
ABSTRACT 

SAVILLE, AMANDA CHRISTINE. Delimiting Species Boundaries in the Dichanthelium 
dichotomum (L.) Gould Complex. (Under the direction of Alexander Krings and Jenny 
Xiang). 
 

Dichanthelium dichotomum (L.) Gould (Poaceae) is a complex of diploid grasses, all found 

within the eastern United States.  This widely encountered species complex is an important 

component of the eastern North American flora, but our current understanding of it is chaotic 

at best.  Over the past one hundred years, major students of the group variously recognized 

the complex to be comprised of fourteen species, one species with five varieties, eight 

species with three varieties, and two species with seven varieties.  Despite these multiple 

taxonomic treatments, no empirical analysis of the morphological variation within the 

complex has been published.  To fill this void and to better understand the complex, we 

sought to test three hypotheses that could explain the apparent morphological variability and 

circumscriptional differences:  (1) The variation in the complex is clinal, (2) the variation in 

circumscriptions is a factor of increased collections and taxonomic understanding over the 

past 100 years, thus the more recent treatments should better fit the data than historic 

treatments, and (3) the complex represents a single species under divergence into multiple 

lineages represented by subspecies, the observed variation being the result of incomplete 

lineage sorting and lack of character fixation.  A total of 584 herbarium specimens, including 

types of forty-three of forty-eight published names, were measured and scored for twelve 

quantitative characters and twenty-six qualitative characters.  The presence of clinal variation 

was examined with a combination of environmental and geographic correlations against 



morphological characters, descriptive statistics, specimen aggregation analyses, cluster 

analyses, ordinations, cluster analyses with character overlays, and ecological niche models.  

Results from these analyses revealed no evidence that the variation present in the complex is 

the result of clinal variation based on the broad environmental variables used.  However, it 

was noted that cluster and ordination analyses of operational taxonomic units (OTUs) that 

were grouped into broad ecoregional areas exhibited some support for the idea that distinct 

limits can be discerned at the regional level, but that this structure breaks down when the 

geographic range of study is increased.   This finding, however, may be due to the reduced 

datasets used.  The fit of the morphological data to four major treatments of the complex was 

evaluated with the use of specimen aggregation analyses, descriptive statistics, ANOVAs, 

cluster analyses, ordinations, maps of geographic distribution, and classification and 

regression tree (CART) analyses.  Results from these analyses indicated that only one species 

can be recognized within the complex.  Additionally, there was very little evidence 

supporting the hypothesis that more recent treatments better fit the morphological data than 

historic treatments.  Seven putative subspecific groups were identified from cluster analyses 

and used to explore the presence of incompletely diverged lineages within the complex, 

through descriptive statistics, ANOVAS, specimen aggregation analyses, ordinations, CART 

analyses, maps of geographic distribution, and principal component analyses.  Five groups 

were observed exhibiting morphological differences with limited integradation, and were 

comprised of individuals referable to either D. dichotomum subsp. annulum, D. dichotomum 

subsp. ensifolium, D. dichotomum subsp. mattamuskeetense, D. dichotomum subsp. tenue, or 

D. dichotomum subsp. yadkinense.  However, due to the largely sympatric distributions, 



further analysis is needed to support the recognition of these groups.  Potential phylogenetic 

scenarios and future directions for study of this complex are discussed, including the need for 

an investigation of environmental variables beyond broad seasonality and phylogenetic 

analysis to discern the presence of completely or incompletely diverged lineages.
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INTRODUCTION 

 Dichanthelium (Hitchc. & Chase) Gould (Poaceae) encompasses 70 to 100 species 

and ranges across North America from Canada to Central America and the West Indies 

(LeBlond 2008).  Originally described as a subgenus of Panicum L. (Hitchcock and Chase 

1910), it has been described as “perhaps the most complex and confusing genus in [the 

Southeast]” (LeBlond 2008), with polymorphisms and potential hybridizations confounding 

many a botanist.  Beal (1896) noted the complexities of Panicum s.l., indicating it to be 

“large and difficult.”  In 1898, Ashe noted that dimorphic members of Panicum s.l. presented 

“…a great difficulty to satisfactory segregation in the confusing and often nearly similar 

forms acquired not only by nearly related, but even quite dissimilar species, in the later, 

branched condition….” Almost all treatments of members of Dichanthelium mostly forego 

an evaluation of the autumnal form in favor of the more distinctive vernal forms.  Exceptions 

include Silveus’s treatment (Silveus 1942), which included descriptions, diagrams, and 

photographs of the autumnal form of each species. 

Hitchcock and Chase (1910) were the first to recognize the name “Dichanthelium” at 

a distinct rank.  In their treatment of Panicum, they divided the genus into three subgenera:  

Panicum, Paurochaetium Hitchc. & Chase, and Dichanthelium, the latter of which contained 

112 taxa, including three taxa from volume 1 of Linnaeus’s Species Plantarum (1753):  P. 

clandestinum L., P. dichotomum L., and P. latifolium L.  Within subg. Dichanthelium sensu 

Hitchcock and Chase, taxa were further classified into seventeen informal sections, including 

Dichotoma, which contained fourteen species.  The members of this particular section were 

distinguished by elliptic or obovate spikelets shorter than 2.5 mm, slender-based blades less 
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than 1cm wide and evenly distributed along the culm, and slender culms.  Many names 

previously described in other treatments (e.g., Ashe 1898, 1900) were reduced to synonymy 

within this work.  This seminal monograph served as the basis for most other works on 

Panicum of the period, both widespread (e.g., Silveus 1942) and regionally localized (e.g., 

Deam 1929; Blomquist 1948). 

Dichanthelium was universally treated within Panicum until Gould (1974) proposed 

recognition at the generic rank.  Supporting evidence was communicated by Gould and Clark 

in 1978, including several fundamental differences between Dichanthelium and Panicum.  

Some of the most significant differences separating Dichanthelium included diploid genetics, 

unusual amongst grasses except for the genus Melica L., an extra layer of tunica cells at the 

shoot apex, C3 photosynthesis, a basal rosette of leaves, and the aforementioned presence of 

a few-stemmed vernal and a multi-branching autumnal form.  The recognition of 

Dichanthelium at the generic level has recently been supported by molecular data as well 

(Giussani et al. 2001; Aliscioni et al. 2003).  Despite the increase in knowledge regarding the 

position of Dichanthelium in relation to Panicum, species level relationships as well as 

taxonomic circumscriptions in numerous complexes remain poorly resolved.   

In an attempt to organize the many species present within the genus, several informal 

complexes have been recognized (e.g., Hitchcock 1910; Freckmann and Lelong 2003).  One 

of these groups is the Dichanthelium dichotomum complex, whose members are primarily 

found in the eastern United States.  The taxonomy of this complex has been particularly 

confounding, with major works variously recognizing fourteen species (Hitchcock and Chase 

1910), one species with five varieties (Gould 1978), eight species with three varieties 
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(LeBlond 2001), and two species with seven varieties (Freckmann and Lelong 2003).  Thus, 

for example, a specimen with pubescent stems (nodes and internodes), densely pilose leaves, 

and pubescent spikelets will key to Dichanthelium annulum sensu LeBlond (2001), 

Dichanthelium mattamuskeetense sensu Freckmann and Lelong (2003), and Dichanthelium 

dichotomum var. dichotomum sensu Gould and Clark (1978).  However, the unsatisfactory 

result is not just that a single specimen may key to multiple names depending on the 

taxonomic treatment employed, but that those names represent very different taxonomic and 

geographic circumscriptions.  The contradiction amongst treatments suggests that the species 

limits within the complex have not been well defined and require additional attention.  

Despite multiple taxonomic treatments of the complex (Hitchcock and Chase 1910; Gould 

and Clark 1978; LeBlond 2001; Freckmann and Lelong 2003), no empirical analysis of the 

morphological variation within the complex has been published.  To fill this void and to 

better understand the complex, we sought to test three hypotheses that could explain the 

apparent morphological variability and circumscriptional differences:  (1) The variation in 

the complex is clinal, (2) the variation in circumscriptions is a factor of increased collections 

and taxonomic understanding over the past 100 years, thus the more recent treatments should 

better fit the data than historic treatments, and (3) the complex represents a single species 

under divergence into multiple lineages represented by subspecies, the observed variation 

being the result of incomplete lineage sorting and lack of character fixation. 
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METHODS 

For the purposes of this study, we adopt the phylogenetic species concept sensu 

Nixon and Wheeler (1990), namely that a species is “the smallest aggregation of populations 

[…] diagnosable by a unique combination of character states in comparable individuals.”  

Analytical techniques have been developed to empirically test species limits based on this 

concept using data from herbarium specimens (e.g., specimen aggregation analysis sensu 

Snow (1997)). 

Sampling 

Specimens referable to any name within the D. dichotomum complex by any of the 

four major works on the group (i.e., Hitchcock and Chase 1910; Gould and Clark 1978; 

LeBlond 2001; Freckmann and Lelong 2003) were requested from eighteen herbaria (AUA, 

CHARL, DOV, F, FSU, GA, IA, ISC, MICH, NCSC, NCU, NY, OH, OKL, TENN, TROY, 

US, WVA).  As a result, members of what has been treated as the Dichanthelium ensifolium 

(Baldwin ex Elliott) Gould complex (i.e., P. albomarginatum Nash, D. dichotomum var. 

breve (Hitchc. & Chase) Gould & C.A. Clark, D. chamaelonche (Trin.) Freckmann & 

Lelong, P. concinnius Hitchc. & Chase, D. ensifolium (Baldwin ex Elliott) Gould, P. 

flavovirens Nash, D. dichotomum var. glabrifolium (Nash) Gould & C.A. Clark, D. tenue 

(Muhl.) Freckmann & Lelong, P. trifolium Nash, P. vernale Hitchc. & Chase), as well as D. 

boreale (Nash) Freckmann and D. hirstii (Swallen) Kartesz were also addressed within this 

study.  Specimens were intentionally included from ISC, NCU and US, as these collections 

were studied extensively by authors of the four major treatments discussed above.  Attempts 

were made to represent the entirety of the range for each putative taxon when selecting 
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specimens for analysis.  A total of 584 specimens within the D. dichotomum complex was 

measured and scored.  A total of 384 specimens could be measured for all characters, and 

could subsequently be considered complete.  A total of 384 specimens (not all were complete 

specimens) included sufficient locality information to be georeferenced, using either 

Biogeomancer (www.biogeomancer.org) or Google Earth (earth.google.com).  For the 

purposes of this study, each specimen was considered an Operational Taxonomic Unit 

(OTU). 

Each specimen was identified using the keys of each of the four major taxonomic 

treatments, hereafter simply “treatments”: Hitchcock and Chase (1910), abbreviated HC; 

Gould and Clark (1978), abbreviated GC; LeBlond (2001), abbreviated LeB; Freckmann and 

Lelong (2003), abbreviated FL.  Members of the D. ensifolium complex were identified using 

appropriate keys in Hitchcock and Chase (1910) and Freckmann and Lelong (2003).  Since 

members of the D. ensifolium complex were incorporated into the D. dichotomum complex 

by Gould and Clark (1978), a separate key was not needed when identifying specimens under 

this treatment.  As LeBlond (2001) did not address D. boreale, D. hirstii, or the D. ensifolium 

complex, identifications sensu LeBlond for these taxa were obtained using LeBlond (2008).  

Dichanthelium hirstii is a candidate for federal listing (G1), and was of particular interest due 

to its rarity and its disjunct distribution (Georgia, North Carolina, and New Jersey) (LeBlond 

2008).   

At minimum, two specimens per name recognized under any of the four treatments 

were included in the analyses.  Types of forty-three of forty-eight published names associated 

with the D. dichotomum complex were measured and scored (Table 1).  Since a complete 
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dataset could not be obtained for the lectotype of D. mattamuskeetense (i.e., Ashe s.n., US), 

measurements for the flag blade length and width, as well as the panicle length, were 

obtained from two isolectotypes (i.e., Ashe s.n., NY; Ashe s.n., NY) and added to the 

lectotype dataset.  Although P. bushii Nash was listed as a synonym of D. boreale by Gould 

and Clark (1978), its type shows no resemblance to any other types of names associated with 

D. boreale.  As its listing may be a typographical error (Paul Peterson, pers. comm.), it was 

not included in this study. 

Qualitative and quantitative characters were chosen based on Allred and Gould 

(1978), apparent importance for identification within the four treatments, and personal 

observation (Tables 2 and 3).  Only vernal structures were measured.  Spikelet structures 

were measured either from vernal panicles or from autumnal axial inflorescences, as spikelet 

structures do not change between forms (Lelong 1965; LeBlond 2008).  Only mature 

spikelets were measured.  Maturity was evaluated by the degree of spikelet expansion, with a 

shriveled look suggesting immaturity. 

 For each quantitative character state, a maximum of five measurements per specimen 

were taken and averaged.  Culm length was measured as the distance from the point where 

roots began to form on the culm to the point at which the panicle began.  Only complete 

culms were used.  Ligules were measured from any culm leaf, and were measured from the 

bottom of the ligule to the top of the longest hair present.  Rosette blades were not measured, 

as they are considered part of the autumnal form (Hitchcock and Chase 1910).  To ensure 

true culm and not rosette blades were used, the second culm leaf from the base was measured 

to represent basal culm blades.  In addition to basal blades, flag blades were also measured to 
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represent blade size at more than one point on the specimen.  Flag blades were selected as the 

topmost blade subtending a panicle.  Blade length was measured along the midvein.  Blade 

width was measured at the widest point on the leaf.  Mature panicles were identified as being 

fully expanded and not partially obscured by the flag blade sheath.  Each panicle was 

measured at the widest point for both length and width, not including any spikelets present.  

The width of asymmetrical panicles was determined by adding the distances from the central 

axis to the widest point on each side.  Mature spikelets were selected for spikelet and first 

glume measurements taken.  Spikelet length was measured from the spikelet apex to the 

point of articulation at the spikelet base.  Spikelet width was measured at the widest point on 

the spikelet.  A similar measurement scheme was employed for the first glume. 

Analysis 

Hypothesis One:  Clinal variation 

The variation in the complex is clinal. 

 As Hypothesis One would be rejected by a lack of correlation between morphological 

characters and geographic/environmental variables, potential environmental influences on 

members of the complex were investigated using correlations, ordinations, cluster analyses 

with character overlays, and ecological niche models.  In order to evaluate the potential 

influence of geographic position on morphology, correlation analyses were undertaken for all 

quantitative characters versus latitude using R (R Development Core Team 2007).  In 

addition correlation analyses were undertaken for all quantitative characters versus latitude 

for each of the four treatments.  Putative taxa that were not represented by at least ten OTUs 

for any quantitative character (2) were not analyzed.  The potential influence of individual 
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environmental factors on morphology was evaluated by correlating all quantitative characters 

against seven environmental factors for each of the putative taxa under each of the four 

treatments:  elevation, mean annual temperature, annual precipitation, maximum temperature 

in the warmest month, minimum temperature in the coldest month, precipitation in the driest 

month, and precipitation in the wettest month.  All environmental data were obtained from 

WorldClim (www.worldclim.org), using 5 arc-minutes resolution.  Data were collected from 

the years 1950 to 2000.  Quantitative characters with fewer than ten representative OTUs for 

a given putative taxon were not analyzed.  The relationship between these environmental 

factors and fifteen qualitative characters was also explored.  The fifteen qualitative characters 

used (Table 3) were:  basal sheath glands, basal blade abaxial pubescence, basal blade 

adaxial pubescence, central inflorescence axis pubescence, fertile lemma texture, flag blade 

abaxial pubescence, flag blade adaxial pubescence, flag sheath glands, flag sheath 

pubescence, inflorescence branch pubescence, internode pubescence, maximum second 

glume size, node glands, node pubescence, and spikelet pubescence.  Relationships were 

modeled using a binary logistic regression, a type of generalized linear model (GLM), in R 

(R Core Development Team 2007).  To fulfill the requirement that characters can only 

possess two character states to be analyzed using a binary logistic regression, characters 

originally coded for more than two states (e.g., 0 = glabrous, 1 = short-pubescent, 2 = pilose) 

were re-coded binarily.  Thus, basal and flag blade adaxial and abaxial pubescence, as well as 

flag sheath pubescence, were recoded pilose versus not pilose.  Maximum second glume size 

was similarly recoded into longer than the fertile lemma versus not longer than the fertile 

lemma.  Node pubescence was recoded as bearded versus not bearded.  Basal and flag sheath 
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glands was coded as the presence of glands or the absence of glands.  Qualitative variables 

with fewer than ten representative OTUs for a given putative taxon were not analyzed.   

In addition to correlations and binary linear regressions, overall morphological 

similarity of OTUs in association with location was explored through the use of 

geographically divided datasets.  LeBlond (2008) has suggested that differences between taxa 

may be observed within a reduced range, but that this structure breaks down when the entire 

range is examined.  Georeferenced localities were also classified by ecoregion (sensu The 

Nature Conservancy (www.nature.org)).  Ecoregions with small numbers of specimens were 

paired with adjacent ecoregion groups to increase statistical power.  Attempts were made to 

group similar ecoregions together, based on rough topographical features (1).  OTUs studied 

occurred in thirteen ecoregional groups within the US and Canada:  Central 

Appalachian/High Allegheny Plateau/Southern Blue Ridge, Cheseapeake Lowlands, East 

Gulf Coastal Plain/Upper East Gulf Coastal Plain, Great Lakes/Prairie Forest Border/Central 

Tallgrass Prairie/North Central Tillplain, Interior Low Plateau/Western Allegheny 

Plateau/Cumberlands and Southern Ridge and Valley, Mid-Atlantic Coastal Plain, Lower 

New England/Northern Piedmont/Northern Appalachian, North Atlantic Coast, 

Ozarks/Ouachita Mountains, Piedmont, South Atlantic Coastal Plain, Tropical 

Florida/Peninsular Florida, and Gulf Coast Prairies and Marshes/West Gulf Coastal 

Plain/Upper West Gulf Coastal Plain.   

Differences in quantitative means for OTUs within each broad ecoregional group 

were evaluated through the use of a combination of descriptive statistics and Tukey’s HSD 

post-hoc tests.  Quantitative character minimums, maximums, and means for OTUs within 
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each broad ecoregional group were compared using ANOVAs. Qualitative character states 

for OTUs within each broad ecoregional group were evaluated through the use of a specimen 

aggregation analysis (SAA; sensu Snow 1997).  SAA analyzes the distribution of fixed 

qualitative characters (95% rule sensu Weins and Servedio 2000) in a priori groups.  Fixed, 

unique characters within a putative group are criteria for recognition as species under the 

phylogenetic species concept sensu Nixon and Wheeler (1990).  Putative groups within a 

SAA that display SAA and calculation of the descriptive statistics were carried out in 

Microsoft Excel, while the Tukey’s HSD post-hoc tests and ANOVAs were performed in R 

(R Development Core Team 2007). 

The overall morphological similarity of OTUs incorporated into each ecoregional 

group was evaluated using cluster analyses and ordinations (principal coordinate analysis; 

PCoA) under each of the four treatments.  Prior to cluster analyses and ordinations, data were 

tested for normality using a Shapiro-Wilks test and subsequently log-transformed to 

minimize allometric influence (Dufrêne et al. 1991; Pimentel et al. 2007).  Distances for the 

cluster analyses and ordinations were generated using Gower’s coefficient of similarity 

(Gower 1971).  Cluster analyses were generated using an average linkage method.  PCoAs 

were plotted in the first and second coordinates.  PCoAs and cluster analyses were evaluated 

for the presence of homogenous, non-overlapping groups, indicated as groups of OTUs 

unanimously referable to a given putative taxon and represented as more morphologically 

similar to each other than to other OTUs in the dataset based on proximity in both analyses.  

In addition, cluster analyses with character overlays for OTUs within each ecoregional area 

were generated to examine the exclusivity of qualitative character states to recovered 
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clusters.  The generation of cluster analyses with character overlays required several steps.  

First, a distance matrix was generated based on both quantitative and qualitative characters 

for all complete OTUs using Gower’s coefficient of similarity.  Next, the matrix was used to 

generate an unweighted pair group method with arithmetic mean (UPGMA) tree of OTU 

relationships in PAUP* (Swofford 2002).  A separate qualitative character matrix was then 

superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009) to allow 

visualization of each OTU’s character state for a given character on the tree.   

 The potential ranges of putative taxa under each of the four treatments were estimated 

using ecological niche models that utilized georeferenced OTUs and environmental data.  

Models were developed for taxa under the four treatments using Maxent v. 3.3.2 (Phillips et 

al. 2010), with five model iterations and cross validation to increase the data use of small 

datasets.  Maxent uses a maximum entropy model to predict species ranges based on the 

variables provided.  Potential ranges were displayed using a logistic model.  The output maps 

generated were visually evaluated for potential overlap.  The layers used are the same as 

those used to generate correlations of quantitative characters against environmental factors, 

and reflected climatic seasonality.  Layers selected for inclusion were: elevation, annual 

mean temperature, maximum temperature of the warmest month, minimum temperature of 

the coldest month, annual precipitation, precipitation of the wettest month, and precipitation 

of the driest month.  All data were obtained from Worldclim (www.worldclim.org).  Putative 

taxa with fewer than twenty GIS points were not modeled. 
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Hypothesis Two:  Circumscription fit 

The variation in circumscriptions is a factor of increased collections and taxonomic 

understanding over the past 100 years, thus the more recent treatments should better fit the 

data than historic treatments. 

In order to reject Hypothesis Two, there would need to be neither evidence of 

morphological discontinuity between the circumscribed taxa of each treatment, nor evidence 

that the fit between circumscribed taxa and morphological data increases over time.  The 

potential fit of circumscriptions to the morphological data collected was evaluated using 

specimen aggregation analyses (SAA; sensu Snow 1997), descriptive statistics, ANOVAs, 

cluster analyses, ordinations, and CART analyses. SAA and calculation of the descriptive 

statistics were carried out in Microsoft Excel, while the remaining analyses were performed 

in R (R Development Core Team 2007).   

 SAA analyzes the distribution of fixed qualitative characters (95% rule sensu Weins 

and Servedio 2000) in a priori groups.  Specimens were aggregated into groups based on 

their putative taxonomic determinations according to the four treatments.  Quantitative 

character minimums, maximums, and means for each putative taxon, as delimited by the four 

treatments, were compared using boxplots and ANOVAs.   

 Before conducting the cluster analyses and PCoA ordinations, morphological data 

were log transformed as described above.  Gower’s similarity coefficient (Gower 1971) was 

applied to the data, as it allows the use of quantitative, qualitative, and binary data to 

generate distances between OTUs.  Separate cluster analyses and ordinations were carried 

out for each of the four treatments using the distances generated by Gower’s similarity 
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coefficient.  PCoA ordinations were plotted and analyzed in three dimensions.  The amount 

of taxon homogeneity for clouds showing some homogeneity in the PCoA was determined 

by calculating percentages ((number of OTUs referable to the majority name in a near-

homogeneous cloud/total number of OTUs in a near-homogeneous cloud) X 100).  The same 

procedure was used to measure homogeneity for clusters in the cluster analysis containing a 

majority of OTUs referable to one name. 

A reduced dataset was also analyzed to evaluate the presence of noise from 

uninformative characters, which could potentially obscure taxonomic signals.  Characters 

included in this dataset were chosen based on personal observation, examination of the four 

treatments to identify useful characters, Tukey’s HSD post-hoc tests, and the use of cluster 

analyses with character overlays (see below).  Quantitative and qualitative characters utilized 

are noted in tables 2 and 3.  As the resolution of relationships in general did not increase 

using the reduced matrix, the full matrix was employed for all subsequent analyses. 

To further evaluate the internal consistency and fit of each of the four treatments, 

classification and regression trees (CART) were generated for each treatment using complete 

OTUs.  Data were not log transformed prior to the CART analysis.  The taxonomic 

composition of each cluster generated by the analysis was calculated to evaluate the degree 

of taxon homogeneity. 

Cluster analyses with character overlays were created to evaluate the topological 

distribution of qualitative character states among all complete OTUs, and were obtained as 

described above.   
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To explore sympatry and allopatry among putative taxa, the georeferenced 

coordinates for each OTU were plotted based on the four treatments using DIVA-GIS 

(www.diva-gis.org).  In addition, the geographic distributions of the states of fifteen 

characters were mapped to evaluate the presence of overlap between character states.  The 

characters are the same as the characters used in the GLMs plotted, as described above. 

Hypothesis Three:  Infraspecific taxa 

The complex represents a single species under divergence into multiple lineages represented 

by subspecies,, the observed variation being the result of incomplete lineage sorting and lack 

of character fixation. 

 Evidence contradicting the presence of subspecies within the complex includes (1) 

lack of significant differences in means of quantitative characters between more or less 

internally morphologically homogenous groups of OTUs, and (2) evidence that distinct 

morphological discontinuity exists between one or more groups of more or less internally 

morphologically homogeneous OTUs, which would suggest the delimitation of species rather 

than subspecies based on the phylogenetic species concept sensu Nixon and Wheeler (1990).  

While parapatric or allopatric distributions would support the presence of subspecies, range 

overlap without evaluation of OTU microhabitats should not be considered sufficient 

evidence to reject this hypothesis. 

The potential presence of infraspecific taxa within the complex was evaluated 

through a combination of descriptive statistics, ANOVAs and Tukey’s HSD post-hoc tests, 

cluster and ordination analyses, CART analyses, and principal component analyses (PCA).  
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Descriptive statistics were calculated using Microsoft Excel, while all other analyses were 

conducted using R (R Development Core Team 2007).    

 It has been noted that infraspecific taxa may be recognized under the phylogenetic 

species concept if evidence exists suggesting selection pressure is resulting in divergent 

lineages (Nixon and Wheeler 1990).  Such evidence may be a group of OTUs showing a 

statistical difference in average size for a particular character (Luckow 1995), or the presence 

of a character that is nearly, but not completely, fixed for a particular character state (Post et 

al. 2009).  The cluster analysis dendrogram that contained all complete OTUs was used to 

divide OTUs into putative subspecific groups for further testing.  Seven groups were 

identified (Fig. 2) based on their near exclusivity (i.e., to ensure that OTUs within a group 

were more morphologically similar to each other than to any other OTU in the dendrogram).  

Quantitative character minimums, maximums, and means for each group were compared 

using boxplots and ANOVAs.   

Specimen aggregation analyses, ordination analyses, and CART analyses were also 

conducted using the methods described above.  In addition, principal component analyses 

(PCA) of climatic data from georeferenced localities were conducted to determine if putative 

subspecific groups could be discerned via environmental influences, indicating that climatic 

pressures may be driving divergence.  The environmental variables used in the PCA are the 

same seven used in the correlations between quantitative characters and environmental data 

described above. 
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RESULTS 

Hypothesis One:  Clinal variation 

Latitudinal correlations 

Correlations between quantitative characters and latitude are displayed in figure 3.  

There were no or only weak correlations between latitude and quantitative characters. 

Correlations between quantitative characters of taxa sensu Hitchcock and Chase 

(1910; HC) and latitude are displayed in figures 4–15.  A moderate correlation was seen 

between latitude and the culm length of OTUs referable to D. boreale (r2=0.433; p<0.01) 

(Fig. 6a).  There were no or only weak correlations between latitude and all other quantitative 

characters for taxa under HC. 

Correlations between quantitative characters of taxa sensu Gould and Clark (1978; 

GC) and latitude are displayed in figures 16–18.  A moderate correlation was observed 

between latitude and the culm length of OTUs referable to D. boreale (r2=0.433; p<0.01) 

(Fig. 16a).   There were no or only weak correlations between latitude and all other 

quantitative characters for taxa under GC. 

Correlations between quantitative characters of taxa sensu LeBlond (2001; LeB) and 

latitude are displayed in figures 19–29.  A strong correlation was observed between latitude 

and the culm length of OTUs referable D. boreale (r2=0.651; p<0.01) (Fig. 20a).  A moderate 

correlation was observed between latitude and the basal blade width of OTUs referable to D. 

roanokense (r2=0.403; p<0.01) (Fig. 28d).  A moderate correlation was observed between 

latitude and the panicle width of OTUs referable D. boreale (r2=0.461; p<0.01) (Fig. 20h).  A 

moderate correlation was observed between latitude and the spikelet length of OTUs 
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referable to D. caerulescens (r2=0.433; p<0.05) (Fig. 21i).  There were no or only weak 

correlations between latitude and all other quantitative characters for taxa under LeB. 

Correlations between quantitative characters of taxa sensu Freckmann and Lelong 

(2003; FL) and latitude are displayed in figures 30–38.  There were no or only weak 

correlations between latitude and all other quantitative characters for taxa under FL. 

Environmental correlations and binary logistic regressions 

 No or only weak correlations were observed when the seven environmental factors 

used were plotted against all quantitative characters (Figs. 39–50).   

Results from the binary logistic regressions showed no correlation between the 

selected fifteen qualitative characters and the environmental factors examined (Figs. 51–65). 

Ecoregions 

 One-way ANOVAs indicated statistically significant differences (p<0.01) between 

the averages of all quantitative characters for broad ecoregional groups, with the exception of 

basal blade length.  No mean for any quantiative character for any broad ecoregional group 

was found to be statistically different from all others (Table 4).  The specimen aggregation 

analysis (SAA) found no evidence of unique combinations of fixed qualitative characters (at 

a 95% occurrence rate) for any broad ecoregional region (Table 5).   

 The cluster analyses with character overlays are represented in figures 66 to 91.  The 

results from the PCoA and cluster analyses are represented in figures 92 to 128.   

Seventeen OTUs were included in the broad ecoregional group of the Central 

Appalachian, Southern Blue Ridge, and High Allegheny Plateau ecoregions.  Under HC, two 

homogeneous, non-overlapping clouds are evident:  One referable to D. boreale (n = 2), and 
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the other containing all other OTUs (n = 15) (Fig. 92a).  The cloud containing all other OTUs 

contains OTUs referable to D. annulum, P. barbulatum, D. dichotomum, D. lucidum, D. 

microcarpon, D. nitidum, and D. yadkinense.  Under GC, two homogeneous, non-

overlapping clouds are evident:  One referable to D. boreale (n = 2) and the other referable to 

D. dichotomum (n = 15) (Fig. 92b).  Under LeB, two homogeneous, non-overlapping clouds 

are evident:  One referable to D. boreale (n = 2), and the other referable to all other OTUs (n 

= 15) (Fig. 92c).  The clouds containing all OTUs includes OTUs referable to D. annulum, D. 

boreale, D. dichotomum, D. lucidum, D. nitidum, D. ramulosum, and D. yadkinense.  Under 

FL, two homogeneous, non-overlapping clouds are evident:  One referable to D. boreale (n = 

2), and the other containing all other OTUs (n = 15) (Fig. 92d).  The cloud containing all 

other OTUs consists of OTUs referable to D. dichotomum, D. mattamuskeetense, D. lucidum, 

D. microcarpon, D. nitidum, and D. yadkinense.  The clouds referable to D. boreale under all 

four treatments are homogeneous and non-overlapping with each other (Figs. 92a–92d).  

OTUs referable to D. dichotomum and P. barbulatum under HC are referable to D. 

dichotomum under FL and are referable to D. dichotomum under GC (Figs. 92a, 92b, and 

92d).  OTUs referable to D. dichotomum FL are homogeneous with OTUs identified as D. 

dichotomum under LeB, but overlap with an OTU referable to D. microcarpon under FL 

(Figs. 92c and 92d).  The OTUs referable to D. dichotomum under FL are comprised of all 

OTUs referable to D. dichotomum and P. barbulatum under HC (Figs. 92a and 92d).  The 

OTUs referable to D. dichotomum as recognized under HC, LeB, and FL are referable to D. 

dichotomum under GC (Figs. 92a–92d).  The clouds containing all other OTUs under HC, 

LeB, and FL are referable to the D. dichotomum cloud under GC (Figs. 92a–92d).  Cluster 
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analyses show similar structure to the ordinations (Figs. 94a–94d).  No character states were 

found to be unique to any cloud (Figs. 66–91). 

 Fourteen OTUs were included in the Cheseapeake Lowlands ecoregion.  Under HC, 

three homogeneous, non-overlapping clouds were evident:  One referable to D. microcarpon 

(n =3), a second referable to D. mattamuskeetense (n = 2), and a third containing all other 

OTUs (n = 9) (Fig. 95a).  The cloud containing all other OTUs consisted of OTUs referable 

to P. barbulatum, P. clutei, D. lucidum, and D. roanokense.  Under GC, all OTUs were 

referable to D. dichotomum (Fig. 95b).  Under LeB, three homogeneous, non-overlapping 

clouds were observed:  One referable to D. ramulosum (n = 3), a second referable to D. 

mattamuskeetense (n = 2), and a third containing all other OTUs (n = 9) (Fig. 95c).  The 

cloud containing all other OTUs contained OTUs referable to D. dichotomum, D. lucidum, D. 

nitidum, and D. roanokense.  Under FL, three homogeneous, non-overlapping clouds were 

evident:  One referable to D. microcarpon (n = 3), a third referable to D. mattamuskeetense 

(n = 2), and a third containing all other OTUs (n = 9) (Fig. 95d).  The cloud containing all 

other OTUs consists of OTUs referable to D. dichotomum, D. lucidum, D. nitidum, and D. 

roanokense.  The D. mattamuskeetense cloud as recognized under HC, LeB, and FL was 

observed to be homogeneous and non-overlapping in all cases (Figs. 95a, 95c, and 95d).  The 

cloud referable to D. microcarpon under HC is homogeneous and non-overlapping with the 

cloud referable to FL (Figs. 95a and 95d).  Both clouds referable to D. microcarpon under 

HC and FL are homogeneous and non-overlapping with the cloud referable to D. ramulosum 

under LeB (Figs. 95a, 95c, and 95d).  Clusters from the cluster analyses are similar to the 
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corresponding ordinations.  No character states were observed to be unique to any cloud 

under any treatment (Figs. 66–91). 

 Twenty-six OTUs were included in the broad ecoregional group containing the East 

Gulf Coastal Plain and Upper East Gulf Coastal Plain ecoregions.  Under HC, five 

homogeneous, non-overlapping clouds were discerned:  One referable to D. nitidum (n = 6), 

a second referable to D. microcarpon (n = 3), a third referable to D. nudicaule (n = 5), a 

fourth containing OTUs collectively referable to the D. ensifolium complex (n = 2) and a fifth 

containing all other OTUs (n = 9), with the exception of an OTU referable to D. yadkinense 

which did not clearly associate with any clouds (Fig. 98a).  The cloud containing OTUs 

referable to members of the D. ensifolium complex consisted of one OTU referable to D. 

chamaelonche and another referable to P. vernale.  The cloud containing all other OTUs 

consisted of OTUs referable to D. caerulescens, D. dichotomum, D. lucidum, and D. 

sphagnicola.  Under GC, two homogeneous, non-overlapping clouds were evident:  One 

referable to D. dichotomum (n = 24), and the other referable to D. ensifolium (n = 2) (Fig. 

98b).  Under LeB, three homogeneous, non-overlapping clouds were evident:  One referable 

to D. nudicaule (n = 5), a second collectively referable to members of the D. ensifolium 

complex (n = 2), and a third containing all other OTUs (n = 19) (Fig. 98c). The cloud 

consisting of OTUs referable to the D. ensifolium complex consisted of one OTU referable to 

D. ensifolium and a second referable to D. chamaelonche.  The cloud containing all other 

OTUs consisted of OTUs referable to D. caerulescens, D. dichotomum, D. lucidum, D. 

microcarpon, D. nitidum, D. roanokense, D. sphagnicola, and D. yadkinense.  Under FL, 

three homogeneous, non-overlapping clouds were evident:  Two were referable to D. 



 21

nudicaule (n = 5), and members of the D. ensifolium complex (n = 2), respectively, and the 

third contained all other OTUs (n = 19) (Fig. 98d).  The cloud consisting of OTUs referable 

to the D. ensifolium complex consisted of one OTU referable to D. ensfiolium, and a second 

referable to D. chamaelonche.  The cloud containing all other OTUs consisted of OTUs 

referable to D. dichotomum, D. lucidum, D. microcarpon, D. nitidum, D. roanokense, and D. 

yadkinense.  OTUs referable to D. nudicaule under HC, LeB, and FL were all homogenous 

and non-overlapping, although the same OTUs were all incorporated into the D. dichotomum 

cloud under GC (Figs. 98a–98d).  OTUs referable to D. microcarpon under FL and D. 

ramulosum under LeB were homogeneous and non-overlapping with each other (Figs. 98c 

and 98d).  OTUs referable to D. nitidum under FL were homogeneous and non-overlapping 

with OTUs referable to D. nitidum under LeB (Figs. 98c and 98d).  OTUs referable to D. 

microcarpon under FL and D. ramulosum under LeB overlap with clouds referable to D. 

microcarpon and D. nitidum under HC (Fig. 98a, 98c, and 98d).  The two OTUs referable to 

D. ensifolium sensu GC were referable to D. chamaelonche and D. ensifolium under both 

LeB and FL, and to D. chamaelonche and P. vernale under HC (Figs. 98a–98d).  Cluster 

analyses largely reflected the ordinations, with the exception of a breakdown of OTUs 

referable to D. lucidum sensu HC, LeB, and FL forming a cluster within the cluster analysis 

(Figs. 100a–100d) which was not observed in the PCoAs.  No character states were observed 

to be unique for any clusters (Figs. 66–91). 

 Thirteen OTUs were included in the broad ecoregional group containing the Great 

Lakes, Prairie Forest Border, Central Tallgrass Prairie, and North Central Tillplain 

ecoregions.  The ordination under HC and LeB showed two homogeneous, non-overlapping 
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clouds evident:  One of the OTUs is referable to D. boreale (n = 3), and the other containing 

all other OTUs (n = 10) (Fig. 101a–101d). The cloud containing all other OTUs under HC 

contains OTUs referable to P. barbulatum, P. clutei, D. dichotomum, D. lucidum, and D. 

nitidum (Fig. 101a).  The cloud containing all other OTUs under LeB is referable to D. 

dichotomum, D. lucidum, D. mattamuskeetense, and D. nitidum (Fig. 101c).  Under GC, two 

homogeneous, non-overlapping clouds are also discernable:  One referable to D. boreale (n = 

3) and the other referable to D. dichotomum (n = 10) (Fig. 101b).  Under FL, no 

homogenous, non-overlapping clouds were observed, and OTUs present were referable to D. 

boreale, D. dichotomum, D. lucidum, D. mattamuskeetense, and D. nitidum  (Fig. 101d).  The 

OTUs referable to D. boreale under all four treatments were homogeneous and non-

overlapping (Figs. 101a–101d).  The cloud referable to D. dichotomum under GC was non-

overlapping with the cloud containing all other OTUs under HC, LeB, and FL.  Cluster 

analyses reflect the structure seen in the ordinations, with the exception of OTUs referable to 

D. boreale and D. nitidum each forming homogeneous clusters not observed in the PCoA 

(Figs. 103a–103d).  No character states were observed to be unique to any cloud identified 

under the four treatments (Figs. 66–91). 

 Thirty-three OTUs were included in the broad ecoregional group containing the 

Interior Low Plateau, Western Allegheny Plateau, and Cumberlands and Southern Ridge and 

Valley ecoregions.  Under HC, three homogeneous, non-overlapping clouds were evident:  

One referable to D. annulum (n = 3), a second referable to D. yadkinense (n = 6), and a third 

containing all other OTUs (n = 23) (Fig. 104a).  The cloud containing all other OTUs under 

HC contains OTUs referable to P. barbulatum, D. boreale, P. clutei, D. dichotomum, D. 
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lucidum, D. mattamuskeetense, D. microcarpon, and D. nitidum.  Under GC, all OTUs were 

referable to D. dichotomum with the exception of one referable to D. boreale, which was 

contained within the D. dichotomum cloud (Fig. 104b).  Under LeB, four homogeneous, non-

overlapping clouds were discerned:  Three referable to D. annulum (n = 4), D. 

mattamuskeetense (n = 2), and D. yadkinense (n = 6), and a fourth containing all other OTUs 

(n = 20) (Fig. 104c).  Under LeB, the cloud containing all other OTUs contains OTUs 

referable to D. dichotomum, D. lucidum, D. mattamuskeetense, D. nitidum, and D. 

ramulosum.  Under FL, two homogeneous, non-overlapping clouds were evident:  one 

referable to D. yadkinense (n = 5), and the other containing all other OTUs (n = 27).  The 

cloud containing all other OTUs under FL consists of OTUs referable to D. boreale, D. 

dichotomum, D. microcarpon, D. nitidum, and D. roanokense.  The cloud referable to D. 

yadkinense under HC is homogeneous and non-overlapping with the cloud referable to D. 

yadkinense under LeB (Figs. 104a and 104c).  One OTU referable to D. yadkinense under 

HC and LeB is referable to D. dichotomum under FL (Figs. 104a, 104c, and 104d).  The 

cloud referable to D. yadkinense under HC, LeB, and FL are referable to D. dichotomum 

under GC (Fig. 104b).  None of the other homogeneous clouds defined under HC, LeB, and 

FL overlap with each other (Figs. 104a, 104c, and 104d), but they are part of the cloud of 

OTUs referable to D. dichotomum under GC (Fig. 104c).  Cluster analyses largely reflect the 

clouds observed in ordination (Figs. 106a–106d).  However, it was noted that OTUs referable 

to P. clutei under HC formed a homogeneous group not observed in the PCoA.  No character 

states were observed to be unique for any cloud under any treatment (Figs. 66–91). 
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 Thirty-nine OTUs were included in the Mid-Atlantic Coastal Plain ecoregion.  Under 

HC three homogeneous, non-overlapping clouds were evident:  One referable to D. 

mattamuskeetense (n = 8), a second whose OTUs were collectively referable to members of 

the D. ensifolium complex (n = 7), and a third containing all other OTUs (n = 23) (Fig. 107a).  

OTUs within the cloud of OTUs referable to the D. ensifolium complex consisted of OTUs 

referable to D. chamaelonche, D. ensifolium, and D. tenue.  OTUs within the cloud 

containing all other OTUs are referable to P. barbulatum, D. boreale, D. caerulescens, P. 

clutei, D. dichotomum, D. lucidum, D. nitidum, D. roanokense, and D. yadkinense. One OTU 

referable to D. annulum was also evident, but did not clearly associate with any of the 

defined clouds.  Under GC, two homogeneous, non-overlapping clouds were discerned:  One 

referable to members associated with the D. ensifolium complex (n = 7), and the other 

containing all other OTUs (n = 32) (Fig. 107b).  OTUs within the cloud referable to the D. 

ensifolium complex consisted of OTUS referable to D. ensifolium and D. tenue.  OTUs 

within the cloud containing all other OTUs are referable to D. boreale and D. dichotomum.  

Under LeB, two homogeneous, non-overlapping clouds were evident:  One referable to 

members associated with the D. ensifolium complex (n = 7), and the other containing all 

other OTUs (n = 34) (Fig. 107c).  OTUs within the cloud referable to the D. ensifolium 

complex consisted of OTUs referable to D. chamaelonche, D. ensifolium, and D. tenue.  

OTUs within the cloud containing all other OTUs are referable to D. annulum, D. boreale, D. 

caerulescens, D. dichotomum, D. lucidum, D. mattamuskeetense, D. nitidum, D. roanokense, 

and D. yadkinense.  Under FL, two homogeneous, non-overlapping clouds were evident:  

One of members collectively referable to the D. ensifolium complex (n = 7), and the other 
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containing all other OTUs (n = 32) (Fig. 107d).  The cloud containing OTUs referable to the 

D. ensifolium complex consisted of OTUs referable to D. chamaelonche, D. ensifolium, and 

D. tenue.  The cloud containing all other OTUs consisted of OTUs referable to D. 

dichotomum, D. lucidum, D. mattamuskeetense, D. nitidum, D. roanokense, and D. 

yadkinense.  Collectively, all OTUs associated with the D. ensifolium complex cloud are 

homogeneous and non-overlapping with OTUs associated with the D. dichotomum complex 

across all four treatments (Figs. 107a–107d).  Within the D. ensifolium cloud, OTUs 

referable to D. tenue are also homogeneous and non-overlapping across all four treatments 

(Figs. 107a–107d).  Of the remaining OTUs within the cloud, two were referable to D. 

ensifolium, and two were referable to D. chamaelonche under HC, LeB, and FL.  The OTUs 

were non-overlapping within these three treatments (Figs. 107a, 107c, and 107d). Under GC, 

the remaining OTUs within the D. ensifolium cloud were referable to D. ensifolium (Figs. 

107b).  Cluster analyses largely reflect the clouds observed in the ordinations, with the 

exception that OTUs referable to D. mattamuskeetense were observed as a homogeneous 

cluster (Figs. 109a–109d).  No character states were found to be unique to any particular 

group under any treatment (Figs. 66–91). 

 Twenty-six OTUs were included in the broad ecoregional group containing the Lower 

New England and Northern Piedmont and Northern Appalachian ecoregions.  Under HC, two 

homogeneous, non-overlapping clouds were evident :  One referable to D. annulum (n = 6), 

and a second containing all other OTUs (n = 16) (Fig. 110a).  The cloud containing all other 

OTUs consisted of OTUs referable to P. barbulatum, D. boreale, D. lucidum, D. 

mattamuskeetense, D. nitidum, and D. yadkinense.  Under GC, no homogeneous, non-



 26

overlapping clouds were evident, consisting of OTUs referable to D. boreale and D. 

dichotomum (Fig. 110b).  Under LeB, two homogeneous, non-overlapping clouds were 

evident:  One referable to D. annulum (n = 6), and a second containing all other OTUs (n = 

16) (Fig. 110c).  The cloud containing all other OTUs consisted of OTUs referable to D. 

boreale, D. dichotomum, D. lucidum, D. mattamuskeetense, D. nitidum, D. ramulosum, and 

D. yadkinense.  Under FL, two homogeneous, non-overlapping clouds were evident:  One 

referable to D. mattamuskeetense (n = 7), and a second containing all other OTUs (Fig. 

110d).  The cloud containing all other OTUs consisted of OTUs referable to D. boreale, D. 

dichotomum, D. lucidum, D. microcarpon, D. nitidum, and D. yadkinense.  The cloud of 

OTUs referable to D. annulum under HC and LeB was observed to be homogeneous and 

non-overlapping (Figs. 110a and 110c).  The same OTUs were identified as part of the D. 

mattamuskeetense cloud sensu FL, while under GC the same OTUs were referable to D. 

dichotomum (Figs. 110b–110d).  Only one OTU identified as part of the D. 

mattamuskeetense cloud under FL is referable to D. mattamuskeetense under HC and LeB 

(Figs. 110a, 110c, and 110d).  All OTUs referable to D. annulum under HC and LeB and to 

D. mattamuskeetense under FL are referable to D. dichotomum under GC (Figs. 110a–110d).  

Cluster analyses largely reflect the structure seen in the ordinations (Figs. 112a–112d).  No 

character states were noted to be unique to any particular group under any treatment (Figs. 

66–91). 

 Twenty-six OTUs were included in the North Atlantic Coast ecoregion.  Under HC, 

two homogeneous, non-overlapping clouds were discerned among OTUs:  One consisting of 

OTUs referable to D. yadkinense (n = 2), and a fourth containing all other OTUs (n = 23) 
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(Fig. 113a). Under HC, OTUs within the cloud containing all other OTUs are referable to D. 

annulum, P. barbulatum, P. clutei, D. ensifolium, D. hirstii, D. lucidum, D. 

mattamuskeetense, D. microcarpon, and D. nitidum.  Under GC, no clouds were evident, and 

OTUs were referable to D. dichotomum, D. ensifolium, and D. hirstii (Fig. 113b).  Under 

LeB, two homogeneous, non-overlapping clouds were evident:  One referable to D. 

yadkinense (n = 2), and a third containing all other OTUs (n = 23) (Fig. 113c).  Under LeB, 

OTUs within the cloud containing all OTUs are referable to D. dichotomum, D. ensifolium, 

D. hirstii, D. lucidum, D. mattamuskeetense, D. nitidum, and D. ramulosum.  Under FL, two 

homogeneous, non-overlapping clouds were evident:  One referable to D. yadkinense (n = 2), 

and the other containing all other OTUs (n = 23) (Fig. 113d).  Under FL, OTUs within the 

cloud containing all OTUs are referable to D. dichotomum, D. ensifolium, D. lucidum, D. 

mattamuskeetense, D. microcarpon, D. nitidum, and D. roanokense.  The D. yadkinense 

cloud is non-overlapping and homogeneous across HC, LeB, and FL, but is referable to D. 

dichotomum under GC.  The cluster analyses largely match the structure seen in the PCoA 

(Figs. 115a–115d).  No character states were obeserved to be unique to any particular cluster 

under any treatment (Figs. 66–91). 

 Six OTUs were included in the broad ecoregional group containing the Ozarks and 

Ouachita Mountains.  No homogeneous, non-overlapping clouds were evident under any 

treatment (Figs. 116a–116d).  Examination of the cluster analyses revealed that under HC, all 

OTUs were referable to P. barbulatum and under GC, all OTUs were referable to D. 

dichotomum.  In LeB and FL, all OTUs were referable D. dichotomum with the exception of 
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one OTU referable to D. ramulosum under LeB and D. microcarpon under FL (Figs. 118a–

118d).   

 Fifteen OTUs were included in the Piedmont ecoregion.  Three homogeneous, non-

overlapping clouds were evident under HC:  Two referable to D. yadkinense (n = 3) and 

members of the D. ensifolium complex (n = 2), and a fourth containing all other OTUs (n = 

9) (Fig. 119a).  The cloud containing all other OTUs consisted of OTUs referable to D. 

annulum, D. barbulatum, D. dichotomum, D. lucidum, and D. microcarpon.  Under GC, two 

homogeneous, non-overlapping clouds were evident:  One referable to D. dichotomum (n = 

13), and a second containing OTUs referable to members of the D. ensifolium complex (n = 

2) (Fig. 119b).  Under LeB, four homogeneous, non-overlapping clouds were evident, three 

referable to D. annulum (n = 3), members of the D. ensifolium complex (n = 2), and D. 

yadkinense (n = 3), and a fourth containing all other OTUs (n = 6) (Fig. 119c).  The cloud 

containing all other OTUs consisted of OTUs referable to D. dichotomum, D. lucidum, and 

D. ramulosum.  Under FL, three homogeneous, non-overlapping clouds were discerned, two 

referable to members of the D. ensifolium complex (n = 2) and D. yadkinense (n = 3), and a 

third containing all other OTUs (n = 9) (Fig. 119d).  The cloud containing all other OTUs 

consisted of OTUs referable to D. dichotomum, D. lucidum, D. mattamuskeetense, and D. 

microcarpon.  The two OTUs that were identified as part of the D. ensifolium complex were 

referable to D. ensifolium and D. tenue under GC, LeB, and FL (Fig. 119b, 119c, and 119d), 

but were referable to P. flavovirens and P. albomarginatum, respectively, under HC (Fig. 

119a).  OTUs referable to D. yadkinense under HC, LeB, and FL (Fig. 119a, 119c, and 119d) 

were homogeneous and non-overlapping, and were associated with part of the D. 
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dichotomum cloud under GC (Fig. 119b).  Of the three OTUs referable to D. annulum sensu 

LeB, under HC, one was referable to D. annulum and two were referable to D. microcarpon.  

Two of the three OTUs referable to D. annulum sensu LeB were referable to D. 

mattamuskeetense sensu FL, while the third was referable to D. microcarpon (Figs. 119a, 

119c, and 119d).  The same three OTUs referable to D. annulum under LeB were referable to 

D. dichotomum under GC (Figs. 119b and 119c).  Cluster analyses largely reflected the 

PCoAs (Figs. 121a–121d).  No character states were obeserved to be unique to any particular 

cluster under any treatment (Figs. 66–91). 

Sixteen OTUs were included in the South Atlantic Coastal Plain ecoregion.  Three 

homogeneous, non-overlapping clouds were evident under HC: One referable to D. lucidum 

(n = 3), a second consisting of OTUs referable to the D. ensifolium complex (n = 2), and a 

third containing all other OTUs (n = 11) (Fig. 122a).  The cloud containing all other OTUs 

includes individuals referable to P. barbulatum, D. dichotomum, D. microcarpon, D. nitidum, 

D. roanokense, and D. yadkinense. Under GC, two homogeneous, non-overlapping clouds 

were discerned:  One referable to D. dichotomum (n = 14) and the second referable to the D. 

ensifolium complex (n = 2) (Fig. 122b).  Under LeB, four homogeneous, non-overlapping 

clouds were discerned:  One referable to D. lucidum (n = 4), a second referable to D. tenue (n 

= 2), a third referable to D. roanokense (n = 2), and a fourth containing all other OTUs (n = 

8) (Fig. 122c).  OTUs within the cloud containing all other individuals consist of OTUs 

referable to D. annulum, D. nitidum, D. ramulosum, and D. yadkinense.  Under FL, four 

homogeneous, non-overlapping clouds were evident:  one referable to D. lucidum (n = 4), a 

second referable to D. roanokense (n = 2), a third referable to D. tenue (n = 2), and a fourth 
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containing all other OTUs (n = 8) (Fig. 122d).  The cloud containing all other OTUs under 

FL consists of OTUs referable to D. mattamuskeetense, D. microcarpon, D. nitidum, and D. 

yadkinense.  The cloud referable to D. lucidum under LeB is homogeneous and non-

overlapping with OTUs referable to D. lucidum under FL (Figs. 122c and 122d).  The cloud 

referable to D. roanokense under LeB is homogeneous and non-overlapping with OTUs 

referable to D. roanokense under FL (Figs. 122c and 122d).  One OTU referable to D. 

lucidum under both LeB and FL is referable to D. dichotomum under HC and GC (Figs. 

122a–122d).  One OTU referable to D. roanokense under both LeB and FL is referable to P. 

barbulatum under HC (Figs. 122a, 122c, and 122d) and to D. dichotomum under GC (Fig. 

122b).  The two OTUs referable to D. tenue under FL, GC, and LeB are referable to P. 

concinnius and P. trifolium under HC (Figs. 122a–122d).  Cluster analyses, in addition to 

paralleling the homogeneous clouds within the PCoAs, show homogeneous clusters of OTUs 

referable D. nitidum sensu HC, LeB, and FL, D. ramulsoum sensu LeB, and D. microcarpon 

sensu FL (Figs. 124a–124d).  No character states were observed to be exclusive to any 

cluster under any treatment (Figs. 66–91). 

Nineteen OTUs were included in the broad ecoregional group including Tropical 

Florida and the Florida Peninsula.  Two homogeneous, non-overlapping clouds were 

discerned under HC:  One referable to D. breve (n = 2), and the other comprising all other 

OTUs (n = 19) (Fig. 125a).  OTUs within the cloud containing all other OTUs are referable 

to P. albomarginatum, D. annulum, D. caerulescens, D. chamaelonche, P. clutei, P. 

concinnius, P. flavovirens, D. lucidum, D. roanokense, P. trifolium, and D. vernale.  Under 

GC, two homogeneous, non-overlapping clouds were discerned:  One containing OTUs 
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referable to D. breve (n = 2), and the other containing all other OTUs (n = 19) (Fig. 125b).  

The cloud containing all other OTUs consists of OTUs referable to D. dichotomum, D. 

ensifolium, D. glabrifolium, and D. tenue. Under LeB, three homogeneous, non-overlapping 

groups were discerned:  One referable to D. breve, and a third containing all other OTUs (n = 

19) (Fig. 125c).  OTUs within the cloud containing all other OTUs are referable to D. 

annulum, D. caerulescens, D. chamaelonche, D. ensifolium, D. glabrifolium, D. lucidum, D. 

roanokense, and D. sphagnicola, D. tenue. Under FL, two homogeneous, non-overlapping 

clouds were discerned:  One containing OTUs referable to D. breve (n = 2),  and the other 

containing all other OTUs (n = 19) (Fig. 125d).  The cloud containing all other OTUs 

consisted of OTUs referable to D. chamaelonche, D. ensifolium, D. lucidum, D. 

mattamuskeetense, D. nitidum, D. roanokense, and D. tenue.  The OTUs referable to D. breve 

sensu all treatments were homogeneous and non-overlapping with each other (Figs. 125a–

125d). The cluster analyses largely reflected the structure of the ordination (Figs. 127a–

127d), with the exception that OTUs referable to D. chamaelonche and D. roanokense sensu 

FL were observed to be homogeneous clusters (Fig. 127d).  Examination of character states 

revealed no instances of exclusivity for any cloud under any treatment (Figs. 66–91). 

Eleven OTUs were included in the broad ecoregional incorporating the Gulf Coast 

Prairies and Marshes, the West Gulf Coastal Plain, and the Upper West Gulf Coastal Plain.  

Under HC, three homogeneous, non-overlapping clouds were evident, two referable to D. 

roanokense (n = 2) and D. microcarpon (n = 2), and one containing all other OTUs (n = 7) 

(Fig. 128a).  The OTUs within the cloud containing all other OTUs were referable to P. 

barbulaum, P. clutei, and D. lucidum, D. nitidum.  Under GC, all OTUs were identified as D. 
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dichotomum (Fig. 128b).  Under LeB, two homogeneous, non-overlapping clouds were 

evident:  One referable to D. ramulosum (n = 2), and the other containing all other OTUs (n 

= 9) (Fig. 128c).  Under FL, three homogeneous, non-overlapping clouds were evident, two 

referable to D. roanokense (n = 2) and D. microcarpon (n = 2), and a fourth containing all 

other OTUs (n = 7) (Fig. 128d).  The OTUs within the cloud containing all other OTUs are 

referable to D. dichotomum, D. nitidum, D. lucidum, and D. yadkinense.  The cloud referable 

to D. roanokense under HC is homogeneous and non-overlapping with the cloud referable to 

D. roanokense under FL (Figs. 128a and 128d).  The cloud referable to D. microcarpon 

under HC is homogeneous and non-overlapping to the cloud referable to D. microcarpon 

under FL (Figs. 128a and 128d).  Two of the three OTUs referable to D. lucidum under both 

HC and FL were referable to D. dichotomum under LeB, while the third was referable to D. 

lucidum under LeB (Figs. 128a, 128c, and 128d).   Cluster analyses largely followed the 

ordinations (Figs. 130a–130d).  No clouds were observed to show exclusive character states 

under any treatment (Figs. 66–91). 

Ecological niche modeling 

Distribution maps from Maxent are displayed in Figs. 131 to 134.  Visual 

examination of the maps indicated that range overlap was present among all taxa across all 

four treatments. 

Hypothesis Two:  Evaluating the prior four treatments 

 The number of specimens referred to under each respective taxon concept under the 

four treatments is shown in Table 6.  The number of OTUs referred to under any given name 

and treatment ranged from 2 to 482. 
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Specimen aggregation analysis 

 The specimen aggregation analysis (SAA) found no evidence of unique combinations 

of fixed qualitative characters (at a 95% occurrence rate) for any putative taxon of any of the 

four treatments (Tables 7–Table 10).  The results of this analysis imply that only one species 

can be recognized under the phylogenetic species concept sensu Nixon and Wheeler (1990). 

Descriptive statistics and ANOVAs 

  Quantitative data for each putative taxon recognized by each of the four treatments 

were summarized in boxplots (Figs. 135–146).  One-way ANOVAs indicated statistically 

significant differences (p<0.001) between the averages of all quantitative characters under all 

four treatments.  Tukey’s HSD post-hoc tests for taxa sensu HC indicated that the mean 

spiklet length of D. nudicaule is statistically different from the means for all other taxa 

(Table 11).  Under GC, the mean flag blade width for D. boreale was found to be statistically 

different from the mean flag blade widths for all other taxa (Table 12).  Under LeB, the mean 

spikelet length for D. nudicaule, the mean spikelet length for D. sphagnicola, and the mean 

first glume length for D. sphagnicola were found to be statistically different from the means 

for spikelet length and first glume length for all other putative taxa (Table 13).  Under FL, 

the mean spikelet length of D. microcarpon, the mean spikelet length of D. nudicaule, and 

the mean spikelet length of D. roanokense were noted to be statistically different from the 

mean spikelet lengths for all other putative taxa (Table 14).   

Cluster analyses and ordinations 

There were no instances of completely taxonomically homogeneous clusters of any 

putative taxon under any of the four treatments in the cluster analysis (Figs. 147–150).  In a 
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few instances, a cluster was nearly homogeneous, but included OTUs of other putative taxa 

or members of the majority putative taxon clustered elsewhere as well.  These instances 

included: D. annulum (74.1% homogeneity sensu HC and 85.2% sensu LeB), D. yadkinense 

(84.6% homogeneity sensu HC, 92.3% sensu LeB and FL) and D. nudicaule (90.9% sensu 

HC, LeB, and FL).  Under HC, with the exception of one OTU referable to D. microcarpon, 

all OTUs referable to D. ensifolium, D. tenue, D. chamaelonche, D. glabrifolium, P. 

concinnius, P. albomarginatum, P. trifolium, D. breve and P. flavovirens were collectively 

and exclusively found within two clusters (Fig. 147).  These clusters were reflected in LeB as 

OTUs referable to D. ensifolium, D. tenue, D. chamaelonche, D. breve, and D. glabrifolium, 

with one specimen of D. ramulosum included (Fig. 149).  Under FL, OTUs referable to D. 

ensifolium, D. tenue, and D. chamaelonche formed these clusters, with the inclusion of one 

OTU referable to D. nitidum (Fig. 150).  Under GC, OTUs referable to D. ensifolium, D. 

tenue, and D. glabrifolium, and D. chamaelonche formed these clusters with the inclusion of 

one OTU referred to as D. dichotomum (Fig. 148).   

 PCoAs of all four treatments paralleled the cluster analyses in the lack of 

homogeneous separation of putative taxa under any treatment (Figs. 151–153, 154–156, 157–

159, 160–162).  However, some subclouds showed varying degrees of separation from the 

main cloud.  When oriented to the first and second principal coordinates, the cloud of OTUs 

referable to D. annulum sensu HC and LeB exhibited a near-completely homogeneous 

separation, with twenty of twenty-seven OTUs under HC (74.1%) and twenty-three of 

twenty-seven OTUs under LeB (85.2%) located outside the main cloud (Figs. 151 and 157).  

Clouds of OTUs referable primarily to D. yadkinense and D. mattamuskeetense were found 
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to have moderate separation from the main data cluster.  Nine of twenty-four OTUs (37.5%) 

referable to D. yadkinense under HC were located outside the main cloud, nine of twenty-six 

(34.6%) were outside the main cloud sensu LeB, and nine of twenty-five (36.0%) OTUs were 

outside the main cloud under FL (Figs. 151, 157, and 160).  Five of twenty-three (21.7%) and 

sixteen of thirty-five OTUs (45.7%) OTUs recognized under D. mattamuskeetense were 

found outside the main cloud under HC and LeB, respectively (Figs. 151 and 157).  Twenty-

one of forty-nine OTUs (42.9%) referable to D. mattamuskeetense under FL were found 

outside the main cloud (Fig. 160). 

 OTUs referable to members of the D. ensifolium complex collectively showed a 

nearly complete separation from OTUs referable to D. dichotomum complex sensu HC, LeB, 

and FL in PCoAs across all four treatments, with twenty-nine of thirty-six (80.6%) OTUs 

occurring outside the main data cloud (Figs. 151, 157, and 160).  An examination of names 

within the D. ensifolium subcluster show that with the exception of OTUs referable to D. 

breve, no homogeneous clouds referable to members of the D. ensifolium complex were seen 

within the D. ensifolium subcloud under any treatment.   

 When oriented to the first and third principal coordinates, the cloud of OTUs 

referable to D. microcarpon sensu HC showed partial separation (Fig. 152).  With the 

exception of one OTU referable to P. barbulatum, eighteen of thirty-seven (48.6%) OTUs 

referable to D. microcarpon were observed as separate from the main cloud under HC.  

Under LeB, a cloud of OTUs referable to D. ramulosum was partially separated from the 

main cloud (Fig. 158).  Fifteen of thirty-nine (38.5%) OTUs referable to D. ramulosum were 

separate from the main cloud.  Under FL, thirteen of forty-one (31.7%) OTUs referable to D. 
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microcarpon separated from the main cloud (Fig. 161).  Orientation to the second and third 

principal coordinates showed no evidence of other separations (Figs. 153, 156, 159, and 162). 

 Examination of PCoAs and cluster analyses that utilized reduced datasets showed no 

increase in the degree of separation across all four treatments (Figs. 163–170).  However, 

clouds comprised of OTUs referable to D. annulum sensu HC and LeB and members of the 

D. ensifolium complex sensu all treatments were still seen as the most separate clouds. 

CART 

 The results from the CARTs for each treatment showed patterns similar to those of 

the cluster and ordination analyses, in that integradation was observed for all treatments 

(Figs. 197–200).  Characters frequently utilized by the analysis to discriminate groups 

included sterile lemma pubescence, spikelet length, node pubescence, maximum second 

glume size, basal and flag blade lengths, and fertile lemma texture.   

 With the exception of one group of OTUs putatively referred to as D. tenue, all OTUs 

referable to the D. ensifolium complex sensu GC (i.e., D. breve, D. ensifolium, D. 

glabrifolium, and D. tenue) exhibited spikelets shorter than 1.435mm (Fig. 198).  As a result, 

the remaining groups identified by the analysis as referable to members of the D. ensifolium 

complex (i.e., excepting the aforementioned group identified as D. tenue) grouped separately 

from groups referable to members of the D. dichotomum complex in the tree (Fig. 198).  In 

all other treatments, OTUs referrable to both complexes were dispersed throughout the tree 

without any clear distinction.  Under HC, 124 of 384 (32.3%) specimens were not matched 

with their a priori group (Fig. 197).  Under GC, 14 of 384 (3.6%) specimens were not 

matched (Fig. 198).  Under LeB, 82 of 384 (21.4%) specimens were not matched (Fig. 199).  
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Under FL, 71 of 384 (18.5%) specimens were not matched (Fig. 200).  OTUs referable to D. 

nudicaule under HC, LeB, and FL were all incorporated into a single, homogenous group by 

the analysis, based on glabrous spikelets greater than 1.79 mm long, a second glume size 

greater than that of the fertile lemma, and flag blades less than 4.65 cm long (Figs. 197, 199, 

and 200).  No other groups of OTUs were found to be completely exclusive and 

nomenclaturally homogeneous under any treatment. 

Cluster analyses with character overlays 

 Cluster analyses with character overlays showed no instances of exclusive character 

state fixation (Figs. 171–196).  While some groups of OTUs with a fixed character state were 

observed, the state itself was not exclusive.  However, one cluster was observed to exhibit an 

exclusive combination of character states.  This cluster was found to exclusively exhibit no 

node glands, no basal blade margin cilia, no basal blade adaxial or abaxial pubescence, 

pubescent panicle axes and branches, pubescent sterile lemmas, an oblong spikelet shape, 

and a second glume length greater than that of the fertile lemma (Figs. 173, 181, 183, 185, 

187, 188, 189, 191, and 195).  This cluster is dominated by OTUs referable to D. nudicaule 

under HC (ten of eleven OTUs, 90.9% homogeneity), LeB (ten of eleven OTUs, 90.9% 

homogeneity), and FL (ten of eleven OTUs, 90.9% homogeneity).   

Investigation of geographic influence:  Investigation of GIS overlap 

 With the exception of P. multirameum sensu HC, which was distributed in Mexico 

and Guatemala, distribution maps showed no non-overlapping ranges for any putative taxon 

under any treatment (Figs. 201–204).  Most putative taxa under the four treatments were 

broadly distributed throughout the eastern United States.  Only the following putative taxa 
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exhibited more narrow distributions:  D. boreale sensu all treatments (mostly northeastern 

US and southern Canada; disjunct to North Carolina), D. hirstii sensu LeB (New Jersey, 

North Carolina, and Georgia), D. nudicaule sensu HC, LeB, and FL (southern Alabama and 

Mississippi, northern Florida), D. breve sensu HC, LeB, and FL (Florida), D. sphagnicola 

sensu HC and LeB (northern Florida and southern Georgia), D. glabrifolium sensu HC, GC, 

and LeB (Florida), and D. caerulescens sensu HC and LeB (mostly Florida; disjunct to 

Mississippi and Tennessee). 

 Distribution maps of the selected fifteen qualitative characters were generated.  The 

maps showed geographic overlap for the character states of all characters (Figs. 205–217).  

Hypothesis Three:  Infraspecific taxa 

Analysis of morphological clusters 

Considering the poor resolution of exclusive, homogeneous OTU clusters referable to 

the various taxon concepts proposed by the four treatments, additional analyses were 

conducted based on seven OTU clusters (Groups 1–7) discerned from the cluster analyses 

that incorporated all complete OTUs (Fig. 2).   

Examination of ANOVAs revealed significant differences in the means of 

quantitative characters for all seven groups (Table 16).  Tukey’s HSD post-hoc tests 

indicated that group four differed from all other groups based on a statistically different mean 

flag blade length, mean flag blade width, and mean spikelet length.  Group five differed from 

all other groups based on a statistically different mean flag blade length.  Group seven 

differed from all other groups based on a statistically different mean ligule length.  The 

combination of groups one, two, and six was found to collectively differ from all other 
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groups based on statistically different mean culm lengths, mean flag blade widths, mean 

spikelet widths, mean first glume lengths and mean first glume widths. 

Examination of the principal coordinate analysis when group numbers are applied to 

OTUs revealed an overall increase in homogeneity when compared to any of the principal 

coordinate analyses that apply treatment names to OTUs (Figs. 151, 154, 157, and 160).  

Group seven is nearly exclusive when oriented to the first and second coordinate (Fig. 218), 

with only one OTU located in another cloud.  The main cloud of group seven contained one 

OTU from group five (96.4% homogeneity).  Group six also showed a high degree of 

homogeneity.  Three OTUs from other groups were contained within the group six cloud 

(76.9% homogeneity), and no OTUs were located outside the cloud.  Orienting the PCoA to 

the first and third and second and third coordinates showed no other separations (Figs. 219 

and 220). 

 Results from the CART analysis (Fig. 221) indicated that all members of group six 

can be identified by the presence of beards on all nodes, spikelets less than 1.585mm long, 

and pilose pubescence on adaxial basal blades.  With the exception of one OTU, all other 

members of group seven grouped together.  In addition, one member of group five was 

included within group seven (96.42% homogeneity), paralleling the results of the PCoA.  

OTUs assigned to group seven by the analysis are identified by the presence of beards on all 

nodes, and pilose pubescence on adaxial flag blades.  Group four was homogeneous, with the 

exception of one OTU of group five (96% homogeneity).  OTUs assigned to group four by 

the analysis exhibited no beards or beards present on only some of the nodes, spikelets longer 

than 1.585mm, and glandular nodes.  All other groups showed increased levels of 
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integradation.  Fourteen of 384 OTUs were not matched with their a priori group, resulting in 

a mismatch rate of 3.64%. 

Distribution maps and PCA 

Distribution maps showed overlapping ranges for all seven groups (Fig. 222).  Only 

the following groups showed more limited ranges:  Group 1 (Florida and North Carolina), 

Group 2 (Florida, Georgia, and North Carolina), and Group 6 (Florida and North Carolina). 

Results from the principal component analysis showed no evidence that groups could 

be discerned via broad environmental variables (Fig. 223). 
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DISCUSSION 

Hypothesis One:  Clinal variation 

 Due to the lack of correlation observed between measured variables and the 

environmental/geographic conditions tested, the hypothesis that the variation seen within the 

complex is clinal is not supported.  However, the variables tested represented broad seasonal 

conditions, and did not take into account finer-scale variables that could have an impact on 

morphological variation. 

 Observations of the cluster and ordination analyses of OTUs that were grouped into 

broad ecoregional areas support the idea that some distinct limits can be discerned at the 

regional level, but that this structure breaks down when the geographic range of study is 

increased (LeBlond 2008).  However, this finding may be an artifact of the small sample size 

for each ecoregion (n = 39 at maximum).  More rigorous sampling in each ecoregion may 

reveal a lack of homogeneous clouds similar to that seen when all OTUs are taken into 

account.  However, the increase in structure seen within the cluster and ordination analyses 

may also be due to local selection pressures.  Differing environmental pressures in each 

ecoregion could select for different alleles within a taxon, resulting in phenotypic variation 

between ecoregions (Casler 2005).  These selection pressures may differ in each ecoregion, 

leading to morphological overlap when OTUs with alleles selected for different pressures 

from different ecoregions are examined collectively through distance methods.  More in-

depth examination is needed to determine the cause behind the putative structure at the 

ecoregional level.  In addition, influences on the complex’s morphology beyond elevation 

and climatic seasonality, such as soil types or hydrologic conditions, should be investigated.   
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The nearly complete separation of OTUs referable to D. annulum sensu HC and LeB 

(Figs. 151–157) suggests the presence of some environmental adaptation in the complex that 

may not have been perceived by the analyses conducted in this study.  The species is noted to 

grow on dry and rocky soil as well as on calcareous barrens (LeBlond 2001), while other 

members of the complex are found in wet, lowland areas, such as wet pinelands, meadows, 

depressions, and swamps.  Dichanthelium ramulosum sensu LeB is also noted for being able 

to grow in upland woods, but is more commonly found in wet lowland areas.  The difference 

in habitat for D. annulum sensu HC and LeB when compared to the rest of the complex 

suggests that the environmental factors present, particularly hydrology and soil type, are 

exerting selection pressures that result in a morphological change.  Both hydrology and soil 

type have been noted to be environmental factors particularly in the coastal plain of North 

America, where both can vary widely and result in abrupt species composition changes 

(Sorrie and Weakley 2001).  The nearly complete separation of OTUs referable to D. 

annulum sensu HC and LeB may also indicate that a physical barrier may have been 

previously present, allowing for differentiation.  Several phylogeographic patterns have been 

documented in eastern North America (Soltis et al. 2006), many of which are recognized to 

be complex, particularly in the southeast.  An evaluation of the phylogenetic relationships 

between putative groups of OTUs in conjunction with locations may reveal phylogeographic 

patterns within the complex, and may indicate the presence of former barriers.  In addition, 

an evaluation of the habitats of members of the complex, with particular attention to the soils 

present and the hydrology of the landscape, may reveal other selection pressures, which 

could explain the structure seen. 
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In order to further investigate environmental influences on the complex, ecological 

niche modeling may prove useful, as it allows for the prediction of niches based on 

environmental data.  Differing ranges for two putative taxa based on environmental data 

could be interpreted as climatic barriers to gene flow that may not be discerned from a purely 

geographic assessment (Raxworthy et al. 2007).  Furthermore, niche models allow for an 

evaluation of ecological interchangeability, or the ability for two populations to occupy the 

same fundamental niche (Stockman and Bond 2007).  The presence of interchangeability 

between two putative taxa suggests the ability to occupy the same area and exchange genes 

unimpeded, subsequently maintaining gene flow (Bond and Stockman 2008).   

Visual examination of model maps revealed no evidence of separation based on the 

seven environmental variables tested (Figs. 131–134), paralleling the results from the 

correlation of bioclim variables to quantitative features.  With different variables, such as soil 

maps, hydrologic maps, or a higher resolution of climatic variables, niche modeling may 

serve to pinpoint environmental influences on the morphology of complex members or 

recognize niche differences between putative taxa, such as the apparent habitat separation of 

OTUs referable to D. annulum sensu HC and LeB.  However, it is also possible that despite 

an investigation of environmental factors, there will be no differences between selection 

pressures on each putative taxon.  For example, examination of documented habitats for taxa 

recognized under LeBlond (2001) shows multiple instances where two or more taxa share the 

same habitat type, and would subsequently be able to exist in the same general area.  In such 

a situation, gene flow between representatives of two different putative taxa may still occur, 

despite differences in microhabitat.  In this case, the use of environmental variables at too 
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fine a level may hamper efforts to define taxonomic boundaries, and should be supported by 

other analyses. 

The use of a niche model should be approached with caution.  Maximum entropy 

models are generally regarded to predict ranges based on the realized niche, and as a result, 

the fundamental niches of two putative taxa may still overlap (Bond and Stockman 2008).  

Furthermore, closely related taxa may still overlap in niche modeling, despite genetic or 

morphological differences.  However, when used carefully, modeling could serve as another 

tool for the evaluation of environmental influences on taxa that could potentially identify 

selection pressures driving speciation. 

Hypothesis Two:  Evaluating the prior four treatments 

 Under the phylogenetic species concept and based on the characters used in this 

study, only one species can be recognized in the D. dichotomum complex, thus rejecting 

Hypothesis Two, which hypothesized that the variation in circumscriptions is a factor of 

increased collections and taxonomic understanding over the past 100 years, thus the more 

recent treatments should better fit the data than historic treatments.  Examination of the post-

hoc Tukey tests showed little difference between the means of OTUs referable to taxa under 

each treatment.  However, it was noted that OTUs referable to D. microcarpon and D. 

roanokense, both sensu FL, were observed to each have mean spikelet lengths statistically 

different from all other taxa, which could suggest that these taxa represent subspecies.  Both 

of these taxa were recognized at the infraspecific level under FL, suggesting a greater 

understanding of the presence of infraspecific taxa within the complex that was not 

recognized in earlier treatments. 
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However, the presence of only one statistically different mean character measurement 

is not sufficient evidence for infraspecific recognition without additional evidence from 

geographic or phylogenetic analysis.  Observations from the CART analyses revealed that 

with the exception of D. nudicaule sensu HC and LeB, there were no instances where all 

OTUs referred to a taxon recognized under any of the four treatments could be placed into a 

single homogeneous group.  Results from the cluster and ordination analyses revealed 

integradation under all treatments for all putative taxa, although the amount of overlap varied 

between taxa and treatments.  While some partially homogeneous groups were observed, 

there were no instances where a putative taxon was fully supported by descriptive statistics, 

the cluster and ordination analyses, and the CART analyses, supporting the conclusion that 

only one species can be recognized in the complex.  In addition, cluster analyses with 

character overlays reveal no exclusivity between any character and any putative taxon.  The 

only cluster defined by a combination of characters was not homogeneous with any taxon 

under any of the four treatments.   

 Observations from the CART analyses, cluster analyses, and ordination analyses do 

not support the hypothesis that more recent treatments better fit the morphological data than 

historic treatments.  While the percentage of OTUs that were not matched with their a priori 

group in the CART analyses was highest for Hitchcock and Chase’s 1910 treatment, it was 

lowest for Gould and Clark’s 1978 treatment, suggesting their treatment better fit the data 

than the more recent treatments of LeBlond (2001) and Freckmann and Lelong (2003).  

However, closer examination of the CART analysis sensu Gould and Clark revealed that the 

majority of OTUs were identified as D. dichotomum, and poor fit was observed among OTUs 
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identified under other taxa sensu Gould and Clark, suggesting that the fit remains poor 

despite the low mismatch percentage.  The degree of mismatch between LeBlond and 

Freckmann and Lelong was comparable (21.4% and 18.5%, respectively).  Between 

Hitchcock and Chase and LeBlond, there was a drop of approximately 10% in the mismatch 

rate, suggesting a slight increase in the fit of boundaries to the morphological data.  However, 

this rate is still quite high, indicating that approximately one in five OTUs are misidentified.  

Based on this finding, the fit of data to the more recent treatments remains poor.   

Hypothesis Three:  Infraspecific taxa 

While only one species may be recognized based on the results of this study, 

subspecific structure may be present.  According to Nixon and Wheeler (1990), an 

infraspecific taxon “…is consistent with a view that these may be ‘incipient species—

populations which exhibit high frequencies or combinations of unique traits that may at some 

future date become ‘fixed’ (constantly distributed).”  To further explore potential subspecific 

structure, seven clusters were chosen from the cluster analysis for evaluation as putative 

subspecies.  The results from the PCoA show integradation in all groups, but group seven 

displayed the most separation, due to the inclusion of only one OTU referable to group five 

and one OTU referable to group seven included within the group five cluster.  Limited 

integradation can be expected with infraspecific taxa (Post et al. 2009). According to the 

CART analysis, the OTU referable to group five associates with OTUs referable to group 

seven due to pilose pubescence on the adaxial surface of the flag blade (Figure 221).  Group 

six was also found to form an exclusive group under the CART analysis.  Tukey’s HSD post-

hoc tests showed the average ligule length of group seven to be statistically different from the 
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ligule lengths of all other groups.  In addition, groups one, two, and six collectively exhibited 

morphological features whose means were significantly different from all the other groups:  

culm length, flag blade width, spikelet width, first glume length, and first glume width.   In 

addition, results from the CART analysis indicated that OTUs attributed to group six could 

be exclusively separated from groups one and two by the presence of pubescence on the 

adaxial surface of the basal blade.  Further examination of Tukey’s HSD post-hoc tests 

revealed that groups four and five also exhibited features that had statistically different 

means:  group four had a statistically different mean flag blade length, mean flag blade 

width, and mean spikelet length, and group five had a statistically different mean flag blade 

length. 

Based on these findings, groups one and two, collectively, and group four, group five, 

group six, and group seven exhibit morphological evidence suggesting incomplete 

divergence, and may be putatively recognized as subspecies.  The OTUs in group seven are 

referable to D. dichotomum subsp. annulum, based on the presence of the type (i.e., Ashe 

s.n.,US) within the cluster and based on the nomenclatural rules of priority.  Evidence 

supporting the recognition of this group includes a near separation of OTUs in the ordination 

and CART, and one character that exhibits a mean statistically different from all other 

putative groups.  The OTUs in group four are referable to D. dichotomum subsp. yadkinense 

based on the rules of priority.  While the type of D. yadkinense could not be included in the 

analysis of putative groups due to the inability to obtain a complete dataset, measurements 

from the type (i.e., Mitchell s.n., US) that could be obtained closely matched those of OTUs 

referable to group four.  Evidence supporting recognition of this group includes three 
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characters that exhibited a mean statistically different from all other putative groups.  OTUs 

in groups one and two can be collectively referred to D. dichotomum subsp. ensifolium based 

on the rules of priority.  Although the type of D. ensifolium could not be included due to an 

incomplete specimen, the measurements from the type (i.e., Baldwin s.n., CHARL) that 

could be obtained closely matched those of OTUs referable to groups one and two.  Despite 

the presence of similar measurements for OTUs referable to group six, the type of D. 

ensifolium is closer to groups one and two based on examination of the protologue (Elliott 

1816).  Evidence supporting the recognition of these groups collectively includes five 

characters that exhibited a mean statistically different from all other putative groups and 

similar limited geographic distributions.  OTUs referable to group six would be used to 

circumscribe D. dichotomum subsp. tenue, based on the presence of the type (i.e., 

Muhlenberg 192, US) within the cluster and the nomenclatural rules of priority.  Evidence 

supporting the recognition of this group includes exclusive and homogeneous grouping by 

the CART analysis, which indicated that OTUs referable to group six could be recognized by 

the absence of beards or beards present only on part of the culm, spikelets less than 1.585mm 

long, and pubescence on the adaxial basal blade surface.  There remains some uncertainty 

surrounding the use of OTUs referable to group five for circumscription purposes.  The 

OTUs referable to group five would be used to circumscribe D. dichotomum subsp. 

mattamuskeetense, based on the presence of the type (i.e., Ashe s.n., US) within the cluster 

and the nomenclatural rules of priority.  The OTUs referable to group five may also be 

circumscribed as D. dichotomum subsp. nitidum following current practice (e.g., LeBlond 

2001).  However, the type of D. nitidum is represented in this study by an incomplete 
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specimen (i.e., Lamarck s.n., US), and the measurements that could be obtained were 

insufficient to determine if they matched the data collected from OTUs referable to group 

five.  This problem should be addressed before a name is attributed to this circumscription.  

The only evidence supporting the recognition of this group is a statistically different mean 

flag blade length, which is insufficient support on its own, but is addressed here in the event 

that further analysis supports the recognition of this group as an incompletely diverged 

lineage. 

The names proposed here should not be recognized under the phylogenetic species 

concept unless other analyses support the morphological results seen in this study and 

indicate the presence of incompletely diverged lineages.  The distribution map and the PCA 

for the putative subspecies indicate a lack of allopatry from a geographic or broad 

environmental sense, which would suggest that the variation in morphology observed may 

not be the result of genetic divergence (Marcussen 2003).  However, a closer examination of 

the environmental influences on each group as described above may reveal boundaries not 

recognized within this study. 

Alternatively, the names proposed here may be representative of cryptic species 

rather than subspecies.  The morphological differences observed between groups despite a 

lack of allopatry may indicate that genetic lineages are maintained through methods that are 

not yet understood.  In order to determine if the variation observed is due to the presence of 

multiple lineages, genetic analysis will be necessary.  If separate genetic lines are observed, 

an in-depth examination of reproductive characters may reveal features preventing 

hybridization. 



 50

Other influences and future directions 

 Based on the data analyzed, if completely diverged lineages are present within the D. 

dichotomum complex, they were not detected through our examination of morphology and 

broad habitat conditions.  Integradation is present, reflecting the difficulty expressed by 

botanists in clearly defining limits for the complex.  The degree of integradation seen within 

the D. dichotomum complex may be due to its age.  No phylogenetic analyses of grasses that 

have included Dichanthelium members (Aliscioni et al. 2003; Zuloaga et al. 2006) have 

reported age estimations.  Aliscioni et al. (2003) reported varying degrees of nucleotide 

substitutions for the Dichanthelium members sampled, ranging from nine for D. sabulorum 

(Lam.) Gould & C.A. Clark down to one for D. acuminatum (Sw.) Gould & C.A. Clark.  

While a low number of substitutions indicates recent divergence, a higher number of 

substitutions could indicate either an older divergence or a high rate of mutation, leaving the 

approximate age uncertain.  It is possible that the complex is currently in the process of 

differentiation, which would mean that delimitation of taxa at the species level would result 

in the recognition of polymorphic species.  In such a situation, the delimitation of taxa at the 

infraspecific level would be more appropriate to accommodate the lack of fixation present in 

an incompletely diverged lineage.  However, if the D. dichotomum complex is indeed 

composed of incompletely diverged lineages, the force driving divergence is still unknown.  

If environmental conditions are creating selection pressures, there may be divergence despite 

a lack of physical barriers, resulting in the putative subspecies discerned in this study.  Based 

on the habitat descriptions of taxa within the complex and the results of this analysis, there 

may be two diverging lineages present, one composed of OTUs attributable to D. annulum 
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sensu Hitchcock and Chase and LeBlond, due to the unique habitat, and the other containing 

all other OTUs. 

 It is also possible that the variation seen within the complex is the result of 

incomplete convergence, rather than divergence.  Lineages within the complex may have 

been separated by geographic or climatic barriers in the past, but the subsequent removal of 

these barriers could allow for hybridization (Grant 1971), resulting in the integradation 

observed.  Other studies of the phylogeography of eastern North America have identified 

several potential refugia that existed during previous epochs (e.g., Sorrie and Weakley 2001, 

Soltis et al. 2006), which could have harbored different lineages associated with the complex.  

An evaluation of phylogeographic patterns within the complex could reveal evidence of this 

scenario. 

 The amount of variation observed in this study may, alternatively, be the result of 

phenotypic plasticity rather than incomplete divergence or convergence, and does not 

represent the presence of incompletely diverged lineages.  Studies of other taxa within 

Dichanthelium suggest that gene flow may be maintained through a combination of 

autogamy and hybridization, subsequently contributing to delimitation difficulties 

(Spellenberg 1975).  Dichanthelium hybrids between morphologically similar taxa have been 

artificially created (Spellenberg 1975), and putative intermediates have been observed in the 

field (e.g., Lelong 1965).  Backcrossing of hybrids to parental lineages may also serve to 

facilitate gene exchange and contribute to the variation seen (Spellenberg 1975).  As a result 

of these processes, variation seen within the complex would not indicate the presence of 

distinct or diverging lineages.  Local conditions may also be influencing morphological 
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characters, resulting in variation without a lineage separation.  This scenario has been 

observed in other grasses such as Microstegium vimineum (Trin.) A. Camus (Droste et al. 

2010).  In such a situation, delimiting the complex as one polymorphic species may be the 

most prudent course of action. 

 It is also possible that the morphology of the complex does not reflect a more 

organized underlying genetic structure.  This conclusion has been reached in other 

morphologically difficult complexes, such as trapdoor spiders and orchids (Bond and 

Stockman 2008; Borba et al. 2002).  However, as of yet there is no molecular evidence for 

the complex to test morphological findings against.  Because of the uncertainty surrounding 

the relationship between the morphology and the molecular relationships within the D. 

dichotomum complex, phylogenetic analysis will be an important addition in reaching an 

understanding of its intricacies.  A carefully constructed phylogeny could be used to evaluate 

questions about the degree of gene flow present, the underlying genetic structure of the 

complex, including the presence of lineages, and whether the circumscriptions proposed in 

this study accurately reflect that structure.  Including a phylogeographic analysis may be 

additionally useful in understanding genetic variation on a geographic level, and could be 

used to identify potential refugia for lineages within the complex.  In addition, a more in-

depth examination of environmental influences on the complex, including the soils and 

hydrologic conditions for each OTU, may reveal selection pressures explaining some of the 

variation seen. 

While many questions surrounding the D. dichotomum complex still exist, this study 

has demonstrated the challenges in delimiting taxa within the complex and has suggested 
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routes for future studies to explain the variation observed.  In addition, results from this study 

have been used to propose new circumscriptions that, if supported by phylogenetic analysis, 

can be utilized in a revision of the complex. 
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Table 1:  Basionyms associated with the Dichanthelium dichotomum complex.  Starred 
names indicate types that could not be measured for this study. 
 

Panicum albomarginatum Nash Panicum gravius Hitchc. & Chase 
Panicum annulum Ashe Panicum hirstii Swallen 
Panicum annulum var. glabrescens 
Gleason 

Panicum lucidum Ashe 

Panicum baldwinii L. Nutt. ex Chapm. Panicum lucidum var. opacum Fernald 
Panicum barbulatum Michx. Panicum mattamuskeetense Ashe 
Panicum boreale Nash Panicum microcarpon Muhl. ex Elliott 
Panicum boreale var. michiganense Farw. Panicum multirameum Scribn. 
Panicum brittoni Nash Panicum nitidum Lam. 
Panicum breve Hitchc. & Chase Panicum nitidum var. barbatum* Torr. 
Panicum caerulescens Hack. ex Hitchc. Panicum nitidum var. minor Vasey 
Panicum chamaelonche Trin. Panicum nitidum var. pauciflorum* Britton 
Panicum clutei Nash Panicum nitidum var. ramulosum Torr. 
Panicum concinnius Hitchc. & Chase Panicum nodiflorum* Lam. 
Panicum curtivaginum Ashe Panicum nudicaule Vasey 
Panicum cuthbertii Ashe Panicum parvipaniculatum Ashe 
Panicum dichotomum L. Panicum roanokense Ashe 
Panicum dichotomum var. commune* S. 
Watson & J.M. Coult 

Panicum sphagnicola Nash 

Panicum dichotomum var. divaricatum 
Vasey 

Panicum subbarbulatum Scribn. & Merr. 

Panicum dichotomum var. viride Vasey Panicum taxodiorum Ashe 
Panicum dumus* Desv. Panicum tenue Muhl. 
Panicum ensifolium Baldwin ex Elliott Panicum tremulum Spreng. 
Panicum flavovirens Nash Panicum trifolium Nash 
Panicum glabrifolium Nash Panicum vernale Hitchc. & Chase 
Panicum glabrissimum Ashe Panicum yadkinense Ashe 
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Table 2:  Quantitative characters measured for each OTU, when such data were available.  
Characters included in analyses run with a trimmed dataset are starred. 
 

Culm length (cm) Ligule length (mm) 
Basal blade length (cm) Basal blade width (mm) 
Flag blade length (cm)* Flag blade width (mm)* 
Panicle length (cm)* Panicle width (cm) 
Spikelet length (mm)* Spikelet width (mm)* 
First glume length (mm)* First glume width (mm)* 
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Table 3:  Qualitative characters for each OTU when such data were available, and states 
assigned.  Characters included in analyses run with a trimmed dataset are starred. 
 
Character States 
Internode pubescence* 0:  Glabrous 

1:  Pubescent 
Node pubescence* 0:  Glabrous 

1:  Pubescent, but not bearded 
2:  Bearded 

Node glandular* 0:  Glands absent 
1:  Glands present 

Beard presence 0:  No beards present 
1:  Beards on some nodes 
2:  Beards on all nodes 

Basal sheath pubescence 0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 

Flag sheath pubescence* 0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 

Basal sheath margin cilia 0:  No cilia 
1:  Cilia partially along length of sheath 
2:  Cilia along full length of sheath 

Flag sheath margin cilia 0:  No cilia 
1:  Cilia partially along length of sheath 
2:  Cilia along full length of sheath 

Basal sheath glands* 0:  No glands 
1:  Glands with random arrangement 
2:  Glands with organized arrangement 

Flag sheath glands* 0:  No glands 
1:  Glands with random arrangement 
2:  Glands with organized arrangement 

Basal blade margin cilia 0:  No cilia 
1:  Cilia partially along length of blade 
2:  Cilia along full length of blade 

Flag blade margin cilia 0:  No cilia 
1:  Cilia partially along length of blade 
2:  Cilia along full length of blade 

Basal blade adaxial 
pubescence* 

0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 
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Table 3 (continued) 
 
Character States 
Basal blade abaxial 
pubescence* 

0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 

Flag blade adaxial 
pubescence* 

0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 

Flag blade abaxial 
pubescence* 

0:  Glabrous 
1:  Short-pubescent or puberulent 
2:  Pilose 

Central inflorescence axis 
pubescence* 

0:  Glabrous 
1:  Pubescent 

Inflorescence branch 
pubescence* 

0:  Glabrous 
1:  Pubescent 

Sterile lemma pubescence* 0:  Glabrous 
1:  Pubescent 

Sterile lemma and palea 
nerves 

0:  Nerves absent 
1:  Nerves present 

Spikelet shape 0:  Elliptic (Width approximately equal to half of length, 
within 0.2mm) 
1:  Oblong (Width shorter than half of length) 
2:  Oval (Width more than half of length) 

Spikelet cross-section 0:  Rounded 
1:  Round-lenticulate 

First glume apex shape 0:  Acute or obtuse 
1:  Rounded 

Fertile lemma texture* 0:  Smooth 
1:  Papillose 

Maximum second glume 
size* 

0:  Glume approximately equal to height of fertile lemma 
(within 0.1mm) 
1:  Glume shorter than fertile lemma 
2:  Glume longer than fertile lemma 

Spikelet base 0:  Tapering 
1:  Rounded 
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Table 4:  Descriptive statistics and Tukey HSD post-hoc tests for all twelve quantitative characters for each broad ecoregional 
group.  Headers include the number of OTUs included in each quantitative character test.  Taxa with the same letter under a 
given character are not significantly different.  Test cells utilize the following format:  mean (standard deviation; n).  Pairs 
were evaluated for difference at the p<0.05 level.  Descriptive statistics were generated in Microsoft Excel, while the Tukey 
HSD post-hoc tests were generated using R (R Development Core Team 2007).   
 

Taxon Culm length 
(cm) (n = 
413) 

Ligule 
length 
(mm) (n = 
452) 

Basal 
blade 
length 
(cm) (n = 
406) 

Basal 
blade 
width 
(mm) (n = 
403) 

Flag blade 
length 
(cm) (n = 
420) 

Flag blade 
width (mm) (n 
= 421) 

Central Appalachian Forest/High Allegheny 
Plateau/Southern Blue Ridge (a) 

48.55 
(21.60; 
25)a,b,c,d,e,f,g,h,i

,j,k,l,m 

0.49 
(0.14; 
28)a,b,c,d,e,f,

g,h,i,j,k,l,m 

5.40 
(1.47; 
27)a,b,c,d,e,f,

g,h,i,j,k,l,m 

5.87 
(2.63; 
27)a,b,c,d,e,f,

g,h,i,j,k,l,m 

6.76 
(2.10; 
28)a,b,d,e,g,h,

i,j,k,m 

5.48 (2.46; 
28)a,b,c,d,e,f,h,i,j,k,

m 

Cheseapeake Lowlands (b) 51.49 
(13.38; 27) 

a,b,c,d,e,f,g,h,i,j,k,l,

m 

0.52 
(0.14; 29) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.48 
(1.36; 23) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.97 
(2.31; 
23)a,b,c,d,e,f,

g,h,i,j,k,m 

6.3 (2.09; 
27)a,b,c,d,e,f,

g,h,i,j,k,m 

4.94 (2.31; 
27)a,b,c,d,e,f,g,h,i,j,k

,m 

East Gulf Coastal Plain/Upper East Gulf 
Coastal Plain (c) 

47.77 
(17.53; 42) 

a,b,c,d,e,f,g,h,i,j,k,l,

m 

0.46 
(0.25; 46) 

a,b,c,d,e,f,g,i,j,k

,l,m 

5.77 
(1.88; 44) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.48 
(2.09; 
44)a,b,c,e,f,g,

h,i,j,k,l,m 

4.7 (2.38; 
40) 

b,c,f,g,h,i,j,k,m 

43.87 (2.06; 
41)a,b,c,g,h,i,j,k,l,m 

Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain/St. 
Lawrence Champlain and Valley (d) 

41.26 
(15.23; 19) 

a,b,c,d,e,f,g,h,i,j,k,l,

m 

0.58 
(0.19; 24) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.73 
(2.30; 17) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.41 
(1.81; 17) 

a,b,d,e,f,g,h,i,j,k

,l,m 

6.95 
(1.97; 22) 

a,b,d,e,g,h,i,j,m 

5.90 (2.49; 22) 

a,b,d,e,g,h,i,j,k,l,m 

Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and 
Valley (e) 

46.90 
(20.83; 55) 

a,b,c,d,e,f,g,h,i,j,k,l,

m 

0.51 
(0.20; 57) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.18 
(1.97; 49) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.74 
(2.46; 47) 

a,b,c,d,e,f,g,h,i,j

,k,m 

6.15 
(2.16; 54) 

a,b,d,e,f,g,h,i,j,k

,m 

5.44 (2.85; 54) 

a,b,d,e,g,h,i,j,k,m 
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Table 4 (continued) 
 

Taxon Panicle length 
(cm) (n = 393) 

Panicle width (cm) 
(n = 394) 

Spikelet length 
(mm) (n = 459) 

Spikelet width 
(mm) (n = 
459) 

First glume 
length 
(mm) (n = 
456) 

First 
glume 
width 
(mm) (n 
= 457) 

Central Appalachian 
Forest/High Allegheny 
Plateau/Southern Blue Ridge 
(a) 

6.97 (1.66; 
22)a,b,c,d,e,f,g,h,i,j,k,m 

4.73 (1.60; 
22)a,b,c,d,e,f,g,h,i,j,k,m 

1.92 (0.22; 
27)a,b,c,d,e,f,g,h,i,j,k,m 

0.87 (0.08; 
27)a,b,c,d,e,f,g,h,i,j,k

,m 

0.77 (0.16; 
26)a,b,c,d,e,f,g,h

,i,j,k,l,m 

0.48 
(0.07; 
26)a,b,c,d,e,

f,g,h,i,j,k,l,m 
Cheseapeake Lowlands (b) 6.57 (1.56; 

25)a,b,c,d,e,f,g,h,i,j,k,m 
4.04 (1.40; 25) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
1.90 (0.23; 
29)a,b,c,d,e,f,g,h,i,j,k,m 

0.86 (0.11; 
29)a,b,c,d,e,f,g,h,i,j,k

,m 

0.69 (0.17; 
29) 

a,b,c,d,e,f,g,h,i,j,k,

l,m 

0.48 
(0.11; 
29)a,b,c,d,e,

f,g,h,i,j,k,l,m 
East Gulf Coastal 
Plain/Upper East Gulf 
Coastal Plain (c) 

5.98 (1.83; 39) 

a,b,c,d,e,f,g,h,i,j,k,m 
3.81 (1.87; 39) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
2.04 (0.44; 
47)a,b,c,d,e,f,g,h,i,j,k,m 

0.87 (0.14; 
47)a,b,c,d,e,f,g,h,i,j,k

,m 

0.79 (0.24; 
46) 

a,b,c,d,e,f,g,h,i,j,k,

m 

0.49 
(0.09; 
46) 

a,b,c,d,e,f,g,h,

i,j,k,l,m 
Great Lakes/Prairie Forest 
Border/Central Tallgrass 
Prairie/North Central 
Tillplain/St. Lawrence 
Champlain and Valley (d) 

6.52 (1.41; 21) 

a,b,c,d,e,f,g,h,i,j,k,m 
3.95 (1.29; 21) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
2.06 (0.21; 24) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.94 (0.10; 24) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.79 (0.13; 
24) 

a,b,c,d,e,f,g,h,i,j,k,

l,m 

0.54 
(0.08; 
24) 

a,b,c,d,e,f,g,h,

i,j,m 
Interior Low 
Plateau/Western Allegheny 
Plateau/Cumberlands and 
Southern Ridge and Valley 
(e) 

6.84 (2.05; 50) 

a,b,c,d,e,f,g,h,i,j,k,m 
4.51 (1.85; 51) 

a,b,c,d,e,f,g,h,i,j,k,m 
1.90 (0.25; 57) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.88 (0.10; 57) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.74 (0.15; 
58) 

a,b,c,d,e,f,g,h,i,j,k,

l,m 

0.49 
(0.09; 
58) 

a,b,c,d,e,f,g,h,

i,j,k,l,m 
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Table 4 (continued) 
 

Taxon Culm length (cm) (n 
= 493) 

Ligule 
length 
(mm) (n = 
536) 

Basal 
blade 
length 
(cm) (n = 
482) 

Basal blade 
width (mm) 
(n = 479) 

Flag blade 
length 
(cm) (n = 
503) 

Flag blade width 
(mm) (n = 503) 

Mid-Atlantic Coastal Plain (f) 54.99 (23.87; 59) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.51 (0.26; 
63) 

a,b,c,d,e,f,g,h,i,j,k,

l,m 

5.23 
(2.37; 59) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

5.34 (2.70; 
59) 

a,b,c,d,e,f,g,h,i,j,k,

l,m 

4.86 (2.32; 
56) 

b,c,e,f,g,h,i,j,k,m 

3.56 (1.83; 56) 

a,b,f,h,i,j,k,l,m 

Lower New England and 
Northern Piedmont/Northern 
Appalachian (g) 

43.45 (16.90; 38) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
0.59 (0.23; 
42) 

a,b,c,d,e,f,g,h,i,j,k,

m 

5.27 
(2.13; 41) 

a,b,c,d,e,f,g,h,i,j

,k,l,m 

6.05(1.97; 
39) 

a,b,c,d,e,f,g,h,i,j,k,

m 

6.15 (1.85; 
40) 

a,b,c,d,e,f,g,h,i,j,

k,m 

5.86 (2.18; 40) 

b,c,d,e,g,h,i,j,m 

North Atlantic Coast (h) 53.40 (17.26; 
38)a,b,c,d,e,f,g,h,i,j,k,m 

0.62 (0.21; 
42)a,b,d,e,f,g,h,i,

j,m 

5.78 
(1.90; 
37)a,b,c,d,e,f,

g,h,i,j,k,l,m 

6.42 (2.45; 
38)a,b,c,d,e,f,g,h

,i,j,k,m 

5.70 (1.92; 
39)a,b,c,d,e,f,g

,h,i,j,k,m 

4.83 (2.33; 
40)a,b,c,d,e,f,g,h,i,j,k,m 

Ozarks/Ouachita Mountains (i) 38.98 (14.72; 
12)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.60 (0.13; 
13)a,b,c,d,e,f,g,h

,i,j,k,l,m 

4.99 
(1.82; 
12)a,b,c,d,e,f,

g,h,i,j,k,l,m 

4.39 (1.47; 
12)a,b,c,d,e,f,g,h

,i,j,k,l,m 

5.18 (1.18; 
11)a,b,c,d,e,f,g

,h,i,j,k,l,m 

4.04 (2.02; 
11)a,b,c,d,e,f,g,h,i,j,k,l,m 

Piedmont (j) 49.17 (12.93; 
26)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.51 (0.20; 
27)a,b,c,d,e,f,g,h

,i,j,k,l,m 

5.35 
(2.13; 
23)a,b,c,d,e,f,

g,h,i,j,k,l,m 

5.65 (2.36; 
23)a,b,c,d,e,f,g,h

,i,j,k,l,m 

5.32 (2.04; 
26)a,b,c,d,e,f,g

,h,i,j,k,l,m 

4.17 (1.91; 
26)a,b,c,d,e,f,g,h,i,j,k,l,m 
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Table 4 (continued) 
 

Taxon Panicle length 
(cm) (n = 469) 

Panicle width 
(cm) (n = 470) 

Spikelet length 
(mm) (n = 556) 

Spikelet width 
(mm) (n = 556) 

First glume 
length (mm) (n = 
553) 

First glume 
width (mm) 
(n = 554) 

Mid-Atlantic 
Coastal Plain (f) 

5.83 (2.09; 55) 

a,b,c,d,e,f,g,h,i,j,k,m 
3.99 (1.83; 55) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
1.91 (0.33; 62) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.86 (0.12; 62) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.74 (0.17; 62) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
0.50 (0.10; 
62) 

a,b,c,d,e,f,g,h,i,j,k,

m 
Lower New 
England and 
Northern 
Piedmont/Northern 
Appalachian (g) 

6.34 (1.68; 40) 

a,b,c,d,e,f,g,h,i,j,k,m 
4.03 (1.29; 40) 

a,b,c,d,e,f,g,h,i,j,k,l,m 
2.05 (0.17; 42) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.91 (0.08; 42) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.80 (0.13; 41) 

a,b,c,d,e,f,g,h,i,j,k,m 
0.52 (0.07; 
42) 

a,b,c,d,e,f,g,h,i,j,k,

m 

North Atlantic 
Coast (h) 

6.71 (2.04; 
35)a,b,c,d,e,f,g,h,i,j,k,m 

3.86 (1.73; 
35)a,b,c,d,e,f,g,h,i,j,k

,l,m 

1.94 (0.28; 
42)a,b,c,d,e,f,g,h,i,j,k,m 

0.90 (0.12; 
42)a,b,c,d,e,f,g,h,i,j,k,m 

0.73 (0.14; 
42)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.51 (0.09; 
42)a,b,c,d,e,f,g,h,

i,j,k,m 
Ozarks/Ouachita 
Mountains (i) 

6.36 (1.47; 
11)a,b,c,d,e,f,g,h,i,j,k,m 

3.93 (1.32; 
11)a,b,c,d,e,f,g,h,i,j,k

,l,m 

1.85 (0.18; 
14)a,b,c,d,e,f,g,h,i,j,k,m 

0.82 (0.10; 
14)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.68 (0.13; 
14)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.48 (0.08; 
14)a,b,c,d,e,f,g,h,

i,j,k,l,m 
Piedmont (j) 5.88 (2.02; 

25)a,b,c,d,e,f,g,h,i,j,k,m 
3.55 (1.75; 
25)a,b,c,d,e,f,g,h,i,j,k

,l,m 

1.92 (0.29; 
28)a,b,c,d,e,f,g,h,i,j,k,m 

0.87 (0.11; 
28)a,b,c,d,e,f,g,h,i,j,k,m 

0.75 (0.17; 
28)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.49 (0.09; 
28)a,b,c,d,e,f,g,h,

i,j,k,l,m 
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Table 4 (continued) 
 

Taxon Culm length (cm) 
(n = 493) 

Ligule length 
(mm) (n = 
536) 

Basal blade 
length (cm) (n = 
482) 

Basal blade 
width (mm) (n 
= 479) 

Flag blade 
length (cm) (n 
= 503) 

Flag blade width 
(mm) (n = 503) 

South Atlantic 
Coastal Plain (k) 

47.59 (16.74; 
29)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.45 (0.18; 
31)a,b,c,d,e,f,g,i,j,k,l,

m 

5.69 (1.64; 
28)a,b,c,d,e,f,g,h,i,j,k,l,

m 

5.71 (2.17; 
28)a,b,c,d,e,f,g,h,i,j,k

,l,m 

4.99 (2.10; 
30)b,c,e,f,g,h,i,j,k,m 

4.07 (1.44; 
29)a,b,c,d,e,f,h,i,j,k,l,m 

Tropical 
Florida/Peninsular 
Florida (l) 

35.93 (24.32; 
25)a,b,c,d,e,g,i,j,k,l,m 

0.40 (0.18; 
27)a,b,c,d,e,f,i,j,k,l,m 

4.66 (1.52; 
28)a,b,c,d,e,f,g,h,i,j,k,l,

m 

3.82 (1.97; 
28)a,c,d,f,i,j,k,l,m 

2.81 (1.32; 
25)i,l 

2.21 (0.95; 
25)a,c,d,f,i,j,k,m 

Gulf Coast Prairies 
and Marshes/West 
Gulf Coastal 
Plain/Upper West 
Gulf Coastal Plain 
(m) 

47.20 (14.65; 
16)a,b,c,d,e,f,g,h,i,j,k,l,m 

0.47 (0.17; 
20)a,b,c,d,e,f,g,h,i,j,k

,l,m 

5.46 (1.76; 
17)a,b,c,d,e,f,g,h,i,j,k,l,

m 

5.43 (1.99; 
17)a,b,c,d,e,f,g,h,i,j,k

,l,m 

5.23 (1.53; 
19)a,b,c,d,e,f,g,h,i,j,

k,m 

4.21 (1.95; 
19)a,b,c,d,e,f,g,h,i,j,k,l,m 

F 2.49 3.09 0.84 2.39 7.80 7.26 
p-value <0.01 <0.001 0.61 <0.01 <0.001 <0.001 
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Table 4 (continued) 
 

Taxon Panicle length 
(cm) (n = 469) 

Panicle width 
(cm) (n = 470) 

Spikelet 
length (mm) 
(n = 556) 

Spikelet 
width (mm) 
(n = 556) 

First glume 
length 
(mm) (n = 
553) 

First glume 
width (mm) 
(n = 554) 

South Atlantic Coastal Plain (k) 5.92 (1.97; 
28)a,b,c,d,e,f,g,h,i,j,k,m 

3.70 (1.73; 
28)a,b,c,d,e,f,g,h,i,j,k

,l,m 

1.82 (0.31; 
33)a,b,c,d,e,f,g,h,i,

j,k,m 

0.84 (0.14; 
33)a,b,c,d,e,f,g,h,i,

j,k,m 

0.71 (0.17; 
33)a,b,c,d,e,f,g,h

,i,j,k,l,m 

0.46 (0.09; 
33)a,b,c,e,f,g,h,i,j,

k,l,m 
Tropical Florida/Peninsular 
Florida (l) 

4.12 (1.59; 25)l,m 2.66 (1.57; 
25)b,c,d,f,g,h,i,j,k,l,

m 

1.49 (0.38; 
31)l 

0.72 (0.15; 
31)i,l 

0.63 (0.22; 
30)a,b,d,e,f,h,i,j,

k,l,m 

0.43 (0.10; 
30)a,b,c,e,i,j,k,m 

Gulf Coast Prairies and 
Marshes/West Gulf Coastal 
Plain/Upper West Gulf Coastal 
Plain (m) 

5.92 (1.35; 
14)a,b,c,d,e,f,g,h,i,j,k,l,m 

3.07 (0.72; 
14)a,b,c,d,e,f,g,h,i,j,k

,l,m 

1.88 (0.25; 
20)a,b,c,d,e,f,g,h,i,

j,k,m 

0.89 (0.12; 
20)a,b,c,d,e,f,g,h,i,

j,k,m 

0.66 (0.12; 
20)a,b,c,d,e,f,g,h

,i,j,k,l,m 

0.48 (0.07; 
20)a,b,c,d,e,f,g,h,i

,j,k,m 

F 4.21 2.71 7.51 6.10 3.01 2.89 
p-value <0.001 <0.01 <0.001 <0.001 <0.001 <0.001 
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Table 5:  Summary Specimen Aggregation Analysis (SAA) of twenty six qualitative characters for OTUs as identified by 
broad ecoregional group.  If a character is not considered fixed, all character states observed are contained within 
parentheses.  Character states are identified in Table 3.  Characters represented by a single state for a given taxon were fixed 
at 95% or above.  Descriptive statistics were generated in Microsoft Excel, while the Tukey HSD post-hoc tests were 
generated using R (R Development Core Team 2007).   
 

Broad Ecoregional Group Internode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal 
Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal Sheath 
Margin Cilia 

Central Appalachian Forest/High 
Allegheny Plateau/Southern Blue 
Ridge 0 (0123) (01) (012) (012) 0 (012) 
Cheseapeake Lowlands 0 (123) (01) (012) (012) (01) (012) 
East Gulf Coastal Plain/Upper East 
Gulf Coastal Plain 0 (0123) (01) (012) (02) (012) (012) 
Great Lakes/Prairie Forest 
Border/Central Tallgrass 
Prairie/North Central Tillplain (01) (0123) 0 (01) (02) 0 (012) 
Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley (01) (0123) (01) (012) (012) (012) (012) 
Mid-Atlantic Coastal Plain (01) (0123) (01) (012) (012) (012) (012) 
Lower New England and Northern 
Piedmont/Northern Appalachian (01) (0123) (01) (012) (012) (012) (012) 
North Atlantic Coast (01) (0123) (01) (012) (0123) (02) (012) 
Ozarks/Ouachita Mountains 1 (123) (01) (012) (02) (02) (012) 
Piedmont (01) (0123) (01) (012) (02) (02) (012) 
South Atlantic Coastal Plain 0 (0123) (01) (012) (02) (02) (012) 
Tropical Florida/Peninsular Florida (01) (0123) (01) (02) (012) (02) (02) 
Gulf Coast Prairies and 
Marshes/West Gulf Coastal 
Plain/Upper West Gulf Coastal 
Plain/Mississippi River Alluvial Plain 0 (0123) (01) (02) (02) 0 (012) 
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Table 5 (continued) 
 

Broad Ecoregional Group Flag Sheath 
Margin Cilia 

Basal 
Sheath 
Glands 

Flag 
Sheath 
Glands 

Basal 
Blade 
Margin 
Cilia 

Flag Blade 
Margin 
Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

Central Appalachian Forest/High 
Allegheny Plateau/Southern Blue 
Ridge (012) (012) (012) (01) (01) (012) 0 
Cheseapeake Lowlands (012) (012) (012) (01) (01) (012) 0 
East Gulf Coastal Plain/Upper East 
Gulf Coastal Plain (012) (012) (012) (01) (01) (012) (02) 
Great Lakes/Prairie Forest 
Border/Central Tallgrass 
Prairie/North Central Tillplain (012) (012) (01) (01) (01) (012) (02) 
Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley (012) (012) (012) (012) (012) (012) (01) 
Mid-Atlantic Coastal Plain (012) (012) (012) (012) (012) (012) (012) 
Lower New England and Northern 
Piedmont/Northern Appalachian (012) (01) (012) (01) (01) (012) (02) 
North Atlantic Coast (012) (012) (012) (012) (01) (012) (012) 
Ozarks/Ouachita Mountains (012) (012) (02) (01) (01) (02) (02) 
Piedmont (012) (012) (012) (01) (012) (012) (012) 
South Atlantic Coastal Plain (012) (012) (012) (01) (01) (02) (02) 
Tropical Florida/Peninsular Florida (012) (01) (012) (01) (012) (02) (02) 
Gulf Coast Prairies and 
Marshes/West Gulf Coastal 
Plain/Upper West Gulf Coastal 
Plain/Mississippi River Alluvial Plain (012) (012) (02) (01) (01) (02) (01) 
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Table 5 (continued) 
 

Broad Ecoregional Group Basal Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma 
and Palea 
Nerves 

Spikelet 
Shape 

Central Appalachian Forest/High 
Allegheny Plateau/Southern Blue 
Ridge (02) 0 (01) (01) (01) 1 (01) 
Cheseapeake Lowlands (012) 0 (01) (01) (01) 1 (01) 
East Gulf Coastal Plain/Upper East 
Gulf Coastal Plain (012) (012) (01) (01) (01) 1 (01) 
Great Lakes/Prairie Forest 
Border/Central Tallgrass 
Prairie/North Central Tillplain (012) (02) (01) (01) (01) 1 (01) 
Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands 
and Southern Ridge and Valley (012) (02) (01) (01) (01) 1 (012) 
Mid-Atlantic Coastal Plain (012) (012) (01) (01) (01) 1 (01) 
Lower New England and Northern 
Piedmont/Northern Appalachian (012) (02) (01) (01) (01) 1 (01) 
North Atlantic Coast (012) (012) (01) (01) (01) 1 (01) 
Ozarks/Ouachita Mountains (02) (02) (01) (01) 1 1 (01) 
Piedmont (012) (02) (01) (01) (01) 1 (01) 
South Atlantic Coastal Plain (012) (02) (01) (01) (01) 1 (01) 
Tropical Florida/Peninsular Florida (012) (012) (01) (01) (01) 1 (01) 
Gulf Coast Prairies and 
Marshes/West Gulf Coastal 
Plain/Upper West Gulf Coastal 
Plain/Mississippi River Alluvial 
Plain (02) (01) (01) (01) (01) 1 (01) 
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Table 5 (continued) 
 

Broad Ecoregional Group Spikelet 
Cross 
Section 

First Glume 
Apex Shape 

Fertile 
Lemma 
Texture 

Maximum 
Second 
Glume 
Size 

Spikelet 
Base 

  

Central Appalachian Forest/High 
Allegheny Plateau/Southern Blue 
Ridge 1 0 (01) (012) (01)   
Cheseapeake Lowlands (01) 0 (01) (01) (01)   
East Gulf Coastal Plain/Upper East 
Gulf Coastal Plain 1 (01) (01) (012) (01)   
Great Lakes/Prairie Forest 
Border/Central Tallgrass 
Prairie/North Central Tillplain 1 0 (01) (012) (01)   
Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley 1 (01) 0 1 (01)   
Mid-Atlantic Coastal Plain 1 0 (01) (012) (01)   
Lower New England and Northern 
Piedmont/Northern Appalachian 1 0 (01) (012) (01)   
North Atlantic Coast 1 0 (01) (012) (01)   
Ozarks/Ouachita Mountains 1 (01) (01) (01) (01)   
Piedmont 1 0 (01) (012) (01)   
South Atlantic Coastal Plain 1 0 (01) (012) (01)   
Tropical Florida/Peninsular Florida 1 (01) (01) (01) (01)   
Gulf Coast Prairies and 
Marshes/West Gulf Coastal 
Plain/Upper West Gulf Coastal 
Plain/Mississippi River Alluvial Plain 1 (01) (01) (01) (01)   
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Table 6:  Total numbers of OTUs measured and identified under the four major treatments 
for the Dichanthelium dichotomum complex:  HC (Hitchcock and Chase 1910), GC (Gould 
and Clark 1978), LeB (LeBlond 2001), FL (Freckmann and Lelong 2003).  Names that were 
not recognized under a given treatment are represented by “---“. 
 

Taxon HC GC LeB FL 
albomarginatum 4 --- --- --- 
annulum 31 --- 32 --- 
barbulatum 87 --- --- --- 
boreale 30 27 23 23 
breve 5 5 5 5 
caerulescens 18 --- 20 --- 
chamaelonche 11 --- 10 15 
clutei 24 --- --- --- 
concinnius 3 --- --- --- 
dichotomum 34 482 123 128
ensifolium 7 21 16 15 
flavovirens 2 --- --- --- 
glabrifolium 5 6 4 --- 
hirstii 4 4 4 --- 
lucidum 60 --- 55 57 
mattamuskeetense 28 --- 41 60 
microcarpon 75 --- --- 81 
multirameum 6 --- --- -- 
nitidum 36 --- 52 63 
nudicaule 11 --- 11 11 
ramulosum --- --- 79 --- 
roanokense 26 --- 26 50 
sphagnicola 7 --- 7 --- 
tenue 7 17 14 14 
trifolium 2 --- --- --- 
vernale 3 --- --- --- 
yadkinense 38 --- 40 39 
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Table 7:  Summary Specimen Aggregation Analysis (SAA) of twenty six qualitative characters for OTUs as identified under 
Hitchcock and Chase (1910).  If a character is not considered fixed, all character states observed are contained within 
parentheses.  Character states are identified in Table 3.  Characters represented by a single state for a given taxon were fixed 
at 95% or above.  The analysis was conducted in Microsoft Excel. 
 

Taxon Internode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal 
Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal 
Sheath 
Margin 
Cilia 

albomarginatum 0 (01) 0 0 (012) 0 (02) 
annulum (01) 3 (01) 2 2 (012) (012) 
barbulatum 0 (0123) (01) (012) (012) (01) (012) 
boreale (01) (0123) (01) (01) (02) 0 (012) 
breve 1 (01) (01) 0 (02) (02) 2 
caerulescens 0 (012) 0 0 (012) 0 (012) 
chamaelonche (01) (012) (01) 0 0 0 (12) 
clutei 0 (0123) (01) (012) (0123) (01) (012) 
concinnius 0 (012) 0 0 (02) (02) (02) 
dichotomum 0 (123) 0 (01) (012) 0 (012) 
ensifolium 0 (012) 0 0 (02) (02) (01) 
flavovirens 0 (02) 0 0 (02) 0 (12) 
glabrifolium (01) (12) (01) 0 (02) 0 (02) 
hirstii 0 2 0 0 (02) 0 (02) 
lucidum 0 (012) 0 0 (02) 0 (012) 
mattamuskeetense 0 3 0 (012) 2 (02) (012) 
microcarpon (01) 3 (01) (012) (012) (02) (012) 
multirameum (01) (13) (01) (02) (02) 0 2 
nitidum (01) (123) (01) (012) (012) 0 (012) 
nudicaule 0 (01) 0 0 (02) 0 (012) 
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Table 7 (continued) 
 

Taxon Internode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal 
Sheath 
Margin 
Cilia 

roanokense 0 (12) 0 0 (012) (01) (012) 
sphagnicola 0 (012) 0 0 (02) 0 (02) 
tenue (01) 1 0 0 (012) (02) (012) 
trifolium 0 1 0 0 0 0 (02) 
vernale 0 (01) 0 0 0 0 (02) 
yadkinense 0 (012) (01) 0 (012) 0 (012) 
Taxon Flag Sheath 

Margin 
Cilia 

Basal 
Sheath 
Glands 

Flag 
Sheath 
Glands 

Basal 
Blade 
Margin 
Cilia 

Flag Blade 
Margin Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

albomarginatum (02) 0 0 0 0 0 0 
annulum (012) (012) (012) (012) (012) 2 2 
barbulatum (012) (012) (02) (01) (01) (012) (02) 
boreale (12) (012) 0 (01) 1 (012) (012) 
breve 2 0 (012) 1 (012) 2 2 
caerulescens 0 (01) (012) (01) (01) (02) 0 
chamaelonche (02) 0 0 (01) (01) (01) (01) 
clutei (012) (01) (012) (01) (01) (012) (012) 
concinnius 0 0 0 (01) 0 (02) (02) 
dichotomum (012) (02) (012) (01) (01) 0 0 
ensifolium 0 0 0 0 (01) (02) (012) 
flavovirens (01) 0 0 0 (01) (02) (02) 
glabrifolium (12) 0 0 (01) (01) 0 0 
hirstii 2 0 0 (01) (01) (02) 0 
lucidum (012) (012) (012) (01) (01) (012) 0 
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Table 7 (continued) 
 

Taxon Flag Sheath 
Margin 
Cilia 

Basal 
Sheath 
Glands 

Flag Sheath 
Glands 

Basal Blade 
Margin Cilia 

Flag Blade 
Margin 
Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

mattamuskeetense (012) (012) (012) (012) (012) (02) (012) 
microcarpon (012) (012) (012) (012) (01) (02) 0 
multirameum 2 0 (02) (01) (01) (012) (02) 
nitidum (012) (01) (012) (012) (01) (012) 0 
nudicaule (01) 0 0 0 (01) 0 (02) 
roanokense (012) (012) (02) (01) (01) (01) 0 
sphagnicola (012) (01) 0 (01) 0 (02) 0 
tenue (02) 0 0 0 0 (012) (012) 
trifolium (02) 0 0 0 0 0 0 
vernale 0 0 0 0 (02) (02) (02) 
yadkinense 0 (012) (012) (01) (01) (012) 0 
Taxon Basal Blade 

Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma and 
Palea 
Nerves 

Spikelet 
Shape 

albomarginatum 0 0 1 1 1 1 (01) 
annulum 2 (12) (01) (01) (01) 1 (01) 
barbulatum (012) (02) (01) (01) 0 1 (01) 
boreale (012) (012) (01) (01) (01) 1 (01) 
breve (12) (01) 1 1 1 1 0 
caerulescens (012) 0 (01) (01) 0 1 (01) 
chamaelonche (01) (012) 1 1 (01) 1 0 
clutei (012) (01) (01) (01) 1 1 (01) 
concinnius (012) (02) 1 1 1 1 0 
dichotomum (01) 0 (01) (01) 0 1 (01) 
ensifolium (012) (012) (01) (01) (01) 1 (01) 
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Table 7 (continued) 
 

Taxon Basal 
Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma 
and 
Palea 
Nerves 

Spikelet 
Shape 

flavovirens (02) (12) (01) 1 1 1 0 
glabrifolium 0 (01) 1 (01) (01) 1 0 
hirstii (02) 0 1 1 0 1 (02) 
lucidum (012) 0 (01) (01) (01) 1 (01) 
mattamuskeetense (012) (012) 0 (01) (01) 1 (01) 
microcarpon (02) 0 (01) (01) (01) 1 (01) 
multirameum (012) (012) (01) (01) 1 1 (01) 
nitidum (012) 0 (01) (01) 1 1 (012) 
nudicaule 0 0 1 1 0 (01) 1 
roanokense (012) 0 (01) 1 0 1 (01) 
sphagnicola 0 (01) (01) (01) (01) 1 1 
tenue (12) (012) 1 1 1 1 (01) 
trifolium 0 0 1 1 1 1 0 
vernale (02) (12) 1 1 1 1 0 
yadkinense (01) 0 (01) (01) (01) 1 (01) 
Taxon Spikelet 

Cross 
Section 

First Glume 
Apex Shape 

Fertile Lemma 
Texture 

Maximum 
Second 
Glume Size 

Spikelet 
Base 

  

albomarginatum 1 (02) (01) (01) 0   
annulum 1 0 0 (012) (01)   
barbulatum 1 (02) 0 (01) (01)   
boreale (01) 0 0 (012) (01)   
breve 1 0 0 1 (01)   
caerulescens (01) (02) (01) (01) (01)   
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Table 7 (continued) 
 

Taxon Spikelet 
Cross 
Section 

First Glume Apex 
Shape 

Fertile Lemma 
Texture 

Maximum 
Second 
Glume 
Size 

Spikelet 
Base 

  

chamaelonche 1 (02) 0 1 (01)   
clutei (01) 0 (01) (012) (01)   
concinnius 1 0 0 (01) 0   
dichotomum 1 0 (01) (01) (01)   
ensifolium 1 0 0 (01) (01)   
flavovirens 1 0 0 1 (01)   
glabrifolium 1 (02) 0 1 (01)   
hirstii 1 (02) 0 1 1   
lucidum 1 0 (01) (012) (01)   
mattamuskeetense 1 0 0 (012) 1   
microcarpon 1 (02) 0 (01) (01)   
multirameum 1 (02) (01) (01) (01)   
nitidum 1 0 (01) (012) (01)   
nudicaule 1 0 (01) 2 (01)   
roanokense 1 0 (01) (01) (01)   
sphagnicola 1 0 (01) (01) (01)   
tenue 1 (02) 0 1 (01)   
trifolium 1 0 0 (01) 0   
vernale 1 0 0 (01) 1   
yadkinense (01) 0 0 (012) (01)   
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Table 8:  Summary Specimen Aggregation Analysis (SAA) of twenty six qualitative characters for OTUs as identified under 
Gould and Clark (1978).  If a character is not considered fixed, all character states observed are contained within parentheses.  
Character states are identified in Table 3.  Characters represented by a single state for a given taxon were fixed at 95% or 
above.  The analysis was conducted in Microsoft Excel. 
 

Taxon Interode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal Sheath 
Margin Cilia 

boreale (01) (0123) 0 0 (02) 0 (012) 
breve 1 (01) (01) 0 (02) (02) 2 
dichotomum (01) (0123) (01) (012) (012) (012) (012) 
ensifolium (01) (012) (01) 0 (02) (02) (012) 
glabrifolium (01) (12) (01) 0 (02) 0 (12) 
hirstii 0 2 0 0 (02) 0 (02) 
tenue (01) (012) 0 0 (012) (02) (012) 
Taxon Flag 

Sheath 
Margin 
Cilia 

Basal 
Sheath 
Glands 

Flag 
Sheath 
Glands 

Basal 
Blade 
Margin 
Cilia 

Flag Blade 
Margin Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

boreale (012) (012) 0 (01) 1 (012) (012) 
breve 2 0 (012) 1 (012) (02) (02) 
dichotomum (012) (012) (012) (012) (012) (012) (012) 
ensifolium (012) 0 0 (01) (01) (012) (012) 
glabrifolium (012) 0 0 (01) (01) 0 0 
hirstii 2 0 0 (01) (01) (02) 0 
tenue (02) 0 0 (01) 0 (012) (012) 

 
 



 79

Table 8 (continued) 
 

Taxon Flag Sheath 
Margin 
Cilia 

Basal 
Sheath 
Glands 

Flag Sheath 
Glands 

Basal Blade 
Margin Cilia 

Flag Blade 
Margin Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

boreale (012) (012) 0 (01) 1 (012) (012) 
breve 2 0 (012) 1 (012) (02) (02) 
dichotomum (012) (012) (012) (012) (012) (012) (012) 
ensifolium (012) 0 0 (01) (01) (012) (012) 
glabrifolium (012) 0 0 (01) (01) 0 0 
hirstii 2 0 0 (01) (01) (02) 0 
tenue (02) 0 0 (01) 0 (012) (012) 
Taxon Basal Blade 

Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma and 
Palea 
Nerves 

Spikelet 
Shape 

boreale (012) (012) (01) (01) (01) 1 (01) 
breve (12) (01) 1 1 1 1 0 
dichotomum (012) (012) (01) (01) (01) 1 (01) 
ensifolium (012) (012) (01) (01) (01) 1 0 
glabrifolium 0 (01) 1 (01) (01) 1 0 
hirstii (02) 0 1 1 0 1 (02) 
tenue (012) (012) 1 1 (01) 1 (01) 
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Table 8 (continued) 
 

Taxon Basal Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile Lemma 
Pubescence 

Sterile Lemma 
and Palea 
Nerves 

Spikelet 
Shape 

boreale (012) (012) (01) (01) (01) 1 (01) 
breve (12) (01) 1 1 1 1 0 
dichotomum (012) (012) (01) (01) (01) 1 (01) 
ensifolium (012) (012) (01) (01) (01) 1 0 
glabrifolium 0 (01) 1 (01) (01) 1 0 
hirstii (02) 0 1 1 0 1 (02) 
tenue (012) (012) 1 1 (01) 1 (01) 
Taxon Spikelet Cross 

Section 
First Glume 
Apex Shape 

Fertile Lemma 
Texture 

Maximum 
Second 
Glume Size 

Spikelet Base 

 
boreale (01) 0 0 (012) (01)  
breve 1 (02) (01) 1 (01)  
dichotomum 1 (02) (01) (012) (01)  
ensifolium 1 (02) 0 (01) (01)  
glabrifolium 1 (02) 0 1 (01)  
hirstii 1 (02) 0 1 1  
tenue 1 (02) (01) (01) (01)  
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Table 9:  Summary Specimen Aggregation Analysis (SAA) of twenty six qualitative characters for OTUs as identified under 
LeBlond (2001).  If a character is not considered fixed, all character states observed are contained within parentheses.  
Character states are identified in Table 3.  Characters represented by a single state for a given taxon were fixed at 95% or 
above.  The analysis was conducted in Microsoft Excel. 
 

Taxon Interode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal Sheath 
Margin Cilia 

annulum (01) 3 (01) 2 (12) (012) (012) 
boreale (01) (012) 0 0 (02) 0 (012) 
breve 1 (01) (01) 0 (02) (02) 2 
caerulescens 0 (012) 0 0 (012) 0 (012) 
chamaelonche (01) (012) (01) 0 0 0 (02) 
dichotomum 0 (0123) 0 (012) 0 (012) (012) 
ensifolium 0 (012) (01) 0 (02) (02) (012) 
glabrifolium (01) (12) (01) 0 (02) 0 2 
hirstii 0 2 0 0 (02) 0 (02) 
lucidum 0 (012) 0 0 (02) 0 (012) 
mattamuskeetense 0 (123) 0 (012) (0123) 0 (012) 
nitidum (01) (123) (01) (012) (012) 0 (012) 
nudicaule 0 (01) 0 0 (02) 0 (012) 
ramulosum 0 (13) (01) (02) (012) 0 (012) 
roanokense 0 (12) 0 0 (012) (01) (012) 
sphagnicola 0 (012) 0 0 (02) 0 (02) 
tenue (01) (01) 0 0 (012) (02) (012) 
yadkinense 0 (012) 1 0 (02) 0 (012) 
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Table 9 (continued) 
 

Taxon Flag Sheath 
Margin 
Cilia 

Basal Sheath 
Glands 

Flag Sheath 
Glands 

Basal Blade 
Margin Cilia 

Flag Blade 
Margin Cilia 

Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

annulum (012) (012) (012) (12) (012) 2 2 
boreale (012) (012) 0 (01) (01) (012) (012) 
breve 2 0 (012) 1 (012) (02) 2 
caerulescens (02) (01) (012) (01) (01) (02) 0 
chamaelonche (12) 0 0 (01) (01) (01) (01) 
dichotomum (012) 0 (012) (01) (01) (012) 0 
ensifolium (01) 0 0 0 (01) (02) (012) 
glabrifolium (12) 0 0 1 1 0 0 
hirstii 2 0 0 (01) (01) (02) 0 
lucidum (012) (012) (012) (01) (01) (02) 0 
mattamuskeetense (012) (01) (012) (012) (012) (012) (012) 
nitidum (012) (01) (012) (012) (01) (012) (02) 
nudicaule (01) 0 0 0 (01) 0 (02) 
ramulosum (012) (012) (012) (01) (01) (012) 0 
roanokense (012) (012) (02) (01) (01) (01) 0 
sphagnicola (012) (01) 0 (01) 0 (02) 0 
tenue (02) 0 0 0 0 (012) (012) 
yadkinense 0 (012) (012) (01) (01) (012) 0 
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Table 9 (continued) 
 

Taxon Basal Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile Lemma 
Pubescence 

Sterile Lemma 
and Palea 
Nerves 

Spikelet 
Shape 

annulum 2 2 (01) (01) (01) 1 (012) 
boreale (012) (012) (01) (01) (01) 1 (01) 
breve (12) (01) 1 1 1 1 0 
caerulescens (012) 0 (01) (01) (01) 1 (012) 
chamaelonche (01) (012) 1 1 0 1 0 
dichotomum (012) 0 (01) (01) (01) 1 1 
ensifolium (012) (012) (01) (01) (01) 1 (01) 
glabrifolium 0 (01) 1 (01) (01) 1 0 
hirstii (02) 0 1 1 0 1 (02) 
lucidum (012) 0 (01) (01) (01) 1 (01) 
mattamuskeetense (012) (012) 0 (01) 1 1 (01) 
nitidum (012) (012) (01) (01) 1 1 (01) 
nudicaule 0 0 1 1 0 (01) 1 
ramulosum (02) 0 (01) (01) (01) 1 (01) 
roanokense (012) 0 1 1 0 1 (01) 
sphagnicola 0 (01) (01) (01) 1 1 1 
tenue (012) (012) 1 1 1 1 (01) 
yadkinense (012) 0 (01) (01) (01) 1 (01) 
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Table 9 (continued) 
 

Taxon Spikelet Cross 
Section 

First Glume Apex 
Shape 

Fertile Lemma 
Texture 

Maximum Second 
Glume Size 

Spikelet Base 

annulum 1 0 0 (01) (01) 
boreale 1 0 0 (012) (01) 
breve 1 0 0 1 (01) 
caerulescens 1 (02) 0 (01) (01) 
chamaelonche 1 (02) 0 1 (01) 
dichotomum 1 0 0 (012) (01) 
ensifolium 1 (02) 0 (01) (01) 
glabrifolium 1 (02) 0 1 (01) 
hirstii 1 (02) 0 1 1 
lucidum 1 0 (01) (01) (01) 
mattamuskeetense 1 0 (01) (012) 1 
nitidum 1 0 (01) (012) (01) 
nudicaule 1 0 (01) 2 (01) 
ramulosum 1 0 0 (01) (01) 
roanokense 1 0 (01) (01) (01) 
sphagnicola 1 0 (01) (01) (01) 
tenue 1 (02) (01) (01) (01) 
yadkinense 1 0 0 (12) (01) 
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Table 10:  Summary Specimen Aggregation Analysis (SAA) of twenty six qualitative characters for OTUs as identified under 
Freckmann and Lelong (2003).  If a character is not considered fixed, all character states observed are contained within 
parentheses.  Character states are identified in Table 3.  Characters represented by a single state for a given taxon were fixed 
at 95% or above.  The analysis was conducted in Microsoft Excel. 
 

Taxon Interode 
Pubescence 

Node 
Pubescence 

Node 
Glands 

Beard 
Presence 

Basal Sheath 
Pubescence 

Flag Sheath 
Pubescence 

Basal 
Sheath 
Margin 
Cilia 

boreale 0 (0123) 0 0 (02) 0 (012) 
breve 1 (01) (01) (02) (02) (02) 2 
chamaelonche (01) (012) (01) 0 (02) 0 (02) 
dichotomum 0 (0123) 0 (01) (012) (012) (012) 
ensifolium 0 (012) (01) 0 (02) (02) (012) 
lucidum 0 (012) 0 0 (02) 0 (012) 
mattamuskeetense (01) 3 (01) (012) (0123) (012) (012) 
microcarpon 0 3 (01) (012) (012) 0 (012) 
nitidum (01) (123) (01) (012) (012) 0 (012) 
nudicaule 0 (01) 0 0 (02) 0 (012) 
roanokense 0 (012) 0 0 (012) 0 (012) 
tenue (01) (01) 0 0 (012) (02) (012) 
yadkinense 0 (012) 1 0 (02) 0 (01) 
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Table 10 (continued) 
 

Taxon Flag 
Sheath 
Margin 
Cilia 

Basal 
Sheath 
Glands 

Flag Sheath 
Glands 

Basal Blade 
Margin Cilia 

Flag Blade 
Margin 
Cilia 

Basal 
Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

boreale (012) (012) 0 (01) 1 (012) 0 
breve 2 0 (012) 1 (012) 2 2 
chamaelonche (12) 0 0 (01) (01) (01) (01) 
dichotomum (012) (012) (012) (01) (01) (012) 0 
ensifolium (01) 0 0 0 (01) (02) (012) 
lucidum (012) (01) 0 (01) (01) (02) 0 
mattamuskeetense (012) (012) (012) (012) (012) (012) (012) 
microcarpon (012) (012) (012) (01) (01) (02) 0 
nitidum (012) (01) (012) (01) (01) (012) (02) 
nudicaule (01) 0 0 0 (01) 0 (02) 
roanokense (012) (01) (012) (01) (01) (012) 0 
tenue (02) 0 0 0 0 (012) (012) 
yadkinense 0 (012) (012) (01) (01) (012) 0 
Taxon Basal 

Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma 
and Palea 
Nerves 

Spikelet 
Shape 

boreale (02) 0 (01) 1 (01) 1 (01) 
breve (12) (01) 1 1 1 1 0 
chamaelonche (01) (012) 1 (01) (01) 1 0 
dichotomum (012) 0 (01) (01) (01) 1 (01) 
ensifolium (012) (012) (01) (01) (01) 1 (01) 
lucidum (012) 0 (01) (01) (01) 1 (01) 
mattamuskeetense (012) (012) (01) (01) (01) 1 (01) 
microcarpon (02) 0 (01) (01) (01) 1 (012) 
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Table 10 (continued) 
 

Taxon Basal Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile Lemma 
Pubescence 

Sterile Lemma 
and Palea 
Nerves 

Spikelet 
Shape 

nitidum (012) (012) (01) (01) 1 1 (01) 
nudicaule 0 0 1 1 0 (01) 1 
roanokense (012) 0 1 1 0 1 (012) 
tenue (012) (012) 1 1 1 1 (01) 
yadkinense (01) 0 (01) (01) (01) 1 (01) 
Taxon Spikelet Cross 

Section 
First Glume 
Apex Shape 

Fertile Lemma 
Texture 

Maximum 
Second Glume 
Size 

Spikelet Base 

  
boreale 1 0 0 (012) (01)   
breve 1 0 (01) 1 (01)   
chamaelonche 1 (02) 0 1 (01)   
dichotomum 1 0 0 (012) (01)   
ensifolium 1 0 0 (01) (01)   
lucidum 1 0 (01) (01) (01)   
mattamuskeetense 1 0 0 (012) 1   
microcarpon 1 (02) 0 (01) (01)   
nitidum 1 0 (01) (012) (01)   
nudicaule 1 0 (01) 2 (01)   
roanokense 1 (02) (01) (01) (01)   
tenue 1 (02) (01) (01) (01)   
yadkinense (01) 0 (01) (12) (01)   
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Table 11:  Descriptive statistics and Tukey HSD post-hoc tests for all twelve quantitative characters under Hitchcock and 
Chase (1910).  Headers include the number of OTUs included in each quantitative character test.  Taxa with the same letter 
under a given character are not significantly different.  Under Hitchcock and Chase, OTUs recognized here as D. hirstii 
would be recognized as D. roanokense.  Test cells utilize the following format:  mean (standard deviation; n).  Pairs were 
evaluated for difference at the p<0.05 level.  Descriptive statistics were generated in Microsoft Excel, while the Tukey HSD 
post-hoc tests were generated using R (R Development Core Team 2007).   
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

albomarginatum 
(a) 

29.12 
(9.11; 
4)a,b,c,d,e,f,

g,h,i,j,k,l,m.n

.o,r,s,t,u,v,w,

x,y 

0.40 
(0.12; 
4)a,c,d,e,f,g

,h,i,j,k,l,m,n,

o,q,r,s,t,u,v,

w,x,y,z 

3.52 
(0.28; 
4)a,b,c,d,e,f

,g,i,j,k,l,m,n,

o,q,r,s,t,u,v,

w,x,y 

4.75 
(1.41; 
4)a,b,c,d,

e,f,g,h,i,j,k

,l,m,n,o,q,r

,s,t,u,v,w,x

,y,z 

2.29 
(0.31; 
4) 
a,b,e,f,g,i,j,

k,l,m,n,o,r,

t,u,v,w,x,y 

2.13 
(0.94; 
4)a,b,c,e,f,g

,i,j,k,l,m,n,o,

p,r,s,t,u,v,w,

x,,y 

3.49 
(0.38; 
4)a,b,c,e,f

,g,i,j,k,l,m,

n,o,r,t,u,v,

w,x,y 

2.92 
(0.54; 
4)a,b,c,d,

e,f,g,h,i,j,k

,l,m,n,o,p,q

,r,s,t,u,v,w,

x,y,z 

1.41 
(0.09; 
4)a,e,f,i,k,l,m

,q,w,x,y 

0.65 
(0.12; 
4)a,e,f,g,i,k

,l,m,q,w,x,y 

0.45 
(0.11; 
4)a,e,f,g

,i,k,l,m,n,

q,w,x,y 

0.38 
(0.05; 
4)a,e,f,g,i,k,l,

m,q,u,w,x,y 

annulum (b) 51.96 
(16.87; 
28)a,b,d,f,h,

i,k,l,m,n,o,r,s,

t,u,v,w,x,y,z 

0.80 
(0.33; 
31)b,e,np 

5.55 
(1.62; 
26) 

a,b,c,d,e,f,h,i

,j,l,m,n,o,q,r,

s,t,u,v,x,y,z 

7.02 
(2.52; 
26) 

a,b,d,h,i,l,n

,p,q,r,s,t,v,

x,y,z 

4.75 
(1.57; 
31) 
a,b,c,e,f,h,i

,j,l,m,n,o,r,

s,t,u,v,w,,x

,y 

4.99 
(1.39; 
31) 

a,b,c,h,i,j,l,n,

p,r,s,t,v,x,y 

6.08 
(1.88; 
26) 

a,b,c,d,e,f,

h,i,j,l,m,n,

o,q,r,s,t,u,v

,x 

4.05 
(1.97; 
26) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

2.06 
(0.14; 
31)bc,d,j,r 

0.93 
(0.08; 
31)b,c,d,h,

j,n,p,r,s,t,u,v

,z 

0.84 
(0.14; 
31)b,c,

d,e,h,j,l,n

,o,p,r,t,z 

0.53 
(0.06; 
31)b,c,d,e,h,

j,l,o,p,r,s,t,u,v,

z 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

barbulatum (c) 35.93 
(10.27; 
76)a,c,d,e,f,

g,i,j,k,l,m,n,r,

t,v,w,x,y 

0.54 
(0.16; 
81)a,c,d,e,

g,h,i,j,l,m,n,

q,r,s,t,u,w,x,

y,z 

4.40 
(1.24; 
78) 

a,b,c,ef,g,i,j,l

,m,n,o,r,u,v,

w,x,y 

4.87 
(1.39; 
76) 

a,c,d,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

5.67 
(1.34; 
81) 

b,c,e,h,i,j,l,

m,n,q,r,s,u,

v,x 

3.88 
(0.95; 
81) 

a,b,c,e,f,i,j,k,

l,m,n,o,p,r,s,

t,u,v,w,x,y 

6.22 
(1.35; 
69) 

a,b,c,d,e,f,

h,i,j,l,m,n,

q,r,s,t,u,vx 

4.09 
(1.30; 
69) 

a,b,c,d,e,g,

h,i,j,k,l,m,

n,o,p,q,r,s,t

,u,v,w,x,y,

z 

1.96 
(0.11; 
84) 

b,c,j,n,o,r,s,u 

0.88 
(0.07; 
84) 

b,cj,l,n,o,r,s,

u,v 

0.76 
(0.12; 
83) 

b,c,d,e,h,

j,l,n,o,r,s,

u,x,y,z 

0.51 
(0.06; 
84) 

b,c,e,h,j,l,o,r,s,

t,u,v,x,z 

boreale (d) 39.20 
(19.20; 
23)a,b,c,d,e

,f,g,h,i,j,k,l,m

,n,o,r,t,u,v,w,

x,y 

0.61 
(0.18; 
28) 

a,c,d,e,g,h,i,j

,l,m,n,q,r,s,t,

u,w,x,y,z 

6.14 
(1.87; 
26) 

a,b,d,e,f,h,l,

m,n,p,q,r,s,t,

u,v,x,y,z 

6.08 
(1.84; 
26) 

a,b,c,d,f,h,i

,l,n,q,r,s,t,u

,v,x,y,z 

7.10 
(2.16; 
26) 

c,d,h,j,n,p,

q,s,v,x,z 

7.64 
(2.04; 
26)d,q,z 

6.92 
(1.87; 
25) 

b,c,d,h,i,j,

m,n,p,q,r,s,

t,u,v,x,z 

4.25 
(1.68; 
25) 

a,b,c,d,e,g,

h,i,j,k,l,m,

n,o,p,q,r,s,t

,u,v,w,x,y,

z 

2.11 
(0.20; 
28) b,d,h,r,z 

0.96 
(0.09; 
28) 

b,d,h,j,n,p,r,s

,t,u,z 

0.81 
(0.11; 
28) 

b,c,d,e,h,

j,l,n,o,p,r

,s,t,u,z 

0.58 
(0.10; 
28) 

b,d,h,p,r,t,v 

breve (e) 10.78 
(1.16; 
4)a,c,d,e,g,i,

j,k,l,m,n,r,t,w

,x,y 

0.54 
(0.19; 
4) 

a,b,d,e,f,g,h,i

,j,k,l,m,n,o,p

,q,r,s,t,u,v,w,

x,y,z 

4.52 
(0.51; 
4) 

a,b,c,d,e,f,g,

h,i,j,k,l,m,n,

o,p,q,r,s,t,u,v

,w,x,y,z 

1.59 
(0.27; 
4) 

a,c,f,g,i,j,k,

l,m,n,o,r,u,

v,w,x,y 

2.85 
(0.97; 
4) 
a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

1.07 
(0.27; 
4) 

a,c,ef,g,i,j,k,l

,m,n,o,r,t,u,v

,w,x,y 

3.28 
(0.57; 
4) 

a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,t,u,v,w,x

,y 

2.40 
(0.54; 
4) 

a,b,c,d,ef,g

,h,i,j,k,l,m,

n,o,p,q,r,s,t

,u,v,w,x,y,

z 

1.36 
(0.08; 5) 

a,e,f,i,k,l,m,w,

x,y 

0.68 
(0.05; 
5) 

a,e,f,g,i,k,l,

m,q,w,x,y 

0.69 
(0.07; 
5) 

a,b,c,d,e,

f,g,h,i,j,k

,l,m,n,o,p

,q,r,s,u,w

,x,y,z 

0.43 
(0.04; 5) 

a,b,c,e,f,g,h,i,j

,k,l,m,o,q,r,s,t,

u,w,x,y,z 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

caerulescens (f) 51.19 
(17.42; 
12)a,b,c,d,f,

h,i,j,k,l,m,n,o

,p,q,r,s,t,u,v,

w,x,y,z 

0.34 
(0.07; 
18) 

a,e,f,g,i,j,k,l,

m,o,r,t,u,v,w

,x,y,z 

5.39 
(1.71; 
15) 

a,b,c,d,e,f,gh

,i,j,l,m,n,o,q,

r,s,t,u,v,x,y,z 

4.44 
(1.78; 
15) 

a,c,d,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

3.47 
(1.25; 
12) 
a,b,e,f,g,i,j,

k,l,m,n,o,r,

t,u,v,w,x,y 

2.93 
(0.80; 
12) 

a,c,e,f,g,i,j,k,

l,m,n,o,p,r,s,

t,u,v,w,x,y 

4.66 
(1.33; 
12) 

a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,t,u,v,w,x

,y 

2.15 
(0.56; 
12) 

a,b,e,fg,i,k,

l,m,n,o,q,r,

s,t,u,v,w,x,

y,z 

1.58 
(0.09; 
18) 

a,f,l,nq,w,x 

0.78 
(0.08; 
18) 

a,e,f,i,l,o,q,r,

w,x 

0.59 
(0.12; 
17) 

a,e,f,g,i,k

,l,m,n,q,r

,s,u,w,x,y 

0.43 
(0.07; 
17) 

a,e,f,g,i,j,k,l,m

,q,r,s,u,w,x,y 

chamaelonche 
(g) 

17.24 
(6.82; 
8)a,c,d,e,g,i,

j,k,l,m,n,r,t,w

,x,y 

0.38 
(0.06; 
8) 

a,c,d,e,f,gh,i,

j,k,l,m,n,o,q,

r,s,t,u,v,w,x,

y,z 

2.94 
(1.00; 
8) 

a,c,e,f,g,i,j,k,

l,m,n,o,r,w,x

,y 

2.55 
(0.74; 
8) 

a,c,e,f,g,i,j,

k,l,m,n,o,r,

u,v,w,x,y 

2.13 
(0.89; 
10) 
a,e,f,g,i,k,l,

m,o,r,t,v,w

,x,y 

1.55 
(0.34; 
9) 

a,e,f,g,i,j,k,l,

m,n,o,r,t,u,v,

w,x,y 

3.20 
(1.14; 
10) 

a,e,f,g,i,k,l,

m,n,o,r,t,v,

w,x,y 

2.34 
(0.77; 
10) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,q,r,s,

t,u,v,w,x,y 

1.08 
(0.09; 
11)g,il,m,x,y 

0.54 
(0.04; 
11) 

a,e,g,i,k,l,m,

x,y 

0.46 
(0.06; 
11) 

a,e,f,g,ik,

l,m,n,q,w

,x,y 

0.35 
(0.03; 
11) 

a,e,f,g,i,k,l,m,

q,w,x,y 

clutei (h) 52.30 
(19.67; 
24)a,b,d,f,h,

i,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

0.57 
(0.18; 
23) 

a,c,d,e,g,h,i,j

,l,m,n,q,r,s,t,

u,w,x,y,z 

6.90 
(2.20; 
24) 

b,d,e,f,h,l,m,

n,p,q,r,s,t,u,v

,x,z 

7.38 
(1.88; 
24) 

a,b,d,h,l,np

,q,s,t,v,x,z 

6.39 
(2.27; 
22) 

b,c,d,hj,l,m

,n,p,q,s,u,v

,x,z 

5.66 
(2.13; 
22) 

b,h,i,l,n,p,q,s

,t,v,x,z 

7.19 
(1.54; 
24) 

a,b,c,d,h,i,j

,m,n,p,q,r,s

,t,u,v,x,z 

4.25 
(1.58; 
24) 

a,b,c,d,e,g,

h,i,j,k,l,m,

n,o,p,q,r,s,t

,u,,v,w,x,y,

z 

2.20 
(0.11; 
24) d,h,p,z 

0.98 
(0.07; 
24) 

b,d,h,n,p,r,s,t

,u,v,z 

0.79 
(0.14; 
24) 

b,c,d,e,h,

j,l,n,o,p,r

,s,t,u,z 

0.54 
(0.07; 
24) 

b,c,d,e,h,j,l,o,p

,r,s,t,u,,v,z 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

concinnius (i) 22.74 
(12.61; 
3)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,s,t,u,v,w,

x,y 

0.36 
(0.04; 
3) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

2.66 
(0.67; 
3) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,r,s,

u,v,w,x,y 

3.01 
(0.08; 
3) 

a,c,d,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y,z 

2.31 
(0.88; 
3) 
a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

2.47 
(0.73; 
3) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,p,r,

s,t,u,v,w,x,y 

3.21 
(0.69; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,q,r,s,

t,u,v,w,x,y 

2.29 
(0.41; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.15 
(0.04; 3) 

a,e,g,i,k,l,w,x,

y 

0.62 
(0.06; 
3) 

a,e,g,i,k,l,m,

q,w,x,y 

0.40 
(0.11; 
3) 

a,e,f,g,i,k

,l,m,n,q,

w,x,y 

0.29 
(0.03; 3) 

a,e,f,g,i,k,l,m,

q,w,x,y 

dichotomum (j) 37.00 
(11.62; 
29)a,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,t,u,v,w,x,

y 

0.48 
(0.11; 
29) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,q,r,

s,t,u,v,w,x,y,

z 

4.16 
(1.35; 
27) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,r,u,

v,w,x,y 

3.77 
(0.90; 
27) 

a,c,e,f,g,i,j,

k,l,m,n,o,r,

t,u,v,w,x,y 

5.46 
(1.35; 
30) 
a,b,c,d,e,f,

h,i,jl,m,n,o

,q,r,s,t,,u,v,

x 

3.56 
(0.64; 
30) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,p,r,

s,t,u,v,w,x,y 

5.98 
(1.18; 
29) 

a,b,c,d,e,f,

h,i,j,l,m,n,

o,q,r,s,t,u,v

,w,x 

4.39 
(1.01; 
29) 

a,b,c,d,e,g,

h,i,j,l,m,n,

o,p,q,r,s,t,u

,v,w,x,y,z 

1.99 
(0.12; 
34) 

b,c,j,n,r,s,u 

0.89 
(0.07; 
34) 

b,c,d,j,n,o,r,s

,u,v,z 

0.80 
(0.15; 
34) 

b,c,d,e,h,

j,ln,o,p,r,

s,t,u,z 

0.50 
(0.06; 
34) 

a,b,c,e,f,h,j,l,o

,r,s,t,u,x,z 

ensifolium (k) 25.86 
(4.60; 
5)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,t,u,v,w,x,

y 

0.24 
(0.06; 
5) 

a,e,f,g,i,j,k,l,

m,o,q,r,s,t,u,

v,w,x,y,z 

1.77 
(0.35; 
5) 

a,e,g,i,j,k,l,n,

r,w,x,y 

2.07 
(0.54; 
5) 

a,c,e,f,g,i,j,

k,l,m,n,o,r,

u,v,w,x,y 

1.54 
(0.45; 
6) 
a,e,f,g,i,k,l,

m,r,t,v,w,x

,y 

1.58 
(0.48; 
6) 

a,c,e,f,g,i,j,k,

l,m,n,o,r,t,u,

v,w,x,y 

2.49 
(0.42; 
7) 

a,e,f,g,i,k,l,

m,n,r,t,v,w

,x,y 

1.91 
(0.26; 
7) 

a,b,c,d,e,f,

g,h,i,k,l,m,

n,o,q,r,s,t,u

,v,w,x,y 

1.34 
(0.07; 7) 

a,e,i,k,l,m,w,x,

y 

0.65 
(0.08; 
7) 

a,e,g,i,k,l,m,

q,w,x,y 

0.51 
(0.06; 
7) 

a,e,f,g,i,k

,l,m,n,q,

w,x,y 

0.36 
(0.04; 7) 

a,e,f,g,i,k,l,m,

q,w,x,y 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

flavovirens (l) 24.36 
(6.56; 
2)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,q,r,s,t,u,v,

w,x,y,z 

0.27 
(0.21; 
2) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

3.03 
(1.03; 
2) 

a,b,c,d,e,f,g,

h,i,j,k,l,m,n,

o,q,r,s,t,u,v,

w,x,y,z 

3.16 
(0.97; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,q,r,s,

t,u,v,w,x,y,

z 

2.10 
(0.01; 
2) 
a,b,c,e,f,g,

h,i,j,k,l,m,

n,o,q,r,s,t,u

,v,w,x,y 

2.99 
(0.14; 
2) 

a,b,c,e,f,g,h,i

,j,k,l,m,n,o,p

,q,r,s,t,u,v,w,

x,y,z 

2.63 
(0.31; 
2) 

a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,t,u,v,w,x

,y 

2.30 
(0.31; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.38 
(0.06; 2) 

a,e,f,g,i,k,l,m,

qw,x,y 

0.69 
(0.05; 
2) 

a,c,e,f,g,i,j,k,

l,mo,q,r,w,x,

y 

0.55 
(0.05; 
2) 

a,b,c,d,e,

f,g,h,i,j,k

,l,m,n,o,q

,r,s,u,w,x

,y,z 

0.39 
(0.02; 2) 

a,b,c,e,f,g,h,i,j

,k,l,m,o,q,r,s,t,

u,w,x,y,z 

glabrifolium 
(m) 

29.97 
(7.44; 
3))a,b,c,d,e,

f,g,h,i,j,k,l,m,

n,o,r,s,t,u,v,w

,x,y,z 

0.46 
(0.05; 
3) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,st,u,v,w,x,

y,z 

5.87 
(0.98; 
3) 

a,b,c,d,e,f,g,

h,i,j,l,m,n,o,

p,q,r,s,t,u,v,

w,x,y,z 

2.20 
(0.20; 
3) 

a,c,d,e,f,g,i

,j,k,l,m,n,o

,r,s,u,v,w,x

,y 

3.22 
(0.85; 
3) 
a,b,c,e,f,g,

h,i,j,k,l,m,

n,o,r,s,t,u,v

,w,x,y 

1.58 
(0.45; 
3) 

a,c,e,f,g,i,j,k,

l,mn,o,r,s,t,u

,v,w,x,y 

5.73 
(1.44; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

4.14 
(1.28; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.11 
(0.10; 4) 

a,e,g,i,k,l,m,x,

y 

0.57 
(0.06; 
4) 

a,e,g,i,k,l,m,

w,x,y 

0.41 
(0.04; 
4) 

a,e,f,g,i,k

,l,m,n,q,

w,x,y 

0.36 
(0.01; 4) 

a,e,f,g,i,k,l,m,

q,w,x,y 

hirstii (n)  53.47  
(12.54, 
2)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,p,q,r,s,t,u,v

,w,x,y,z 

0.69 
(0.13; 
4) 

a,b,c,d,e,g,h,

i,j,l,m,n,p,q,r

,s,t,u,w,x,y,z 

4.71 
(1.65; 
3) 

a,b,c,d,e,f,g,

h,i,j,k,l,m,n,

o,p,q,r,s,t,u,v

,w,x,y,z 

4.12 
(1.16; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,q,r,s,

t,u,v,w,x,y,

z 

6.18 
(1.87; 
4) 
a,b,c,d,e,f,

h,i,j,l,m,n,

o,p,q,r,s,t,u

,v,w,x,z 

3.37 
(0.43; 
4) 

a,b,c,e,f,g,i,j,

k,l,m,no,p,r,

s,t,u,v,w,x,y 

5.78 
(1.29; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,no,p,q,r,

s,t,u,v,w,x,

y,z 

2.58 
(1.43; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.80 
(0.09; 4) 

c,f,j,n,o,q,r,s,u

,x 

1.00 
(0.05; 
4) 

b,c,d,h,j,np,r

,s,t,u,v,z 

0.67 
(0.14; 
4) 

a,b,c,d,e,

f,g,h,i,j,k

,l,m,n,o,p

,q,r,s,u,w

,x,y,z 

0.71 
(0.09; 
4)n,v 

 
  
 
 



 93

Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

lucidum (o) 46.19 
(14.37; 
53)a,b,d,f,

,h,i,j,k,l,m,n

,o,r,s,t,u,v,

w,x,y 

0.33 
(0.16; 
59) 

a,e,f,g,i,k,l,

m,o,r,u,v,w

,x,y 

4.55 
(1.10; 
54) 

a,b,c,e,f,g,i,j,k

,l,m,n,o,r,s,u,

v,w,x,y 

4.39 
(1.03; 
54) 

a,c,e,f,g,i

,j,k,l,m,n,

o,r,s,t,u,v

,w,x,y 

4.29 
(1.51; 
54) 
a,b,e,f,g,i,j,

l,m,n,o,r,t,u

,v,w,x,y 

3.01 
(0.90; 
54) 

a,c,e,f,g,i,j,

k,l,m,n,o,r,t

,u,v,w,x,y 

5.02 
(1.35; 
51) 

a,b,e,f,g,i,j,

l,m,n,o,r,t,u

,v,w,x,y 

3.12 
(1.35; 
51) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,q,r,s,t,,u

,v,w,x,y 

1.88 
(0.17; 
58) 

c,j,n,o,r,s,u 

0.85 
(0.08; 
58) 

c,f,j,l,o,r,v,x 

0.81 
(0.13; 
58) 

b,c,d,e,h,

j,l,n,o,p,r

,t,z 

0.50 
(0.06; 
58) 

b,c,e,h,j,l,o,r,s

,t,u,x,z 

mattamuskeetense 
(p) 

70.04 
(18.01; 
26)f,n,p,q,

v,z 

0.86 
(0.21; 
26)b,e,n,p 

7.39 
(2.01; 
26) 

d,e,h,m,n,p,q,

t,u,v,x,z 

8.39 
(2.40; 
26) 

b,h,p,q,t,

v,x,z 

7.21 
(2.63; 
25) 

d,h,n,p,q,s,

v,x,z 

4.89 
(1.91; 
25) 

a,b,c,f,h,i,j,

l,p,r,s,t,v,x,

y 

7.98 
(1.58; 
24) 

d,h,m,n,p,q,

s,x,z 

5.02 
(1.94; 
24) 

a,b,c,d,e,h,i

,j,l,m,n,p,q,

r,s,t,u,v,w,x

,z 

2.26 
(0.13; 
28) h,p,v,z 

0.99 
(0.06; 
28) 

b,d,h,n,pr,t,u,

v,z 

0.89 
(0.14; 
28) 

b,d,e,h,j,

n,o,p,r,t,z 

0.57 
(0.07; 
28) 

b,d,h,p,r,t,v 

microcarpon (q) 60.05 
(17.42; 
65)b,f,h,l,

n,p,q,s,u,v,x

,z 

0.52 
(0.14; 
74) 

a,c,d,e,g,h,i

,j,k,l,m,n,q,

r,s,t,u,w,x,y

,z 

6.20 
(1.76; 
59) 

a,b,d,e,f,h,l,m

,n,p,q,r,s,t,u,v

,x,z 

7.38 
(2.32; 
59) 

a,b,d,h,l,

n,p,q,t,v,

x,z 

6.63 
(2.01; 
63) 

c,d,h,j,l,n,p,

q,s,v,x 

6.78 
(2.50; 
64) 

d,h,l,q,x,z 

7.24 
(1.89; 
54) 

b,c,d,h,i,j,m

,n,p,q,su,v,

x,z 

3.96 
(1.48; 
55) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,qr,s,t,

u,v,w,x,y,z 

1.60 
(0.09; 
74) 

a,f,l,n,q,w,x 

0.76 
(0.07; 
74) 

a,e,f,i,l,qr,w,x

,y 

0.58 
(0.09; 
73) 

a,e,f,g,i,k

,l,m,n,q,

w,x,y 

0.39 
(0.05; 
73) 

a,e,f,g,i,k,l,m,

q,w,x,y 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

multirameum 
(r) 

28.91 
(15.49; 
5)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,s,t,u,v,w,

x,y 

0.49 
(0.19; 
6) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,rs,t,u,v,w,x,

y,z 

3.99 
(1.52; 
4) 

a,b,c,d,e,f,g,

h,i,j,k,l,m,n,

o,q,r,s,t,u,v,

w,x,y,z 

3.54 
(0.93; 
4) 

a,b,c,d,e,f,

g,i,j,k,l,m,

n,o,rs,t,u,v,

w,x,y,z 

3.26 
(0.65; 
6) 

a,b,c,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

2.90 
(0.45; 
6) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,p,r,

s,t,u,v,w,x,y 

4.67 
(1.81; 
6) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,r,s,t,

u,v,w,x,y 

2.50 
(0.98; 
6) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y 

1.97 
(0.12; 6) 

b,c,d,j,n,o,r,s,u 

0.87 
(0.06; 
6) 

b,c,d,f,h,j,l,n

,o,p,q,r,r,t,u,

x,z 

0.79 
(0.04; 
6) 

b,c,d,e,f,

h,j,l,n,o,p

,r,s,t,u,x,

y,z 

0.54 
(0.05; 6) 

b,c,d,e,f,h,j,l,o

,p,r,s,t,u,v,x,z 

nitidum (s) 54.81 
(17.12; 
33)a,b,f,h,i,

l,m,n,o,q,r,s,t,

u,v,x,y,z 

0.52 
(0.21; 
35) 

a,c,d,e,g,h,i,j

,k,l,m,n,q,r,s

,t,u,v,w,x,y,z 

5.84 
(1.74; 
29) 

a,b,d,e,f,h,i,l

,m,n,o,q,r,s,t

,u,v,x,y,z 

5.55 
(1.89; 
29) 

a,b,c,d,f,h,i

,l,m,n,o,r,s,

tu,v,w,x,y,

z 

5.70 
(2.14; 
33) 

b,c,d,e,h,i,j

,l,m,n,p,q,r

,s,u,v,x 

4.51 
(2.10; 
33) 

a,b,c,f,h,i,j,l,

m,n,p,r,st,u,

v,x,y 

6.87 
(1.90; 
32) 

b,c,d,h,i,j,

m,n,p,q,r,s,

t,u,v,x,z 

3.98 
(1.87; 
32) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.92 
(0.15; 
36) 

c,j,n,o,r,s,u 

0.92 
(0.10; 
36) 

b,c,d,h,j,n,r,s

,u,v,z 

0.71 
(0.13; 
36)c,d,

e,f,h,j,l,n,

r,s,u,x,y 

0.50 
(0.08; 
36) 

b,c,e,f,h,j,l,o,r,

s,t,u,x,z 

nudicaule (t) 41.62 
(10.06; 
11)a,b,c,d,e

,f,g,h,i,j,k,l,m

,n,o,r,s,t,u,v,

w,x,y,z 

0.55 
(0.19; 
10) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,q,r,

s,t,u,v,w,x,y,

z 

6.61 
(1.74; 
11) 

a,b,d,e,f,h,l,

m,n,p,q,r,s,t,

u,v,x,z 

6.04 
(1.43; 
11) 

a,b,c,d,f,i,j,

l,n,o,p,q,r,s

,t,u,v,w,x,y

,z 

3.48 
(0.93; 
11) 

a,b,e,f,g,i,j,

k,l,m,n,o,r,

t,u,v,w,x,y 

3.52 
(1.00; 
11) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,p,r,

s,t,u,v,w,x,y 

5.19 
(0.92; 
11) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,s,t,u,

v,w,x,y 

3.25 
(0.99; 
11) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

2.72 
(0.20; 
11)t 

1.03 
(0.16; 
11) 

b,d,h,n,p,t,u,

v,z 

0.95 
(0.13; 
11) 

b,d,h,j,o,

p,r,t,v,z 

0.55 
(0.07; 
11) 

b,c,d,e,h,j,l,o,p

,r,s,t,u,v,z 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

roanokense (u) 51.62 
(14.03; 
24)a,b,d,f,h,

i,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

0.45 
(0.12; 
25) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

5.48 
(1.29; 
22) 

a,b,c,d,e,f,h,i

,j,l,m,n,o,q,r,

s,t,u,vx,y,z 

4.43 
(1.21; 
21) 

a,c,d,e,f,g,i

,j,k,l,m,n,o

,r,s,t,u,v,w,

x,y 

4.74 
(1.36; 
23) 

a,b,c,e,f,h,i

,j,l,m,n,o,r,

s,t,u,v,w,x,

y 

2.99 
(0.70; 
23) 

a,c,e,f,g,i,j,k,

l,m,n,o,r,s,t,

u,v,w,x,y 

6.20 
(1.65; 
21) 

a,b,c,d,e,f,

h,i,j,l,m,n,

o,q,r,s,t,uv,

x 

3.93 
(1.54; 
21) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

1.91 
(0.13; 
25) 

c,j,n,o,r,s,u 

0.93 
(0.07; 
25) 

b,c,d,h,j,n,p,

r,s,t,u,v,z 

0.71 
(0.11; 
25)c,d,

e,f,h,j,l,n,

r,s,u,x,y,

z 

0.50 
(0.08; 
25) 

a,b,c,e,f,h,j,l,o

,r,s,t,u,w,z 

sphagnicola (v) 58.05 
(28.72; 
4)a,b,c,d,f,h,

i,j,k,l,m,n,o.p

,q,r,s,t,u,v,w,

x,y,z 

0.27 
(0.10; 
7) 

a,e,f,g,i,j,k,l,

m,o,r,s,t,u,v,

w,x,y,z 

6.07 
(2.03; 
5) 

a,b,c,d,e,f,g,

h,i,j,l,m,n,o,

p,q,r,s,t,u,vw

,x,y,z 

5.40 
(1.06; 
5) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,vw,x,

y,z 

4.85 
(1.48; 
3) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

3.45 
(1.32; 
4) 

a,b,c,e,f,g,h,i

,j,k,l,m,n,o,p

,r,s,t,u,v,w,,x

,y 

4.80 
(0.45; 
4) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,q,r,s,

t,u,v 

5.03 
(3.35; 
4) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

2.44 
(0.15; 7) 

p,v 

0.96 
(0.10; 
7) 

b,c,d,h,j,n,o,

p,r,s,t,u,v,z 

1.16 
(0.20; 
7) t,v 

0.60 
(0.04; 7) 

b,c,d,h,n,p,r,t,

v,z 

tenue (w) 26.95 
(15.69; 
6)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,t,u,v,w,x,

y 

0.51 
(0.11; 
6) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

2.63 
(0.24; 
6) 

a,c,e,f,g,i,j,k,

l,m,n,o,r,v,w

,x,y 

3.01 
(0.76; 
6) 

a,c,e,f,g,i,j,

k,l,m,n,o,r,

s,t,u,v,w,x,

y 

2.09 
(0.48; 
6) 

a,b,e,f,g,i,k

,l,m,n,o,r,t,

u,v,w,x,y 

1.69 
(0.27; 
6) 

a,c,e,f,g,i,j,k,

l,m,n,o,r,t,u,

v,w,x,y 

3.42 
(1.04; 
6) 

a,e,f,g,i,j,k,

l,m,n,o,t,v,

w,x,y 

2.55 
(1.13; 
6) 

a,b,c,d,e,f,

g,i,j,k,l,m,

n,o,p,q,r,s,t

,u,v,w,x,y 

1.45 
(0.10; 7) 

a,e,f,k,i,l,q,w,

x,y 

0.69 
(0.08; 
7) 

e,f,i,k,l,m,q,

w,x,y 

0.45 
(0.09; 
7) 

a,e,f,g,i,k

,l,m,n,q,

w,x,y 

0.37 
(0.06; 7) 

a,e,f,g,i,k,l,m,

q,w,x,y 
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Table 11 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) 
(n = 
503) 

Flag 
blade 
width 
(mm) (n 
= 503) 

Panicle 
length 
(cm) 
(n = 
469) 

Panicle 
width 
(cm) 
(n = 
470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

trifolium (x) 27.39 
(8.05; 
2)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,q,r,s,t,u,v,

w,x,y,z 

0.33 
(0.07; 
2) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,x,,y,

z 

4.37 
(0.86; 
2) 

a,b,c,d,e,f,g,

h,i,j,k,l,m,n,

o,p,q,r,s,t,u,v

,w,x,y,z 

3.90 
(0.01; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

2.62 
(0.09; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y 

2.92 
(0.44; 
2) 

a,b,c,e,f,g,h,i

,j,k,l,m,n,o,p

,q,r,s,t,u,v,w,

x,y,z 

3.74 
(1.00; 
2) 

a,b,c,d,e,f,

g,h,i,j,k,l,

m,n,o,p,q,r

,s,t,u,v,w,x

,y,z 

2.02 
(0.35; 
2) 

a,b,c,d,e,f,

g,i,j,k,l,m,

n,o,p,q,r,s,t

,u,v,w,x,y,

z 

1.38 
(0.06; 2) 

a,e,f,g,i,k,l,m,

n,q,w,x,y 

0.68 
(0.08; 
2) 

a,c,e,f,g,i,k,l,

m,o,q,r,w,x,

y 

0.43 
(0.13; 
2) 

a,e,f,g,i,k

,l,m,n,q,r

,s,t,u,w,x

,y 

0.35 
(0.02; 2) 

a,c,e,f,g,i,j,k,l,

m,o,q,r,s,u,w,

x,y,z 

vernale (y) 17.72 
(13.68; 
3)a,b,c,d,e,f,

g,h,i,j,k,l,m,n

,o,r,s,t,u,v,w,

x,y 

0.20 
(0.18; 
2) 

a,c,d,e,f,g,h,i

,j,k,l,m,n,o,q

,r,s,t,u,v,w,x,

y,z 

2.62 
(2.48; 
3) 

a,b,c,d,e,f,g,i

,j,k,l,m,n,o,r,

s,u,v,w,x,y 

1.96 
(2.75; 
3) 

a,b,c,d,e,f,

g,i,j,k,l,m,

n,o,r,s,t,u,v

,w,x,y,z 

1.35 
(1.78; 
3) 

a,b,e,f,g,i,k

,l,m,o,r,t,u,

v,w,x,y 

1.68 
(1.75; 
3) 

a,b,c,e,f,g,i,j,

k,l,m,n,o,p,r,

s,t,u,v,w,x,y 

2.37 
(1.94; 
3) 

a,e,f,g,i,k,l,

m,n,o,t,v,w

,x,y 

1.18 
(1.18; 
3) 

a,b,c,d,e,f,

g,i,j,k,l,m,

n,o,q,r,s,t,u

,v,w,x,y 

0.72 
(0.94; 3) 

a,e,g,i,k,l,m,w,

x,y 

0.38 
(0.42; 
3) 

a,e,g,i,k,l,m,

q,w,x,y 

0.28 
(0.21; 
3) 

a,c,d,e,f,

g,i,k,l,m,

n,q,r,s,t,u

,w,x,y 

0.18 
(0.23; 3) 

a,e,f,g,i,k,l,m,

q,w,x,y 

yadkinense (z) 56.58 
(17.05; 
36)a,b,f,h,l,

m,n.p,q,s,t,u,

v,x,z 

0.49 
(0.15; 
36) 

a,c,d,e,f,g,h,i

,j,k,l,m.n,q,r,

s,t,u,v,w,x,y,

z 

6.24 
(1.86; 
32) 

b,d,e,f,h,l,m,

n,p,q,r,s,t,u,v

,x,z 

6.45 
(2.72; 
32) 

a,b,d,h,i,l,n

,p,q,r,s,t,v,

x,y,z 

7.45 
(2.66; 
33) 

d,h,n,p,v,z 

6.56 
(2.82; 
32)d,h,l,q,

x,z 

7.45 
(2.41; 
32) 

d,h,m,n,p,q

,r,s,x,z 

4.88 
(2.47; 
32) 

a,b,c,d,e,i,j

,l,m,n,p,q,s

,,t,u,v,x,z 

2.14 
(0.29; 
37) d,h,p,z 

0.92 
(0.11; 
37) 

b,d,h,j,n,p,r,s

,t,u,v,z 

0.79 
(0.15; 
37) 

b,c,d,e,h,

j,l,n,o,p,r

,t,u,z 

0.50 
(0.07; 
37) 

b,c,e,h,j,l,o,r,s,

t,u,v,x,z 

F 13.11 14.39 11.46 15.11 16.16 22.42 13.45 5.11 118.42 40.81 25.37 24.64 
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00

1 
<0.001 
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Table 12:  Descriptive statistics and Tukey HSD post-hoc tests for all twelve quantitative characters under Gould and Clark 
(GC).  Headers include the number of OTUs included in each quantitative character test.  Taxa with the same letter under a 
given character are not significantly different.  Under Gould and Clark, OTUs recognized here as D. hirstii would be 
recognized as D. dichotomum.  Test cells utilize the following format:  mean (standard deviation; n).  Pairs were evaluated 
for difference at the p<0.05 level.  Descriptive statistics were generated in Microsoft Excel, while the Tukey HSD post-hoc 
tests were generated using R (R Development Core Team 2007).   
 

Taxon Culm 
length 
(cm) (n = 
493) 

Ligule 
length 
(mm) (n 
= 536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

boreale (a) 39.20 
(19.2; 
23)a,c,d,e,f,g 

0.62 
(0.18; 
27)a,b,c,e,f,g 

6.23 
(1.85; 
25)a,b,c,e,f 

6.23 
(1.72; 
25)a,c,f 

7.10 
(2.16; 
24)a,f 

7.64 
(2.04; 
24)a 

6.92 
(1.87; 
25)a,c,e,f 

4.25 
(1.68; 
25)a,b,c,e,f 

2.11 
(0.2; 
27)a,f 

0.96 
(0.09; 
27)a,f 

0.81 
(0.11; 
27)a,b,c,f 

0.58 
(0.1; 
27)a,f 

breve (b) 10.78 
(1.16; 4) 

b,d,e,f,g 

0.54 
(0.19; 4) 

a,b,c,d,e,f,g 

4.52 
(0.51; 4) 

a,b,c,d,e,f,g 

1.59 
(0.27; 
4)b,d,e,f,g 

2.85 
(0.97; 
4)b,c,d,e,f,g 

1.07 
(0.27; 
4)b,d,e,f,g 

3.28 
(0.57; 
4)b,d,e,f,g 

2.40 
(0.54; 4) 

a,b,c,d,e,f,g 

1.36 
(0.08; 
5)b,d,e,f,g 

0.68 
(0.05; 
5)bd,e,g 

0.69 
(0.07; 
5) 

a,b,c,d,e,f 

0.43 
(0.04; 
5)b,c,d,e,g 

dichotomum 
(c) 

50.05 
(18.2; 
427) a,c,e,f 

0.52 
(0.22; 
465) 

a,b,c,e,f,g 

5.50 
(1.84; 
413) 

a,b,c,e,f 

5.77 
(2.30; 
410)a,c,f 

5.66 
(2.09; 
429) 

b,c,e,f 

4.60 
(2.16; 
430)c,f 

6.42 
(1.85; 
397) 

a,c,e,f 

4.01 
(1.71; 
398) 

a,b,c,e,f 

1.96 
(0.27; 
476)c,f 

0.88 
(0.11; 
476)c,f 

0.76 
(0.16; 
473) 

a,b,c,f 

0.5 
(0.08; 
474) b,c 

ensifolium 
(d) 

22.50 
(7.41; 17) 

a,b,d,e,f,g 

0.31 
(0.10; 17) 

b,d,e,g 

2.55 
(1.03; 
17) b,d,f,g 

2.52 
(0.73; 
17) 

b,d,e,f,g 

1.68 
(0.63; 
19) b,d,e,g 

1.67 
(0.60; 
19) 

b,d,e,f,g 

2.64 
(0.74; 
18) 

b,d,f,g 

1.96 
(0.49; 
18) 

b,d,e,f,g 

1.21 
(0.15; 
21) 

b,d,e,g 

0.6 
(0.08; 
21) b,d,e,g 

0.49 
(0.07; 
21) 

b,d,e,f,g 

0.35 
(0.04; 
21) 

b,d,e,g 
glabrifolium 
(e) 

30.00 
(6.29; 5) 

a,b,c,d,e,f,g 

0.43 
(0.07; 5) 

a,b,c,d,e,f,g 

5.34 
(1.34; 5) 

a,b,c,e,f,g 

2.65 
(0.84; 
5) 

b,c,d,e,f,g 

3.40 
(0.59; 5) 

b,c,d,e,f,g 

1.79 
(0.34; 
5) b,d,e,f,g 

5.60 
(1.28; 
5) 

a,b,c,e,f,g 

4.09 
(1.15; 5) 

b,c,d,e,f,g 

1.14 
(0.07; 
6) b,d,e,g 

0.57 
(0.05; 
6) b,d,e,g 

0.43 
(0.05; 
6) 

b,d,e,f,g 

0.36 
(0.01; 
6) b,d,e,g 
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Table 12 (continued) 
 

Taxon Culm 
length 
(cm) (n = 
493) 

Ligule 
length 
(mm) (n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) (n 
= 554) 

hirstii (f) 53.47 
(12.54; 2) 

a,b,c,d,e,f,g 

0.69 
(0.13; 4) 

a,b,c,e,f,g 

4.71 
(1.65; 3) 

a,b,c,d,e,f,g 

4.12 
(1.16; 
3) 

a,b,d,e,f,g 

6.18 
(1.87; 4) 

a,b,c,e,f 

3.37 
(0.43; 
4) 

b,c,d,e,f,g 

5.78 
(1.29; 
3) 

a,b,c,d,e,f,g 

2.58 
(1.43; 3) 

a,b,c,d,e,f,g 

1.8 
(0.09; 
4) a,b, c,f 

1 (0.05; 
4) a,c,f 

0.67 
(0.14; 
4) 

a,b,c,d,e,f,g 

0.71 
(0.09; 4) 

a,f 

tenue (g) 25.26 
(11.89; 
15) a,b,d,e,f,g 

0.44 
(0.12; 14) 

a,b,c,d,e.f,g 

3.10 
(0.76; 
15) b,d,e,f,g 

3.54 
(1.16; 
15) 

b,c,d,e,f,g 

2.24 
(0.48; 
16) b,d,e,g 

2.10 
(0.73; 
15) 

b,d,e,f,g 

3.43 
(0.75; 
15) 

b,d,e,f,g 

2.54 
(0.79; 
15) b,d,e,f,g 

1.35 
(0.16; 
17) 

b,d,e,g 

0.65 
(0.09; 
17) b,d,e,g 

0.44 
(0.09; 
17) 

d,e,f,g 

0.36 
(0.05; 
17) b,d,e,g 

F 15.61 4.64 12.63 12.47 23.64 22.83 22.94 7.67 55.84 53.58 26.04 33.42 
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 13:  Descriptive statistics and Tukey HSD post-hoc tests for all twelve quantitative characters under LeBlond (2001).  
Headers include the number of OTUs included in each quantitative character test.  Taxa with the same letter under a given 
character are not significantly different.  Test cells utilize the following format:  mean (standard deviation; n).  Pairs were 
evaluated for difference at the p<0.05 level.  Descriptive statistics were generated in Microsoft Excel, while the Tukey HSD 
post-hoc tests were generated using R (R Development Core Team 2007).   
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

annulum (a) 51.97 
(17.21; 
29)a,b,d,

h,i,j,k,l,m,n

,o,p,r 

0.75 
(0.34; 
32)a,b,c,h

,i,k,m 

5.62 
(1.69; 
27)a,b,

c,d,h,i,j,l,

m,n,o,p,r 

6.98 
(2.51; 
27)a,b,i,k,

l,m,n,p,r 

4.54 
(1.19; 
32)a,c,d,h

,i,j,l,m,o,p 

4.75 
(1.63; 
32)a,d,f

,h,i,k,l,m,

p 

5.82 
(1.52; 
28)a,b,c,d

,f,h,i,j,l,m,o

,p 

3.74 
(1.51; 
28)a,b,c,d

,e,f,h,i,j,k,l,

m,n,o,p,q 

1.98 
(0.16; 
32)a,f,i,j,l,o 

0.92 
(0.08; 
32)a,b,f,i,l,o

,p,r 

0.81 
(0.14; 
32)a,b,

c,f,i,j,k,l,

m,o,r 

0.51 
(0.06; 
32)a,cf,

j,l,m,o,r 

boreale (b) 21.74 
(20.28; 
19) 

a,b,d,f,g,h,i

,j,l,m,o,p,q 

0.62 
(0.19; 
23) 

a,b,c,e,f,h,i,

l,m,n,o,q,r 

6.38 
(1.91; 
21) 

a,b,c,d,h,

ik,l,m,n,o

,p,r 

6.3 
(1.65; 
21) 

a,b,d,i,l,m,n

,o,p,r 

7.41 
(2.15; 
22)b,i,k,n

,p,r 

7.85 
(2.04; 
22)b,n,

r 

7.22 
(1.86; 
21) 

a,b,f,h,i,k,l,

m,n,o,p,r 

4.34 
(1.69; 
21) 

a,b,c,e,f,h,i,

j,k,l,m,n,o,

p,q,r 

2.14 
(0.2; 
23)b,k,r 

0.97 
(0.09; 
23)b,i,k,l,m

o,p,r 

0.82 
(0.11; 
23) 

a,b,c,f,i,j,

k,l,m,o,r 

0.59 
(0.1; 
23)b,i,k

,m,p 

breve (c) 10.78 
(1.16; 
4)c,e,f,g,h

,i,m,p,q 

0.54 
(0.19; 
4) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

4.52 
(0.51; 
4) 

a,b,c,d,e,

f,g,h,i,,k,

l,m,n,o,p,

q,r 

1.59 
(0.27; 
4)c,d,e,f,g,

h,i,j,o,p,q 

2.85 
(0.97; 
4) 

a,c,d,e,f,g,h

,i,j,l,m,o,p,

q 

1.07 
(0.27; 
4)c,d,e,f

,g,h,i,j,m,

o,p,q 

3.28 
(0.57; 
4) 

a,c,d,e,g,h,i

,j,m,p,q 

3.08 
(1.58; 
5) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

1.36 
(0.08; 
4)c,g,h,q 

0.68 
(0.05; 
4)c,d,e,g,h,n,

,q 

0.69 
(0.07; 
5) 

a,b,c,d,f,

g,i,j,k,l,n,

o,r 

0.43 
(0.04; 
5) 

a,c,d,e,f,

g,h,j,l,n,o

,q,r 
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Table 13 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

caerulescens (d) 49.04 
(17.1; 
14) 

a,b,d,f,h,i,,

k,l,m,n,o,p,

r 

0.35 
(0.08; 
20) 

c,d,e,g,h,j,

m,o,p,q,r 

5.13 
(1.77; 
17) 

a,b,c,d,e,

f,h,i,j,l,m

,n,o,p,q,r 

5.13 
(1.77; 
17) 

b,c,d,e,f,g,h

,i,j,l,m,o,p,

q 

3.45 
(1.18; 
14) 

a,c,d,e,g,h,i

,j,m,o,p,q 

2.91 
(0.74; 
14) 

a,c,d,e,f,

g,h,i,j,m,

o,p,q 

4.63 
(1.24; 
14) 

a,c,d,e,h,i,j,

m,o,p,q 

2.17 
(0.52; 
14) 

a,c,d,e,g,h,i

,j,l,m,o,p,q 

1.6 (0.1; 
20)d,i,n 

0.78 
(0.08; 
20) c,d,j,n 

0.6 
(0.12; 
19) 

c,d,e,g,h,

i,n,o 

0.44 
(0.07; 
19) 

c,d,h,n,o 

chamaelonche (e) 16.69 
(5.83; 
8) 

c,e,g,h,i,m,

p,q 

0.39 
(0.05; 
8) 

b,c,d,e,f,g,h

,i,j,l,m,n,o,

p,q,r 

0.39 
(0.05; 
8) 

c,d,e,f,g,

h,i,j,p,q 

3.11 
(1.23; 
8)c,d,e,f,g,

h,i,j,o,p,q 

2.09 
(0.89; 
10) 

c,d,e,g,h,j,

m,p,q 

1.49 
(0.37; 
9) 

c,d,e,g,h,

i,j,m,o,p,

q 

3.37 
(0.92; 
9) 

c,d,e,g,h,i,j,

m,p,q 

2.36 
(0.53; 
9) 

a,b,c,d,e,f,g

,h,i,j,l,m,n,

o,p,q 

1.07 
(0.09; 
10)e,h 

0.54 
(0.04; 
10) c,e,g,h, 

0.46 
(0.06; 
10) 

d,e,g,h,i,

n,q 

0.35 
(0.03; 
10) 

c,eg,h,n,

q 

dichotomum (f) 37.21 
(12.7; 
107) 

b,c,d,f,g,h,i

,j,m,p,q 

0.53 
(0.15; 
112) 

b,c,e,f,h,i,l,

m,,o,p,q,r 

0.53 
(0.15; 
112) 

c,d,e,f,h,i

,j,o,p,q 

4.38 
(1.32; 
106) 

c,d,e,f,g,h,i,

j,m,o,p,q 

5.76 
(1.36; 
112) 

c,f,h,i,k,l,n,

o,p 

3.88 
(0.91; 
112) 

a,c,d,f,h,i

,k,l,m,o,p 

6.22 
(1.42; 
100) 

a,b,fh,i,l,m,

o,p 

4.23 
(1.2; 
100) 

a,b,c,e,f,h,i,

k,l,m,n,o.p,

r 

1.98 
(0.11; 
120) 

a,f,i,l,o 

0.89 
(0.07; 
120) 

a,f,i,l,o,p 

0.77 
(0.13; 
119) 

a,b,c,f,i,j,

l,o,r 

0.51 
(0.06; 
120) 

a,c,f,j,l,m

,o,r 
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Table 13 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

ensifolium (g) 25.30 
(6.63; 
13) 

b,c,e,f,g,h,i

,m,p,q 

0.27 
(0.08; 
12) 

c,d,e,g,h,j,o

,p,q 

2.47 
(0.91; 
13) 

c,e,g,i,q 

2.65 
(0.77; 
13) 

c,d,e,f,g,h,i,

j,o,p,q 
 

1.64 
(0.54; 
14) 

c,d,e,g,h,m,

q 

1.88 
(0.72; 
14) 

c,d,e,g,h,

i,j,m,o,p,

q 

2.54 
(0.84; 
15) 

c,e,g,i,p,q 

1.98 
(0.69; 
15) 

c,d,e,g,h,i,j,

m,p,q 
 

1.27 
(0.11; 
16) c,g,h,q 

0.63 
(0.07; 
16) c,e,g,h,q 

0.48 
(0.08; 
16) 

c,d,g,h,i,

n,q 

0.35 
(0.04; 
16) 

c,e,g,h,n,

q 

glabrifolium (h) 31.69 
(8.08; 
3) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

0.47 
(0.04; 
3) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

6.15 
(1.00; 
3) 

a,b,c,d,e,

f,h,i,j,k,l,

m,n,o,p,q

,r 

2.22 
(0.23; 
3) 

c,d,e,f,g,h,i,

j,l,m,o,p,q 

3.64 
(0.07; 
3) 

a,c,d,e,f,g,h

,i,j,k,l,m,n,

o,p,q 

1.75 
(0.36; 
3) 

a,c,d,e,f,

g,h,i,j,k,l,

m,o,p,q 

6.05 
(1.58; 
3) 

a,b,c,d,e,h,i

,j,k,l,m,n,o

p,q,r 

4.42 
(1.41; 
3) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

1.14 
(0.09; 4) 

c,e,g,h,q 

0.57 
(0.06; 4) 

c,e,g,h,q 

0.41 
(0.04; 
4) 

d,e,g,h,i,

n,q 

0.36 
(0.01; 
4) 

c,d,e,g,h

n,q 

hirstii (i) 53.47 
(12.54; 
2) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

0.69 
(0.13; 
4) 

a,b,c,e,f,h,i,

k,l,m,n,o,q,

r 

4.71 
(1.65; 
3) 

a,b,c,d,e,

f,g,h,i,j,k

,l,m,n,o,p

,q,r 

4.12 
(1.16; 
3) a,b 

c,d,e,f,g,h,ij

,l,m,n,o,p,q

,r 

6.18 
(1.87; 
4) 

a,b,c,d,f,h,i,

j,k,l,m,n,o,

p,r 

3.37 
(0.43; 
4) 

a,c,d,e,f,

g,h,i,j,k,l,

m,o,p,q 

5.78 
(1.29; 
3) 

a,b,c,d,e,g,

h,i,j,k,l,m,n

,o,p,q,r 

2.58 
(1.43; 
3) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

1.80 
(0.09; 4) 

a,d,f,i,j,l,n,o 

1.00 
(0.05; 4) 

a,b,f,i,k,l,m,o,

p,r 

0.67 
(0.14; 
4) 

a,b,c,d,e,

f,g,h,i,j,k

,l,n,o,q,r 

0.71 
(0.09; 
4) b,i,p 
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Table 13 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

lucidum (j) 46.62 
(15.45; 
48) 

a,b,d,f,h,i,j,

l,m,o,p 

0.3 
(0.15; 
54) 

c,d,e,g,h,j,p

,q 

4.63 
(1.13; 
50) 

a,c,d,e,f,

h,i,j,o,p,q 

4.53 
(1.02; 
50) 

c,d,e,f,g,h,i,

j,l,m,o,p,q 

4.04 
(1.19; 
48) 

a,c,d,e,h,i,j,

m,o,p,q 

2.86 
(0.79; 
48) 

c,d,e,g,h,

i,j,m,o,p,

q 

4.96 
(1.37; 
45) 

a,c,d,e,h,i,j,

m,o,p,q 

3.04 
(1.39; 
45) 

a,b,c,d,e,g,

h,i,j,l,m,n,o

,p,q 

1.88 
(0.17; 
53) a,i,j,o 

0.84 
(0.08; 
53) d,j 

0.82 
(0.13; 
53) 

a,b,c,f,i,j,

k,l,m,r 

0.51 
(0.06; 
53) 

a,c,f,j,l,m

,o,r 

mattamuskeetense 
(k) 

64.41 
(18; 
39) 

a,d,h,i,k,n,

o,p,r 

0.8 
(0.22; 
39) 

a,c,h,i,k 

7.25 
(2.08; 
39) 

b,c,h,i,k,

m,p,r 

8.13 
(2.32; 
39) 

a,k,m,n,p,r 

6.61 
(2.59; 
38) 

b,f,h,i,k,l,n,

p,r 

4.76 
(1.7; 
38) 

a,f,h,i,k,l,

m,p 

7.79 
(1.74; 
36) 

b,h,i,k,n,p,r 

4.81 
(2.19; 
36) 

a,b,c,f,h,i,k,

l,m,n,o.p,r 

2.24 
(0.14; 
41) b,k,r 

0.99 
(0.07; 
41) 

b,i,k,m,o,p,r 

0.86 
(0.14; 
41) 

a,b,c,i,j,k

,m,r 

0.56 
(0.07; 
41) 

b,k,l,m,p 

nitidum (l) 47.87 
(20.8; 
47) 

a,b,d,h,i,j,l,

m,o,p 

0.53 
(0.2; 
51) 

b,c,e,f,h,i,l,

m,n,o,p,q,r 

5.87 
(1.95; 
44) 

a,b,c,d,h,

i,l,m,n,o,

p,r 

5.73 
(1.89; 
44) 

a,b,d,h,i,j,l,

m,o,p,r 

5.64 
(2.24; 
48) 

a,c,f,h,i,k,l,

n,o,p 

4.85 
(2.21; 
48) 

a,f,h,i,k,l,

m,p 

6.29 
(1.62; 
48) 

a,b,h,i,l,m,n

,o,p 

3.8 
(1.51; 
48) 

a,b,c,d,e,f,h

,i,j,k,l,m,n,

o,p,q 

2.0 
(0.17; 
52) a,f,i,l,o 

0.92 
(0.08; 
52) 

a,b,f,i,l,o,p,r 

0.75 
(0.12; 
52) 

a,b,c,f,i,j,

l,o,r 

0.52 
(0.07; 
52) 

a,c,f,j,k,l,

m,o,p,r 

nudicaule (m) 41.62 
(10.06; 
11) 

a,b,c,d,e,f,g

,h,i,j,l,m,n,

o,p,q 

0.55 
(0.19; 
10) 

a,b,c,d,e,f,h

,i,l,m,n,o,p,

q,r 

6.61 
(1.74; 
11) 

a,b,c,d,h,

i,k,l,m,n,

o,p,r 

6.04 
(1.43; 
11) 

a,b,d,f,h,i,j,

k,l,m,n,o,p,

q,r 

3.48 
(0.93; 
11) 

a,c,d,e,g,h,i

,j,m,o,p,q 

3.52 
(1.0; 
11) 

a,c,d,e,f,

g,h,i,j,k,l,

m,o,p,q 

5.19 
(0.92; 
11) 

a,b,c,d,e,h,i

,j,m,o,p,q 

3.25 
(0.99; 
11) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q 

2.72 
(0.2; 
11)m 

1.03 
(0.16; 
11) b,i,k,m 

0.95 
(0.13; 
11) 

a,b,j 

k,m,r 

0.55 
(0.07; 
11) 

a,b,f,j,k,l,

mo,p,r 
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Table 13 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

ramulosum (n) 58.61 
(17.54; 
69) 

a,d,h,i,k,m,

n,o,p,r 

0.53 
(0.15; 
78) 

b,c,e,f,h,i,l,

m,n,o,p,q,r 

6.01 
(1.78; 
61) 

a,b,c,d,h,

i,l,m,n,o,

p,r 

7.18 
(2.29; 
61) 

a,b,i,k,m,n,

p,r 

6.58 
(2.07; 
66) 

b,f,h,i,k,l,n,

p 

6.72 
(2.52; 
67)n,r 

7.29 
(1.97; 
58) 

b,h,i,k,n,o,p

,r 

3.99 
(1.64; 
59) 

a,b,c,e,f,h,i,

j,k,l,m,n,o,

p,q 

1.61 
(0.1; 
78)d,i,n 

0.76 
(0.07; 
78) c,d,n 

0.58 
(0.09; 
77) 

c,d,e,g,h,

i,n 

0.39 
(0.06; 
77) 

c,d,e,g,h,

n,q 

roanokense (o) 52.41 
(13.3; 
25) 

a,b,d,h,i,j,k

,l,m,n,o,p,r 

0.45 
(0.12; 
26) 

b,c,d,e,f,g,h

,i,l,m,n,o,p,

q,r 

5.65 
(1.15; 
22) 

a,b,c,d,f,

h,i,j,l,m,n

,o,p,r 

4.61 
(1.27; 
21) 

b,c,d,e,f,g,h

,i,j,l,m,o,p,

q 

4.79 
(1.31; 
23) 

a,c,d,f,h,i,j,

l,m,o,p 

2.98 
(0.7; 
23) 

c,d,e,f,g,

h,i,j,m,o,

p,q 

6.29 
(1.57; 
(22) 

a,b,d,h,i,j,k,

l,m,n,o,p 

4.0 
(1.49; 
22) 

a,b,c,d,e,f,h

,i,j,k,l,m,n,

o,p,q,r 

1.92 
(0.12; 
26) a,f,i,j,l,o 

0.93 
(0.06; 
26) 

a,b,f,i,k,l,m,o,

p,r 

0.7 
(0.11; 
26) 

a,b,c,d,f,i

,l 

0.5 
(0.08; 
26) 

a,c,d,f,j,l,

m,o,r 

sphagnicola (p) 48.57 
(14.99; 
4) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

0.30 
(0.13; 
7) 

c,d,e,f,g,h,j,

l,m,n,o,p,q,

r,q,r 

5.9 
(1.99; 
5) 

a,b,c,d,e,

f,h,i,j,k,l,

m,n,o,p,q

,r 

5.38 
(1.05; 
5) 

a,b,c,d,e,f,g

,h,i,j,k,l,m,

n,o,p,q,r 

5.43 
(1.67; 
4) 

a,b,c,d,e,f,h

,i,j,k,l,m,n,

o,p,q,r 

3.53 
(1.15; 
5) 

a,c,d,e,f,

g,h,i,j,k,l,

m,o,p,q 

5.21 
(0.99; 
5) 

a,b,c,d,e,g,

h,i,j,k,l,m,n

,o,p,q 

4.6 
(3.06; 
5) 

a,b,c,d,e,f,g

,h,i,j,j,k,l,m

,n,o,p,q,r 

2.46 
(0.13; 
7)p 

0.98 
(0.11; 7) 

a,b,f,i,k,l,m,o,

p,r 

1.17 
(0.2; 
7)p 

0.61 
(0.05; 
7) 

b,i,k,l,m,

p 
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Table 13 (continued) 
 

Taxon Culm 
length 
(cm) (n 
= 493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) 
(n = 
482) 

Basal 
blade 
width 
(mm) 
(n = 
479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) 
(n = 
553) 

First 
glume 
width 
(mm) 
(n = 
554) 

tenue (q) 27.23 
(11.54; 
13) 

b,c,e,f,g,h,i

,m.p,q 

0.44 
(0.12; 
13) 

b,c,d,e,f,g,h

,i,j,l,m,n,o,

p,q,r 

3.16 
(0.76; 
13) 

c,d,e,f,g,

h,i,j,p,q 

3.68 
(1.18; 
13) 

c,d,e,f,g,h,i,

j,m,n,o,p,q 

2.30 
(1.18; 
13) 

c,d,e,g,h,j,

m,p,q 

2.09 
(0.70; 
13) 

c,d,e,g,h,

i,j,m,o,p,

q 

3.51 
(0.76; 
13) 

c,d,e,g,h,i,j,

p,q 

2.59 
(0.84; 
13) 

a,b,c,d,e,g,

h,i,j,l,m,n,o

,p,q 

1.41 
(0.11; 
14) c,g,h,q 

0.67 
(0.09; 
14) c,g,h,q 

0.45 
(0.09; 
14) 

d,e,g,h,i,

q 

0.36 
(0.05; 
14) 

c,e,g,h,n,

q 

yadkinense (r) 60.5 
(13.84; 
38) 

a,d,h,i,k,n,

o,r 

0.5 
(0.14; 
40) 

b,c,d,e,f,h,i,

l,m,n,o,p,q,

r 

6.47 
(1.55; 
34) 

a,b,c,d,h,

i,k,l,m,n,

o,r 

6.78 
(2.59; 
34) 

a,b,i,k,l,m,o

,r 

8.0 
(1.96; 
36) i,k,p,r 

7.02 
(2.44; 
35) 

b,n,r 

7.97 
(1.8; 
34) 

b,h,i,k,m,n,

r 

5.24 
(2.28; 
34) 

b,c,f,h,i,k,o

,p,r 

2.21 
(0.16; 
40) b,k,r 

0.95 
(0.06; 
40) 

a,b,i,k,l,m,o,p

,r 

0.81 
(0.13; 
40) 

a,b,c,f,i,j 

k,l,m,r 

0.51 
(0.06; 
40) 

a,c,f,j,l,m

,o,r 

F 15.63 19.58 14.47 19.13 23.89 31.07 19.81 7.54 155.47 60.65 37.16 37.48 
p-value <0.001 <0.001 <0.00

1 
<0.001 <0.001 <0.00

1 
<0.001 <0.001 <0.001 <0.001 <0.00

1 
<0.00
1 
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Table 14:  Descriptive statistics and Tukey HSD post-hoc tests for all twelve quantitative characters under Freckmann and 
Lelong (2003).  Headers include the number of OTUs included in each quantitative character test.  Taxa with the same letter 
under a given character are not significantly different.  Test cells utilize the following format:  mean (standard deviation; n).  
Pairs were evaluated for difference at the p<0.05 level.  Descriptive statistics were generated in Microsoft Excel, while the 
Tukey HSD post-hoc tests were generated using R (R Development Core Team 2007).   
 

Taxon Culm 
length 
(cm) 
(n = 
493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) (n 
= 479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) (n 
= 553) 

First 
glume 
width 
(mm) (n 
= 554) 

boreale (a) 36.11 
(15.1; 
21)a,b,c,

d,e,f,j,l 

0.62 
(0.18; 
23)a,b,c,d,

h,i,j,l,m 

6.04 
(1.69; 
23)a,b,g,h

,i,j,k,m 

6.23 
(1.79; 
23)a,g,h,i,j,

m 

6.99 
(2.24; 
23)a,d,h,i,

m 

7.63 
(2.06; 
23)a,h,m 

6.58 
(1.62; 
22)a,d,g,h

,i,j,k 

4.09 
(1.44; 
22)a,b,c,d

,f,g,h,i,j,k,l,

m 

2.05 
(0.09; 
23)a,d,f,g,i 

0.94 
(0.05; 
23)a,d,g,i,j,

m 

0.80 
(0.09; 
23)a,b,d,f,g,

i,j,m 

0.55 
(0.05; 
23)a,d,f,g,i,

j,m 

breve (b) 10.78 
(1.16; 
4) 

a,b,c,d,e,l 

0.54 
(0.19; 
4) 

a,b,c,d,e,f,g,

h,i,j,k,l,m 

4.52 
(0.51; 
4) 

a,b,c,d,e,f,g

,h,i,j,k,l,m 

1.59 
(0.27; 
4)b,c,d,e,f,k,

l 

2.85 
(0.97; 
4)b,c,d,e,f,

g,j,k,l 

1.07 
(0.27; 
4) 

b,c,e,f,j,k,l 

3.28 
(0.57; 
4)b,c,e,f,j,

k,l 

2.4 
(0.54; 
4) 

a,b,c,d,e,f,g

,h,i,j,k,l,m 

1.36 
(0.08; 
5)b,c,e,l 

0.68 
(0.05; 
5)b,c,e,h,l 

0.69 
(0.07; 5) 

a,b,d,e,f,g,h,i,

k,m 

0.43 
(0.04; 
5)b,c,d,e,f,h

,i,j,k,l,m 

chamaelonche 
(c) 

20.78 
(9.27; 
11) 

a,b,c,d,e,j,l 

0.41 
(0.06; 
11) 

a,b,c,d,e,f,

h,i,j,k,l,m 

3.94 
(1.81; 
11)b,c,d,e

,f,k,l 

2.43 
(0.65; 
11) b,c,e,l 

2.44 
(1.03; 
12) 

b,c,e,f,j,l 

1.56 
(0.37; 
11) 

b,c,e,f,j,k,l 

3.83 
(1.70; 
13) 

b,c,e,f,j,l 

2.76 
(1.22; 
13) 

a,b,c,d,e,f,g

,h,i,j,k,l 

1.08 
(0.09; 
15) b,c 

0.55 
(0.05; 
15) b,c,e 

0.44 
(0.06; 
15)c,e,l 

0.35 
(0.03; 
15) 

b,c,e,h,l 
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Table 14 (continued) 
 

Taxon Culm 
length 
(cm) 
(n = 
493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) (n 
= 479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) (n 
= 553) 

First 
glume 
width 
(mm) (n 
= 554) 

dichotomum 
(d) 

36.27 
(10.95; 
111) 

a,b,c,d,e,j,l 

0.51 
(0.15; 
117) 

b,c,d,h,i,j,

k,l,m 

4.33 
(1.19; 
111) 

b,c,d,f,l 

4.44 
(1.24; 
109) 

b,d,e,f,,k,l 

5.70 
(1.32; 
115) 

a,b,d,g,h,i 

3.84 
(0.88; 
115)d,g,j

,k 

6.10 
(1.21; 
103) 

a,d,g,i,j,k 

4.18 
(1.19; 
103) 

a,b,c,d,g,h,i

,j,k,m 

1.99 
(0.14; 
124) a,d,f,i 

0.89 
(0.08; 
124) a,d,f,k 

0.78 
(0.14; 
123) 

a,b,d,f,i,m 

0.51 
(0.06; 
124) 

a,b,d,f,g,i,j,k,

m 

ensifolium (e) 25.30 
(6.63; 
13) 

a,b,c,d,e,j,l 

0.27 
(0.08; 
12) 

b,c,e,f,k,l 

2.47 
(0.91; 
13) b,c,e,l 

2.65 
(0.77; 
13) 

b,c,d,e,f,k,l 

1.64 
(0.54; 
14) 

b,c,e,j,l 

1.88 
(0.72; 
14) 

b,c,e,f,j,k,l 

2.63 
(0.80; 
14) b,c,e,l 

2.02 
(0.69; 
14) 

b,c,e,f,j,k,l 

1.29 
(0.10; 
15) b,e,l 

0.64 
(0.06; 
15) b,c,e,l 

0.49 
(0.08; 
15) b,c,e,h,l 

0.35 
(0.04; 
15) 

b,c,e,h,l 
lucidum (f) 47.8 

(16.18; 
48) 

a,f,i,j,k, 

0.30 
(0.14; 
56) 

b,c,e,f,l 

4.63 
(1.23; 
49) 

b,c,d,f,k,l 

4.53 
(1.03; 
49) 

b,d,e,f,j,k,l 

4.09 
(1.27; 
49) 

b,c,fj,k,l 

2.87 
(0.73; 
50) 

b,c,e,f,j,k,l 

4.96 
(1.32; 
48) 

b,c,f,j,k,l 

3.18 
(1.68; 
48) 

a,b,c,e,f,h,i,

j,k,l 

1.93 
(0.21; 
56) a,d,f 

0.85 
(0.08; 
56) d,f,k 

0.85 
(0.17; 
56) 

a,b,d,f,g,j,m 

0.52 
(0.07; 
56) 

a,b,d,f,g,i,j,k,

m 
mattamuskeete
nse (g) 

59.48 
(19.33; 
57)g,h,i,

k,m 

0.81 
(0.28; 
59) b,g, 

6.41 
(1.97; 
55) 

a,b,g,h,i,j,k,

m 

7.56 
(2.25; 
55) 

a,g,h,j,m 

5.44 
(2.04; 
59) 

b,d,g,i,k 

4.62 
(1.36; 
59) d,g,i,j 

6.82 
(1.97; 
53) 

a,d,g,h,i,j 

4.39 
(2.1; 
53) 

a,b,c,d,g,h,i

,j,k,m 

2.14 
(0.17; 
61) a,g,i,m 

0.96 
(0.08; 
61) a,g,i,j,m 

0.86 
(0.13; 
61) 

a,b,f,g,j,m 

0.55 
(0.07; 
61) 

a,d,f,g,i,j,m 
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Table 14 (continued) 
 

Taxon Culm 
length 
(cm) 
(n = 
493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) (n 
= 479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) (n 
= 553) 

First 
glume 
width 
(mm) (n 
= 554) 

microcarpon 
(h) 

59.25 
(17.49; 
71) 

g,h,i,k,m 

0.53 
(0.15; 
80) 

a,b,c,d,h,i,

j,k,l,m 

6.16 
(1.82; 
63) 

a,b,g,h,i,j,k,

m 
 

7.29 
(2.31; 
64) 

a,g,h,i,j,m 

6.55 
(2.03; 
68) a,d,h,i 

6.67 
(2.54; 
69) a,h,m 

7.35 
(2.0; 
60) 

a,g,h,i,m 

4.04 
(1.6; 
61) 

a,b,c,d,f,g,h

,i,j,k,l,m 

1.61 
(0.1; 
80)h 

0.76 
(0.08; 
80) b,h 

0.59 
(0.09; 
79) b,e,h 

0.4 
(0.06; 
79) 

b,c,e,h,l 

nitidum (i) 52.95 
(19.89; 
55) 

f,g,h,i,j,k,

m 

0.56 
(0.21; 
62) 

a,b,c,d,h,i,

j,l,m 

6.38 
(2.18; 
52) 

a,b,g,h,i,,k,

m 

6.24 
(2.51; 
52) a,h,i,j,m 

6.13 
(2.03; 
68) 

a,d,g,h,i 

5.11 
(2.33; 
57) g,i,j 

6.88 
(1.88; 
57) 

a,d,g,h,i,j,m 

3.96 
(1.64; 
57) 

a,b,c,d,f,g,h

,i,j,k,l 

2.07 
(0.22; 
63) a,d,g,i 

0.94 
(0.10; 
63) a,g,i 

0.76 
(0.14; 
63) 

a,b,d,i,m 

0.53 
(0.1; 63) 

a,b,d,f,g,i,j,k,

m 

nudicaule (j) 41.62 
(10.06; 
11) 

a,c,d,e,f,i,j

,k,l 

0.55 
(0.19; 
10) 

a,b,c,d,h,i,

j,k,l,m 

0.55 
(0.19; 
10) 

a,b,g,h,i,j,k,

m 

6.04 
(1.43; 
11) 

a,d,f,g,h,i,j,k,l

,m 

3.48 
(0.93; 
11) 

b,c,e,f,j,k,l 

3.52 
(1.0; 
11) 

b,c,d,e,f,g,i,

j,k,l 

5.19 
(0.92; 
11) 

a,b,c,d,f,g,i,

j,k,l 

3.25 
(0.99; 
11) 

a,b,c,d,e,f,g

,h,i,j,k,l 

2.72 
(0.2; 11)j 

1.03 
(0.16; 
11) a,g,i,j,m 

0.95 
(0.13; 
11) a,f,g,j,m 

0.55 
(0.07; 
11) 

a,b,d,f,g,i,j,k,

m 
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Table 14 (continued) 
 

Taxon Culm 
length 
(cm) 
(n = 
493) 

Ligule 
length 
(mm) 
(n = 
536) 

Basal 
blade 
length 
(cm) (n 
= 482) 

Basal 
blade 
width 
(mm) (n 
= 479) 

Flag 
blade 
length 
(cm) (n 
= 503) 

Flag 
blade 
width 
(mm) 
(n = 
503) 

Panicle 
length 
(cm) (n 
= 469) 

Panicle 
width 
(cm) (n 
= 470) 

Spikelet 
length 
(mm) (n 
= 556) 

Spikelet 
width 
(mm) (n 
= 556) 

First 
glume 
length 
(mm) (n 
= 553) 

First 
glume 
width 
(mm) (n 
= 554) 

roanokense (k) 51.05 
(14.52; 
41) 

f,g,h,i,j,k,

m 

0.42 
(0.15; 
50) 

b,c,d,e,h,i

,j,kl,m 

0.42 
(0.15; 
50) 

a,b,c,f,g,h,i,

j,k,m 

4.51 
(1.43; 
43) 

b,d,e,f,j,k,l 

4.40 
(1.55; 
42) f,g,j,k 

2.94 
(0.68; 
42) 

b,c,d,e,f,j,k,

l 

5.61 
(1.66; 
38) 

a,b,d,f,j,k 

3.29 
(1.51; 
38) 

a,b,c,d,e,f,g

,h,i,j,k,l 

1.77 
(0.19; 
50)k 

0.87 
(0.1; 50) 

d,f,k 

0.67 
(0.12; 
49) b,k 

0.49 
(0.09; 
49) 

b,d,f,i,j,k,m 

tenue (l) 27.23 
(11.54; 
13) 

a,b,c,d,e,j,l 

0.44 
(0.12; 
13) 

a,b,c,d,e,f,

h,i,j,k,l,m 

0.44 
(0.12; 
13)b,c,d,e

,f,l 

3.68 
(1.18; 
13) 

b,c,d,e,f,j,k,l 

2.30 
(0.6; 
13) 

b,c,e,f,j,l 

2.09 
(0.7; 
13) 

b,c,e,f,j,k,l 

3.51 
(0.76; 
0.76) 

b,c,e,f,j,l 

2.59 
(0.84; 
13) 

a,b,c,e,f,h,i,

j,k,l 

1.41 
(0.11; 
14) b,e.l 

0.67 
(0.09; 
14) e,l 

0.45 
(0.09; 
14)c,e,l 

0.36 
(0.05; 
14) 

b,c,e,h,l 

yadkinense (m) 60.55 
(14.08; 
37) 

g,h,i,k,m 

0.50 
(0.14; 
39) 

a,b,c,d,h,i,

j,k,l,m 

0.50 
(0.14; 
39) 

a,b,g,h,i,j,k,

m 

6.83 
(2.62; 
33) 

a,g,h,i,j,m 

8.08 
(1.92; 
35) a,m 

7.10 
(2.42; 
34) a,h,m 

8.01 
(1.8; 
33) 

a,h,i,m 

5.19 
(2.34; 
33) 

a,b,d,g,h,m 

2.20 
(0.16; 
39)g..m 

0.95 
(0.06; 
39) a,g,i,j,m 

0.81 
(0.14; 
39) 

a,b,d,f,g,i,j,m 

0.51 
(0.06; 
39) 

a,b,d,f,g,i,j,k,

m 

F 24.18 25.18 18.55 26.35 28.65 44.88 22.90 7.18 146.42 66.70 40.87 37.08 
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 15:  Summary SAA of qualitative characters for OTUs as identified by putative subspecific groups.  If a character is 
not considered fixed, all character states observed are contained within parentheses.  Character states are identified in Table 
3.  Characters represented by a single state for a given taxon were fixed at 95% or above.  The analysis was conducted in 
Microsoft Excel. 
 

Group Interode 
Pubescence 

Node 
Pubescence 

Node Glands Beard Presence Basal Sheath Pubescence Flag Sheath 
Pubescence 

Basal Sheath 
Margin Cilia 

1 (01) (012) (01) 0 (02) 0 (02) 
2 (01) (012) (01) 0 (012) 0 (012) 
3 0 (0123) 0 (01) (012) 0 (012) 
4 0 (012) 1 0 (012) 0 (012) 
5 0 3 (01) (012) (012) 0 (012) 
6 (01) (012) (01) 0 (02) (02) (012) 
7 (01) 3 (01) 2 2 (012) (012) 
Group Flag Sheath 

Margin Cilia 
Basal Sheath 
Glands 

Flag Sheath 
Glands 

Basal Blade 
Margin Cilia 

Flag Blade Margin Cilia Basal Blade 
Adaxial 
Pubescence 

Flag Blade 
Adaxial 
Pubescence 

1 (12) 0 0 (01) (01) (01) (01) 
2 (012) 0 0 (01) (01) (01) (012) 
3 (012) (012) 0 (01) (01) (012) 0 
4 0 (012) (012) (01) (01) (012) 0 
5 (012) (012) (012) (012) (012) (012) (012) 
6 (02) 0 (012) (01) (012) 2 (12) 
7 (12) (012) (012) (012) (012) 2 2 
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Table 15 (continued) 
 

Group Basal Blade 
Abaxial 
Pubescence 

Flag Blade 
Abaxial 
Pubescence 

Central 
Inflorescence 
Axis 
Pubescence 

Inflorescence 
Branch 
Pubescence 

Sterile 
Lemma 
Pubescence 

Sterile 
Lemma and 
Palea Nerves 

Spikelet 
Shape 

1 (01) (012) 1 1 (01) 1 0 
2 (012) (012) (01) 1 (01) 1 (01) 
3 (012) 0 (01) (01) (01) 1 (01) 
4 (012) 0 (01) (01) (01) 1 (01) 
5 (012) (012) (01) (01) (01) 1 (01) 
6 (12) (012) 1 1 (01) 1 0 
7 2 (12) (01) (01) (01) 1 (012) 
Group Spikelet Cross 

Section 
First Glume 
Apex Shape 

Fertile Lemma 
Texture 

Maximum 
Second Glume 
Size 

Spikelet 
Base 

  
1 1 (01) 0 1 (01)   
2 1 (01) (01) (01) (01)   
3 1 0 (01) (01) (01)   
4 1 0 (01) (12) (01)   
5 1 0 (01) (012) (01)   
6 1 0 0 (01) (01)   
7 1 0 0 (01) 1   
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Table 16:  Comparison of non-transformed means of quantitative characters based on 
ANOVAs and Tukey HSD post-hoc tests.  OTUs are grouped based on their assigned 
clusters.  Means within a row that have different superscripts differ significantly when 
compared under Tukey’s post-hoc tests.  Format:  mean (standard deviation).  Descriptive 
statistics were generated in Microsoft Excel, while the Tukey HSD post-hoc tests were 
generated using R (R Development Core Team 2007).   
 

 Group 1 
(n = 10) 
(a) 

Group 2 
(n = 17) 
(b) 

Group 3 
(n = 
202) (c) 

Group 
4 (n = 
26) (d) 

Group 
5 (n = 
91) (e) 

Group 
6 (n = 
10) (f) 

Group 
7 (n = 
28) (g) 

F p-
value 

Culm 
length 
(cm) 

21.47 
(9.47)a,b,

f 

29.76 
(14.63)a,

b,f 

42.40 
(14.45)c,

g 

61.45 
(13.73)
d,e,g 

58.04 
(18.29)
d,e,g 

21.13 
(11.06)
a,b,f 

51.23 
(19.20)
c,d,e,g 

26.75 <0.001 

Ligule 
length 
(mm) 

0.41 
(0.07)a,b,

c,d,,f 

0.36 
(0.12)a,b,

c,d,f 

0.46 
(0.16)a,b,

c,d,f 

0.51 
(0.16)a,

b,c,d,f 

0.63 
(0.22)e,

f 

0.45 
(0.19)a,

b,c,d,e,f 

0.76 
(0.34)g 

17.70 <0.001 

Basal 
blade 
length 
(cm) 

4.13 
(1.79)a,b,

c,f,g 

3.08 
(0.93)a,b,

f 

4.99 
(1.53)a,c,

g 

6.58 
(1.45)d,

e,g 

6.35 
(1.91)d,

e,g 

2.80 
(1.14)a,

b,f 

5.31 
(1.82)a,

c,d,e,g 

20.36 <0.001 

Basal 
blade 
width 
(mm) 

2.45 
(0.68)a,b,

f 

3.50 
(1.27)a,b,

c,f 

4.92 
(1.66)b,c 

6.69 
(2.58)d,

e 

6.99 
(2.18)d,

e,g 

2.29 
(0.77)a,

b,f 

6.60 
(2.47)d,

e,g 

27.94 <0.001 

Flag 
blade 
length 
(cm) 

2.72 
(1.01)a,b,

f,g 

2.29 
(0.64)a,b,

f 

5.31 
(1.90)c,g 

8.08 
(1.70)d 

6.01 
(2.17)e 

2.01 
(0.91)a,

b,f 

4.51 
(1.02)a,

c,g 

28.60 <0.001 

Flag 
blade 
width 
(mm) 

1.63 
(0.37)a,b,

f 

2.26 
(1.02)a,b,

f 

4.00 
(1.91)c,g 

6.93 
(2.58)d 

5.11 
(1.78)e,

g 

1.58 
(0.63)a,

b,f 

4.72 
(1.64)c,

e,g 

23.04 <0.001 

Panicle 
length 
(cm) 

4.27 
(1.65)a,b,

f,g 

3.37 
(0.95)a,b,

,f 

5.88 
(1.56)c,g 

7.93 
(1.94)d,

e 

7.23 
(1.85)d,

e 

2.81 
(0.68)a,

b,f 

5.90 
(1.72)a,

c,g 

30.27 <0.001 

Panicle 
width 
(cm) 

3.01 
(1.28)a,b,

c,e,f,g 

2.44 
(0.84)a,b,

f 

3.74 
(1.41)a,c,

,e,f,g 

4.87 
(2.26)d,

e,g 

4.15 
(1.87)a,

c,d,e,g 

2.21 
(0.73)a,

b,f,g 

3.92 
(1.77)a,

c,d,e,f,g 

7.34 <0.001 

Spikelet 
length 
(mm) 

1.10 
(0.10)a,f 

1.39 
(0.12)b,f 

1.99 
(0.26)c,,e

,g 

2.22 
(0.13)d 

1.91 
(0.29)c,

e,g 

1.31 
(0.11)a,

b,f 

2.00 
(0.18)c,

e,g 

52.64 <0.001 

Spikelet 
width 
(mm) 

0.57 
(0.04)a,b,

f 

0.65 
(0.08)a,b,

,f 

0.90 
(0.09)c,d,

e,g 

0.93 
(0.07)c,

d,,e,g 

0.88 
(0.11)c,

d,e,g 

0.67 
(0.08)a,

b,f 

0.92 
(0.08)c,
d,e,g 

48.30 <0.001 
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Table 16 (continued) 
 

 Group 1 
(n = 10) 
(a) 

Group 2 
(n = 17) 
(b) 

Group 3 
(n = 
202) (c) 

Group 
4 (n = 
26) (d) 

Group 
5 (n = 
91) (e) 

Group 
6 (n = 
10) (f) 

Group 
7 (n = 
28) (g) 

F p-
value 

First 
glume 
length 
(mm) 

0.46 
(0.06)a,b,

f 

0.50 
(0.10)a,b,

,f 

0.78 
(0.14)c,d,

g 

0.79 
(0.15)c,

d,e,g 

0.71 
(0.17)d,

e 

0.50 
(0.13)a,

b,f 

0.81 
(0.13)c,

g 

23.47 <0.001 

First 
glume 
width 
(mm) 

0.35 
(0.03)a,b,

f 

0.35 
(0.04)a,b,

f 

0.52 
(0.07)c,d,

g 

0.50 
(0.05)c,

d,e,g 

0.48 
(0.10)d,

e,g 

0.38 
(0.07)a,

b,f 

0.53 
(0.10)c,

d,e,g 

23.09 <0.001 
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Figure 1:  Map of the eastern US and Canada showing the boundaries defined for each broad 
ecoregional group examined in this study.  The broad ecoregional groups are represented as 
follows:  1 = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; 2 = 
Cheseapeake Lowlands; 3 = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; 4 = 
Tropical and Peninsular Florida; 5 = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; 6 = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; 7 = Lower New England/Northern 
Piedmont/Northern Appalachian; 8 = Mid-Atlantic Coastal Plain; 9 = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; 11 = Piedmont; 12 = South Atlantic Coastal Plain; 13 = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  The 
map was developed using DIVA-GIS (www.diva-gis.org).  
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Figure 2:  Cluster analysis of all complete OTUs used for this study.  Each OTU is labeled by 
the unique identifier used in the study.  OTUs are color-coded based on the exclusive groups 
delimited for subspecific testing:  Black = Group 1; Blue = Group 2; Red = Group 3; Dark 
Green = Group 4; Light Green = Group 5; Brown = Group 6; Yellow = Group 7.  The 
analysis was conducted using R (R Development Core Team 2007).  
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Figure 3:  Correlations of quantitative characters against latitude.  Each correlation has been 
annotated with the coefficient of correlation, p-value, and the line of best fit.  Correlations 
were conducted using R (R Development Core Team 2007).   
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Figure 4:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
annulum under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 5:  Correlations of quantitative characters against latitude for OTUs recognized as P. 
barbulatum under Hitchcock and Chase (1910).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 6:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
boreale under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 7:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
caerulescens under Hitchcock and Chase (1910).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 8:  Correlations of quantitative characters against latitude for OTUs recognized as P. 
clutei under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  



 135

 



 136

 



 137

Figure 9:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
dichotomum under Hitchcock and Chase (1910).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 10:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
lucidum under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 11:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
mattamuskeetense under Hitchcock and Chase (1910).  Each correlation has been annotated 
with the coefficient of correlation, p-value, and the line of best fit.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 12:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
microcarpon under Hitchcock and Chase (1910).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 13:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
nitidum under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 14:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
roanokense under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 15:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
yadkinense under Hitchcock and Chase (1910).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 16:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
boreale under Gould and Clark (1978).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 17:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
dichotomum under Gould and Clark (1978).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 18:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
ensifolium under Gould and Clark (1978).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 19:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
annulum under LeBlond (2001).  Each correlation has been annotated with the coefficient of 
correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 20:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
boreale under LeBlond (2001).  Each correlation has been annotated with the coefficient of 
correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 21:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
caerulescens under LeBlond (2001).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 22:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
dichotomum under LeBlond  (2001).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 23:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
ensifolium under LeBlond (2001).  Each correlation has been annotated with the coefficient 
of correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 24:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
lucidum under LeBlond (2001).  Each correlation has been annotated with the coefficient of 
correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 25:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
mattamuskeetense under LeBlond (2001).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 26:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
nitidum under LeBlond (2001).  Each correlation has been annotated with the coefficient of 
correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 27:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
ramulosum under LeBlond (2001).  Each correlation has been annotated with the coefficient 
of correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 28:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
roanokense under LeBlond (2001).  Each correlation has been annotated with the coefficient 
of correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 29:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
yadkinense under LeBlond (2001).  Each correlation has been annotated with the coefficient 
of correlation, p-value, and the line of best fit.  Correlations were conducted using R (R 
Development Core Team 2007).  
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Figure 30:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
boreale under Freckmann and Lelong (2003).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 31:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
dichotomum under Freckmann and Lelong (2003).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 32:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
ensifolium under Freckmann and Lelong (2003).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 33:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
lucidum under Freckmann and Lelong (2003).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 34:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
mattamuskeetense under Freckmann and Lelong (2003).  Each correlation has been annotated 
with the coefficient of correlation, p-value, and the line of best fit.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 35:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
microcarpon under Freckmann and Lelong (2003).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 36:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
nitidum under Freckmann and Lelong (2003).  Each correlation has been annotated with the 
coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted using 
R (R Development Core Team 2007).  
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Figure 37:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
roanokense under Freckmann and Lelong (2003).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 38:  Correlations of quantitative characters against latitude for OTUs recognized as D. 
yadkinense under Freckmann and Lelong (2003).  Each correlation has been annotated with 
the coefficient of correlation, p-value, and the line of best fit.  Correlations were conducted 
using R (R Development Core Team 2007).  
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Figure 39:  Correlations of culm length of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 40:  Correlations of ligule length of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 41:  Correlations of basal blade length of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 42:  Correlations of basal blade width of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 43:  Correlations of flag blade length of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 44:  Correlations of flag blade width of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 45:  Correlations of panicle length of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 46:  Correlations of panicle width of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 47:  Correlations of spikelet length of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 48:  Correlations of spikelet width of OTUs referable to the D. dichotomum complex 
against elevation and six bioclim variables.  The variables examined are represented as 
follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 49:  Correlations of first glume length of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 50:  Correlations of first glume width of OTUs referable to the D. dichotomum 
complex against elevation and six bioclim variables.  The variables examined are represented 
as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest 
month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Correlations were 
conducted using R (R Development Core Team 2007).  
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Figure 51:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares internode pubescence with elevation and six bioclim variables.  
Points at internode pubescence 0 are glabrous.  Points at internode pubescence 1 are 
pubescent.  The variables examined are represented as follows:  a:  elevation; b:  annual 
temperature; c:  maximum temperature in the warmest month; d:  minimum temperature in 
the coldest month; e:  annual precipitation; f: precipitation in the wettest month; g:  
precipitation in the driest month.  Figures were developed using R (R Development Core 
Team 2007).  
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Figure 52:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares node pubescence with elevation and six bioclim variables.  Points 
at node pubescence 0 are either glabrous, puberulent/short-pubescent, or long pubescent.  
Points at node pubescence 1 are bearded.  The variables examined are represented as follows:  
a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest month; d:  
minimum temperature in the coldest month; e:  annual precipitation; f: precipitation in the 
wettest month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 53:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares node gland presence with elevation and six bioclim variables.  
Points at node gland presence 0 show no glands present.  Points at node gland presence 1 
display glands.  The variables examined are represented as follows:  a:  elevation; b:  annual 
temperature; c:  maximum temperature in the warmest month; d:  minimum temperature in 
the coldest month; e:  annual precipitation; f: precipitation in the wettest month; g:  
precipitation in the driest month.  Figures were developed using R (R Development Core 
Team 2007).  
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Figure 54:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares flag sheath pubescence with elevation and six bioclim variables.  
Points at flag sheath pubescence 0 are either glabrous or puberulent/short-pubescent.  Points 
at flag sheath pubescence 1 are pilose.  The variables examined are represented as follows:  
a:  elevation; b:  annual temperature; c:  maximum temperature in the warmest month; d:  
minimum temperature in the coldest month; e:  annual precipitation; f: precipitation in the 
wettest month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 55:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares basal sheath glands with elevation and six bioclim variables.  
Points at basal sheath glands 0 have no glands.  Points at basal sheath glands 1 have random 
or systematic glands.  The variables examined are represented as follows:  a:  elevation; b:  
annual temperature; c:  maximum temperature in the warmest month; d:  minimum 
temperature in the coldest month; e:  annual precipitation; f: precipitation in the wettest 
month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 56:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares flag sheath glands with elevation and six bioclim variables.  Points 
at flag sheath glands 0 do not have flag sheath glands.  Points at flag sheath glands 1 have 
either random or systematic glands.  The variables examined are represented as follows:  a:  
elevation; b:  annual temperature; c:  maximum temperature in the warmest month; d:  
minimum temperature in the coldest month; e:  annual precipitation; f: precipitation in the 
wettest month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 57:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares basal blade adaxial pubescence with elevation and six bioclim 
variables.  Points at basal blade adaxial pubescence 0 are either glabrous or puberulent/short-
pubescent.  Points at basal blade adaxial pubescence 1 are pilose.  The variables examined 
are represented as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in 
the warmest month; d:  minimum temperature in the coldest month; e:  annual precipitation; 
f: precipitation in the wettest month; g:  precipitation in the driest month.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 58:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares basal blade abaxial pubescence with elevation and six bioclim 
variables.  Points at flag blade adaxial pubescence 0 are either glabrous or puberulent/short-
pubescent.  Points at flag blade adaxial pubescence 1 are pilose.  The variables examined are 
represented as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the 
warmest month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 59:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares flag blade adaxial pubescence with elevation and six bioclim 
variables.  Points at flag blade adaxial pubescence 0 are either glabrous or puberulent/short-
pubescent.  Points at flag blade adaxial pubescence 1 are pilose.  The variables examined are 
represented as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the 
warmest month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 60:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares flag blade abaxial pubescence with elevation and six bioclim 
variables.  Points at flag blade abaxial pubescence 0 are either glabrous or puberulent/short-
pubescent.  Points at flag blade abaxial pubescence 1 are pilose.  The variables examined are 
represented as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the 
warmest month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 61:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares central inflorescence axis pubescence with elevation (correlation 
a) and six bioclim variables.  Points at central inflorescence axis pubescence 0 are glabrous.  
Points at central inflorescence axis pubescence 1 are pubescent.  The variables examined are 
represented as follows:  a:  elevation; b:  annual temperature; c:  maximum temperature in the 
warmest month; d:  minimum temperature in the coldest month; e:  annual precipitation; f: 
precipitation in the wettest month; g:  precipitation in the driest month.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 62:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares inflorescence branch pubescence with elevation and six bioclim 
variables.  Points at inflorescence branch pubescence 0 are glabrous.  Points at inflorescence 
branch pubescence 1 are pubescent.  The variables examined are represented as follows:  a:  
elevation; b:  annual temperature; c:  maximum temperature in the warmest month; d:  
minimum temperature in the coldest month; e:  annual precipitation; f: precipitation in the 
wettest month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 63:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares sterile lemma pubescence with elevation and six bioclim variables.  
In the graphs, sterile lemma pubescence is referred to as spikelet pubescence.  Points at 
sterile lemma (spikelet) pubescence 0 are glabrous.  Points at sterile lemma (spikelet) 
pubescence 1 are pubescent.  The variables examined are represented as follows:  a:  
elevation; b:  annual temperature; c:  maximum temperature in the warmest month; d:  
minimum temperature in the coldest month; e:  annual precipitation; f: precipitation in the 
wettest month; g:  precipitation in the driest month.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 64:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares fertile lemma texture with elevation and six bioclim variables.  
Points at fertile lemma texture 0 are smooth.  Points at fertile lemma texture 1 are papillose.  
The variables examined are represented as follows:  a:  elevation; b:  annual temperature; c:  
maximum temperature in the warmest month; d:  minimum temperature in the coldest month; 
e:  annual precipitation; f: precipitation in the wettest month; g:  precipitation in the driest 
month.  Figures were developed using R (R Development Core Team 2007).  
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Figure 65:  Binary logistic regression utilizing OTUs referable to the D. dichotomum 
complex, which compares maximum second glume size with elevation and six bioclim 
variables.  Points at maximum second glume size 0 are either less than or equal to the fertile 
lemma.  Points at maximum second glume size 1 are greater than the fertile lemma.  The 
variables examined are represented as follows:  a:  elevation; b:  annual temperature; c:  
maximum temperature in the warmest month; d:  minimum temperature in the coldest month; 
e:  annual precipitation; f: precipitation in the wettest month; g:  precipitation in the driest 
month.  Figures were developed using R (R Development Core Team 2007).  



 306

 



 307

 



 308

Figure 66:  Cluster analyses with character overlays representing internode pubescence for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = glabrous internodes; 1 = pubescent internodes.  The ecoregional areas 
are represented as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue 
Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal 
Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 67:  Cluster analyses with character overlays representing node pubescence for OTUs 
in each ecoregional area examined in this study.  Branches are labeled by character states as 
follows:  0 = glabrous nodes; 1 = short-pubescent nodes; 2 = long-pubescent nodes; 3 = 
bearded nodes.  The ecoregional areas are represented as follows:  a = Central 
Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = 
East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = Tropical and Peninsular Florida; 
e = Great Lakes/Prairie Forest Border/Central Tallgrass Prairie/North Central Tillplain; f = 
Interior Low Plateau/Western Allegheny Plateau/Cumberlands and Southern Ridge and 
Valley; g = Lower New England/Northern Piedmont/Northern Appalachian; h = Mid-
Atlantic Coastal Plain; i = North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = 
Piedmont; l = South Atlantic Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf 
Coastal Plain/Upper West Gulf Coastal Plain.  Cluster analyses were generated as UPGMA 
trees in Paup* (Swofford 2002), and a separate qualitative character matrix was then 
superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 68:  Cluster analyses with character overlays representing node glands for OTUs in 
each ecoregional area examined in this study.  Branches are labeled by character states as 
follows:  0 = glands absent; 1 = glands present.  The ecoregional areas are represented as 
follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = 
Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = 
Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).



 325

 

 



 326

 

 



 327

 

 



 328

 



 329

 

 



 330

 

 



 331

 
 
 



 332

Figure 69:  Cluster analyses with character overlays representing beard presence for OTUs in 
each ecoregional area examined in this study.  Branches are labeled by character states as 
follows:  0 = no beards present; 1 = beards present on some nodes; 2 = beards present on all 
nodes.  The ecoregional areas are represented as follows:  a = Central Appalachian/High 
Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal 
Plain/Upper East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great 
Lakes/Prairie Forest Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior 
Low Plateau/Western Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = 
Lower New England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal 
Plain; i = North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South 
Atlantic Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper 
West Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* 
(Swofford 2002), and a separate qualitative character matrix was then superimposed on the 
UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 70:  Cluster analyses with character overlays representing basal sheath pubescence for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose; 3 = tomentose.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 71:  Cluster analyses with character overlays representing flag sheath pubescence for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose.  The ecoregional areas are 
represented as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue 
Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal 
Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).



 349

 

 



 350

 

 



 351

 

 



 352

 



 353

 

 



 354

 

 



 355

 
 



 356

Figure 72:  Cluster analyses with character overlays representing basal sheath margin cilia 
for OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no cilia; 1 = cilia along part of sheath; 2 = cilia along entire sheath.  
The ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 73:  Cluster analyses with character overlays representing flag sheath margin cilia for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no cilia; 1 = cilia along part of sheath; 2 = cilia along entire sheath.  
The ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 74:  Cluster analyses with character overlays representing basal sheath glands for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no glands; 1 = glands present in random arrangement; 2 = glands 
present in systematic arrangement.  The ecoregional areas are represented as follows:  a = 
Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake 
Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = Tropical and 
Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass Prairie/North 
Central Tillplain; f = Interior Low Plateau/Western Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley; g = Lower New England/Northern Piedmont/Northern 
Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j = Ozarks/Ouachita 
Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf Coast Prairies and 
Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).
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Figure 75:  Cluster analyses with character overlays representing flag sheath glands for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no glands; 1 = glands present in random arrangement; 2 = glands 
present in systematic arrangement.  The ecoregional areas are represented as follows:  a = 
Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake 
Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = Tropical and 
Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass Prairie/North 
Central Tillplain; f = Interior Low Plateau/Western Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley; g = Lower New England/Northern Piedmont/Northern 
Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j = Ozarks/Ouachita 
Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf Coast Prairies and 
Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).
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Figure 76:  Cluster analyses with character overlays representing basal blade margin cilia for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no cilia; 1 = cilia along base of blade; 2 = cilia along entire blade.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 77:  Cluster analyses with character overlays representing flag blade margin cilia for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = no cilia; 1 = cilia along base of blade; 2 = cilia along entire blade.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 78:  Cluster analyses with character overlays representing basal blade adaxial 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 79:  Cluster analyses with character overlays representing flag blade adaxial 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 80:  Cluster analyses with character overlays representing basal blade abaxial 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 81:  Cluster analyses with character overlays representing flag blade abaxial 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = short-pubescent; 2 = pilose.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 82:  Cluster analyses with character overlays representing central inflorescence axis 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = pubescent.  The ecoregional areas are 
represented as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue 
Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal 
Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 83:  Cluster analyses with character overlays representing inflorescence branch 
pubescence for OTUs in each ecoregional area examined in this study.  Branches are labeled 
by character states as follows:  0 = glabrous; 1 = pubescent.  The ecoregional areas are 
represented as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue 
Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal 
Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 84:  Cluster analyses with character overlays representing sterile lemma pubescence 
for OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = glabrous; 1 = pubescent.  The ecoregional areas are represented as 
follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = 
Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = 
Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachain; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 85:  Cluster analyses with character overlays representing sterile lemma and palea 
nerves for OTUs in each ecoregional area examined in this study.  Branches are labeled by 
character states as follows:  0 = weakly nerved ; 1 = strongly nerved.  The ecoregional areas 
are represented as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue 
Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal 
Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central 
Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 86:  Cluster analyses with character overlays representing spikelet shape for OTUs in 
each ecoregional area examined in this study.  Branches are labeled by character states as 
follows:  0 = elliptic; 1 = oblong; 2 = oval.  The ecoregional areas are represented as follows:  
a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake 
Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = Tropical and 
Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass Prairie/North 
Central Tillplain; f = Interior Low Plateau/Western Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley; g = Lower New England/Northern Piedmont/Northern 
Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j = Ozarks/Ouachita 
Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf Coast Prairies and 
Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).
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Figure 87:  Cluster analyses with character overlays representing spikelet cross-section for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = rounded; 1 = round-renticluate.  The ecoregional areas are represented 
as follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = 
Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = 
Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 88:  Cluster analyses with character overlays representing first glume apex shape 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = acute/obtuse; 1 = rounded.  The ecoregional areas are represented as 
follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = 
Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = 
Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 89:  Cluster analyses with character overlays representing fertile lemma texture for 
OTUs in each ecoregional area examined in this study.  Branches are labeled by character 
states as follows:  0 = smooth; 1 = papillose.  The ecoregional areas are represented as 
follows:  a = Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = 
Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = 
Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass 
Prairie/North Central Tillplain; f = Interior Low Plateau/Western Allegheny 
Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New England/Northern 
Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j 
= Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf 
Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 90:  Cluster analyses with character overlays representing maximum second glume 
size for OTUs in each ecoregional area examined in this study.  Branches are labeled by 
character states as follows:  0 = second glume shorter than the fertile lemma; 1 = second 
glume equal to the fertile lemma; 2 = second glume longer than the fertile lemma.  The 
ecoregional areas are represented as follows:  a = Central Appalachian/High Allegheny 
Plateau/Southern Blue Ridge; b = Cheseapeake Lowlands; c = East Gulf Coastal Plain/Upper 
East Gulf Coastal Plain; d = Tropical and Peninsular Florida; e = Great Lakes/Prairie Forest 
Border/Central Tallgrass Prairie/North Central Tillplain; f = Interior Low Plateau/Western 
Allegheny Plateau/Cumberlands and Southern Ridge and Valley; g = Lower New 
England/Northern Piedmont/Northern Appalachian; h = Mid-Atlantic Coastal Plain; i = 
North Atlantic Coast; j = Ozarks/Ouachita Mountains; k = Piedmont; l = South Atlantic 
Coastal Plain; m = Gulf Coast Prairies and Marshes/West Gulf Coastal Plain/Upper West 
Gulf Coastal Plain.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 
2002), and a separate qualitative character matrix was then superimposed on the UPGMA 
tree in Mesquite (Maddison and Maddison 2009).
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Figure 91:  Cluster analyses with character overlays representing spikelet base for OTUs in 
each ecoregional area examined in this study.  Branches are labeled by character states as 
follows:  0 = tapering; 1 = rounded.  The ecoregional areas are represented as follows:  a = 
Central Appalachian/High Allegheny Plateau/Southern Blue Ridge; b = Cheseapeake 
Lowlands; c = East Gulf Coastal Plain/Upper East Gulf Coastal Plain; d = Tropical and 
Peninsular Florida; e = Great Lakes/Prairie Forest Border/Central Tallgrass Prairie/North 
Central Tillplain; f = Interior Low Plateau/Western Allegheny Plateau/Cumberlands and 
Southern Ridge and Valley; g = Lower New England/Northern Piedmont/Northern 
Appalachian; h = Mid-Atlantic Coastal Plain; i = North Atlantic Coast; j = Ozarks/Ouachita 
Mountains; k = Piedmont; l = South Atlantic Coastal Plain; m = Gulf Coast Prairies and 
Marshes/West Gulf Coastal Plain/Upper West Gulf Coastal Plain.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).



 509



 510



 511



 512

 

 



 513

 

 



 514



 515



 516

Figure 92: PCoAs utilizing only OTUs located within the Central Appalachian, High 
Allegheny Plateau and Southern Blue Ridge regions, with OTUs referable to taxa recognized 
under four major treatments.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 93: Cluster analyses utilizing only OTUs located within the Central Appalachian, 
High Allegheny Plateau and Southern Blue Ridge regions.  Each OTU is labeled according to 
the unique identifier used in the analysis, and is colored sensu Hitchcock and Chase (1910).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 94: Cluster analyses utilizing only OTUs located within the Central Appalachian, 
High Allegheny Plateau and Southern Blue Ridge regions, with OTUs referable to taxa 
recognized under four major treatments.  Treatments are identified as follows:  a = Hitchcock 
and Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and 
Lelong (2003).  Figures were developed using R (R Development Core Team 2007).  



 523



 524



 525



 526



 527

Figure 95: PCoAs utilizing only OTUs located within the Cheseapeake Bay Lowlands, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 96:  Cluster analyses utilizing only OTUs located within the Cheseapeake Bay 
Lowlands region.  Each OTU is labeled according to the unique identifier used in the 
analysis, and is colored sensu Hitchcock and Chase (1910).  Figures were developed using R 
(R Development Core Team 2007).  
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Figure 97:  Cluster analyses utilizing only OTUs located within the Cheseapeake Bay 
Lowlands, organized by treatment.  Treatments are identified as follows:  a = Hitchcock and 
Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong 
(2003).  Figures were developed using R (R Development Core Team 2007).  
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Figure 98:  PCoAs for utilizing only OTUs located within the East Gulf Coastal Plain and 
East Gulf Coastal Plain regions, organized by treatment.  Treatments are identified as 
follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); 
d = Freckmann and Lelong (2003).  Figures were developed using R (R Development Core 
Team 2007).  
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Figure 99:  Cluster analyses utilizing only OTUs located within the East Gulf Coastal Plain 
and Upper East Gulf Coastal Plain regions.  Each OTU is labeled according to the unique 
identifier used in the analysis, and is colored sensu Hitchcock and Chase (1910).  Figures 
were developed using R (R Development Core Team 2007).  
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Figure 100: Cluster analyses utilizing only OTUs located within the East Gulf Coastal Plain 
and East Gulf Coastal Plain regions, organized by treatment.  Treatments are identified as 
follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); 
d = Freckmann and Lelong (2003).  Figures were developed using R (R Development Core 
Team 2007).  
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Figure 101: PCoAs utilizing only OTUs located within the Great Lakes, Prairie Forest 
Border, Central Tallgrass Prairie, and North Central Tillplain, organized by treatment.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were developed 
using R (R Development Core Team 2007).  
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Figure 102:  Cluster analyses utilizing only OTUs located within the Great Lakes, Prairie 
Forest Border, Central Tallgrass Prairie, and North Central Tillplain regions.  Each OTU is 
labeled according to the unique identifier used in the analysis, and is colored sensu Hitchcock 
and Chase (1910).  Figures were developed using R (R Development Core Team 2007).  
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Figure 103:  Cluster analyses utilizing only OTUs located within the Great Lakes, Prairie 
Forest Border, Central Tallgrass Prairie, and North Central Tillplain, organized by treatment.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were developed 
using R (R Development Core Team 2007).  
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Figure 104: PCoAs utilizing only OTUs located within the Interior Low Plateau, Western 
Allegheny Plateau, and Cumberlands and Southern Ridge and Valley regions, organized by 
treatment.  Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould 
and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 105:  Cluster analyses utilizing only OTUs located within the Interior Low Plateau, 
Western Allegheny Plateau, and Cumberlands and Southern Ridge and Valley regions.  Each 
OTU is labeled according to the unique identifier used in the analysis, and is colored sensu 
Hitchcock and Chase (1910).  Figures were developed using R (R Development Core Team 
2007).  
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Figure 106: Cluster analyses utilizing only OTUs located within the Interior Low Plateau, 
Western Allegheny Plateau, and Cumberlands and Southern Ridge and Valley regions, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 107: PCoAs utilizing only OTUs located within the Mid-Atlantic Coastal Plain, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 108:  Cluster analyses utilizing only OTUs located within the Mid-Atlantic Coastal 
Plain Region.  Each OTU is labeled according to the unique identifier used in the analysis, 
and is colored sensu Hitchcock and Chase (1910).  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 109:  Cluster utilizing only OTUs located specimens within the Mid-Atlantic Coastal 
Plain, organized by treatment.  Treatments are identified as follows:  a = Hitchcock and 
Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong 
(2003).  Figures were developed using R (R Development Core Team 2007).  
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Figure 110:  PCoAs utilizing only OTUs located within the Lower New England and 
Northern Piedmont and Northern Appalachian regions, organized by treatment.  Treatments 
are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 111:  Cluster analyses utilizing only OTUs located within the Lower New England 
and Northern Piedmont and Northern Appalachian regions.  Each OTU is labeled according 
to the unique identifier used in the analysis, and is colored sensu Hitchcock and Chase 
(1910).  Figures were developed using R (R Development Core Team 2007).  
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Figure 112:  Cluster analyses utilizing only OTUs located within the Lower New England 
and Northern Piedmont  and Northern Appalachian regions, organized by treatment.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were developed 
using R (R Development Core Team 2007).  
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Figure 113:  PCoAs for utilizing only OTUs located the North Atlantic Coast region, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
OTUs identified as D. hirstii would be referable to D. roanokense under HC and D. 
dichotomum under GC.  Figures were developed using R (R Development Core Team 2007).  
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Figure 114:  Cluster analyses utilizing only OTUs located within the North Atlantic Coast 
region.  Each OTU is labeled according to the unique identifier used in the analysis, and is 
colored sensu Hitchcock and Chase (1910).  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 115: Cluster analyses utilizing only OTUs located within the North Atlantic Coast 
region, organized by treatment.  Treatments are identified as follows:  a = Hitchcock and 
Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong 
(2003).  OTUs identified as D. hirstii would be referable to D. roanokense under HC and D. 
dichotomum under GC.  Figures were developed using R (R Development Core Team 2007).  
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Figure 116:  PCoAs utilizing only OTUs located within the Ozarks and Ouachita Mountains, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 117:  Cluster analyses utilizing only OTUs located within the Ozarks and Ouachita 
Mountains regions.  Each OTU is labeled according to the unique identifier used in the 
analysis, and is colored sensu Hitchcock and Chase (1910).  Figures were developed using R 
(R Development Core Team 2007).  
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Figure 118:  Cluster analyses utilizing only OTUs located within the Ozarks and Ouachita 
Mountains, organized by treatment.  Treatments are identified as follows:  a = Hitchcock and 
Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong 
(2003).  Figures were developed using R (R Development Core Team 2007).  
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Figure 119:  PCoAs utilizing only OTUs located within the Piedmont region, organized by 
treatment.  Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould 
and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 120: Cluster analyses utilizing only OTUs located within the Piedmont region.  Each 
OTU is labeled according to the unique identifier used in the analysis, and is colored sensu 
Hitchcock and Chase (1910).  Figures were developed using R (R Development Core Team 
2007).  
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Figure 121:  Cluster analyses utilizing only OTUs located within the Piedmont region, 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 122:  PCoAs utilizing only OTUs located within the South Atlantic Coastal Plain 
organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 123:  Cluster analyses utilizing only OTUs located within the South Atlantic Coastal 
Plain region.  Each OTU is labeled according to the unique identifier used in the analysis, 
and is colored sensu Hitchcock and Chase (1910).  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 124:  Cluster analyses utilizing only OTUs located within the South Atlantic Coastal 
Plain organized by treatment.  Treatments are identified as follows:  a = Hitchcock and Chase 
(1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 125:  PCoAs utilizing only OTUs located within the Tropical Florida and Peninsular 
Florida regions, organized by treatment.  Treatments are identified as follows:  a = Hitchcock 
and Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = Freckmann and 
Lelong (2003).  Figures were developed using R (R Development Core Team 2007).  
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Figure 126:  Cluster analyses utilizing only OTUs located within the Tropical Florida and 
Peninsular Florida regions.  Each OTU is labeled according to the unique identifier used in 
the analysis, and is colored sensu Hitchcock and Chase (1910).  Figures were developed 
using R (R Development Core Team 2007).  
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Figure 127:  Cluster analyses utilizing only OTUs located within the Tropical Florida and 
Peninsular Florida regions, organized by treatment.  Treatments are identified as follows:  a = 
Hitchcock and Chase (1910); b = Gould and Clark (1978); c = LeBlond (2001); d = 
Freckmann and Lelong (2003).  Figures were developed using R (R Development Core Team 
2007).  
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Figure 128:  PCoAs utilizing only OTUs located within the Gulf Coast Prairies and Marshes, 
West Gulf Coastal Plain, and Upper West Gulf Coastal Plain regions, organized by treatment.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were developed 
using R (R Development Core Team 2007).  
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Figure 129:  Cluster analyses utilizing only OTUs located within the Gulf Coast Prairies and 
Marshes, West Gulf Coastal Plain, and Upper West Gulf Coastal Plain regions.  Each OTU is 
labeled according to the unique identifier used in the analysis, and is colored sensu Hitchcock 
and Chase (1910).  Figures were developed using R (R Development Core Team 2007).  
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Figure 130:  Cluster analyses utilizing only OTUs located within the Gulf Coast Prairies and 
Marshes, West Gulf Coastal Plain, and Upper West Gulf Coastal Plain regions, organized by 
treatment.  Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould 
and Clark (1978); c = LeBlond (2001); d = Freckmann and Lelong (2003).  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 131:  Maxent model outputs for taxa recognized sensu Hithcock and Chase (1910).  
Areas with no probability of ocurrence are dark blue.  Areas with low probability are light 
blue.  Areas showing up as green indicate areas where conditions are suitable for growth.  
Areas colored yellow through red show areas of increasingly higher probability of 
occurrence, based on color.  Model outputs were developed using Maxent v. 3.3.2 (Phillips et 
al. 2010).
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Figure 132:  Maxent model output for taxa recognized sensu Gould and Clark (1978).  Areas 
with no probability of ocurrence are dark blue.  Areas with low probability are light blue.  
Areas showing up as green indicate areas where conditions are suitable for growth.  Areas 
colored yellow through red show areas of increasingly higher probability of occurrence, 
based on color.  Model outputs were developed using Maxent v. 3.3.2 (Phillips et al. 2010).
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Figure 133:  Maxent model output for taxa recognized sensu LeBlond (2001).  Areas with no 
probability of ocurrence are dark blue.  Areas with low probability are light blue.  Areas 
showing up as green indicate areas where conditions are suitable for growth.  Areas colored 
yellow through red show areas of increasingly higher probability of occurrence, based on 
color.  Model outputs were developed using Maxent v. 3.3.2 (Phillips et al. 2010).
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Figure 134:  Maxent model output for taxa recognized sensu Freckmann and Lelong (2003).  
Areas with no probability of ocurrence are dark blue.  Areas with low probability are light 
blue.  Areas showing up as green indicate areas where conditions are suitable for growth.  
Areas colored yellow through red show areas of increasingly higher probability of 
occurrence, based on color.  Model outputs were developed using Maxent v. 3.3.2 (Phillips et 
al. 2010).
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Figure 135:  Boxplots displaying the measurable culm lengths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 136:  Boxplots displaying the measurable ligule lengths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 137:  Boxplots displaying the measurable basal blade lengths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
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Figure 138:  Boxplots displaying the measurable basal blade widths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
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Figure 139:  Boxplots displaying the measurable flag blade lengths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
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Figure 140:  Boxplots displaying the measurable flag blade widths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
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Figure 141:  Boxplots displaying the measurable panicle lengths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 142:  Boxplots displaying the measurable panicle widths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 143:  Boxplots displaying the measurable spikelet lengths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 144:  Boxplots displaying the measurable spikelet widths of all OTUs when separated 
by the taxa recognized under each of the four D. dichotomum complex treatments.  For each 
treatment, taxa that are not recognized as part of the complex are starred.  Treatments are 
identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark (1978); c = 
LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase and are referable to D. dichotomum 
under Gould and Clark.  Figures were developed using R (R Development Core Team 2007).   
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Figure 145:  Boxplots displaying the measurable first glume lengths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
 
 



 681

Figure 146:  Boxplots displaying the measurable first glume widths of all OTUs when 
separated by the taxa recognized under each of the four D. dichotomum complex treatments.  
For each treatment, taxa that are not recognized as part of the complex are starred.  
Treatments are identified as follows:  a = Hitchcock and Chase (1910); b = Gould and Clark 
(1978); c = LeBlond(2001); d = Freckmann and Lelong (2003).  OTUs identified as D. hirstii 
are referable to D. roanokense under Hitchcock and Chase and are referable to D. 
dichotomum under Gould and Clark.  Figures were developed using R (R Development Core 
Team 2007).   
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Figure 147:  Cluster analyses of all complete OTUs as referable to taxa recognized sensu 
Hitchcock and Chase (1910).  Clusters were formed using average linkage.  Distances were 
calculated using Gower’s coefficient of similarity (1971).  OTUs identified as D. hirstii are 
referable to D. roanokense under Hitchcock and Chase.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 148:  Cluster analyses of all complete OTUs as referable to taxa recognized sensu 
Gould and Clark (1978).  Clusters were formed using average linkage.  Distances were 
calculated using Gower’s coefficient of similarity (1971).  OTUs identified as D. hirstii are 
referable to D. dichotomum under Gould and Clark.  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 149:  Cluster analyses of all complete OTUs as referable to taxa recognized sensu 
LeBlond (2001).  Clusters were formed using average linkage.  Distances were calculated 
using Gower’s coefficient of similarity (1971).  Figures were developed using R (R 
Development Core Team 2007).  
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Figure 150:  Cluster analyses of all complete OTUs as referable to taxa recognized sensu 
Freckmann and Lelong (2003).  Clusters were formed using average linkage.  Distances were 
calculated using Gower’s coefficient of similarity (1971).  Figures were developed using R 
(R Development Core Team 2007).  
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Figure 151:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Hitchcock and Chase (1910).  OTUs were plotted in the first and second 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. roanokense under Hitchcock and Chase.  
Figures were developed using R (R Development Core Team 2007).   
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Figure 152:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Hitchcock and Chase (1910).  OTUs were plotted in the first and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. roanokense under Hitchcock and Chase.  
Figures were developed using R (R Development Core Team 2007).   
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Figure 153:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Hitchcock and Chase (1910).  OTUs were plotted in the second and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. roanokense under Hitchcock and Chase.  
Figures were developed using R (R Development Core Team 2007).  
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Figure 154:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Gould and Clark (1978).  OTUs were plotted in the first and second 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. dichotomum under Gould and Clark.  Figures 
were developed using R (R Development Core Team 2007).   
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Figure 155:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Gould and Clark (1978).  OTUs were plotted in the first and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. dichotomum under Gould and Clark.  Figures 
were developed using R (R Development Core Team 2007).   
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Figure 156:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Gould and Clark (1978).  OTUs were plotted in the second and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
OTUs identified as D. hirstii are referable to D. dichotomum under Gould and Clark.  Figures 
were developed using R (R Development Core Team 2007).  
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Figure 157:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu LeBlond (2001).  OTUs were plotted in the first and second coordinates.  
Distances were calculated using Gower’s coefficient of similarity (1971).  Figures were 
developed using R (R Development Core Team 2007).   
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Figure 158:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu LeBlond (2001).  OTUs were plotted in the first and third coordinates.  
Distances were calculated using Gower’s coefficient of similarity (1971).  Figures were 
developed using R (R Development Core Team 2007).   
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Figure 159:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu LeBlond (2001).  OTUs were plotted in the second and third coordinates.  
Distances were calculated using Gower’s coefficient of similarity (1971).  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 160:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Freckmann and Lelong (2003).  OTUs were plotted in the first and second 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
Figures were developed using R (R Development Core Team 2007).  



 708

  
Figure 161:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Freckmann and Lelong (2003).  OTUs were plotted in the first and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
Figures were developed using R (R Development Core Team 2007).   
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Figure 162:  Principal Coordinate Analyses of all complete OTUs as referable to taxa 
recognized sensu Freckmann and Lelong (2003).  OTUs were plotted in the second and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  
Figures were developed using R (R Development Core Team 2007).  
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Figure 163:  Cluster analyses utilizing a trimmed dataset for all complete OTUs as referable 
to taxa recognized sensu Hitchcock and Chase (1910).  Clusters were formed using average 
linkage.  Distances were calculated using Gower’s coefficient of similarity (1971).  OTUs 
identified as D. hirstii are referable to D. roanokense under Hitchcock and Chase.  Figures 
were developed using R (R Development Core Team 2007).  
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Figure 164:  Principal Coordinate Analyses utilizing a trimmed dataset for all complete 
OTUs as referable to taxa recognized sensu Hitchcock and Chase (1910).  OTUs were plotted 
in the first and second coordinates.  Distances were calculated using Gower’s coefficient of 
similarity (1971).  OTUs identified as D. hirstii are referable to D. roanokense under 
Hitchcock and Chase.  Figures were developed using R (R Development Core Team 2007).  
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Figure 165:  Cluster analyses utilizing a trimmed dataset for all complete OTUs as referable 
to taxa recognized sensu Gould and Clark (1978).  Clusters were formed using average 
linkage.  Distances were calculated using Gower’s coefficient of similarity (1971).  OTUs 
identified as D. hirstii are referable to D. dichotomum under Gould and Clark.  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 166:  Principal Coordinate Analyses utilizing a trimmed dataset for all complete 
OTUs as referable to taxa recognized sensu Gould and Clark (1978).  OTUs were plotted in 
the first and second coordinates.  Distances were calculated using Gower’s coefficient of 
similarity (1971).  OTUs identified as D. hirstii are referable to D. dichotomum under Gould 
and Clark.  Figures were developed using R (R Development Core Team 2007).  
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Figure 167:  Cluster analyses utilizing a trimmed dataset for all complete OTUs as referable 
to taxa recognized sensu LeBlond (2001).  Clusters were formed using average linkage.  
Distances were calculated using Gower’s coefficient of similarity (1971).  Figures were 
developed using R (R Development Core Team 2007).  
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Figure 168:  Principal Coordinate Analyses utilizing a trimmed dataset for all complete 
OTUs as referable to taxa recognized sensu LeBlond (2001).  OTUs were plotted in the first 
and second coordinates.  Distances were calculated using Gower’s coefficient of similarity 
(1971).  Figures were developed using R (R Development Core Team 2007).  
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Figure 169:  Cluster analyses utilizing a trimmed dataset for all complete OTUs as referable 
to taxa recognized sensu Freckmann and Lelong (2003).  Clusters were formed using average 
linkage.  Distances were calculated using Gower’s coefficient of similarity (1971).  Figures 
were developed using R (R Development Core Team 2007).  
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Figure 170:  Principal Coordinate Analyses utilizing a trimmed dataset for all complete 
OTUs as referable to taxa recognized sensu Freckmann and Lelong (2003).  OTUs were 
plotted in the first and second coordinates.  Distances were calculated using Gower’s 
coefficient of similarity (1971).  Figures were developed using R (R Development Core 
Team 2007).  
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Figure 171:  Cluster analysis with character overlays for internode pubescence.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0):  internodes glabrous; black (1):  internodes pubescent.  Cluster analyses 
were generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative 
character matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and 
Maddison 2009).
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Figure 172:  Cluster analysis with character overlays for node pubescence.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0): nodes glabrous; blue (1): nodes short-pubescent/puberulent; green (2): 
nodes long-pubescent; black (3): nodes bearded.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 173:  Cluster analysis with character overlays for node glands.  All complete OTUs 
were utilized.  Character states for each OTU’s terminal branch were indicated as follows:  
white (0):  node glands absent; black (1):  node glands present.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).



 745



 746



 747



 748



 749



 750



 751

Figure 174:  Cluster analysis with character overlays for beard presence.  All complete OTUs 
were utilized.  Character states for each OTU’s terminal branch were indicated as follows:  
white (0):  beards absent; green (1):  beards present on some nodes; black (2):  beards present 
on all nodes.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), 
and a separate qualitative character matrix was then superimposed on the UPGMA tree in 
Mesquite (Maddison and Maddison 2009).
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Figure 175:  Cluster analysis with character overlays for basal sheath pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  basal sheaths glabrous; blue (1):  basal sheaths short-
pubescent/puberulent; green (2):  basal sheaths pilose; black (3):  basal sheaths tomentose.  
Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 176:  Cluster analysis with character overlays for flag sheath pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  flag sheaths glabrous; blue (1):  flag sheaths short-
pubescent/puberulent; green (2):  flag sheaths pilose; black (3):  flag sheaths tomentose.  
Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 177:  Cluster analysis with character overlays for basal sheath margin cilia.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  no cilia present; green (1):  cilia present along part of the 
sheath; black (2):  cilia present along entire sheath.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 178:  Cluster analysis with character overlays for flag sheath margin cilia.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  no cilia present; green (1):  cilia present along part of the 
sheath; black (2):  cilia present along entire sheath.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 179:  Cluster analysis with character overlays for basal sheath glands.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0):  no glands; green (1):  random glands present; black (2):  systematic 
glands present.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), 
and a separate qualitative character matrix was then superimposed on the UPGMA tree in 
Mesquite (Maddison and Maddison 2009).
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Figure 180:  Cluster analysis with character overlays for flag sheath glands.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0):  no glands; green (1):  random glands present; black (2):  systematic 
glands present.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), 
and a separate qualitative character matrix was then superimposed on the UPGMA tree in 
Mesquite (Maddison and Maddison 2009).
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Figure 181:  Cluster analysis with character overlays for basal blade margin cilia.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  no cilia present; green (1):  cilia present along base of the 
blade; black (2):  cilia present along entire blade.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 182:  Cluster analysis with character overlays for flag blade margin cilia.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  no cilia present; green (1):  cilia present along base of the 
blade; black (2):  cilia present along entire blade.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 183:  Cluster analysis with character overlays for basal blade adaxial pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; green (1):  short-pubescent/puberulent; black (2):  
pilose.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a 
separate qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 184:  Cluster analysis with character overlays for flag blade adaxial pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; green (1):  short-pubescent/puberulent; black (2):  
pilose.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a 
separate qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 185:  Cluster analysis with character overlays for basal blade abaxial pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; green (1):  short-pubescent/puberulent; black (2):  
pilose.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a 
separate qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 186:  Cluster analysis with character overlays for flag blade abaxial pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; green (1):  short-pubescent/puberulent; black (2):  
pilose.  Cluster analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a 
separate qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 187:  Cluster analysis with character overlays for central infloresence axis 
pubescence.  All complete OTUs were utilized.  Character states for each OTU’s terminal 
branch were indicated as follows:  white (0):  glabrous; black (1):  pubescent.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 188:  Cluster analysis with character overlays for inflorescence branch pubescence.  
All complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; black (1):  pubescent.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).



 850



 851



 852



 853



 854



 855



 856

Figure 189:  Cluster analysis with character overlays for sterile lemma pubescence.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  glabrous; black (1):  pubescent.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).
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Figure 190:  Cluster analysis with character overlays for sterile lemma and palea nerves.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  nerves weak; black (1):  nerves strong.  Cluster analyses 
were generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative 
character matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and 
Maddison 2009).
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Figure 191:  Cluster analysis with character overlays for spikelet shape.  All complete OTUs 
were utilized.  Character states for each OTU’s terminal branch were indicated as follows:  
white (0):  elliptic; green (1):  oblong; black (2):  oval.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 192:  Cluster analysis with character overlay for spikelet cross-section.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0):  rounded; black (1):  round-lenticulate.  Cluster analyses were generated 
as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 193:  Cluster analysis with character overlays for first glume apex shape.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  acute/obtuse; black (1):  rounded.  Cluster analyses were 
generated as UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character 
matrix was then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 
2009).
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Figure 194:  Cluster analysis with character overlays for fertile lemma texture.  All complete 
OTUs were utilized.  Character states for each OTU’s terminal branch were indicated as 
follows:  white (0):  smooth; black (1):  papillose.  Cluster analyses were generated as 
UPGMA trees in Paup* (Swofford 2002), and a separate qualitative character matrix was 
then superimposed on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 195:  Cluster analysis with character overlays for maximum second glume size.  All 
complete OTUs were utilized.  Character states for each OTU’s terminal branch were 
indicated as follows:  white (0):  second glume shorter than fertile lemma; green (1):  second 
glume equal to fertile lemma; black (2):  second glume longer than fertile lemma.  Cluster 
analyses were generated as UPGMA trees in Paup* (Swofford 2002), and a separate 
qualitative character matrix was then superimposed on the UPGMA tree in Mesquite 
(Maddison and Maddison 2009).
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Figure 196:  Cluster analysis with character overlays for spikelet base.  All complete OTUs 
were utilized.  Character states for each OTU’s terminal branch were indicated as follows:  
white (0):  tapered; black (1):  rounded.  Cluster analyses were generated as UPGMA trees in 
Paup* (Swofford 2002), and a separate qualitative character matrix was then superimposed 
on the UPGMA tree in Mesquite (Maddison and Maddison 2009).
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Figure 197:  CART analysis of OTUs referable to taxa recognized under Hitchcock and Chase (1910).  Each group delimited 
by the analysis is composed of OTUs as identified under Hitchcock and Chase.  The composition of OTUs referable to taxa 
under Hitchcock and Chase for each group is subsequently reported.  The figure was developed using R (R Development 
Core Team 2007).   
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Figure 198:  CART analysis of OTUs referable to taxa recognized under Gould and Clark (1978).  Each group delimited by 
the analysis is composed of OTUs as identified under Gould and Clark.  The composition of OTUs referable to taxa under 
Gould and Clark for each group is subsequently reported.  The figure was developed using R (R Development Core Team 
2007).   
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Figure 199:  CART analysis of OTUs referable to taxa recognized under LeBlond (2001).  Each group delimited by the 
analysis is composed of OTUs as identified under LeBlond.  The composition of OTUs referable to taxa under LeBlond for 
each group is subsequently reported.  The figure was developed using R (R Development Core Team 2007).   
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Figure 200:  CART analysis of OTUs referable to taxa recognized under Freckmann and Lelong (2003).  Each group 
delimited by the analysis is composed of OTUs as identified under Freckmann and Lelong.  The composition of OTUs 
referable to taxa under Freckmann and Lelong for each group is subsequently reported.  The figure was developed using R (R 
Development Core Team 2007).   
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Figure 201:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information and referable to taxa recognized under 
Hitchcock and Chase (1910).  OTUs identified as D. hirstii are referable to D. roanokese 
under Hitchcock and Chase.  The map was developed using DIVA-GIS (www.diva-gis.org).   
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Figure 202:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information and referable to taxa recognized under 
Gould and Clark (1978).  OTUs identified as D. hirstii are referable to D. dichotomum under 
Gould and Clark.  The map was developed using DIVA-GIS (www.diva-gis.org).   
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Figure 203:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information and referable to taxa recognized under 
LeBlond (2001).  The map was developed using DIVA-GIS (www.diva-gis.org).   
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Figure 204:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information and referable to taxa recognized under 
Freckmann and Lelong (2003).  The map was developed using DIVA-GIS (www.diva-
gis.org).   
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Figure 205:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for basal blade abaxial pubescence.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 206:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for basal blade adaxial pubescence.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 207:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for basal sheath glands.  The map was developed using DIVA-GIS (www.diva-
gis.org).   
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Figure 208:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for central inflorescence axis pubescence.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 209:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for fertile lemma texture.  The map was developed using DIVA-GIS (www.diva-
gis.org).   
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Figure 210:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for flag blade abaxial pubescence.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 211:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for flag blade adaxial pubescence.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 212:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for flag sheath pubescence.  The map was developed using DIVA-GIS (www.diva-
gis.org).   
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Figure 213:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for internode pubescence.  The map was developed using DIVA-GIS (www.diva-
gis.org).   
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Figure 214:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for the maximum second glume size.  The map was developed using DIVA-GIS 
(www.diva-gis.org).   
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Figure 215:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for node glands.  The map was developed using DIVA-GIS (www.diva-gis.org).   
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Figure 216:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for node pubescence.  The map was developed using DIVA-GIS (www.diva-gis.org).   
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Figure 217:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs are color-coded based on character 
scoring for spikelet pubescence.  The map was developed using DIVA-GIS (www.diva-
gis.org).  
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Figure 218:  Principal Coordinate Analyses for all complete OTUs as referable to the 
exclusive clusters defined for subspecific testing.  OTUs were plotted in the first and second 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  The 
figure was developed using R (R Development Core Team 2007).   
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Figure 219:  Principal Coordinate Analyses for all complete OTUs as referable to the 
exclusive clusters defined for subspecific testing.  OTUs were plotted in the first and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  The 
figure was developed using R (R Development Core Team 2007).   
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Figure 220:  Principal Coordinate Analyses for all complete OTUs as referable to the 
exclusive clusters defined for subspecific testing.  OTUs were plotted in the second and third 
coordinates.  Distances were calculated using Gower’s coefficient of similarity (1971).  The 
figure was developed using R (R Development Core Team 2007).   
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Figure 221:  CART analysis of OTUs referable to the seven exclusive groups defined for subspecific testing.  The 
composition of OTUs referable to the groups defined for subspecific testing for each analysis-defined group is subsequently 
reported.  The figure was developed using R (R Development Core Team 2007).   
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Figure 222:  Map of the eastern US, southeastern Canada, and northern Mexico displaying all 
GIS points obtainable from specimen information.  OTUs were color-coded based on groups 
defined for subspecific testing.  The map was developed using DIVA-GIS (www.diva-
gis.org).  
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Figure 223:  Principal component analysis of cluster groups utilizing seven environmental 
variables as principal coordinates.  The seven variables are:  elevation, annual temperature, 
maximum temperature in the warmest month, minimum temperature in the coldest month, 
annual precipitation, precipitation in the wettest month, and precipitation in the driest month.  
The figure was developed using R (R Development Core Team 2007).   
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Appendix 1:  List of exsiccatae.  Specimens are organized by geographic location.  
Specimens without a collector number are identified by the last three digits of the accession 
number.  The formatting for each specimen is as follows: Collector and collector number 
(herbarium; identification under Hitchcock and Chase (1910), identification under Gould and 
Clark (1978), identification under LeBlond (2001), identification under Freckmann and 
Lelong (2003)).  Species names are identified by letters as follows, with taxa that are starred 
indicating taxa that were identified sensu LeBlond using LeBlond (2008):  a = Panicum 
albomarginatum; b = Dichanthelium annulum; c = P. barbulatum; d = D. boreale*; e = D. 
breve*; f = D. caerulescens; g = D. chamaelonche*; h = P. clutei; i = P. concinnius; j = D. 
dichotomum; k = D. ensifolium*; l = P. flavovirens; m = D. glabrifolium*; n = D. hirstii*; o = 
D. lucidum; p = D. mattamuskeetense; q = D. microcarpon; r = D. multirameum; s = D. 
nitidum; t = D. nudicaule; u = D. ramulosum; v = D. roanokense; w = D. sphagnicola; x = D. 
tenue*; y = P. trifolium; z = P. vernale; aa = D. yadkinense.  Specimens identified as D. 
hirstii were identified as D. roanokense under Hitchcock and Chase and D. dichotomum 
under Gould and Clark. 
 
UNKNOWN.  Muhlenberg 174 (US; p, j, p, p); Muhlenberg 192 (US; x, x, x, x); Trattnick 
s.n. (402) (US; x, x, x, x) Trinius s.n. (429) (US; g, k, g, g). CANADA.  Michaux s.n. (873) 
(US; c,j,j,j).  GUATEMALA.  ALTA VERAPAZ:  16 Apr 1941, Standley 92838 (US; r, j, 
s, s).  ZACAPA:  16 Jan 1942, Steyermark 42770 (US; r, j, s, s).  MEXICO.  1900, Pringle 
8339 (US; r, j, s, s).  VERACRUZ:  17 Feb 1892, Smith 693 (US; r, j, s, s); 1 Aug 1960, 
Gould 6292 (US; r, j, s, s).  U.S.A.  Lamarck s.n. (880) (US; s, j, s, s); Michaux s.n. (872) 
(US; p, j, p, p); Richard 5127 (US; c, j, j, j).  ALABAMA.  7 May 1898, Earle 1534 (NCU; 
c, j, j, j); 7 May 1898, Earle 2213 (NCU; c, j, j, j).  Baldwin Co.:  1 May 1903, Tracy 8432 
(US; t, j, t, t); 6 May 1903, Tracy 8431 (US; t, j, t, t).  Cherokee Co.:  15 Apr 1967, Clark 
11264 (NCU; b, j, b, p).  Cleburne Co.:  6 May 1967, Clark 12347 (NCU; c, j, j, j).  
Cullman Co.:  4 Jun 1907, Wolf 296 (AUA; c, j, j, j); 31 May 1908, Wolf 244 (AUA; b, j, b, 
p); 25 Jul 1909, Wolf 295 (AUA; b, j, b, p).  Escambia Co.:  18 Apr 1906, Hitchcock 1059 
(US; o, j, o, j).  Jackson Co.:  5 Jul 1900, Harbison 2415 (US; i, x, k, k); 25 Jun 1930, Ashe 
s.n. (283) (NCU; s, j, s, s).  Lee Co.:  15 May 1898, Earle 1539 (NCU; q, j, u, q).  Macon 
Co.:  12 Jun 1897, Carver 40 (US; q, j, u, q).  Mobile Co.:  7 Jun 1897, Mohr s.n. (647) (US; 
b, j, b, p); 27 Apr 1940, Sargent s.n. (712) (GA; t, j, t, t); 2 May 1968, Lelong 4456 (NCU; s, 
j, u, q); 11 Oct 1969, Lelong 5306 (NCU; o, j, o, j); 5 May 1972, Lelong 6522.4 (NCU; o, j, 
o, o).  Morgan Co.:  2 May 1967, Clark 11929 (NCU; c, j, j, j).  Washington Co.:  24 Apr 
1996, Sorrie 8752 (NCU; t, j, t, t).  ARKANSAS.  Craighead Co.:  4 Oct 1951, Demaree 
31494 (OKL; c, j, j, j).  Franklin Co.:  7 May 1960, Pohl 9017 (IA; c, j, j, j); 14 May 1989, 
Thompson C0528 (OKL; c, j, u, q).  Garland Co.:  30 Jun 1967, Tucker 5256 (NCU; c, j, j, 
j).  Greene Co.:  2 Aug 1967, Richards 5541 (NCU; q, j, u, q).  Hempstead Co.:  25 Apr 
1905, Bush 2431 (US; c, j, j, j).  Independence Co.:  26 May 1965, Demaree 52459 (NCU; 
q, j, u, q).  Madison Co.:  6 Jun 1965, Freckmann 1802 (ISC; c, j, j, j).  Miller Co.:  9 Jun 
1909, Bush 5786 (OKL; o, j, j, o).  Newton Co.:  28 May 1963, Lelong 2352 (IA; c, j, b, j).  
Ouachita Co.:  8 Apr 1967, Tucker 3856 (NCU; q, j, u, q).  Polk Co.:  8 Nov 1947, 
Glassman 1242 (OKL; j, j, j, j).  Pope Co.:  10 May 1967, Tucker 5029 (NCU; c, j, j, j).  
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Pulaski Co.:  24 May 1939, Merrill 2143 (NCU; q, j, u, q).  Saline Co.:  15 May 1948, 
Moore 480186.5 (US; o, j, j, o).  Yell Co.:  25 May 1965, Demaree 52428 (NCU; c, j, j, j).  
CONNECTICUT.  4 Jul 1901, AWS 4 (US; o, j, o, o).  Fairfield Co.:  30 Jun 1977, Ahles 
84086 (NCU; q, j, u, q).  Hartford Co.:  13 Jul 1902, Andrews s.n. (192), (US; o, j, j, j); 23 
Jun 1904, Weatherby 1315 (NCSC; c, j, j, j).  New Haven Co.:  17 Jul 1901, Bissell 5570 
(US; q, j, u, q).  New London Co.:  Graves s.n. (MICH; d, d, d, d).  DISTRICT OF 
COLUMBIA.  Bebb s.n. (365) (F; c, j, j, j); 29 Jun 1861, Schott s.n. (171) (F; b, j, b, p); 
1881, Ward 5 (US; j, j, j, j); 1881, Waid s.n. (904) (US; b, j, b, p); 7 May 1894, Deney 12 
(OH; j, j, j, j); 11 Jun 1897, Kearney s.n. (410) (OH; aa, j, aa, aa); 12 Jun 1897, Kearney s.n. 
(327) (OH; q, j, u, q); 12 Jun 1897, Kearney s.n. (371) (OH; o, j, o, o); 12 Jun 1897, Kearney 
s.n. (408) (NCU; q, j, u, q);  21 Jun 1897, Kearney 23 (F; o, j, o, o); 21 Jun 1897, Kearney 28 
(F; aa, j, aa, aa); 11 Jun 1899, Steele s.n. (190) (US; h, j, p, s); 11 Jun 1899, Steele s.n. (800) 
(US; s, j, p, s); 5 Jun 1903, Ball 22 (AUA; s, j, s, j); 8 Jul 1905, Chase 109 (F; o, j, o, o); 21 
May 1936, Freeman s.n. (699) (US; h, j, s, s).  DELAWARE.  Chapman 39d (US; b, j, b, p); 
24 May 1897, Tatnall s.n. (077) (DOV; aa, j, aa, aa).  Kent Co.:  28 Jul 1971, Lelong 6292 
(NCU; q, j, u, q).  New Castle Co.:  15 Aug 1874, Commons 29 (NCU; o, j, o, o); 26 Jun 
1982, Naczi 34 (DOV; q, j, u, q); 8 Jun 1883, Commons 4 (NCU; c, j, j, j); 20 Jun 1891, 
Canby s.n. (201) (US; o, j, o, o); 30 May 1890, Brinton s.n. (083) (F; c, j, j, j); 23 Jun 1897, 
Canby s.n. (251) (DOV; c, j, j, j); 5 Jul 1897, Canby s.n. (452) (DOV; q, j, u, q); 23 Jul 1897, 
Commons 61 (NCU; c, j, j, j); 23 Jul 1897, Commons 65 (US; j, j, j, j); 16 Sep 1897, 
Commons 33 (NCU; s, j, s, s); 16 Sep 1897, Commons 34 (NCU; j, j, j, j); 20 Jun 1901, 
Canby s.n. (438) (DOV; aa, j, aa, aa); 30 Jul 1906, Chase 3616 (US; c, j, j, j); 30 Jul 1906, 
Chase 3620 (US; j, j, j, j); 28 Jun 1931, Tatnall 1201 (DOV; o, j, o, v); Jun 1960, Canby s.n. 
(288) (US; q, j, u, q).  Sussex Co.:  13 Jun 1891, Hirst 282 (DOV; o, j, o, o); 17 Aug 1899, 
Commons 18 (NCU; p, j, p, p); 17 Aug 1899, Commons 345 (US; h, j, p, p); 29 Jun 1983, 
Naczi 253 (DOV; q, j, u, q); 21 Jun 1984, Naczi 496 (DOV; q, j, u, q); 12 Jun 1916, Chase 
7271 (US; v, j, v, v); 12 Jun 1916, Chase 7282 (US; v, j, v, v); 17 Sep 1991, Sorrie 5913 
(US; n, n, n, j); 27 Jun 2007, McAvoy 6250 (DOV; o, j, o, o).  FLORIDA.  Chapman s.n. 
(164) (US; g, k, k, g); Chapman s.n. (165) (US; g, x, g, g); May 1886, Curtiss s.n. (717) (US; 
t, j, t, t); Jul 1883, Chapman 39c (US; q, j, u, q); May 1895, Chapman 6 (F; o, j, o, o); 18 
May 1901, Tracy 7170 (US; s, j, s, s).  Brevard Co.:  Sep 1907, Chase 3992 (US; f, j, f, v).  
Broward Co.:  19–25 Nov 1903, Small and Carter s.n. (926) (US; e, e, e, e).  Collier Co.:  9 
May 1922, Hitchcock 19774 (US; f, j, f, v); 11 May 1922, Hitchcock 19786 (US; f, j, f, v); 23 
Dec 1948, Deam 65546 (US; g, m, g, g); 28 Apr 1976, Correll 47141 (NCU; c, j, f, v).  
Columbia Co.:  2 Apr 1892, Bitting 18 (US; w, j, w, o); 29–31 Aug 1895, Nash 2500 (NY; 
w, j, w, o); 16 Apr 1906, Hitchcock 1020 (US; z, k, k, k); 16 Apr 1906, Hitchcock 1027 (US; 
g, k, g, g).  Dade Co.:  31 Oct–4 Nov 1903, Small s.n. (782) (NCU; f, j, f, v); 2 Apr 1906, 
Hitchcock 690 (US; f, j, f, v); 3 Apr 1906, Hitchcock 706 (US; f, j, f, v); 3 Apr 1906, 
Hitchcock 712 (US; y, x, x, x); 3 Apr 1906, Hitchcock 715 (US; f, j, f, v); 13 Apr 1906, 
Hitchcock 931 (US; z, k, k, k); 3 Jul 1915, Small 6815 (NCU; e, e, e, e).  Duval Co.:  May, 
Curtiss s.n. (044) (US; o, j, o, o); 1 May 1894, Curtiss 4691 (US; c, j, v, v); 15 Apr 1906, 
Hitchcock 987 (US; v, j, v, v); 20–22 May 1916, Chase 7047 (US; f, j, f, v); 20 – 22 May 
1916, Chase 7056 (US; v, j, v, v).  Franklin Co.:  Biltmore 800b (US; o, j, o, o).  Highlands 
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Co.:  3 May 1940, Silveus 5779 (US; m, k, g, g); 26 Apr 1960, Ray 9745 (NCU; e, e, e, e).  
Hillsborough Co.:  Hitchcock 941 (US; x, k, k, k); 20 Aug 1895, Nash 2415a (US; m, m, m, 
g); 13 Apr 1906, Hitchcock 939 (US; o, j, o, o); 23 Apr 1963, Lakela 25899 (TENN; w, j, w, 
j).  Lake Co.:  15 – 30 Apr 1894, Nash 500 (DOV; w, j, o, o); 1 Jun. 1894, Nash 925 (US; a, 
x, x, x); 16–30 Jun 1895, Nash 2061 (US; l, k, k, k); 3 Jun 1964, Freckmann 1140 (ISC; g, k, 
g, g).  Lee Co.:  12 Apr 1906, Hitchcock 897 (US; f, j, f, v); 12 Apr 1906, Hitchcock 904 
(US; f, j, f, v); 12 Apr 1906, Hitchcock 915 (US; f, j, f, v); 6 May 1916, Sandley 170 (US; m, 
m, m, g).  Leon Co.:  4 May 1974, Godfrey 73486 (NCU; s, j, s, s).  Levy Co.:  3 Sep 1898, 
Combs 803 (US; f, j, f, v).  Liberty Co.:  2 Jun 1978, Godfrey 73443 (NCU; q, j, u, q).  
Manatee Co.:  29 Apr 1900, Tracy 6715 (US; m, m, m, g); 14 Apr 1906, Hitchcock 952 (US; 
g, m, k, k); 14 Apr 1906, Hitchcock 965 (US; f, j, f, v); 14 Apr 1906, Hitchcock 978 (US; m, 
m, m, g).  Martin Co.:  5 Apr 1906, Hitchcock 734 (US; e, e, e, e).  Osceola Co.:  4 May 
1940, Silveus 5784 (US; b, j, b, p).  Polk Co.:  4 Apr 1970, Evans 44378 (NCU; e, e, e, e).  
Santa Rosa Co.:  May, Curtiss 3583* (F; t, j, t, t); 188-, Curtiss s.n. (984) (US; t, j, t, t); 17–
23 Jun 1926, Swallen 382 (US; t, j, t, t).  Seminole Co.:  5 May 1940, Silveus 5802 (US; o, j, 
o, o).  St. Johns Co.:  Apr 1869, Canby s.n. (894) (US; g, x, g, g).  Sumter Co.:  23 May 
1900, Curtiss 6636 (US; v, j, v, v).  Volusia Co.:  4 May 1940, Silveus 5801 (US; h, j, w, s); 
4 May 1940, Silveus 5803 (US; i, k, k, k).  Walton Co.:  9 May 1898, Curtiss 6403 (F; w, j, 
w, j); 17 May 1996, Sorrie 8812 (NCU; t, j, t, t).  GEORGIA.  Baldwin s.n. (CHARL; k, k, 
k, k); Baldwin s.n. (CHARL; q, j, u, q).  Bartow Co.:  24 Jul 1964, Greear 64304 (NCU; q, j, 
u, q).  Bibb Co.:  18–24 May 1895, Small s.n. (076) (US; y, x, x, x).  Bryan Co.:  22 Jun 
1967, Bozeman 10401 (NCU; aa, j, aa, aa).  Chatham Co.:  14 May 1940, Eyles 7003 
(MICH; aa, j, aa, aa); 17 May 1947, Cronquist 4459 (US; c, j, j, j).  Effingham Co.:  10 May 
1940, Eyles 6952 (US; v, j, v, v). Glynn Co.:  24–25 May 1916, Chase 7079 (US; j, j, o, o); 
21 Jul 1966, Bozeman 6267 (NCU; aa, j, aa, aa).  Jenkins Co.:  2 Jun 1963, Freckmann 515 
(IA; a, x, x, x).  Laurens Co.:  20 Jun 1902, Harper 1349 (F; aa, j, aa, aa).  Lowndes Co.:  
19 Apr 1939, Eyles 5618 (US; w, j, w, o); 19 Apr 1939, Eyles 5628 (US; w, j, w, o).  
McDuffie Co.:  26 Aug 1908, Bartlett 1461 (US; i, x, x, x).  Meriwether Co.:  16 May 
1972, Jones 21826 (NCU; o, j, o, o).  Murray Co.:  20 May 2000, Moore 183 (GA; j, j, j, j).  
Rabun Co.:  30 Jun 1946, Duncan 6473 (US; o, j. o, o); 21 Jul 1946, Duncan 6605 (US; o, j, 
o, o).  Richmond Co.:  25 Jul 1898, Cuthbert s.n. (285) (NCU; q, j, u, q); 14 May 1901, 
Cuthbert 431 (US; b, j, b, p); 14 May 1901, Cuthbert 431 (US; q, j, u, q).  Screven Co.:  23 
Apr 1967, Bozeman 9029 (NCU; q, j, u, q); 6 May 1994, Sorrie 7898 (NCU; c, j, u, q).  
Tattnall Co.:  15 May 1940, Eyles 6983 (US; o, j, o, o); 12 Jul 1966, Bozeman 5802 (NCU; 
v, j, v, v).  Thomas Co.:  12–22 Jul 1895, Small s.n. (407) (NCU; d, j, j, j).  IOWA.  Black 
Hawk Co.:  14 Jun 1980, Lammers 3584 (ISC; d, d, d, d); 16 Jun 1981, Lammers 4249 (ISC; 
d, d, d, d).  ILLINOIS.  Jackson Co.:  16 Jun 1903, Gleason s.n. (150) (US; aa, j, aa, aa).  
Johnson Co.:  26 May 1902, Schneck s.n. (357) (US; aa, j, aa, aa).  Richland Co.:  9 Jun 
1918, Ridgway 291 (F; q, j, u, q).  Washington Co.:  30 Jul 1964, Windler 531 (NCU; q, j, u, 
q).  INDIANA.  Brown Co.:  10 Jun 1937, Friesner 10576 (F; c, j, j, j).  Cook Co.:  13 Jun 
1905, Bebb 2831 (OKL; d, d, d, d).  Crawford Co.:  26 May 1911, Deam 8428 (US; c, j, j, 
j); 7 Jun 1919, Deam 27745 (US; aa, j, aa, aa); 16 Jun 1940, Friesner 14425 (WVA; aa, j, aa, 
aa); 16 Jun 1940, Potzger 8387 (US; aa, j, aa, aa).  Harrison Co.:  27 May 1919, Deam 
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27687 (US; c, j, j, j).  Lake Co.:  13 Jun 1906, Bebb 2935 (OKL; d, d, s, d).  Lawrence Co.:  
10 Jun 1934, Kriebel 1834 (NCU; c, j, j, j); 16 Jun 1935, Kriebel 3380 (US; p, j, p, s).  
Morgan Co.:  4 Jul 1901, Chase 1543 (US; c, j, j, j).  Orange Co.:  10 Jul 1947, Friesner 
21649 (OKL; q, j, u, q).  Porter Co.:  4 Aug 1902, Chase 1919 (OKL; d, d, d, d).  
KENTUCKY.  Calloway Co.:  21 May 1982, Woods 550 (TROY; c, j, j, j).  Graves Co.:  
14 Jun 1932, Swallen 2169 (OH; q, j, u, q); 14 Jun 1932, Swallen 2188 (MICH; aa, j, aa, aa); 
14 Jul 1962, O’Dell 1630 (NCU; q, j, u, q).  LOUISIANA.  25 May 1884, Langlois s.n. 
(084) (US; aa, j, aa, aa).  Calcasieu Parish:  10 Sep 1898, Mackenzie 460 (US; o, j, o, o); 21 
Apr 1906, Hitchcock 1144 (US; c, j, j, j); 21 Apr 1906, Hitchcock 1153 (US; s, j, s, s); 10 Jun 
1912, Chase 6080 (US; o, j, j, o).  Natchitoches Parish:  22 Apr 1959, Lelong s.n. (298) (IA; 
c, j, j, j).  Ouachita Parish:  11 May 1941, Smith s.n. (470) (OKL; s, j, s, s); 7 May 1967, 
Thomas 2620 (NCU; q, j, u, q); 7 May 1967, Thomas 2646 (NCU; q, j, u, q).  St. Tammany 
Parish:  1904, Cacks 413 (US; v, j, v, v);  30 Apr 1920, Ariene 12101.5 (US; s, j, s, s).  
Washington Parish:  13 May 1972, Rogers 8074 (NCU; s, j, s, s).  MASSACHUSETTS.  3 
Jul 1901, Bebb 566 (OKL; d, d, s, d).  Barnstable Co.:  29 Jul 1914, Weatherby s.n. (762) 
(US; s, j, s, s); 9 Jul 1918, Fernald 16046 (F; p, j, p, p); 18 Aug 1918, Fernald 16044 (NY; b, 
j, p, p); 18 Aug 1918, Ferald 16045 (US; b, j, p, p).  Bristol Co.:  1 Aug 1990, Sorrie 5179 
(NCU; q, j, u, q).  Hampshire Co.:  30 Jun 1973, Ahles 77674 (NCU; c, j, j, ).  Middlesex 
Co.:  23 Jun 1899, Smith 732 (US; h, j, s, s).  Plymouth Co.:  6 Jul 1990, Sorrie 5128 (NCU; 
q, j, u, q).  MARYLAND.  29 Aug 1969, Downs 7318 (NCU; q, j, u, q); 28 Jul 1971, Lelong 
6281 (NCU; q, j, u, q). Allegany Co.:  12 Sep 1969, Downs 8704 (NCU; aa, j, j, j).  Anne 
Arundel Co.:  22 Jun 1904, Chase 2379 (F; c, j, j, j).  Montgomery Co.:  4 Jul 1904, Chase 
2437 (OKL; c, j, j, j); 11 Jun 1905, Chase 33 (OKL; b, j, b, p); 11 Jun 1905, Chase 99 (F; b, 
j, b, p); 11 Jun 1905, Hitchcock 106 (F; aa, j, aa, aa); 8 Jun 1919, VanEseltine 1939 (US; s, j, 
s, s).  Prince George’s Co.:  30 Jun 1906, Chase 100 (2nd sheet) (US; p, j, p, p); 30 Jun 1906, 
Chase 3744 (US; b, j, p, p); 20 Jul 1907, Chase 3793 (US; p, j, p, p); 30 Jun 1907, Chase 
3744.5 (US; p, j, p, p); 13 Jul 1915, Chase 6984 (US; s, j, s, s); 25 Jan 1977, Ahles 53698 
(NCU; c, j, j, j).  Worcester Co.:  22 Jun 1931, Chase 12239 (US; p, j, p, p); 14 Jun 1981, 
Hirst 398 (DOV; o, j, o, o); 15 Jun 2000, McAvoy 5042 (DOV; q, j, u, q).  MAINE.  
Cumberland Co.:  30 Jun 1905, Chamberlain s.n. (033) (OKL; d, d, d, d); 5 Jul 1905, 
Chamberlain 789 (MICH; d, d, d, d).  Hancock Co.:  13 Jul 1896, Raud 14300 (F; h, j, s, s); 
29 Jul 1940, Maxon 11018 (OH; d, d, d, d).  MICHIGAN.  Genesee Co.:  Clarke s.n. (930) 
(F; s, j, s, j).  Schoolcraft Co.:  2 Jul 1934, Fernald 3079 (MICH; d, d, d, d); 3 Jul 1934 
Hanes s.n. (091) (US; b, j, b, s); 17 Jul 1978, Henson 939 (MICH; d, d, d, d).  St. Clair Co.:  
21 Jul 1896, Dodge s.n. (633) (NCU; s, j, s, s); 15 Jul 1900, Dodge 8 (US; o, j, j, s).  Van 
Buren Co.:  19 Jun 1933, Palmer 40505 (TENN; d, d, d, d).  Wayne Co.:  25 Aug 1893, 
Farwell 1425 (MICH; d, d, d, s).  MISSOURI.  Cooper Co.:  18 May 1900, Bush 313 
(NCU; c, j, j, j).  Dunblin Co.:  24 May 1893, Eggert s.n. (631) (NCU; q, j, u, q).  Howell 
Co.:  13 Aug 1892, Bush 51 (US; c, j, j, j).  Taney Co.:  27 Sep 1905, Bush 3455A (US; c, j, 
j, j).  MISSISSIPPI.  25 Sep 1895, Tracy s.n. (618) (NCU; c, j, j, j); 3 Jun 1897, Tracy 3273 
(NCU; c, j, j, j); 15 Jun 1897, Tracy 3411 (US; o, j, o, o); 13 Jun 1997, Sorrie 9286 (NCU; o, 
j, o, o).  Claiborne Co.:  9 May 1953, Jacob 628 (NCU; q, j, u, q).  Forrest Co.:  3 May 
1969, Rogers 668-B (NCU; v, j, v, v); 6 May 1969, Rogers 1130-B (NCU; s, j, u, s); 21 May 
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1970, Rogers 3281-B (NCU; o, j, o, o); 16 May 1971, Rogers 6228-C (NCU; o, j, o, o).  
Harrison Co.:  28 Apr 1891, Tracy s.n. (466) (US; j, j, j, j); 21 Jun 1898, Tracy 4591 (NCU; 
s, j, s, s); 19 Apr 1906, Hitchcock 1081 (US; s, j, s, s); 4 May 1974, Rogers 9537-A (NCU; t, 
j, t, t).  Jackson Co.:  16 May 1895, Tracy 4592 (US; j, j, j, j); 8 May 1898, Tracy 4584 (US; 
v, j, v, j); 21 May 1903, Tracy s.n. (187) (US; f, j, f, v).  Noxubee Co.:  1 Jun 1897, Tracy 
3228 (NCU; q, j, u, q).  Oktibbeha Co.:  21 May 1888, Tracy s.n. (896) (US; b, j, b, p); 8 
May 1889, Tracy s.n. (654) (NCU; q, j, u, q); 27 May 1892, Tracy 1755 (US; j, j, j, j).  Pearl 
River Co.:  7 May 2001, Bryson 18511 (DOV; q, j, u, q).  Scott Co.:  1888, Vasey 127 (US; 
j, j, j, j).  Stone Co.:  16 May 1997, Sorrie 9226 (NCU; t, j, t, t); 15 Jun 1997, Sorrie 9291 
(NCU; q, j, u, q).  NEW HAMPSHIRE.  Cheshire Co.:  10 Jul 1897, Robinson 338a (OH; 
d, d, d, d).  Coos Co.:  10 Jul 1907, Moore 3733 (MICH; d, d, d, d); 16 Jul 1914, Deane 215 
(F; d, d, d, d).  Hillsborough Co.:  3 Jul 1931, Batchelder s.n. (no number) (TENN; d, d, d, 
d).  NEW JERSEY.  Sprengel s.n. (944) (US; d, d, d, d); 30 May 1896, Britton and party 
s.n. (892) (US; x, x, x, x); 28 Jul 1906, Chase 3590 (US; h, j, p, p).  Atlantic Co.:  14 Jun 
1916, Chase 7351 (US; h, j, s, s); 7 Jun 1959, Hirst 47 (US; n, n, n, v); 11 Aug 1959, Long 
85320 (US; n, n, n, v); 22 Aug 1859, Long s.n. (014) (US; n, n, n, v).  Bergen Co.:  Austin 
s.n. (990) (NCU; c, j, u, q).  Burlington Co.:  Jun 1808, Anonymous s.n. (436) (NY; q, j, u, 
q); 3–6 Jul 1899, Clute s.n. (964) (NY; h, j, p, s); 3–6 Jul 1899, Sanders 4 (US; h, j, j, s); 27 
Jul 1906, Chase 3550 (US; o, j, o, o); 27 Jul 1906, Chase 3553 (US; h, j, p, p); 21 Jun 1983, 
Naczi 233 (DOV; o, j, o, o).  Cape May Co.:  22 Jun 1867, Lamson-Scribner s.n. (265) (US; 
p, j, p, p); 30 Jun 1909, Stone s.n. (175) (US; o, j, o, o).  Essex Co.:  4 Jul 1906, Mackenzie 
2138 (US; b, j, b, p).  Hudson Co.:  25 Jun 1905, Mackenzie 1405 (US; c, j, j, j).  Middlesex 
Co.:  18 Jun 1905, Mackenzie 1382 (US; o, j, o, o).  Ocean Co.:  1 Jul 1900, Bicknell s.n. 
(862) (US; k, k, k, k); 1 Jul 1900, Bicknell s.n. (917) (US; h, j, p, p); 19 Aug 1905, Mackenzie 
1640 (US; h, j, p, s); 19 Aug 1905, Mackenzie 1643 (US; h, j, p, p); 19 Aug 1905, Mackenzie 
1644 (US; o, j, o, o); 27 Jul 1906, Chase 3545 (US; h, j, s, s); 29 Jul 1906, Chase 3598 (US; 
s, j, p, p); 13 Jul 2008, Saville 240 (NCSC; s, j, s, s).  Somerset Co.:  21 Jun 1931, Moldenke 
1789 (US; c, j, j, j).  NEW YORK.  16 Jun 1874, Young 2 (F; b, j, b, p); 7 Jul 1884, Coville 
s.n. (185) (US; c, j, j, j).  Bronx Co.:  21 Jul 1895, Bicknell s.n. (603) (US; d, d, d, s).  
Chemung Co.:  17 Jun 1902, Burnham 959 (OKL; c, j, j, j). Erie Co.:  17 Jul 1926, Tenkert 
s.n. (814) (US; h, j, s, s).  Essex Co.:  23 Jul 1917, Matthews 14300 (F; d, d, d, d); 23 Jul 
1939, Silveus 4703 (US; h, j, s, s).  Greene Co.:  28 Jun 1893, Nash s.n. (589) (NY; d, d, d, 
d); 6 Jul 1893, Nash 2 (OH; d, d, d, d).  Richmond Co.:  15 Jun 1912, Dowell 6786 (OKL; q, 
j, u, q); 22 Jun 1939, Weber 1316 (OH; q, j, u, q).  Suffolk Co.:  Jul 1901, Whitford 198 (F; 
o, j, j, o); 27 Jul 1902, Bicknell s.n. (897) (US; p, j, p, s); 29 Jun 1903, Bicknell s.n. (195) 
(US; o, j, o, o); 1 Jul 1905, Bicknell s.n. (014) (US; c, j, j, j); 20 Jun 1906, Bicknell s.n. (898) 
(US; p, j, p, p); 7 Jul 1923, LaThaue 1428 (US; p, j, p, p).  Tompkins Co.:  Anonymous 166 
(TENN; j, j, j, j); Ashe 898 (NCU; o, j, o, o); Ashe s.n. (121) (US; d, d, d, s); 12 Jul 1889, 
Rowlee s.n. (632) (NCU; c, j, j, j); 12 Jun 1896, Rowlee s.n. (293) (NCU; c, j, j, j).  NORTH 
CAROLINA.  May 1895, Mitchell s.n. (939) (US; aa, j, aa, aa); 6 Jun–10 Jul 1898, Ashe s.n. 
(894) (US; b, j, b, p); 10 Jun–6 Jul 1898, Ashe s.n. (450) (NCU; b, j, b, p); 10 Jun–6 Jul 1898, 
Ashe s.n. (885) (US; b, j, b, p); 16 May 1966, Freckmann 2110 (ISC; j, j, j, j); 1 Jun 2007, 
Sorrie 11963 (NCU; b, j, b, p).  Brunswick Co.:  2 Jun 1937, Blomquist 9499 (F; d, d, d, s); 
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10 Aug 1949, Blomquist 14818 (NCSC; g, k, g, g); 1 Jun 1965, Freckmann 1642 (IA; x, x, x, 
x); 6 Aug 2005, Morris 060805-14 (NCU; o, j, j, o).  Buncombe Co.:  10 Jun 1897, Biltmore 
800a (US; c, j, j, j); 16 Jun 1897, Kellerman 803a (OH; q, j, u, q); 6 Aug 1905, Hitchcock 
177 (US; aa, j, aa, aa); 6–10 Aug 1905, Hitchcock s.n. (737) (US; c, j, aa, aa).  Chatham 
Co.:  17 Jun 1971, Lelong 5730.2 (NCU; aa, j, aa, aa).  Cherokee Co.:  16 Jul 1998, Sorrie 
9842 (NCU; q, j, u, q).  Clay Co.:  2 Jun 1956, Ahles 13775 (NCU; b, j, b, p).  Craven Co.:  
17 May 1976, Snyder 825 (NCU; v, j, v, v).  Dare Co.:  Jun 1898, Ashe s.n. (785) (US; x, x, 
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