L L A  C A N A D E N S I S � 1 

9 2 6  6 3 2 S A L V I A  L Y R A T A  5 2 

9 2  7 6 3 2 S A N I C U L A  C A N A D E N S I S  2 1 
9 2 8  6 3 2 V I OL A H I R S U T U L A  1 , 
9 2 9  6 3 3 A N E I't O N E V I R G I N !  A NA 1 1 
9 3 C  6 3 3 A S T E R  C O R D I F O L I U S  3 2 

9 3 1 6 3 3 D A N T H O N I A  S P I C A T A  5 3 

9 3 2  6 3 3 E U P A  T O R  I IJ M P U R I' U R E U M , 2 

9 3 3  6 3 3 F R A G A R I A  V I R G I N l A N A  ? 1 
9 3 4  6 3 3 G A l l  U ll1  C I R C A E Z A NS 4 2 

9 3 5  6 3 3 L E S P E  D E z.a  P R O C U I't B F N S 3 4 

9 3 6  6 3 3 P A N I C UI't C O M M U T A T UM 3 1 

9 3 7  6 3 3 P O L Y G O N A T U I't  B I F L O R U M  1 2 

9 3 /1  6 3 3 P O T E N T I L L A  C A N A D E N S I S 1 1 

9 3 9 6 3 3 S A L V I A L Y R A T A  5 3 

9 4 n 6 3 3 S A N I C UL A  C A N A D E N S I S  3 1 

9 4 1 6 3 3 S M I L A C I N A  R A C E M O S A  1 1 
9 4 2  7 2 1 E U P H O R B I A  C O R O L L A T A  9 2 

94 3 7 2 1 F R A G A R I A  V I R G I N !  A N A  2 1 

9 4 4  7 2 1 G A L I U M  C I R C A E Z A N S  ? 1 

9 4 5 7 2 1 L E S P E D E Z A  P R O C U M B E N S  1 3 4 5  

9 4 6  7 2 2 A S T E R  L A T E R  I F L O R U S  2 1 

9 4 7  7 2 2 C H I M A P H I L A  fiot A C U L A T A  2 1 

9 4 8  7 2 2 E U PH O R B I A  C O R O L L A T A  3 1 

9 4 9  7 2 2 F R AG A R I A  V I R G I N !  A NA 2 1 

9 5 '1 7 2 2 L E S P E D E Z A  P R O C U M B E N S  3 3 

9 5 1 7 2 2 P A N I C Uflll C O fiii M U T A T Uflll 1 1 

9 5 2  7 2 2 R U D A E C K I A  H I  R T A  1 1 

9 5 3  7 2 2 S C L E R I A  T R I G L O III E R A T A  4 1 

9 5 4  7 2 2 S I S Y il l N C H I UI't A L B  I D U M  1 0 
9 5 5  7 2 2 S l't i L A C I N A  R A C E M O H  1 1 
9 5 6  7 2 3 A N E I't O N E  V I R G I N  I A N A  2 1 

9 5 7  7 2 3 A S T E R  L A T  E R I  H O R U S  E 2 

9 5 8  7 2 3 C H R Y S A N T H E M U M  L E U C A N TI- I E III U M  2 1 

9 5 9  7 2 3 D A N T H O N I A  S P I C A T A  1 0 
9 6 0  7 2 3 D E S III O D I U M V I R I D I F L O R U M  1 2 

9 6 1  7 2 3 E U PH O R B I A  C O R O L L A T A  3 1 

9 6 2  7 2 3 F R A G A  R I A  V I R G I N !  A N A 3 1 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L C C = 2  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L OT S U B  G E N U S  S P E C I E S  M A X N U M  M A X  F A C  

9 6 .3  7 2 3 L E S P E D E Z A P R O C UM B E: N S  1 0 7 
9 6 4  7 2 3 P E N S T E � O N  L A E V I G A T U S  1 1 
9 6 5  7 2 3 PR U N  E L L  A V U L G A R I S  1 1 
9 6 6  7 2 3 R U D � E C K I A  H I R T A 2 1 
9 6 7  7 2 3 S A N I C U L A  C A N A D E N S I S  2 1 
9 6 8  7 2 3 S C U T E L L A R I A  P A R V U L A  6 1 
9 6 9  7 2 � S E N E C I O  S M A L L I I  3 1 
9 7 G  7 3 1 C H I M A P H I L A  M A C U L A T /1  3 ? 
9 7 1  7 3 1 F R A G A R I A  V I R G I N !  A N A 3 3 
9 7 2  7 3 1 G A L I U M P I L O S U M  1 
9 7 3  7 3 1 G O O D Y E R A  P U B E S C E N S  1 
9 7 4  7 3 1 H E L I A N T H U S  H I R S U T U S  1 
9 7 5 7 3 1 P O T E N T I L L A  C A N A D E N S I S  5 ., '-
9 7 6  7 3 1 R U D A E C K I A  H I R T A  1 1 
9 7 7  7 3 2 C H I I'I A P H I L A  I'I A C U L A T A  6 1 
9 78 7 3 3 A S T E R C O R D I F O L I U S  1 1 
9 79 7 3 3 A S T E R S I M P L E X  3 1 
9 f' J  7 3 3 B O T  R Y C H  I U I'I V I R G I N !  A N U M  1 
9 f' 1  7 3 3 H E L  I A N  T H U S  H I R S U T U S  4 ( 
9 8 2  7 3 3 P O T E N T  I L L A  C A N A D E N S I S  ') 2 
9 8 3  7 3 3 R U D B E C K I A  H I R T A  1 1 
9 8 4  7 3 3 S O L I D A G O  N E III O R A L I S  3 2 

- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - L C C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

O B S L I N E  P L O T  S U B  G E NU S  S P E C I E S  M A X N U M  M A X F A C  

9 8 5  1 1 1 A C H I L L E A  M I L L E F O L I U M 9 3 

9 8 6  1 1 1 A N D R O P O G O N  S C O P A R I IJ S  1 1 
9 8 7  1 1 1 C A S S I A  F A S C I C U L A T A  4 2 
9 8 8  1 1 1 C H R Y S A N T H E M U M  L E U C A N T H E I'I U M  6 1 
9 8 9  1 1 1 D A N T H O N I A  S P I C A T A  3 1 -) 

9 9 '1 1 1 1 D II U C U S  C A R O T A  1 1 
99 1 1 1 1 F R A G A R I A  V I R G I N l A N A 2 1 
9 9 2  1 1 1 M E D I C I\ G O  L U P U L I N A  5 2 
9 9 �  1 1 1 P A N I C U I'I S P H A E R O C A R P O N  3 1 
9 9 4  1 1 1 P O T E N T  I L L  A C A N A D E N S I S  4 ? 
9 9 5  1 1 1 S C L E R I A  T R I G L O M F R A T A  ' 1 '-
9 9 6  1 1 1 S E N E C I O S M A L L I I 3 2 

9 9 7  1 1 2 AN D R  O PO G O N  S C O P A R I U S  � 2 
9 9 8  1 1 2 II � E M O N E  V I R G I ' H II N A � ;> 
9 9 9  1 1 <. C A S S I A  F A S C I C U L A T A 1 1 

1 '� Q (\  1 1 2 D A N T H O N H  S P I C A T A  � 1 
1 C 0 1  1 1 2 D E S I'I O D I U M V I R I D I F L O R U M  3 2 

1 C 0 2  1 1 2 M E D I C A G U  L U P U L I N a  2 1 
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Appendi x  A ( conti nued) 

· - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - L O C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S U B G F N U S  S P U I E S  M A X N U M  :"' A X F f C  

1 :.J 0 3  1 1 2 M E l !  L O T U S  A U l A  (' 
1 :J 0 4  1 1 2 O X A L I S  S T R I C T A  1 
1 0 0 5  1 1 2 P A N I C U M S P H A E R O C A R P O N  '1 
1 l) O t.  1 1 2 P O T E N T  I L L A  C A N A D E N S I S  1 
1 :J 0 7  1 1 2 S E N E C I O  S M A L L  I I  6 4 
H O �  1 1 3 A C H I L L E A  III I L L E F O L I UM 7 3 
1 0 0 9  1 1 3 � N E M O I'I E  V I R G I N I A N A 1 1 
1 0 1 [l 1 1 3 C A S S I A  F A S C I C U L A T A  1 1 
1 c 1 1  1 1 3 C H R Y S  A N T I1 E M U M  L E U C A N T H E M U M  3 1 
1 J 1 2 1 1 3 C L I T O R I A  M A R I A I'I A  1 1 

1 0 1 3  1 1 3 D A N T H O N J A  S P I C A T A  3 1 
1 0 1 4  1 1 3 E R I G F R O N  S T R I G O S U S 1 1 
1 [; 1 5  1 1 3 F R A G A R I A  V I R G I N I A NA f, 4 

1 C 1 6  1 1 3 II! E D I C A G O  L U P U L I N A  1 7 7 
1 0 1 7 1 1 3 M H I L O T U S  A L B A  1 1 
1 0 1 b  1 1 3 P A N I C UM S P H A E R O C A R P O N  1 ( 
1 C 1 9  1 1 3 P O T E N T I L L  A C A N A D E N S I S  2 1 
1 02 C' 1 1 3 S E N E C I O S M A L L  I I  2 1 
1 C 2 1  1 1 3 V E R B E S I N A O C C I D E N T A L I S  1 1 

1 0 2 2  1 2 1 A N O R O P O G O N  S C O P A R I U S  3 J 9 5  

1 0 2 3  1 2 1 C L I T O R I A  M A R I A N A  6 1 
1 a 4 1 2 1 "' E L I L O T U S  A L B A  L 1 

1 0 2 5  1 2 1 S E N E C I O  S M A L L I  1 3 1 

1 0 2 6  1 2 2 A N D R O �'O G O N  S C O P A R I U S 2 5  9 t.  
1 0 2 7  1 2 2 B R OI'I U S J A P C N I C U S  1 0 
1 G 2 B  1 2 2 C L I T O R I A  M A R I A N A  1 1 
1 0 2 9  1 2 2 E R I G E R O N  S T R I G O S U S 2 ? 
1 03 r: 1 2 2 F R A G A R J A  V I R G I N !  A N A  3 2 

1 0 3 1  1 2 2 M E L J L O T U S  A L B A  9 3 

1 0 3 2  1 2 3 A N D R O P O G O N  S C O P A R I U S 1 5 7 6  

1 (' 3 3  1 2 3 B R OM U S J A P O N I C U S  .. 1 

1 0 3 4  1 2 3 C A R D A  M I N E  H I R S U T A  2 1 

1 0 3 5  1 2 3 C L I T O R I A  M A R I A N A  1 1 

1 03 6  1 2 3 D E S I"' O D I U fll V I R I D I F L O R U M  2 2 

1 03 7  1 2 3 F R A G A R I A  V I R G I N I A N A  5 2 

1 C 3 8  1 2 3 G A L I U I'I  A P A R I N E  1 7  7 

1 C' 3 9  1 2 3 L E S P E D E Z A  P R O C UI'I B E N S  2 1 

1 04 0  1 2 3 I'I E L I L O T U S  A L B A  3 1 

1 0 4 1 1 2 3 S E N E C I O S M A L L !  I 2 1 

1 0 4 2 1 2 3 T R I D E N S F L A V U S  1 1 

1 0 4 3  2 1 1 A G A V E  V I R G I N I C A  3 2 

1 04 4  2 1 1 A M P H I C A R P A  B R A C T E A T A  1 1 

1 0 4 5  2 1 1 A N D R O P O G O N  S C O P A R I U S 1 7  3 5  

1 0 4 6  2 1 1 A N E M O N E  V I R G I N !  A N A  5 2 

1 04 7 2 1 1 A S C L E P I A S  V E R T I C  I L L A T A  2 1 

1 0 4 �  2 1 1 C H R Y S A N T H E M U M  L E U C A N T H E M U M  1 2  2 



85 

Appendix A ( continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - L O C = 3  - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - --

O B S  L I N E  P L O T  S U B G E N U S  S P E C I E S  M A X NU I'I  M A X F A C  

1 04 9  2 1 1 D E S III O D I U I'I C I L I A R E  7 6 

1 0 5 0  2 1 1 H O U S T O N  I �  T E N U I F O L I A  1 1 

1 0 5 1  2 1 1 L O BE L I A  S P I C A T A  7 1 

1 J 5 2  2 1 1 S A L V I A L Y R A T A  1 1 

1 0 5 3  2 1 1 S P OR O B O L U S  N E G L E C T U S 3 3  2 3  

1 0 5 4  2 1 2 A I'I P H I C A R P A  B R A C T E A T A  7 1 

1 0 5 5  2 1 2 A N D R O P O G O N  S C O P A R I U S 2 C  7 C  

1 0 5 6  2 1 2 A N E I'I O N E  V I R G I N I A N A 6 1 

1 C 5 7  2 1 2 C L I T O R I A  I'I A R I A N A  1 1 

1 C 5 8  2 1 2 D E S I'I O D I U I'I C I L I A R E  1 ') 4 

1 0 5 9  2 1 2 F R A G A R I A  V I R G I N !  A N A  2 1 

1 06 0  2 1 2 V I O L �  S A G I T T A T A 1 1 

1 06 1  2 1 3 A f'I PH I C A R P A  B R � C T E A T A  4 1 

1 06 2  2 1 3 A N D R O PO G O N  S C O P A R I U S  2 2  6 2  

1 06 3  2 1 3 A S C L E P I A S  V E R T I C  I L L A T A  1 1 

1 06 4  2 1 3 A S T E R  P A T E N S  1 1 

1 0 6 5  2 1 3 D E S f'! O D I U I'I C I L I A R E  1 1 

1 C 6 6  2 1 3 G A L I U I'I P I L O S U f'!  1 6  to 
1 06 7  2 1 3 K U H N I A  E U P A T O R I O I D E S  2 1 

1 !16 8  2 1 3 L E S P E D E Z A  P R O C UM B E N S  2 1 

1 0 6 9  2 1 3 L O B f l l A  S P I C A T A  1 r 
1 0 7 0  2 1 3 P O T E N T  l L L A  C A N A D E N S I S  5 1 

h• 7 1  2 1 3 S A L V I A  L Y R A T A  3 2 

1 0 7 2  2 2 1 A N DR O PO G C "'  S C O P A R I U S 1 6  9 5  

1 0 7 3  2 2 1 A N EI'I O N E  V I R G I N I A N A  1 ·' 
1 0 7 4  2 2 1 C A S S I A F A S C I C U L A T A  1 1 

1 0 7 5 2 2 1 C L I T C R I A  I'I A R I A N A  6 2 

1 0 7 6  2 2 1 H Y P E R  I C U I'  D C U E> R I  F O R M !'  2 1 

1 0 7 7  2 2 1 K U HN ! A !' U P A T O R I O I D E S  3 2 

1 07 8  2 2 1 P O T E N T I L L A  C A N A D E N S I S  2 1 

1 0 7 9  2 2 1 S A L V I A  L Y R A T A  1 1 

1 0 8 0  2 2 1 S E N E C I O S I'I A L l l l  2 1 

1 08 1  2 2 2 A N D R O P O G C N  S C O P A R I U S 1 4  3 :� 
1 0 8 2  2 2 2 A S C L E P I A S  V E R T I C  I L L A T A 1 (' 
1 C 8 3  2 2 2 C L I T U R I A  M A R I A N A  1 1 

1 .:: 8 4  2 2 2 L E S P E D E Z A  P R O C U ,.. B E N S  1 4  2 P  

1 C:8 5 2 2 2 M E D I C  A G O  L U P U L I N A  4 1 

1 (; 8 6  2 2 2 P O T E N T  I L L  A C A N A D E N S I S  A 3 
1 ,:,8 7 2 2 3 A M PH I C A R F A  R R A C H A T A 3 1 

1 c, �:� 8  2 2 3 A "' D R 0 P O G C N  S C O P A R I U S ? 4  9 4  

1 (� 8 9  2 2 3 C H R Y S A N T H E I'I U M  L E U C A N T H E M U M  2 ? 
1 ..;9 0  2 2 3 H O U S T O N I A  T E N li i F O l l A  2 1 
1 .- 9 1  2 2 3 L F S P E D E Z A  P R O C UM B E N S  3 2 
1 " 9 2  2 2 3 L O fl E L I A  S P I C A T A 3 1 

1 U9 3 2 2 3 P O A  C O M P R F S S A  -.; 1 

1 (, 9 4  2 3 1 A M P H I C A R F A B R A C T E A T A  6 3 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - u :  C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

O B S  L I N E  P L O T S U R G E N U S S P E C I E S  I'I A X N U M  fi' A X F A C  

1 ;.. 9 5  2 3 1 A N D R O P O G O N  S C O P A R I U S 2 o  6 5  

1 } 9 '>  2 3 1 A N E M O N E  V I R G I N I A N A  'i 1 

1 �)9 7 2 3 1 A S C L E P I A S V E R T I C I L L A T A  1 1 

1 0 9 11  2 3 1 C H R Y S A N T I1 E M U I'I  L E U C A N T H E I'! U M  2 1 

1 �- 9 9  2 3 1 D A U C U S  C A R O T A  2 1 

1 1 0 '1 2 3 1 H O U S T O N P  T E N U I F O L I A 1 

1 1 0 1  2 3 1 P O T E N T  I L L A C A N A D E N S I S  1 

1 1 0 2 2 3 1 S A N I C U L A C A N A D E N S I S  4 

1 1 0 3 2 3 2 A N D R O P O G O N  S C O P A R I U S 3 ':  7 oJ 

1 1 ::1 4 2 3 ? A S C L E P I A S V E R T I C  I L L A T A  1 lj 
1 1 0 5 2 3 2 H O U S T O N n  T E N IJ I F O L I A  1 :J 
1 1 0 6 2 3 2 P O T E N T I L L A C A N A D E N S I S  4 1 

1 1 0 7 2 3 2 S O L I D A G O  E R E C T A 1 ,I 

1 1 0 8  2 3 2 S O L I D A G O  N E I'I O R A L I S 2 1 

1 1 0 9 2 3 3 A N D R O P O G C N  S C O P A R I U S  3 J  9 3  

1 1 1 0  2 3 3 A N E M O N E  V I R G I N I A NA 5 1 

1 1 1 1  2 3 3 A S C L E P I A S  V E R T I C I L L A T A  1 fl 
1 1 1 2  2 3 3 C H R Y S A N T H E M U M  L E U C A N T H E M U M 3 [) 
1 1 1  3 2 3 3 P " N I C IJ M  C A P I L L A P E 1 0 

1 1 1 4  2 3 3 P O T E N T I L L A C A N A D E N S I S  2 1 

1 1 1 5  2 3 3 S O L I D A G O  N E M O R A L I S 1 1 

1 1 1 6  2 4 1 A N D R O P O G O N  V I R G I N I C U S 1 

1 1 1  7 2 4 1 A N E I'I O � E  V I R G I N  If> N A  4 2 

1 1  H .  2 4 1 C A R  E X  C O M P L A N A T A 2 4 

1 1 1 9  2 4 1 C A S S I A  F A S C I  C U L A T A  1 0 
1 1 2 Q 2 4 1 F R A G A R I A V I R G I N I A N A  4 3 

1 1 2 1  2 4 1 G A L l  U M  P I L O S U M  1 i) 
1 1 2 2 2 4 1 G E R A N I U I'I C A R O L I N I A N U M 3 2 

1 1 2 3 2 4 1 I'I E D I C A G O  L U P U L JIII A 7 5  2 0  

1 1 2 4 2 4 1 M f L I L O T U S  A L B A 1 1 

1 1 2 5  2 4 1 P A N I C U I'I S P H A E R O C A R P O N  4 1 

1 1 2 6 2 4 1 S A N I C U L A C A N A D E N S I S  3 1 

1 1 2 7 2 4 1 T R I D F N S F L A V U S  1 1 

1 1 2 8 2 4 2 A N f "' O N E  V I R G I N  I A N A  7 2 

1 1 2 9 2 4 2 E' O T R Y C H I U M V I R G I N I � N U M  1 'j 
1 1 3 (; 2 4 2 C A R E X R E T R O F L E X A 1 1 

1 1 3 1  2 4 2 G A L I U M P I L O S U M  1 0 

1 1 3 2  2 4 2 G E R A ' H U M I'I A C U L A T IJ M  1 1 

1 1 3 3 2 4 2 O X A L I S  S T R I C T  A 1 0 
1 1 3 4 2 4 3 A N E M O N E  V I R G I N I � N A 3 1 

1 1 3 5  2 4 3 A O T R Y C H I U I'I V I R G I N P N U I"'  3 1 

1 1 3 6 2 4 3 D I A N T H U S A R M E R  I A  1 1 

1 1 3 7 2 4 3 F R A G A R I A  V I R G I N I A N A  6 4 

1 1 3 1l  2 4 3 G A L l  U M  A P A R I N E 1 0 

1 1 3 9 2 4 3 G A L I U I'l P I L O S U M  8 1 

1 1 4 U 2 4 3 G E U I'l V I R G I N I A N U M  2 1 
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Appendix A (continued) 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S UB G E N U S  S P E C I E S  M II X N U M M A X F A C  

1 1 4 1 2 4 3 M E D I C  A G O  L U P U L I N A  1 2  4 

1 1 4 2  2 4 3 P A N I C UM S P H A E R O C A R P O N  1 {' 
1 1 4 3 2 4 3 P A S P A L U M L A  E V E 2 

1 1 4 4  2 4 3 S C L E R I A  T R I G L O I"' f. R A T A  1 

1 1 4 5  2 4 3 S E N E C I O S M A L L I  I 3 3 
1 1 4  6 2 4 3 T R I F O L I U I" C A M P E S T R E  3 1 

1 1 4 7 2 5 2 � S PL E N I U M P L A T Y N E U R O N  3 1 

1 1 4 B 2 5 2 C A R  E X  R E T R O F L E X A 3 1 

1 1 4 9  2 5 2 C H R Y S A N T H ,.. UM L E U C A N T H E M U M  6 2 
1 1 5 0 2 5 2 D R AB A V E R N A 2 

1 1 5 1  2 5 2 P O L Y S  T l  C H UM A C R O S T I C H O I D E S  1 

1 1 5 2 3 4 1 A N D R O PO G O N  S C O P A R I U S 1 1'- 8 4  

1 1 5 3 3 4 1 C A S S I A  F A S C I C U L A T A  1 

1 1 5 4  3 4 1 E U PA T O R I U "' H Y S S O P !  F OL I U M  1 1 

1 1 5 5  3 4 1 L E S P E D E Z A P R O C UM B E N S  1 1 

1 1 5 6 3 4 1 S E N E C I O S M A L L I  I 3 ? 
1 1 5 7  3 4 2 A N D R O P O G O N  S C O P A R I U S 1 2  7 2  

1 1 5 8 3 4 2 C A S S I A  F A S C I C U L A T A  1 1 

1 1 5 9 3 4 2 C I N N A  A R U N D I N A C E A  1 1 
1 1 6 0 3 4 2 U S P E D E Z A  P R O C U M B F N S 1 1 

1 1 6 1 3 4 3 A N DR u P O G O N  S C O P A R I U S 1 7  7 3  

1 1 6 2  3 4 3 C A S S I A F A S C J C U L A T A  3 1 

1 1 6 3  3 5 1 A N D R O P O G O N  S C O P A R I U S 2 4  f' 9  
1 1 6 4  3 5 1 C I N N A  A R U N D I N � C E A  1 1 

1 1 6 5 3 5 1 L E S P E D E Z A  P R O C UM B S: N S 2 1 

1 1 6 6  3 5 1 L 0 8 E L I A  S P I C A T A  1 
.. " 

1 1 6 7 3 5 2 A N D R O P O G O N  S C O P A R I U S 2 5  8 7  

1 1 6 8 3 5 2 A S C L F P I A S  V E R T I C  I L L A T A  1 

1 1 6 9 3 5 2 D A U C U S  C A R O T A  1 1 
1 1 7(, 3 5 2 H O U S T O N ! � T E N U I F O L I A  2 1 

1 1 7 1 3 5 2 H Y P E R I C U M D O L A B R I F O R M E  7 3 
1 1 7 2 3 s 2 P O T E N T I L U C A N A D E N S I S  2 3 

1 1 7 3 3 5 2 S A L V I A  L Y R A T A  1 3 
1 1 7 4 3 5 2 S C U T F L L A R I A  P A R V U L A  5 1 

1 1 7 5 3 5 2 S O L I D A G O  N E M O R A L I S  2 1 

1 1 7 fl 3 5 3 A N D R O P O G O N  S C O P A R I U S 1 U  1 5 

1 1 7 7 3 5 3 E U P A T O R I U M H Y S S O P  I F O L I U "' 2 1 

1 1 7 8 3 5 3 L E S P E D E Z A  P R O C UM B F N S 2 ? 
1 1 7 9 3 6 1 A N D R O P O GO N  S C O M R I IJ S  1 9  6 4  

1 1 8 0 3 (:. 1 A N E M O N E  V I R G I N I A NA � ) 

1 1 11 1  3 6 1 A S PL E N I U I" P L A T Y N E U R O N  1 3 
1 1 8 2  3 6 1 C H R Y S A N T H F 'I U I'I  L E U C A N T H E JIII U M  6 2 
1 1 8 3 3 6 1 C L I T O R I A M A R I A N A  1 
1 1 8 4 3 t 1 G A L J :J M C I R C H 7 A N S 2 
1 1 8  5 3 6 1 H O U S T O N ! �  T E N U I F O L I A  1 

1 1 8 6  3 6 1 S A L V I A  L Y R II T A  1 
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Appendix A (continued ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S L I N E  P L O T  S UB G E ' W S  S P E C I E S M A X  t• U M M A X F � C  

1 1 8 7 3 6 1 S F N f C I O S M A L L I I  6 2 
1 1 8 8 3 6 1 T R I F O L I U t' P R A H N S E 2 1 
1 1  1! 9  3 6 1 T R I F C L I U I" R E P E N S 3 3 
1 1 9  0 3 6 1 V E R R E S I N A V I R G I N I C A 3 2 
1 1 9 1  3 6 2 A G R I M O N I A  P U B f S C E N S 5 3 
1 1 9 2  3 6 2 A M P H I C A R P A  B R A C T E A T A  1 1 
1 1 9 3 3 6 2 A N D R 0 P O G O N  S C O P A R I U S 1 3 3 2  
1 1 9 4  3 6 2 A N E M J N E  V I R G I N I A NA 5 2 
1 1 9 5  3 6 2 C H R Y S A N T H E M U M  L E U C A N T H EI'I U M  7 2 
1 1 9 6  3 6 2 C I N N A  A R U N D I N A C E A  2 2 
1 1 9 7 3 6 2 C L I T O R I A M A R I A N A  2 � 

1 1 9 8  3 6 2 G E U M  V I R G I N H NU M  5 1 

1 1 9 9  3 6 2 P A N  ! C U M C A P I L L A R E  1 !! 2 
1 2 0 () 3 6 2 S A N I C U L A  C A N A D E N S I S  1 1 

1 2 0 1  3 6 2 S E N E C I O S M A L L I I 3 2 
1 2 0 2  3 6 2 S O L I D A G O  N E M O R A L I S  1 1 

1 2 0 3  3 6 2 T R I D E N S F L A V U S  2 1 
1 2 0 4  3 f, 2 T R  l O S  T E U II'  A N G L' S T  I f O L I U M  1 1 

1 2 0 5  3 6 2 V E R B E S I N A V I R G I N I C A 4 9 

1 2 0 6  3 6 3 A G R I M O N I A  P U B E S C E �J S  2 2 

1 2 0 7  3 6 3 A N D R O P O G C N  S C O P A R I LJ S 1 4  4 8  
1 2 0 8  3 6 3 A N E M O N E  V I R G I N I A N A  3 2 
1 2 0 9  3 6 3 A S T E R  P I L O S U S  1 1 

1 2 1 0  3 6 3 C A S S I A  F A S C I C U L A T A  1 u 
1 2 1 1 3 6 3 C I N N A  A R U N D I N A C E A  8 9 

1 2 1 2  3 6 3 C L I T O R I A M A R I A N A  1 1 
1 2 1 3  3 6 3 G A L I U II'  C I R C A E Z A N S  3 1 

1 2 1 4  3 6 3 G E UM V I R G I N I A N U M  2 1 

1 2 1 5  3 6 3 L E S P E D E V  P R O C UM B  E N S  1 c 
1 2 1 6  3 6 3 V E R A E S I N A  V I R G I N I C A 9 8 
1 2 1 7  3 7 1 • N D R O P O G O N  S C O P A R I U S 2 3  8 ;) 

1 2 1 8  3 7 1 A S C L E P I A S  V E R T I C  I L L A T A  1 1 

1 2 1 9  3 7 1 G A L I U "'  P I L O S U M  2 1 
1 2 2 0  3 7 1 L E S P E D E Z A  P R O C UM A F N S 2 3  2 7  

1 2 2 1  3 7 1 P O T E N T  I L L  A C A N A D E N S I S 1 1 

1 2 2 2  3 7 2 A N D R O P O G O N  S C O P A R I U S 2 4  P 6  
1 2 2 3  3 7 2 A N E M O N E  V I R G I N I A N A  1 1 

1 2 2 4  3 7 2 A S C L E P I A S  V E R T I C  I L L A T A  1 1 

1 2 2 5  3 7 2 H O U S T O N I A  T E N IJ ! F O L I A  1 c 
1 2 2 6 3 7 2 L E S P E D E Z A  P R O C UM B F NS H 1 4  

1 2 2 7  3 7 3 A N DR O P O G O N  S C O P A R I U S 2 3  7 5  

1 2 2 8  3 7 3 A S C L E P I A S  V E R T I C  I L L A T A  1 (') 
1 2 2 9  3 7 3 L E S P E D E Z A  P R O C U M B E NS 2 0  2 ll  
1 2 3 U  3 7 3 P O T E N T I L L A  C A N A D E N S I S  1 1 

1 2 3 1  3 7 3 V I O L A  H I R S U T U L A  1 1 

1 2 3 2  3 8 1 A N D R O P O G O N  S C O P A R I U S 2 2 
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Appendix A (continued) 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E P L O T  S U R  G E N U S  S P E C I E S  I'I A X N U I'I  M A X F A C  

1 2 3 3  3 8 1 R O T R Y C H I UM V I R G I N H N U I'I  2 

1 2 3 4  3 8 1 C A S S I A F A S C I C U L A T A  1 ll 
1 2 3 5  3 8 1 E R I A N T H U S  A L O P E C U R O I D F S  3 1 

1 2 3 6  3 8 1 F R A G A R I A  V I R G I N  I A N A  6 2 

1 2 3 7  3 8 1 G AL I UM P I L O S U M 7 1 

1 2 3 8  3 8 1 G E U M  V I R G I N I A NU M  1 1 

1 2 3 9  3 8 1 L E S P E D E l A  P R O C U M B E N S 5 2 

1 2 4 0  3 8 1 M F L I L O T U S  A L B A  1 1 

1 2 4 1  3 8 1 M I C R O S T E G E U M V I M I N E U M 1 2  2 

1 2 4 2  3 8 1 O X A L  I S  V I O L A C E A  1 1 

1 2 4 3  3 IS 1 P A N I C U M  S P H A E R O C A R P O N  3 1 

1 2 4 4  3 8 1 S A N I C U L A  C A N A D E N S I S  7 3 

1 2 4 5  3 8 1 S C U T E L L A R I A  P A R V U L A  2 s 
1 2 4 6  3 8 1 V I O L A  H I R S U T U L A  2 1 

1 2 4 7  3 8 2 A N D R O P O G O N S C O P A R I U S 1 6  5 3  

1 2 4 8  3 8 2 A S T E R  P A T F N S  1 1 

1 2 4 9  3 II 2 A OT R Y C H I U M  V I R G I N H N U M  1 r 
1 2 5 0  3 8 2 F R A G A R I A  V I R G I N I A N A 7 3 

1 2 5 1  3 8 2 G A L l  U M  P I L O S U M  3 1 

1 2 5 2 3 8 2 P A N I C U M  S P H A E R O C A R P O N  1 1  2 

1 2 5 3  3 8 2 P O T E N T I L L A  C_ A N A D E N S  I S  4 2 

1 2 5 4  3 8 2 S A N I C U L A  C A N A D E N S I S  1 :::: 2 
1 2 5 5  3 IS 2 S C U T E L L A R I A  P A R V U L A  1 

,n 

1 2 5 6 3 p. 2 S F N f C I O  S M A L L I  I 1 1 

1 2 5 7  3 8 2 S I S Y R I N C H I U M A L B  I D U M  4 2 

1 2 5 8 3 8 3 A GR I M O N I A  P U B f  S C  E r! S  2 1 

1 2 5 9  3 8 3 A N D R O P O G O N S C O P A R I U S 1 1  1 5 

1 2 6 0  3 8 3 A N E M O N E  V I R C- I N I II N A  � 1 

1 2 6 1  3 8 3 A S T E R  P A T E N S  2 1 

1 2 6 2  3 8 3 A S T E R  P A T F N S 2 1 
1 2 6 3  3 8 3 F R A G A R I A  V I R G I N H N A  1 2  3 

1 2 6 4  3 e 3 G A L I U M P l L O S U M  4 1 

1 2 6 5  3 8 3 L E S P E D E Z A  P R O C UM B E N S 5 5 

1 2 6 6 3 8 3 P O L  Y P O D I UM P O L Y P O D  J O I D E S  2 1 

1 2 6 7  3 p 3 P O T F N T I L L A  C A N A D E N S I S  ? 
1 2 6 8  3 8 3 S A N I C U L A  C A N A D E N o i S  1 
1 2 6 9 3 8 3 S E N E C I O  S M A L L  I I  1 

1 2 7 C 4 1 1 � N E M O N E  V I R G I N  I A N A  1 
1 2 7 1  4 1 1 C H I "' A P H I L A  M A C U L A Tf\ 1 .J 4 

1 2 7 2  4 1 1 F R A G A R I A  V I R G I N  l A N A ') 1 
1 2 7 3  4 1 1 P O T F N T  I L L A  C A N A D E N S I S 5 2 
1 2 7 4 4 1 2 6 N E III O N F  V I R G I N i f. N A 2 1 
1 2 7 5  4 1 2 C H I  .. A P H I L A  M A C LI L -A T A  6 3 
1 2 7 6  4 1 ? P O T r N T l L L A  C A N A D E W  I S  :.> 1 
1 2 7 7 4 1 3 C H I M A P H I L A  III A C L! L A T A  :� 4 

1 2 7 8  4 1 3 F R A G A R I A  V I R C. I N i r- N A  9 3 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L O C = 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S L I N E P L O T  S U B  G E N U S  S P E C I E S  M � X N IJ M  M A X F � C  

1 2 7 9 4 2 1 A N E M O N E  V I R G I N I A N A  1 � 
1 2 1' �  4 ? 1 S A L V I A  L Y R A T A  2 2 
1 2 X 1  4 ? 1 S A N I C U L A  C A N A D E N S I S  1 1 
1 2 8 2  4 2 1 T R I O S T E U M  A N G U S T I F ·:l l l U M 2 1 

1 2 8 3  4 2 1 V E R P E S I N A  O C C I D E N H L I S 1 1 

1 2 8 4  4 2 1 V I O L A  H I R S U T U L � 4 1 

1 2 8 5  4 2 1 V I O L A  P A P I L I O N A C E A  1 2 

1 2!1 6  4 2 2 G A L  I U M  T R I F L O R U "'  2 0 
1 2 8 7  4 2 2 S A L V I A  L Y R A T A  1 1 

1 2 R 8  4 2 2 S A N I C U L .A C A N A D F N S I S  3 1 

1 2 1l 9  4 2 2 V I O L A  P A P I L I O N A C E A  5 ? 

1 2 9 0 4 2 3 A N E M O N E  V I R G I N !  A N A  1 1 

1 2 9 1  4 2 3 G A L  I U l'l  T R  I F L O R U M  1 (l 

1 2 9 2  4 2 3 P O T E N T l L L A  C A N A D E N S I S  2 1 

1 2 9 3  4 2 3 S A L V I A  L Y R A T A  1 1 
1 2 9 4  4 2 3 S C U T E L L A R I A  I N C A � A  2 0 
1 2 9 5 4 i! 3 T R I O S T E U M  A N G U S T I F O L I U M  3 2 

1 2 9 6  4 2 3 V E R E' F S I � A O C C I D E N T A L I S  1 1 

1 2 9 7  4 2 3 V I O L A  H I R S U T U L A 1 1 
1 2 9 8  4 3 1 C H I !'I A P H I L A  M A C U L A T A  9 2 

1 2 9 9  4 3 1 G A L I U M C I R C A E Z A I'. S ? 1 
1 3 0 0  4 3 1 L E S P E D E Z A  R E P E N S  2 1  2i! 
1 3 0 1  4 3 1 P OT E N T I L L A  C A N A D E N S I S  2 1 

1 3 0 2  4 3 1 P R U N E L L A  V U L G A R I S  1 2  3 

1 3 0 3  4 3 2 C H II'I A P H I L A  M A C Il L A T A  7 3 

1 3 0 4  4 3 2 L E S P E D E Z A  R E P E N S  1 2  1 6  

1 3 ::1 5 4 3 2 P O T E N T I L L A  C A N A D E N S I S  1 1 

1 3 0 6  4 3 3 C H I M A P H I L A  M A C U L A T A  4 2 

1 3 0 7  4 3 3 D A N T HO N I A  S P I C A T A  1 

1 3 0 8  4 3 3 L E S P E D E Z A  R E P E N S 2 2  2 7  

1 3  0 9  4 3 3 P R U N E L L A  V U L G A R I S 3 1 

1 3 1 0  4 3 3 S E N E C I O S M A L L I  I 1 

1 3 1 1  4 3 3 T R I O S T E U M  A N G U S T I F O L I U M 1 

, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  L O C = 4  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S U B G E N U S S P E C I E S  fii A X N U M  M A X F A C  

1 3 1 2  1 1 2 A S P L E N I U f"  P L A T Y N E U R O N  1 1 

1 3 1 3 1 1 2 C H I I'I A P H I L A  fi! A C U L A T A  2 1 

1 3 1 4  1 2 2 H E P A T I C A  A I'IE R  I C A N A  2 2 

1 3 1 5  1 2 2 H E U C H E R A  A I'IE R  I C A N A  1 1 

1 3 1 6  1 2 2 S O L I D A G O  F L A C C I D I F O L I A  1 1 

1 3 1 7 2 1 1 H E X A S T Y L I S  A R I F O L I A  1 1 

1 3 1 8  2 1 2 H E X A S T Y L I S A R I F O L I A  1 2 
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Appendix A (continued) 

- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - L O C = 4  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L I N E  P L O T  S UB G E NU S  S P E C I E S I'I A X NU M  fi! A X F " C 

1 3 1 9  2 1 3 H E X A S T Y L I S  A R I F O L I A  2 1 

1 3 2 0  3 1 1 S M I L A C I N A  R A C E  !'l O S  A ? 2 

1 3 2 1  3 2 3 C H I I'I A P H I L A  M A C U L A T A 1 1 

1 3 2 2  3 2 3 G A L I U flll T R I F L O R U I'I  2 1 

1 3 2 3  3 2 3 H E X A S T Y L I S  A R I F O L I A  2 4 

1 3 2 4  3 2 3 I'I I C R O S T E G E U M  V I M I N E U I'I 1 2 5 4 '1  

1 3 2 5  3 2 3 0 X A L I S S T R I C T  A 4 1 

1 3 2 6  3 2 3 P A N I C Ufll l A X I f L O R U I'I 1 1 0  

1 3 2 7  3 2 3 P O L Y S T I C H U I'!  A C R O S T I C H O I D E S  2 (1 
1 3 2 8  3 2 3 S I L E N E  V I R G I N I O  1 1 

1 3 2 9  4 1 1 A M PH I C A R I' A  B R A C T E A T A 6 2 

1 3 3 0  4 1 1 A S PL E N I U ,. P L A T Y N E U R O N  3 3 

1 3 3 1  4 1 1 C A R  E X  N J G R O I'I A R G I N A T A  3 4 

1 3 3 2  4 1 1 G A L l  U M  C I R C A E Z A N S  4 1 

1 3 3 3  4 1 1 H E X A S T Y L I S  A R J F O L I A  1 3  5 

1 3 3 4  4 1 1 P A N I C U l'l  L A X I F L O R U I'I 6 3 

1 3 3 5  4 1 2 C A R  E X  N I  G R O M A R G I N A  T A  4 2 

1 3 3 6  4 1 2 C H I M A P H I L A  M A C U L A T A  2 2 

1 3 3 7  4 1 2 G A L I U I'I C I R C A E Z A N S  2 0 
1 3 3 t'  4 1 2 G A L I U M  P I L O S UM 1 I") 
1 3 3 9  4 1 2 H E X A S T Y L I S  A R I F O L I A  1 2 

1 3 4 0  4 1 (. S M I L A C I N A R A C E M O S A  1 1 3 
1 3 4 1  4 1 3 A M P H I C A R P A  B R A C T E A T A  1 1 

1 3 4 2  4 1 3 C H I M A P H I L A  M A C U L A T A  4 1 

1 3 4 3  4 1 3 D E S I'I O D J U ,., N U D I F L O R U M  4 1 3 

1 3 4 4  4 1 :s H E XA S T Y L I S  A R I F O L I A  3 2 

1 3 4 5  4 1 3 P A N I C U M L A X I F L O R U M  7 5 

1 3 4 6  4 1 3 S fll l l A C I N A R A C E M O S A  1 2  5 

1 3 4 7 4 2 1 H E X A S T Y L I S  A R I F O L I A  2 2 

1 3 4 8  4 2 1 R A N U N C U L U S  R E C U R V A T U S  1 1 

1 3 4 9  4 2 1 S M J L A C HO R A C E M S A  2 1 

1 3 5 0  4 2 2 M I C R O S T E G E U M  V I M I N E U JII 1 3 2  ? 6  

1 3 5 1  4 2 2 O X  A L I  S S T R I C T A  4 2 

1 3 5 2  4 2 2 P A N I C U I'I L A X I F L O R U M 2 3 

1 3 5 3  4 2 2 V I O L A  H I R S U T U L A 1 1 

1 3 5 4  4 2 3 H E X A S T Y L I S  A R J F O L I A  1 2 

1 3 5 5  4 2 3 M I C R O S T E G E U M  V I III I N E U M b 1 

1 3 5 6  4 2 3 P O L Y S T I C I WI'I A C R O S T I C H O I  D E S  2 1 

1 3 5 7  4 2 3 S I L f' N E  V I R G I N I P  1 
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Appendix A (continued) 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L u C = S  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O B S  L ll' H  P L O T  S U B G E 'I U S  S P E C I E S M A X N U M  M A X F .A C  

1 3 5 /S  1 1 1 E P I F A G U S  V I R G I N I A N A  L 6 

1 3 5 9  1 1 2 C H I M A  P H  I L A  M A C U L A T A  1 1 
1 3 6 2  1 1 2 E P I F A G U S  V l R G I N I A t. A 7 5 
1 36 1  1 1 3 E P I F A G U S  V I R G I N I A '-l A  1 1  7 

1 3 6 2  2 1 1 C O R E O P S I S  M A J O R  1 1 
1 3 6 3  2 1 2 C A R E X  N I G R O M A R G I N A T A  1 1 
1 3 6 4  2 1 2 C H I M A P H I L A  fi! A C U L A T A  1 c 
1 3 6 5  2 1 3 D E S M O D I U M N U D I F L O R U M 1 1 

1 3 6 6  2 4 2 S O L I D A G O  C A E S I A  2 2 
1 3 6 7  3 1 1 H E X A S  T Y L I  S A R I F O L I A  1 1 

1 3 6 8  3 1 1 L U Z U L A  C A M P E S T R I S  1 1 
1 3 6 9  3 1 2 H E X A S T Y L I S  A R I F O L I A  1 1 
1 3 7 0  3 1 2 L U Z U L A C A M P E S T R T S  1 1 
1 3 7 1  3 3 1 C H AM A  E l l R  I U M  L U T E U M 1 3 

1 3 7 2  3 3 1 H E X  A S  T Y L I  S A R I F C L I A  1 1 
1 3 7 3  4 1 1 C H I M A P H I L A M A C U L A T A  1 1 

1 3 7 4  4 1 3 C H I M A P H I L A  M A C U L A T A  3 1 

1 3 7 5  4 2 2 D E S M O D I U III N U D I F L O R U M  4 3 
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Appendix B (continued) 
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Gal ium aparine 
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Appendi x D ( conti nued) 
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Appendix D (continued) 

Geranium maculatum Hexastyl is arifal ia Phlox divaricate fbl ystichum acrostichaides 

V A R I A 8 1  E � [ A N  S T A � D A R D M E A N  S U N D A R D  � E A h  S T A 'l D A R D  � E A �  S H N C A R D  

'> E V ! f T I O 'l  � E V P T I O N  � E V I ' T I O N � E V I  q J o �  

1 1 • 7 3 p .: 1 6 6 7 2 . F 6 ? '. o n 7  7 . 3 � ? ." 6 4 ° 1> � - � 1, : 4 R 5 4 9 5 . 1 7 7 26 4 1 5 2 .  3 9 2 1. 5 2 t- 3  7 . 7 9 5 2 4 " "  5 . 3 3 "  7 2 9 "  OAK BASAL AREA " . CJ r C O J C C C  f· . ' I1 0 ' 0 0 C O  1 . 5 � 5 2 1 6 2 1  2 . '1 8 8 < 3 6 6 '  l . 'lf 'i2 8 3 C ?  fJ . � " 4 3 R 7 9 \I 1 • 3 I' 4 � 2 r [ r  ? . <• 6 1> '; ' � 3 9  PINE BASAL AREA 
2 .' . 5 f 7 5 3 3 3 3  ( . 0 7 1 4 9 2 7 3 2 7 . 5 C S 7 l. 2 r  3 . 6 7 1 4 9 0 4 [ 2' . 4 5 � 4 i1 7 L  4 . 3 5 5 0 4 7 2 5 2 �  . 9 4 4 4 4 < o c  4 . 2 1 3 :0 7 8 1 <' TOTAL BASAL AREA ' . 3 1 ? , 1 < 4 0 n . 2 1 6 L Q 1 8 1  - . 3 r V 9 1 1 -- " . ? 3 3 09 9 3 ' . 2 4 L 9 � R ?  r .  - � 1 9 7 7 1' 4 . 2 7 7 1 � 4 7 1 n . ? 2 5 f C 2 2 1 PLOT POS ITION 

LITTER DE PTH 3 .  1 3 3 3 3 3 ' �  <; . 5 7 � C 1 � C \I 2 . X 7 1i 3 7 � � -< C . <>5 3 1 n4 1> 2  3 . � 7 7 3 5 � 4 9  1 . 1 1 3 ' H 2 4  2 . 9 � r :: c c n r  r . 7 5 6 � 3 7 3 r 

ASPECT _ . . . 2 7 7 4 � �� � �  0 . 7 i1 S . 7 D U  ' . 09 1 9 ? f 1 1  1 1 . 7 9 5 1 4 6 6 C  r . 1 2 A 3 t> 7 f 7 1 . 7 0 3 c 5 8 7 2  r . o n 5 3 5 1> �  0 . 9 R 2 2 f 3 "' 4  

CANOPY CLOS URE .- . 1 4 � 2 2 1 <' 1 0 .  � 1] 4  7· 5 2 1 6 C . 1 4 C 7 1l c h  0 .  J 2 9 9 0C 7 6 r . 1 5 5 1 5 1 9 9 G . �I 8 5 ' . 8 6 R 4  · r: . 1 5 2 1 9 C 3 4  J . ·� 0 6 � 5 9 7 o  
PERCENT SLOPE 9 . 1 5 '"' } ] ( r =  � . � 5 ·:· 4 6 H 8  1 ?  . 6 4 R I>4 f 6 5  9 . 9 1 9 7 2 2 1'. 2 2 � . 8 6 7 9 2 4 5 3 7 . 09 5 -' 8 1 6 3 1 5 . 8 4 r -_ fl r r ·- 9 . 4 3 2 ' 6 7 7 "  
PH 4 . 5 1> 9 11> 6 6 7 C . ' 6 7 8 79 1 4 . 6 6 2 1 6 2 1 1> G . 6 R 3 � � 3 9 P  4 . 3 3 W 6 2 ? 6  i: . 2 R 2 1 2 3 4 r  4 . 1 7 n o c •i l  C . 3 6 6  ? 5 9 6  

PERCENT SAND ? 1 . 7 S r  J O C C  7 . 4 1 4 ' 98 4 7 2 1  . 6 7 S f. 7 S 6 ?  7 . 6 8 8 ' 70 3 f 1 !-{ . 2 0 7 5 4 7 1 7 7 . 5 � 3 / 9 3 9 <'> 1 7 . 7 2 r oo o r c  5 . 7 1 9 ? 6 5 6 9 

PERCENT CLAY 1 o .  6 6 6 6 6 M  7 4 . 4 6 7  7 9 � 4 1 6 . 1 3 5 1 3 5 1 4  4 . 2 1 8 ' 4 6.8 5 1 9  . 4 3 3 9 6 2 2 �  2 . 4 0 5 9 9 7 5 9  1 7 . 2 0 C L O L G C  4 . 3 5 8 ' 91! 9 4  
' . 1 5 6 9 P 3 3 3 :1 . 1 7 1 5 5 P 1  ' . 1 6 1 1 3 5 1 4  •1 . -' 2 4 3 1 7 5 3  • . n s • 3 3 9 6 Z  � .  '. 2 3 1 6 2 4 2  � . n 6 " 9 6 f r r:- o .  -- 3 1 .- qz 3 7  LOSS O N  IGNITION S 'l . 5 P � 3 3 3 3 '  6 . - - 1 4 " 2 9 6 4  6 7  . 1 q 9 H 9 1 G  L 4 1! 4 B M S  6 ? . 3 � • 4 9 0 5 7  7 . 94 9 � 8 7 1 7 6 S . O R � n n o r - 4 . " 8 9 7 ? 5 2 7 PERCENT S I LT , . •  o o c o o c c  r r . C D C ·  O O C O  - . o r c n o c r .r  r . O IJ O ' O O O O  , . •  O'lCOOC�  C (' . 0 0 (,  ' 0 0 0 0  " . o r c o o c r c  n .  o o o .  n o o o  PERCENT CEDAR LITTER '' . J C ': J U G C  .. o . - o c  o o c o  r . o 6 2 3 3 2 3 C 0 . 2 1 3 6 9 8 1 6 U . O C C tJ O c C (  C . C C O '  0 0 0 0  o . 0 1 2 u 2 C C 9  0 . � 3 3 2 2 1 7 8 PERCENT PINE LITTER • J 4 4 3 2 C 6 9  " . ' 6 P > 5 5 4 5  ' . 2 1 7 5 3 � 5 7 r .  ' 1 6 1- 7 2 2 5  c, . 2 6 ' 5 5 8 3 �  r . 2 7 •, � 74 9 6  ,' . 2 3 P 1 8 2 6 � n . 2 9 1 4 6 3 6 2  PERCENT BEECH LITTER · . n o r n 3 6 2 r . - - r 6• 5 7 6 6  � . 0 0 7 S 7 1l H  O . C' 2 3 ? 99 4 P (' . o o �  .. � o c r  c o . r o n · o o o r  r . 0 0 1 6 0 C 1 1 1: . '· 0 5 5 3 11 1 2  PERCENT MOSS COVER --, . 0 >1 C O O I , r r  r. . r o o · oo o o ·' . 0 1 6 h 1 3 3 5 o . r 7 1 ' 6 7 2 [1 n . n 1 4 2 9 P � 0 . 1 7 7 4 1 1 9 7 n . O R 3 9 1 C 8 9 n . 1 5 4 ' · 2 5 2 9 PERCENT GRASS LITTER : . 1 2 8 7 6 9 3 7 C . 1 0 0 0 7 2 L  [ . 4 8 4 2 C C 7 7  0 . 4 9 7 3 4 5 0 6 i l . 3 9 9 2 6 1 0 1  0 . 1 8 2 9 78 0 0 C . 3 3 5 2 1 6 6 2  0 . 2 R 7 7 3 9 9 C PERCENT "OTHER" L ITTER . •  � 8 � 9 � 3 3 �  •" . q 4 ·' 1 4 p 1 0 . 4 1 7 4 � 5 4 1 0 . 5 1 5 � 5 0 8 3  ,' . O R S 3 2 r 7 5 0 . 3 2 8 3 69 6 2 s . 4 t. 3 3 z r: c r  r . 6 4 8 1 9 f1 4 6 __, RED MAPLE BASAL AREA " . 3 7 4 7 6 6 6 7 1 . ' S f 1 9 5 9 r. 1 . 1 5 r 0 5 4 0 5  1 . P 6 2 f 3 5 6 2  3 . 7 7 3 5 2 8 3 ( 1 . ? 7 9 2 1 1! 1 4 1 . 9 9 C P. 4 C � [  2 . 3 2 3 4 6 5 9 0 0 SUGAR MAPLE BASAL AREA 
n . 1 5 6 8 0 C O C  r . 1 9 3 � 6 C 6 2 r . 2 3 r � 94 5 9 0 . 11 7 1 4 68 6 0 " . 0 5 5 0 3 7 7 4 0 . 3 0 0 � 2 7 4 8  ' !  . 2 1 7 6 8 0 C C  o . � 9 n 7 5 J 5 9 � 

BUCKEYE BASAL AREA 
4 . 1 1 3 6 66 6 7  r . 4 5 9 1 6 1 6 C  2 . 8 4 7 5 4 C 5 4 2 . 5 6 4 4 6 8 4 7 5 . 5 2 1 4 5 2 � 3 2 . 8 5 3 1 79 7 5 2 . 9 6 4 04 C C C 2 . C 3 1 . 1 8 0 4 H ICKORY BASAL AREA 
2 . 5 4 1 6 � 3 3 � >: . 7 0 4 ' 4 1 ? �  3 . 3 6 3 1 6 2 H  3 .  9 5 6 � 2 6 1' 9  7 . 3 9 3 1 8 f 6 8  5 . 7 7 9 3 1 7 8 9 4 . 8 r'I! 0 4 C r r  5 . 3 2 n 1 1 J 1 C  BEECH BASAL AREA ' . 3 3 7 2 0 G C r  J . 4 1 6 4 69 1 3 r . 1 9 5 o1C C C C  0 . 4 2 9 1 6 1 7 11 :' . 2 5 5 4 5 2 1' 3 0 .  3 3 3  7 5 5 5 9  J . 3 5 4 7 6 C 0 C  0 . 4 9 4 4 1 2 2 2 

ASH BASAL AREA " . O O C O O C C C  n . r, o o · o o o o  n . 4 3 C 5 1 3 5 1 c . e 7 1 5 93 3 6 ·1 . 5 1J C 6 7 9 2 5  G . 4 2 5 ti 2 02 8 � . 2 7 3 9 2 0 0 (  () . 4 0 7 5 3 7 5 2 
BUTTERNUT BASAL AREA :J . 8 c c oo c c r  o . r o o ·  o o o c  n . O O C O O C C L  O . C O O ·IOOCO  c . o o c o c c c c o . o o o : o o o o C . O O C OO G G C  c . co o r o o o o  
CEDAR BASAL AREA ' . 9 6 3 2 5 r r :  n . P 5 2 ' P 8 9 .J '; . 1 9 3 8 9 1 P 9  G . 2 5 9 2 2 1 7 1' r . 1 n 2 4 5 2 H 3 1 . 4 0 3 1 77 2 6 ·l . 3 4 5 2 4 C C C  0 . 66 '1 '  0 0 5 2  
SWEETGUM BASAL AREA 3 . 3 4 1 3 5 C C C  2 . 6 3 4 2 7 1 6 6 5 .9 3 7 G 2 7 Q 3  6 . 1 6 8 r 1 2 8 4 4 .6 4 9 5 2 � 3 [ 3 . 4 0 3 8 5 8 0 2  5 .9 1 7 4 4 C C C  3 . 6 0 5 5 0 ? 5 5  
TULIP POPLAR BASAL AREA ' ' . 1 2 8 3 8 3 3 0  0 . 1 1 4 f 5 9 9 9  n . O B 1 5 4 C 5 4 0 . 1 7 5 9 1 7 0 6 0 . 0 5 2 4 5 2 8 3 0 . 08 1 6 3 9 5 8  IJ . 0 2 6 5 2 CO f 0 . 1 3 2 � 0 0 0 0  
BLACK GUM BASAL AREA ll . O U C C O L C  r o .  r o c •  o o o o  1 . 1 8 3 9 4 5 9 5 2 . 3 8 8 6 2 8 0 8  0 . 0 4 5 1 6 9 8 1  0 . 3 2 8 84 1 1 9  1 . 0 1 3 04 C C C  2 .  2 9 5  L 0 6 9 8  
WHITE P I N E  BASAL AREA � . 8 0 [ 1 0 [ C f  r . �' O D  , c o r n  .- . n CJ c r u c c c  G . f"(! f L  0 0 0 0  n . OO C O O C' C C  (l . r o o r o n o c  c . o o c o o c c c  r . o n o - o o o n  
HORNBEAM BASAL AREA 

1 . 5 4 6 r 5 r: � c  0 . 3 4 5 4 7!! 2 2  C . 2 8 3 67 5 6 � 0 . 3 5 1 2 1 5 7 5  0 . 0 8 2 1 8 8 6 1'  0 . 1 2 2 2 1 4 2 0 f' . 1 5 8 1 6 0 0 C  0 . 2 0 8 7 60 3 7 
SOURWOOD BASAL AREA -J . O O C O O C C C  r . r o o r o o o o  c . o o c o o c c c  O . QO o r ooo o o . o o c o o o o c o . o o o n oo o o  n . o o c o o c o o  0 . r o o JOOOO  
SHORTLEAF PINE BASAL AREA c . o o c oo c c c  o . o o o r oo c o  0 . 3 5 1 3 7 8 3 11 0 . 6 3 2 669-3 6 c . 0 2 4 1 3 2 0 8  0 . 1 7 5 6 84 1 6  0 . 2 9 1 5 6 0 0 0  0 . � 9 8 8 63 1 0  
VIRGIN lA PINE BASAL AREA 1 . 11 1 3 ·1 6 6 6 7  0 . 11 7 0 9 5 9 9 7 i1 . 1 2 3 R 9 1 8 Q  0 . 3 6 J 76 0 9 1  •' .oo c c o c c r  o . � o o c.< o o o o  � . 2 2 9 2 0 C O C  0 . 4 6 7 1' 5 2 5 4  
WHITE OAK BASAL AREA 1 1 . 1 9 2 4 3 3 3 3  3 . 6 8 9 3 0 7 4 1 5 . 4 8 0 7 2 9 7 3  6 . 1 4 5 4 68 9 2  2 . 6 0 1 6 0 3 7 7 1 . 96 5 4 06 7 0 5 . 2 4 6 32 CC C 4 . 2 0 1 3 2 4 0 7  
SCARLET OAK BASAL AREA � . o o c o o c c r  o . r o o 0 o o o o rJ . O 'l C OO C C C  0 . 0 0 0 0 00 0 0  o . o o r. o o o c r o . c o o r;o o o o  o . o o c o o o c c  0 . 00 0 � 0 0 0 0  
C H I NQUAPIN OAK BASAL AREA o . o o c o o c c c  o . c o o c oo o o o . o o c o o c c c  o . o o o r o o o o  c . o o c o o cc c o . c o o ooooo o . o o c o o c c o  o . o o o c oo o o  
CHESTNUT O A K  BASAL AREA cl . 3 5 4 1 0 G C C  1 . 6 2 0 6 888 0 1 . 1 5 5 1 6 2 1 6 1 . 8 7 1 2 1 2 94 2 . 2 8 7 7 3 5 8 5  3 . f 06898 2 2  1 . 7 9 4 2 8 C O C  3 . 8 3 4 4 4 8 2 6  
NORTHERN RED OAK BASAL AREA C . 1 9 1 4 8 3 3 3  0 . 9 !! 9 3 2 4 4 5  � . 5 6 3 1 3 5 1 4  0 . 7 9 1 3 4 4 0 8  C . 2 8 7 9 2 4 5 3  0 . 3 8 6 5 9 5 5 9  D . 5 6 2 40 0C C  0 . 9 5 9 4 1 5 7 1  
POST OAK BASAL AREA o . oocoooor  0 . 0 0 0 � 0 00 0 C1 . 0 0 0 0 0 0 C C o . n o o r. o o o o  o . o o c o oc c r 0 . 00 0 00000 o . o o c o o c o c  0 . 00 0 0 00 0 0  
BLACK O A K  BASAL AREA o . oo c o o c o c  o . o o o c ooo o il . 1 0 3 8 9 1 8 9 0 . 3 0 2 5 2 2 8 9  O . O O C O OC O L o . o o o o oooo 0 . 1 9 2 20 00 0 0 . 39 2 3 2 6 6 1  
BASSWOOD BASAL AREA C . 0 8 3 2 0 C C f  0 . 4 1 9 2 82 0 3 0 . 3 3 1 1 3 5 1 4  0 . 9 1 6 7 8 1 8 8  0 . 4 0 1 5 4  7 1 7  0 . 3 09 4 34 3 8 11 . 3 1 5 0 4 C C C  0 . 5 1 1 3 9 9 7 5  
E LM BASAL AREA 0 . 2 0 0 7 5 C O C  0 . 1 !! 3 1 1 7 6 0  0 . 2 9 9 5 4 0 5 4  0 . 4 5 7 7 74 0 0  r: .o o c o o o c c  o . oo o noooo 0 .3 00 4 0 0 0 0  0 . 6 1 3 1 8893 



Appendix D ( continued) 

Po I ygonatum b iflorum 

V A R I A R L E  � E A �  S T A N D A R D  

� F V U T I O N  

OAK BASAL AREA 1 4  . R 5 4 3 zc r c  7 . 1 1 P C e 7 3 ?  

PINE BASAL AREA ? . 6 6 4 � 4 l C C  3 J � 9 ? 4 1 4 6  

TOTAL BASAL AREA 2 � . 7 1 9 8 0 c c ,; 2 . r� 2 R 3 3 7 C 4  

PLOT POSITION · . 6 9 P � 9 2 � �  <' . 4 1 8 5 <'> 3 3 7 

LITTER DEPTH z . 7 6 C J o r n c  1 . 6 6 5  ? 3 ? R r, 

ASPECT - 0 . 7 2 3 � 0 2 G 2  n .  7 4 2 t 1 7 4 n  

CANOPY CLOSURE c . 1 5 ( 9 7 7 5 1  G . C 0 7 9 11 5 8 C  

PERCENT SLOPE 23 . 3 M 0 0 2 r r  1 4 . 4 6 2 ? 4 9 7 1 

PH 4 . 4 4 P �· o r n :· o .  7 2 7 ? 20 7 4  
PERCENT SAND 2 4 . 5 2 r o u c r r  7 . 4 7 7 ' 3 9 7 1  

PERCENT CLAY 1 5 .  7 2 = o c c c r  4 . ( 4 6 0 09 4 4  

LOSS O N  IGNITION · . n R 3 R 4 C r l  C . C 4 1 1, 4 7 (' 1  

PERCENT S I LT 5 9 . 7 6 " 1 U C f ' 8 . � 2 V 4 2 4 8  

PERCENT CEDAR LITTER •' . O O C O O C O (' o . n o n r o o o o  

PERCENT PINE LITTER : . 1 1 2 � 9 8 3 � 0 . 2 0 6 < 49 6 4  

PERCENT BEECH LITTER - . o 1 r � o c r c :l . i; G O ' 'l 0 0 '' 
PERCENT MOSS COVER r . f1 1 6 1 0 9 7 1 o . r 5 1 '1 8 7 7 8  

PERCENT GRASS LITTER �� . o o c o o c c c  o . r o o ·  o o o n  

PERCENT "OTHE R "  LITTER G . 3 0 6 1 7 1 2 4 0 . 5 4 5 5 4 2 9 9  

RED MAPLE BASAL AREA - . 2 8 1 8 8 C U  0 . 4 6 2 9 8 3 0 2  

SUGAR MAPLE BASAL AREA 1 .  7 5 1 3 2 o n c  2 . 4 11 9 5 8 1 0 � 

BUCKEYE BASAL AREA 0 . 4 ? 6 6 0 C O r  0 . 8 7 0 7 9 3 6 0  

HICKORY BASAL AREA 1 . 3 2 C s o c c r  1 . u 7 3 r_• 6 6 0 9  

BEECH BASAL AREA � . 0 6 7 6r c r c  !1 . 1 0 9 1 2 2 6 4 

ASH BASAL AREA 
!' . 0 7 � 1 6 c r r 0 . 3 7 5 f 0 0 0 !1  

BUTTERNUT BASAL AREA 
n . o n c o o c o c  o . o o o n o o o o  

CEDAR BASAL AREA C . O H O O L C C  O . L 3 2 6 59 8 6  

SWEETGUM BASAL AREA 
r . 1 5 9 6 0 C f c  0 . 3 2 5 782 1 4  

TULIP POPLAR BASAL AREA 1 . 0 6 7 !'8 C O C  1 . 9 7 1 1 5 8 6 7  

BLACK GUM BASAL AREA 1 ' . 9 1 9 9 6 0 C C 1 . 64 4 3 0 6 5 5  

WHITE PINE BASAL AREA C . 4 7 8 8 0 � 0 C 0 .  9 7 7  3 4 6 4 1  

HORNBEAM BASAL AREA ·L O O C O O G U  o . rJ o o - oo o c  

SOURWOOD BASAL AREA 
r . 3 8 4 9 2 0 C C  0 . 6 2 1 5 3 1 3 7  

n . B 3 8 8 0 0 C 1 . 36 0 il 2 8 5 0  
SHORTLEAF PINE BASAL AREA 1 . 4 5 2 S 6 0 0 C  2 . 3 6 4 '> 2 2 0 2  
VIRGIN lA PINE BASAL AREA .; . IJ 7 f 4 0 C C C  0 . 1 6 0 � 3 3 3 3  
WHITE OAK BASAL AREA 1 . 8 3 3 s s o c r  2 . 3 8 0 6 6 8 2 9  
SCARLET O A K  BASAL AREA 

:l . O O C O O O C O  0 . O O O 'J O O O O  
C HINQUAPIN OAK BASAL AREA 
C HESTNUT OAK BASAL AREA 

o . o o c o o c c c  o . c o o c o o o o  

NORTHERN RED O A K  BASAL AREA 
F . 1 6 n 2 C C C  6 . 1 6F 6 4 0 7  

POST OAK BASAL AREA 
2 . 8 5 2 2 0 0 0 C  1 . 86 6 ? 8 9 4 1  

BLACK O A K  BASAL AREA 
r . • o o c oo o c r  0 .  O O O rl O O O O  

BASSWOOD BASAL AREA c . oo c o o c o c  o . o o o c o o o o  

E LM  BASAL AREA � . 4 6 1 4 o o c r  0 . 9 4 1 8 2 8 8 1  

n . o o c o o c o o 0 . 0 0 0 0 0 0 0 0  

Smilacina racemose 

� E A N  

1 ? • 3 2 7 :· fj r r r 
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