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ABSTRACT

Debate and confusion have persisted regarding the morptedlogihges and limits of those taxa
found withinDichantheliumsect.Lanuginosa Phenetic analysis, principal components analysis, and pai
wise t-tests of character states were conducted witls@8&mens using 32 morphological characters. An
additional examination of 2780 herbarium specimens, includinglaivant type material, resulted in the
recognition of 16 species and one subspecies. Many of thieeemtitrrently subsumed within thH
acuminatumand D. ovale complexes are here interpreted to represent distpeties in terms of
morphology. Many of these taxa were secondarily found to exkitgraphical and ecological
distinctions, which are also discussed. All 160 namesciated with the section are reviewed and an
accurate nomenclature is applied to the groDchanthelium lanuginosuris reinstated as distinct from
D. acuminatumand two new nomenclatural combinations are propd3mthanthelium thermale (Bol.)
J. Thomasgomb. nov.andDichanthelium thermale subspsericeum(Schmoll) J. Thomag,omb. nov.

Dichantheliumis one of the largest genera of New World grasses. Beddutediversity
and wide distribution, a taxonomic understanding of the genus is teitfloristic treatments,
monitoring projects, restoration efforts, and other am@fasonservation and taxonomic concern.
Hitchcock and Chase (1910) publishedtchantheliumas a subgenus @&anicumto accommodate
those taxa that produce terminal and axillary infloresegn(floral dimorphism), possess winter
rosettes in addition to cauline leaves (foliar dimorphjsand rounded rather than pointed spikelets.
This is in contrast to members of sulanicum which only produce terminal inflorescences, lack
winter rosettes, and generally have pointed spikelets. addition to these differences, more
contemporary studies have demonstrated further distinchietvseenDichantheliumand Panicum
Brown (1948), Smith and Brown (1973), and Brown and Smith (1975) demizaistnat members of
subg.Dichantheliumutilize C3 photosynthetic pathways as opposed to membensbgt Panicum
which are primarily C4 grasses. Boyle (1945) reported thag.Dichantheliumhas an extremely
low incidence of polyploidy (only 3 out of approximately 100 spgcwhereas 70—-80% of subg.
Panicumspecies are polyploid. Brown et @1957) noted that sub®ichantheliumhas two layers of
tunica cells in the shoot apices whereas sBhgicumhas a single layer.

Given the extent of such differences, Gould (1974) elevaibd.Dichantheliumto the rank
of genus. However, some taxonomists have been hesitant fat sltisestatus change, noting an
abundance of tropical species that appear to be interméaiteen the two genera (Lelong 1986;
Webster 1988; Crins 1991; Gleason & Cronquist 1991, Yatskievych 19889. argument against
elevation ofDichantheliumto generic rank was further supported by Morrone and Zuloaga (1991)
and Zuloaga et al. (1993a, b), who tested the evidence defdbdimantheliumas a distinct genus.
Their results indicate intermediates and exceptions deggifoliar and floral dimorphism, ploidy
level, and C3 versus C4 photosynthesis, especially in CamchlSouth American species. More
recent evidence has come from research involving the motgauféogeny of Panicoideae (Giussani
et al. 2001; Aliscioni et al. 2003; Morrone et2008). These studies demonstrate Baticums.|. is
polyphyletic unles®ichanthelium among others, is treated as a separate genus. Additionahy
of the presumed intermediate taxa (most notddyicum sect. Cordovensia that were used to
maintain Dichantheliumas a subgenus ¢fanicumhave been shown to represent distinct lineages
(Aliscioni et al. 2003; Morrone et al. 2008). Though debate stidyoe pertinent, the current tide of
evidence seems to best suppbithantheliumas a distinct genus. The development of an over-
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wintering rosette in this group of grasses may havedddtie diversification oDichantheliuminto
temperate North America (Morrone 1991; Zuloaga et al. 1998bjhas foliar dimorphism does offer
a reasonable synapomorphy for the genus.

Dichantheliumincludes 72-109 species (Gould & Clark 1978; Freckmann & Lelong 2003;
Hitchcock & Chase 1910). Most are native to North Ange(lereckmann & Lelong 2003) but they
are also found in South America and the Antilles. Mera of the genus are perennials that have
erect to decumbent stems that range from 5-150 cm longgxeaity in degrees of pubescence, and
often have short, wide leaves relative to other grasdeshantheliumspecies experience two
flowering periods per growing season (Freckmann & Lelong 2003)erminal paniculate
inflorescence in spring followed by mid-summer infloreg@s on axillary branches that bloom
through autumn. The spikelets of the vernal infloresceacesreportedly chasmogamous, while
those of the autumnal inflorescences are occasionalist@j@mous (Zuloaga et &993b). The
spikelets ofDichantheliumrange from 0.8-5.2 mm in length and typically have morphologically
dissimilar glumes, one sterile lemma, and a singléddioret (Freckmann & Lelong 2003).

In 1910, Hitchcock and Chase arranged the taxa of whatréeted as subdichanthelium
into 17 informal groups based on morphological characteranyMwuthors since have incorrectly
used these names as subgenera, sections, or sub-sectiondy bubr@ recently have any groups
been validly published as sections witdichanthelium(Freckmann & Lelong 2002). In so doing,
Freckmann and Lelong (2002) reduced the 17 informal groups dfdéitk and Chase (1910, 1951)
to 13 sections Angustifolia Clandestina Dichanthelium Ensifolia, Lancearig Lanuginosa
Linearifolia, Macrocarpa Nudicaulig Pedicellata Oligosantha SphaerocarpaandStrigosg. The
informal groupd.anuginosaSpreta andColumbianaof Hitchcock and Chase (1910, 1951) (Table 1)
were all included in secLanuginosaby the treatment of Freckmann and Lelong (2002). As defined
by Freckmann and Lelong (2002), secanuginosadiffers from other sections by the following
combination of characters: vernal leaves distributed albegstem (not basally disposed), ciliate
ligules ranging from 0.2 to 4.7 mm long, pubescent spikeletsatkatlliptical in outline, and primary
glumes that are less than half the length of the spikele

According to Freckmann and Lelong (2003) skenuginosacomprises 3 North American
species and 12 subspecies. This is a significant redusttbe number of taxa from the treatment of
Hitchcock and Chase (1910, 1951), who recognized 33 species angtesgiTable 1). Without
discussion, Gould and Clark (1978) recognized 3 species andediesamwithin what is now sect.
Lanuginosa(Table 1). Many regional treatments (Braun 1967; Freckmann 188&Hson &
Cronquist 1991; Hansen & Wunderlin 1988; Lelong 1984; Mohlenbrock 1986oidagt al. 1968;
Steyermark 1963; Strausbaugh & Core 1978; Swink & Wilhelm 1994; 188%; Weishaupt 1968)
appear to reflect Fernald’s (1934, 1950) conservative treatmaintthose taxa occurring in
northeastern North America. However, confusion and frustratill persist regarding the regional
application of delineated taxa within the section.

It has been noted (Freckmann 1981; Gould & Clark 1978; Ha@ad®underlin 1988; Swink
& Wilhelm 1994; Voss & Reznicek 2012; Yatskievych 1999) that in otdeinderstand the species
complexes withinDichanthelium detailed morphological and population-level studies will be
necessary. Though Shinners (1944) conducted an informal investigation timo “empirically
existing discontinuities” of a few taxa within sedtanuginosa a thorough analysis of the
morphological diversity has never been published. Due to tiugiasm with which late {9
Century botanists described the variation in demhuginosaan abundance of subsequent treatments
attempting to render regional clarity and the subsumption afymagional taxa by modern
treatments, we are left with a convoluted history of tapdjt and lumping of sections, species,
subspecies, and varieties, often with little or noifigation. The taxonomic confusion of the section
appears to rests on the widely varying emphasis of liguleescence, and spikelet characters. The
primary goals of the present study are to (1) statisyidallestigate the morphological variation
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within sect.Lanuginosain order to elucidate the natural boundaries of the taxanyif2) review all
available literature and type material in order to prowde apply an accurate nomenclature, (3) test
the results of the data analysis against specimenstfiroughout the geographic range of the section,
and (4) investigate and report the ecological and geogradjgbictext of each taxon.

Hitchcock and Chase, 1910 Gould and Clark, 1978 Freckmann and Lelong, 2003

GroupColumbiana
Panicum addisonii

No subgeneric rank given
D. sabulorunmvar. patulum

SectionLanuginosa
Dichanthelium acuminatum

P. columbianum vathinium subspacuminatum
varcolumbianum D. ovalevar.ovale subspolumbianum
var. thinium var. addisonii subspgasciculatum

P. commonsianum D. acuminatunvar. acuminatum subspmplicatum

P. malacon var. densiflorum subspeucothrix

P. oricola var.implicatum subspindheimeri

P. tsugetorum
P. wilmingtonense

GrouplLanuginosa

P. acuminatum

P. albemarlense

. auburne

. huachucaear. huachucae
var. silvicola

. implicatum

. languidum

. lanuginosum

. meridionale

. occidentale

. olivaceum

. ovale

. pacificum

P. praecocius

P. pseudopubescens

P. scoparioides

P. shastense

P. subvillosum

P. tennesseense

P. thermale

P. thurowii

P. villosissimum

0

U U UUTUUDO

Y

Group Spreta
P. leucothrix

P. lindheimeri

P. longiligulatum
P. spretum

P. wrightianum

var. lindheimeri
var. longiligulatum
var. thurowii
var.villosum

var. wrightianum

subspongiligulatum
subsgsericeum
subsgspretum
subspghermale

D. ovalesubspovale

subsppraecocius
subspseudopubescens
subspillosissimum

D. wrightianum

Table 1. Summary of past taxonomic treatments foaa#l involved in sect.anuginosa
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METHODS

Atotal of 2780 specimens, including type specimens, ffooughout the geographical range
of sect.Lanuginosawas examined from several herbaria (F, GH, MIN, MO, MGW\ NY, URYV,
US, WIS, WS). From these, a subset of specimens refirgséme morphological and geographical
range of sectLanuginosawas compiled. Specimens that lacked ample fertile ortatge material
for sampling were not included in the data set. Thpseisiens were sampled for 104 vegetative
characters and 12 floral characters. These datatthveneanalyzed via histograms (Appendix B) and
an analysis of character means in order to eliminatecharacters that were invariant or unimodal
throughout the data set. This was largely done to redweaumber of measured characters and
thereby increase the number of specimens that couldrbpled during the time frame of the study.
Using the remaining 32 characters (Table 2), 285 specimemssampled. All type specimens that
possessed sufficient characters were included in thelssy. In order to further maximize
efficiency and focus on the confusing morphological complexes igetion, more specimens were
sampled from the notoriously problematic “morpho-groups” thamfthe more obviously distinct
ones. For example, all previous treatments have maidtdehanthelium wrightianumas a
morphologically distinct taxon, therefore few specimemsy later associated with this name, were
sampled for what could be interpreted as this morphology.

The data were entered into Microsoft Excel and impoirieo NT-SYS-pc 2.1 (Rohlf 2002)
for analysis. In NT-SYS, the data were standardizedimilarity matrix was created, distance
coefficients were computed and a phenogram was constructédebsequential, agglomerative,
hierarchical, and nested clustering method (SAHN) using tiveeighted pair group method with
arithmetic mean (UPGMA). This analysis resulted iph@nogram with two distinct clusters. The
two clusters are here referred to as the Long Liguley@end the Short Ligule Group. In order to
more thoroughly and adequately investigate the significandbeomorphological variation in the
analysis as well as elucidate the morphological chasacfetaxonomic importance, the data were
divided into these two groups and analyzed independentlthéoremainder of the analysis. 1t is
important to note that this investigation is in no way atempt to portray the evolutionary
relationships within sectLanuginosa nor is this analysis in accordance with the prastioé
numerical taxonomy. Rather, the main objective of thisigtoiof the analysis is to remove as many
constant, invariant, and unimodal variables as possibtedear to empirically explain the different
morphologies within the section and later test the stremgtithese differences via principal
components analysis and other statistical methodologies oubgled. Splitting the data into two
sets, a step justified by the SAHN clustering analysisne way to accomplish this.

Once the data were split into the Long Ligule Group #mad Short Ligule Group, based
primarily on the influence of ligule length in the SAHNusler analysis, invariant characters were
eliminated from each group, leaving 24 characters (TablerZhe 142 specimens within the Long
Ligule group and 12 characters (Table 2) for the 143 speciméhis) whe Short Ligule group. Each
of the two independent data sets was then reanalyzed IBAHHN clustering methodology aboas
well as by principal components analysis (PCA). All datthe PCA were standardized so that each
character had an equal contribution to the variance in né/sass. The clusters of specimens
generated by the SAHN cluster analysis and PCA werleagea for similarity and consistency. Each
of the resultant clusters was then analyzed by pag-e@snparisons, using two sample T-tests, in
order to investigate the significance of the differencesvémmt clusters for each character. An
additional PCA was conducted in order to further investigiaée morphological variance of two
slightly overlapping clusters in the Long Ligule Group — naptélgse ofD. lanuginosurmandD.
implicatum
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Character Abbreviation Character State

1. ligule pubescence maximum LigLen** (mm)
length

2. ligule trichome uniformity LigTriUni* 0=no; 1=yes

3. mid-stem sheath pubescence MidShePubMaX (mm)
maximum length

4. mid-stem sheath glabrous to MidSheGla 0=no; 1=yes
glabrate

5. mid-stem leaf adaxial pubescence AdalLeaPubMax (mm)
maximum length

6. adaxial surface of midtem leaf AdaSurMidLeaGla 0=no; 1=yes
glabrous to glabrate

7. terminal sheath pubesnce TerShePubMai (mm)
maximum length

8. terminal sheath glabrous to glabrat TerSheGla 0=no; 1=yes

9. terminal leaf abaxial pubescence  TerLeaAbaPubMih (mm)
minimum length

10. terminal leaf abaxial pubescence  TerLeaAbaPubMax (mm)
maximum length

11. spikelet length SpiLert* (mm)

12. spikelet width SpiWid* (mm)

13. first glume length PriGluLert¥ (mm)

14. longest leaf length LonLealert (mm)

15. longest leaf width LonLeaWid-* (mm)

16. number of nodes in inflorescence  NuminfNod* number

17. inflorescence axis with puberulent PubPublnf 0=no; 1=yes
pubescence

18. peduncle glabrous to glabrate PedGla& 0=no; 1=yes

19. peduncle pbescence double PedPubDot (mm)
invested

20. abaxial leaf surfaces with Abal eaSurPub 0=no; 1=yes
puberulent pubescence

21. inflorescence < athird aslongas InfNar* 0=no; 1=yes

wide

22. fertile floret pointed FerFloPot 0=no; 1=yes

23. inflorescende w/ double vestiture  InfDouVes 0=no; 1=yes

24. spikelet pointed at apex SpiPok 0=no; 1=yes

25. double ligule conspicuous DouLigCorf 0=no; 1=yes

26. double vestiture on culm DouVes 0=no; 1=yes

27. number of trichomes across NumTriAdaLeaSur  number
mid-stem adaxial leaf surface

28. mid-stem leaf glabrous along MidLeaGlaAdd 0=no; 1=yes
middle of adaxial surface

29. terminal leaf glabrous along TerLeaGlaAda 0=no; 1=yes
middle of adaxial surface

30. mid-stem sheath indument length  MidShelndLeri (mm)

31. sheath pubescence orientation ShePubOfi scale; O=appressed; 1=erect

32. mid-stem leaf marginal cilia >30 Cilia>30F 0=no; 1=yes

Table 2. Morphological characters used in the finahgtic analysis and principal components analysis. “*”
indicates characters pertaining to the Long Ligule Grdtpindicates characters pertaining to the Short Ligule
Group.
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Based on the results of these analyses, preliminaypgrand their defining morphological
limits were determined. The range of character varighitiund in the data was then analyzed for
consistency by testing the results against an additionahd8&rium specimens from 33 states, 7
Canadian provinces, 4 Central American countries, ar@afbbean islands. A review of the
literature and type specimens involved in skanuginosawas conducted in order to determine the
appropriate application of nomenclature within the clustersrgiin the data analysis. Once an
accurate nomenclature was determined, a key was constructeth&atata collected in the analysis
and all 2780 specimens from the original compilation were @en sorted, and annotated.
Throughout the annotation process, detailed notes regardingdioaal variation of each taxon and
trait were taken. Distribution maps were compiled fromitiiermation provided on the herbarium
labels of each specimen. Habitat information for eteton was determined from the label
information, previous treatments (where applicable), and thenauthor’s 17 years of extensive field
experience with the group.

RESULTS

Of the 116 morphological characters sampled using histograihhmean analysis, 32 proved
informative. The SAHN cluster analysis of all 285 specimfensall 32 characters resulted in an
obvious split of the data set into two major groups fégl), here referred to as the Long Ligule
Group and the Short Ligule Group. A review of all the charadn the analysis revealed that the
length and distribution of ligule hairs were largely resgalesior the division of the specimens into
these two groups (Figure 2). The Long Ligule Group consligtpassesses a uniformly long ligule
pubescence that is indistinguishable from the pseudoligule, whemegant, and is always 1.7 mm
long or longer. The Short Ligule Group primarily possessshaat ligule that is often, but not
always, subtended by a longer pseudoligule. When the pseudafghort or intermeshed with the
ligule, the ligule is often difficult to discern. Buch cases, teasing the ligule with a probe revealed
that the first row of ligule hairs was always 1.5 hamg or shorter. Given the strength of the split, its
alignment with past treatments in which ligule length &lgays been a primary character, and in
order to more precisely investigate the statisticalat@mmn in morphology within the section, each of
these two groups were analyzed independently for the remadhdbe study. Twenty of the 32
sampled characters were unique to the Long Ligule Grougr8& unique to the Short Ligule Group
and 4 were common to both groups (Table 2).

The independent SAHN cluster analyses of both the LongldiGroup (Figure 3) and the
Short Ligule Group (Figure 4) resulted in several clustach. However, the degree to which these
clusters represented discrete morpho-taxa was not apparenomparison of these results with those
of the clusters derived from the PCA of each group (Figbrasd 6), in conjunction with where the
type specimens sorted within the clusters were ulélyatised to elucidate the morpho-taxa
represented in the data. Based on these results, the ligig Group consisted of ten clusters and
the Short Ligule Group consisted of seven clusters.
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== Ligule
Group

Long
Ligule
Group

-0.38 -0.03
0.65 1.00

Similarity Coefficient

Figure 1. Phenogram for all 285 OTUs using 32 morphcédgharacters. Cophenetic correlation coefficient
(r) = 0.85.

Long Ligule Group — i

Short Ligule Group — —

;
0.0 1.0 2.0 3.0 4.0 5.0

Ligule Length (mm)

Figure 2. Box plot showing the lack of overlap in ligule terigetween the OTUs of the Long Ligule and Short
Ligule groups.
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In order to further investigate the strength of the ctastierived from the SAHN cluster
analysis and PCA and to thereby assist in the assigrimemtomic ranks, pair-wise comparisons of
each cluster for each character using two samplsts-teere conducted. The Long Ligule Group
showed a significant difference of £0.05 for no less than nine and as many as 22 of the 24
characters sampled (Table 3). A significant differesicE < 0.005 was found for no less than four
and as many as 20 of the characters (Table 3). For thé IShole Group, the two sample t-tests
showed a significant difference of £0.05 for no less than four and as many as 11 of the 12
characters (Table 4). A significant difference of B.005 was found for no less than three and as
many as 11 characters (Table 4).

Within the Long Ligule Group, the first three principal compurexes of the PCA accounted
for 72 percent of the variation (Table 5). Nine clustersewsaparated by the first two principal
component axes (Figure 5). Characters involving the length assitydehpubescence along leaves
and sheaths, as well as spikelet characters, contribugethost variation along the first principal
component (PC1). Leaf length and characters involving thespabee of the inflorescence
contributed most to the variation along the second princgigonent (PC2).

[
| — D_implicatum
| ———————

L

——— |

— =

subp. sericeum

D. thermale

D. praecocius

D. lanuginosum

—

e D. leucothrix

L
4‘—‘——Eé | D. wrightianum

ﬁ; D. longiligutatum
|—L_|——§ D. meridionale

'_|:| EI D. lindheimeri

| "[E D. sprefum
==
I T T T T T T T T T T T T T T T T T T T 1
-0.30 0.00 0.30 0.70

1.00

Similarity Coefficient

Figure 3. Phenogram of the Long Ligule Group based arO4Js and 24 morphological characters.
Cophenetic correlation coefficient (r) = 0.91.
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D. acuminatum

|'| { D. subvillosum

D. thermale

D_ villosissimum

D. columbianum

D. commonsianum

D. ovale

I T T T T | T T T T I T
-0.40 0.30
1.00
Similarity Coefficient

Figure 4. Phenogram of the Short Ligule Group based 8®0I4Js and 12 morphological characters.

Cophenetic correlation coefficient (r) = 0.90.
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Figure 5. Scatter plot of the scores of principal gonent 1 (PC1) and principal component 2 (PC2) fohall t
standardized morphological characters of 142 specimens lwotig Ligule Group.
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Figure 6. Scatter plot of the scores of principal gonent 1 (PC1) and principal component 2 (PC2) fohall t

standardized morphological characters of the 143 speciméms Short Ligule Group.

D. wrightianum D. spretum D. meridionale D. longiligulatum  D. leucothrix  D. implicats D. pr ius D. lindheimeri
13,5.7,10,11.12, 13456789, 12351011 14356789, 1234586, 5.6.7.9.10, 235679, 1234586,
D. lanuginosum 13,14,15,16,17, 1012,15,16,18, | 13,14,1516,17, 1011, 4 11,1214, 10,11,12,13, 7,89.10,11,
15,20,22,23 21,2224 19,20,23 14,15,2022,23 15,16 14,15,16,17 13,1415
24678910 34567282910, 47891011, 12345, 234567,
,,,,,, ; 5 5 5
D. lindheimeri 11,12,13.14,15, llgﬂfffj 13,14.1516.17, 119151(1;121:3 12,141518, 89,10,11,12,
17,18.19,20,22,23 HEes 18,19,20,23 o o o 20,2223 13,16,17,18
= =
911,6,31,;1,15,5,;,; 235791011, 2345678910, | 234567910, 23,579,
D. praecocius 1;6 1‘_ 1;8’1 2‘“; 12.13,14.15.16, 11,12,13.14.1516, 10,1112,
A 4;‘ i 192023 17.18.192022.23 13,14.16,17
1,3,5,79,10,11, 1,3,45,6,7.89, 5 foAEias 3.4,5,6,7.89,1011, | 2.35.67.9.10,
D. implicatum 12,13,14,1517, 10,14,16,18,21, 1‘; i 12,131517,18, 11,12,1420.22,
19,20,2223 2224 (e il 19202223 23

D. leucothrix

23671112,
13,14,17,19

1234578910

1112131416,
1820,21.23.24

35,610,11,12,13,

15,16,17,1922

23457809,

D. longiligulatum

191011,

11,12.13.16,
18,19,22

345678910,

D. meridionale

23571011,
12,13,14,1722

10,11,14,15,186,
17,18,19.2021,

222324

3467891011,

D. spretum 12,13,141516,17,
18,19,2021,23 24
Table 3. Results of pair-wise comparisons of Long Liguleu@rusing two sample t-tests. Numbers

correspond to characters listed on Table 2. The nwmimrin bold are those characters that demonstrate a
significant difference of B 0.005. Bold numbers are those characters that demenBtratiues between 0.05
and 0.005.
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D. villosissimum D. thermale D. subvillosum D. ovale D. commonsianum  D. columbianum
i 1,13,15,25,26, 1,11,13,26,27, 1,11,13,15,25, 1,13,15,25,26,27,
- hs o . | 113152526, | 1,11,132627, | 1111315325 ,13,15,25,26,27,
D. acuminatum L e IHIEI6AT 303132 2829303132 262728293132 28.2930,31,32
. 1,11,13,15,25,26, 1,25,26,27,28, 1,11,13,15,25,
,11,13,15,25.26, sopommaoat | L25262728, | L,11,13,15325 -
D. columbianum 27.28,293031 LS00 29,3031 26,27,3031 L2530
1,11,13,1525.26, 11,13,152627, 11,13.252627,
J 1113152526, | 1113152627, | 1113252627, 9596 7
D. commonsianum 2728293031 2829 31 282831 1,13,15,25.26.27
D. ovale 1,11,13,26,27,28, 1,11,13,25,26, 1,11,13,1525.27,
* 2930,31 27,28,29.3031 282931
D. subvillosum 1,11,15,25,26,30 15,25,26,30
D. thermale 1,11,.2526.30
Table 4. Results of pair-wise comparisons of Short Ligbteup using two sample t-tests. Numbers

correspond to characters listed on Table 2. The nwmimrin bold are those characters that demonstrate a
significant difference of B 0.005. Bold numbers are those characters that demenBtratiues between 0.05

and 0.005.

Variable PC1 PC2 PC3

(1) LigLen 0.470134 0.013531 0.311942
(2) LigTriUni 0.367315 -0.044885 -0.638994
(3) MidShePubMax 0.929179 -0.051885 -0.166881
(4) MidSheGla -0.702810 0.446930 -0.314728
(5) AdaLeaPubMax 0.841107 -0.131279 -0.102921
(6) AdaSurMidLeaGla -0.689265 0.401993 -0.077478
(7) TerShePubMax 0.882629 0.027453 -0.135609
(8) TerSheGla -0.695017 0.492033 -0.297461
(9) TerLeaAbaPubMin 0.805324 -0.174873 -0.234322
(10) TerLeaAbaPubMax 0.852446 -0.105936 -0.103876
(12) SpiLen 0.653451 0.549536 -0.320496
(12) Spiwid 0.690557 0.413550 -0.300294
(13) PriGluLen 0.677986 0.142037 -0.575833
(14) LonLealLen 0.295223 0.698455 0.188139
(15) LonLeaWid 0.302144 0.469000 0.541051
(16) NumInfNod -0.519752 0.389019 0.330314
(17) PubPubinf -0.195249 -0.727720 -0.244033
(18) PedGla -0.651382 0.533550 -0.295013
(19) PedPubDou -0.271396 -0.774095 -0.179592
(20) AbaLeaSurPub -0.496088 -0.771455 -0.188159
(21) InfNar -0.455718 0.503179 -0.397369
(22) FerFloPoi -0.770360 -0.162314 -0.227806
(23) InfDouVes -0.471496 -0.781279 -0.181547
(24) SpiPoi -0.455718 0.503179 -0.397369
total variance explained 39.8226% 20.1040% 11.6452%
eigenvalues 9.5574 4.8249 2.7948

Table 5. Loadings for the first three principal compdésdéom the PCA of the Long Ligule Group. Bold

numbers are characters greater than 0.60 (absolutg.value
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Because what would be determined toiehanthelium lanuginosumand D. implicatum
appeared to form two very close clusters with marginallapelong PC1 and PC2 (Figure 5), a PCA
of the data for just these two clusters was conducterdigr ¢o further focus on how morphologically
similar or dissimilar they are to one another (Figure T-fests for these two clusters demonstrated
that Dichanthelium lanuginosurdiffers significantly (P< 0.05) fromD. implicatumby 10 of the 24
characters sampled (Table 3). According to the t-testsinman leaf length, maximum leaf width
and the length of pubescence on the abaxial surface of rinenaé vernal leaf are the strongest
characters separatirig). lanuginosumand D. implicatum The scatter plot of the first and second
principal components (Fig. 7) demonstrate little overlap betweese two taxa.

Within the Short Ligule Group, the first three principalnponent axes of the PCA
accounted for 78 percent of the variation (Table 6). Tits# two principal component axes
demonstrate seven clusters (Fig. 6). Distribution, oriematnd density of pubescence, as well as
glume length and characteristics of the ligule contribtitedmost variation along the first principal
component. Ligule length and spikelet length contributed tontbst variation along the second
principal component.

Each cluster from the results of the SAHN cluster aeslgsd the PCAs of the Long Ligule
and Short Ligule groups contained one or more type spesim The taxonomic ranks and
nomenclature applied in this treatment are based on the ddyaismmbove, the type specimens
contained within each cluster, the published descriptionspef $pecimens and comparison of those
types not complete enough to be included in the general samflimg followed a thorough review
of all 160 published names and type specimens directly asstcwith these taxa as well as a
comparison of the morphological limits derived from the datth Wi58 additional herbarium
specimens from 33 states, 7 Canadian provinces, 4 CentraicAmeountries and 3 Caribbean
islands. From these results, 16 species and one subspecesfowed to best represent the
morphological diversity found within sedtanuginosa Lastly, a dichotomous key utilizing the
strongest characters in the analysis was constructeel kdy was found to efficiently differentiate the
taxa when tested against the original 2780 herbarium specinoenghroughout the range of sect.
Lanuginosa
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Figure 7. Scatter plots of the scores of principal carappbl (PC1) and principal component 2 (PC2) from
PCA of Dichanthelium implicaturandD. lanuginosunspecimens.
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Variable PC1 PC2 PC3
(1) LigLen 0.178984 0.733770 0.409249
(11) SpiLen 0.551986 -0.754718 -0.028215
(13) PriGluLen 0.717599 -0.486356 0.150821
(15) LonLeaWid -0.501936 -0.259084 -0.311542
(25) DouLigCon 0.670133 0.481666 0.334808
(26) DouVes 0.825638 0.385092 0.202818
(27) NumTriAdaLeaSur -0.757211 -0.061297 0.413394
(28) MidLeaGlaAda 0.915842 -0.061084 -0.259726
(29) TerLeaGlaAda 0.915842 -0.061084 -0.259726
(30) MidShelndLen -0.279299 -0.648330 0.569073
(31) ShePubOri -0.839872 -0.016393 0.045759
(32) Cilia>30 -0.593963 0.447627 -0.458003
total variance explained 46.8454% 20.2014% 10.6903%
eigenvalues 5.6214 2.4241 1.2828

Table 6. Loadings for the first three principal compondms the PCA of the Short Ligule Group. Bold
numbers are characters greater than 0.60 (absolutg.value

DISCUSSION

Based on the results of the SAHN cluster analyses, Pidsignificance of each character
in pairwise comparisons via t-tests, a complete revievh®fpertinent nomenclature, inclusion and
review of the type specimens, and testing the assignesters against 2780 herbarium specimens
from throughout the range of the group, séemnuginosais demonstrated to consist of at least 16
distinct species and one subspecies. Furthermore, basedb@mium label information, information
provided in regional treatments, known phytogeographical treat$,the author’s personal field
experience, these taxa also prove to be ecologically and biagogally satisfying.

While most of these taxa have recently been treated apesids or subsumed into
synonymy, the entity level combinations of morphological, ecolagisad geographical information
provided here are interpreted as being more significantddsabe justified by subspecific ranks. For
example, the statistically distinct morphology expressedhat is here treated d3ichanthelium
praecocius(D. ovalesubsp.praecociusof Freckmann & Lelong 2003y restricted to high quality
prairie remnants within the Tallgrass Prairie Ecoregiile the statistically distinct morphology of
what is here calleD. ovalerefers to an obligate acidophile restricted to the sostbeacoastal plain
of North America and the Antilles (see notes unferovale for a detailed discussion of the
morphological differences in these taxa). Likewise, thepimalogical, ecological, and geographical
distinctions ofD. thermale which only occurs along thermal springs of the Cascade and Rocky
Mountains, provide more than sufficient evidence for recoggif). thermaleas a species as
opposed to a subspecies (as in Freckmann & Lelong 2003) or syfasymGould & Clark 1978) of
D. acuminatum Similar arguments are made under the notes sedteach taxon.

While the splitting of the data into the Long Ligule Group #me Short Ligule Group was
justified by the data analysis (Figures 1 and 2), impdrtant to note that it is also well in line with
the interpretation and emphasis on ligule charactersvieral past treatments (Gould & Clark 1978;
Hansen & Wunderlin 1988; Hitchcock & Chase 1910, 1951; Pohl 1947; Stone 1914 split often
correlates with the presence or absence of a distinctipigguie. Most members of the Long Ligule
Group do not possess a distinct pseudoligule and many of thbereof the Short Ligule Group
possess a pseudoligule that is longer than the ligule.eXdeption to this occurs in glabrate forms of
Dichanthelium columbianumndD. ovale(Short Ligule Group) where the lack of pubescence on the
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adaxial leaf surfaces correlates to the lack of a psigudiel The ligule length character was also
used in the treatments of Hitchcock and Chase (1910, 195Ipamiadivision between taxa in what
is now considered sectidranuginosasuch that the Long Ligule Group well represents most of the
taxa included in the informal groupgsnuginosaandSpretaand the Short Ligule Group represents all
members ofColumbianaand a few members dfanuginosa It is also interesting that the
geographical distributions of all members of the Long Ligateup (minus thé&Spretacomplex of
Hitchcock and Chase which included what is here treageD. spretum D. longiligulatum D.
leucothrixandD. wrightianunm) are mid-continental species that are largely absent the coastal
plain of southeastern USA while the Short Ligule Group amdhelock and Chase’Spretaare
predominantly coastal plain species; most of which asge into the Antilles, Central America and
northern South America. FurthermordDichanthelium ovale D. columbianum, and D.
commonsianunthe contemporary members of Hitchcock and Cha3efambiana are the only taxa
to exhibit a restriction of pubescence to near the mamgfinbe adaxial surfaces of vernal leaves
(central portions glabrate). They also exhibit a doubl&tues along vernal sheaths with puberulent
pubescence often below a pilose or villose pubescence andslihdt are usually composed of
intermeshed hairs of varying length. Given these morphabgatterns and geographical affinities,
further research investigating these trends within demtuginosamay find more credence in
elevating the three informal groups recognized by Hitcdhcmed Chase to sectional status than
maintaining the current, somewhat cumbersome, demhuginosa Each of the individual
phenograms for the Long Ligule Group (Figure 3) and Short LiGubeip (Figure 4) show two large
divisions as well; also discernible in Figure 1. Thoé¢éhese clusters are very well aligned with the
original groups delineated by Hitchcock and Chase. Tilgter containingD. acuminatum D.
thermale D. subvillosum,and D. villosissimumcould constitute a fourth section united by short
ligule, dense pubescence, a lack of puberulence, and spi&sbeind 2mm long.

Given the large morphological, ecological and geographical rasfgesme of the species
delimited in this treatment and the relatively few repnéstive specimens of each within the dataset,
there is reason to suspect that there may be otherdamee potentially valid species, that were not
detected in the analysis. For example, wiiiehanthelium thurowiiand D. auburneare here
maintained in the synonymy @. acuminatumthe specimens in the analysis, including the type
material, coupled with the descriptions and the geograplainges reported by Hitchcock and Chase
(1910, 1950) suggest that the taxonomic clarityDofacuminatumsensu strictanay be under-
investigated. Also, the type specimen Rfpseudopubescermd the corresponding morphology
could not be completely differentiated from tbe villosissimumclade on the phenogram and PCA
cluster. Areview of specimens raised enough questiatshté morphological limits of this potential
entity should be more thoroughly reviewed (see notes undetlosissimum The same can be said
for what are treated here Bs implicatum D. lanuginosumD. lindheimerj andD. thermalein that
each appear to contain morphological expressions thatlatedeto different habitats and
geographical ranges (see the taxonomic notes of each specastdits). In each of these cases,
more field work and data analysis are needed to determinether these more cryptic morphologies
are taxonomically meaningful.

Long Ligule Group

The results of the phenetic analysis (Figure 3), PG @and Table 5) and t-tests (Table 3)
defend the segregation of ten entities that are heegneted as nine species and one subspecies in
the Long Ligule Group. With the exception of some subtlety éatdichanthelium lanuginosum
andD. implicatum all taxa in the Long Ligule Group demonstrated clear moqggjicd! distinction.
While the phenetic analysis (Figure 3) showed considerableagigpabetweerD. lanuginosumand
D. implicatum there was some degree of overlap between the two in ttiersgiots of the PCA
(Figure 5). A second PCA involving onlp. lanuginosumand D. implicatum (Fig. 7) further
confirmed that, while these two taxa are morphologicallylaimhey are distinct and several other
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studies (Allen 2001; Naczi 1998; Peterson et al. 2002; RotR&oBleznicek 2001; Saarela et al.
2003; Binns et al. 2002) have used similar levels of distinctiosdparating closely related taxa as
distinct species. Furthermoi@, lanuginosunsignificantly differs fromD. implicatum(P < 0.05) by

10 of the 24 characters sampled (Table 5). Maximum legfthe maximum leaf width, and the
length of pubescence on the abaxial surface of the terminalVeaf are the strongest characters
separating these two taxa. Given the distinctness of theiimagb specimens and the narrower
ecological niche ob. implicatum(restricted to acidic substrates in woodland habitatsgtteesa are
here treated as separate species.

The analysis did not well describe the full complem&inimorphological variation found
within the Dichanthelium thermaleomplex. Specimens that have always been associatiedhsi
complex were found in both the Long Ligule and Short Liggteups. Essentially, the data
demonstrated that what is here calledthermalesubsp.thermaleclearly possesses a short ligule
backed by a longer pseudoligule and is only found along hot spnngprthern California. What is
here called. thermalesubsp sericeumpossesses a long ligule and only occurs near hot springs and
geysers in the Rocky Mountains. However, a few specirtgrth as the type fdp. ferventicola
from Yellowstone National Park have intermediate ligulggtes and specimens from Banff, Alberta,
(such as the type fde. ferventicolavar. papillosun) have very short and wide leaves. As noted by
Hitchcock and Chase (1910), pubescence characters ardineafsions for th®. thermalecomplex
are variable across its range. Given this range ofhilityathe D. thermalecomplex was interpreted
more from the raw data and a review of specimens than fhe analysis (see notes undber
thermalefor details). This resulted in the recognition@f thermalesubsp.thermaleand subsp.
sericeum which is similar to the treatment of Freckmann and Lel@@03). Dichanthelium
thermalehas been found to be dependent on a triple mutualism beawviergal endophyte and a
viral symbiont, which provide it with remarkable thermaletaihce (Marquez et a2006). The
uncertainty of the effect of this three-way mutualismi@morphology of these plants, coupled with
the island-like distribution of their populations, necessitatesore detailed study than can be
provided here.

While the PCA, phenetic analysis, and t-tests demonsstiatag differences between
Dichanthelium lanuginosunand D. lindheimerj the application of morphological characters to
specimens can be challenging. Much of the separation getherathe analyses above originates
from pubescence characters, whetdindheimeriis mostly glabrous anB. lanuginosunis always
pubescent. The two taxa are very similar especially wherselpapubescent specimens Df
lanuginosurrare encountered (see notes uridelindheimerifor details on distinguishing these taxa).
This similarity has led some authors to lump these daxgeat one as a subspecific taxon of the other.
Because of its glabrosityp. lindheimeriis more closely linked witlD. spretumin the PCA and
phenetic analysis. While this may seem wholly artifigeénts from calcareous lake shores in the
Great Lakes region (Moss 1972; Voss & Reznicek 2012) thahexeetreated aB. lindheimeriare
morphologically similar td. spretum Said plants have the overall statureDofspretumcoupled
with pubescence and floral characters more alignedDRvitimdheimeri(for details see notes under
lindheimer). In the phenetic analysis the more sparsely pubespentngens ofD. lanuginosum
sorted together in a branch Bf lanuginosum These specimens represent what has been é¢alled
tennesseensandP. lindheimerivar. septentrionale. Following a review of these OTUs, as well as
numerous additional herbarium specimens, no clear distinotioid be found to justify maintaining
this cluster as an infraspecific taxon. The pheneticyaisalikewise demonstrated other small,
seemingly distinct, groups in tiie lanuginosumandD. praecociudbranches. Upon investigation of
these groups, no justification for subspecific separatiorddmeifound, based on morphology. This is
not to say, however, that such distinctions do not exist.
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Short Ligule Group

In the Short Ligule Group, the results of the phenetic asafiFsgure 4), PCA (Figure 6 and
Table 6) and t-tests (Table 4) demonstrate the segregatsmven entities that are here interpreted as
distinct species. One outlier within tBéchanthelium columbianurmiuster in Figure 4 represents the
type specimen oP. scoparioides This specimen possesses all the traits of tyfcalolumbianum
except for its larger spikelets. This is interpretedtlas extreme maximum of the phenotypic
plasticity found withinD. columbianunrather than a distinct taxon. Gould and Clark (1978) dlace
P. scoparioidesnto synonymy under their broad interpretatiorDofacuminatum However, using
their key and descriptions, the type specimetter fits theirD. sabulorumvar. thiniumwhich is here
treated as a synonym Bf columbianuntypical D. sabulorumand var.patulumare now undebD.
portoricensein sectionLancearig. Freckmann and Lelong (2003) referredRoscoparioidesas
being a sterile hybrid betwedn. oligosanthesand their broad interpretation &. acuminatum
(which includesD. columbianunof the present treatment). The possibilityPoEcoparioidedbeing a
hybrid does not seem unreasonal@ven the numerous specimens reviewed throughout the range of
D. columbianumt is abundantly clear that the spikelet length demonstiayeP. scoparioidess a
rare exception to the otherwise narrow morphological range oblumbianunfor this character.

Similarly, one outlier within th®ichanthelium acuminaturduster (Figure 4) represents the
type specimen of. comophyllum It falls outside the main cluster due to its widewvks and more
densely pubescent adaxial leaf surfaces. Hitchcock andeC(1910) and Gould and Clark (1978)
treated it as a synonym Bf acuminatumwhile Freckmann and Lelong (2002, 2003) did not include
any mention of its placement within the section. Becdhiseis a solitary specimen that does not
currently appear to match any common morphological theme witieirgroup, it is interpreted here
as an aberrant specimen that is not characteristiseomore uniform morphology expressed by
acuminatum

According to the phenetic analysis and PCA, what is treeged a®. subvillosums most
similar to Dichanthelium thermalandD. acuminatumthough their geographic ranges and habitats
differ strikingly. Dichanthelium thermalbas a double vestiture of pubescence on the basal and lower
leaf sheaths of the vernal culm, shorter pubescence on \arealhs, and only occurs in moist
geothermal soils of the Cascade and Rocky MountabDihanthelium subvillosunhas a single
vestiture throughout the vernal culm, a longer pubescence on tied skeaths, and does not occur in
the habitat or near the altitudes@fthermale. The geographical ranges of b@hthermaleandD.
subvillosumare restricted to northern North America while thegeanfD. acuminatums limited to
the coastal plain of the southeastern USA, Gulf of Mexdewl into South America (for details see
notes undeD. thermaleandD. subvillosum

The phenetic analysis of the Short Ligule Group shows sonadl groups within the larger
branches oDichanthelium acuminaturandD. villosissimum It seems probable that there is some
level of taxonomic resolution to be found in these subordinetapg, but they are below the
threshold of distinction given the methodology of this study. Fuhwestigations into the details of
these species are certainly in order.

Relevance to Past Studies

The present study confirms that the treatment of Hichcand Chase (1910), with its
recognition of 33 species and two varieties within what is seet.Lanuginosaover-emphasized the
measurable morphological diversity found within the section. plétora of names associated with
the section is demonstrative of the inherent morphological vhiyaithin the group. Slow rates of
communication between nineteenth-century botanists also lmabeiti to an over-naming (160 names
are currently associated with secanuginos Subsequent treatments, such as Gould and Clark
(1978) and Freckmann and Lelong (2002, 2003), have attempted to ritherdaxonomic limits
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within the section but have underestimated the morphologicdese that here justifies maintaining
many of these taxa above the subspecific rank.

The most obvious difference between the current tredtared those of Gould and Clark
(1978) and Freckmann and Lelong (2002, 2003) is the circumscriptioidianthelium
acuminatum In the treatment of Gould and Clark (1978), 13 of the Ilécisp in the present
treatment are placed into 8 varieties unbefacuminatum They qualified their treatment with the
statement “It may be that the taxa retained as vesieto not adequately delimit the recognizable
populations of this extremely widely distributed and morphologicallyiable species.” The
treatment of Freckmann and Lelong (2003) placed 10 of the 15 speciegnized in the present
treatment into 10 subspecies Bf acuminatum They stated that morphologically intermediate
specimens derived from hybridization and autogamy producetitalege pattern of intergradation
between members of the sectidrauginosd” While introgression, hybridization, and autogamy
could offer mechanisms for intermediate morphologies, sptienomena have not been
systematically proven to exist iDichantheliumand the present study failed to find a significant
number of morphologically intermediate specimens. Ofnieerly 3000 specimens reviewed during
the present treatment, the vast majority were easilye@lato the taxa as outlined below. In direct
reference to their broad circumscriptionf acuminatuntreckmann and Lelong (2003) stated that
“there appears to be widespread introgression from dthelhanthelium species, such ab.
dichotomum, D. sphaerocarpon, D. ovabnd D. aciculare’ The very few instances where
specimens in this study were difficult to distinguish usuallyuoed where what appeared to be
closely related species came into contact on the edgésefranges. For example, along the
southern tip of Lake Michigan where the northeastern ternofiube Tallgrass Prairie Ecoregion
meets the sandy soils of the black oak savannas of nottlois and IndianaD. praecociusandD.
villosissimumcan be difficult to differentiate and are suggestive of sbewel of introgression.
However, such putatively intergrading specimens are rare danchot warrant expunging the
taxonomic, ecological, and biogeographical relevance thattamaimy these entities as distinct
species otherwise provides throughout the vast majority of tidneges. This level of what is often
interpreted as hybridization or introgression is botheptable and even expected in other complex
groups SymphyotrichumSolidage Carex Quercus etc.) without the dissolution of species with an
otherwise high morphological fidelity and geographical prefikita throughout the majority of their
respective ranges. When such rare hybrid events, the meukams consequences for which we do
not fully understand, are used to justify the subsumption of texaeny ourselves access to the real-
world expressions of evolutionary development, function, austence, as well as the chance to
celebrate them. These hybrid moments should be descritiedieaned and not misconstrued as
mortar in an imaginary wall of taxonomic reticulation.

Gould and Clark (1978) initiated, and Freckmann and Lelong (Z0023) maintained, a
broad interpretation oD. ovale though the two treatments differ significantly. Goalad Clark
(1978) placed what is here treatedishanthelium commonsianuas a variety oD. ovale(var.
addisonij which is placed in synonymy witlh. columbianumin the present treatment) and
maintained the typical variety to represent what maditionally beerD. ovale The basis of that
treatment, as gleaned from their keys, seems to be thenpeeska double vestiture on the vernal
sheaths, longer spikelets, and the distribution of pubesceong #le adaxial surface of vernal
leaves. While the present study failed to confirm anyeifices in adaxial leaf pubescence or
spikelet length, the presence and extent of a double vestlnmg the vernal sheaths did prove
informative. Freckmann and Lelong (2002, 2003) proposed an eweddorinterpretation ob.
ovale that includesD. villosissimumand D. praecocius (as subsp.villosissimumand subsp
praecociu$ and incorporated. commonsianunmto subsp.pseudopubescer(see notes unddd.
ovalefor details). In their treatment &. ovale Freckmann and Lelong (2002, 2003) and Lelong
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(1984) are the only authors to combine taxa from the informal g@alsnbianaandLanuginosaof
Hitchcock and Chase (1910).

Like the present treatment, Freckmann and Lelong (2003) amaedt Dichanthelium
wrightianumas a distinct species. However, Gould and Clark (197@&ecto plac®. wrightianum
as a variety oD. acuminatum Given its diminutive stature and consistently tiny sgitee(0.8 to 1.0
mm long), there should be little debate regarding the distaitire of this taxon. It is difficult to
envision it being treated as anything other than a sulzthspecies.

Though it is not always a primary concern of taxonomy,chieservation status, political
protection, and ultimately the degree of intellectual inmesit from field biologists that rarely
interest themselves in a regional flora below the levelpaicies are greatly affected by the ultimate
utility of taxonomy. Recognizing ten subspecies unbahanthelium acuminatunis not only
taxonomically unsatisfying but it also diminishes the potemtialprotecting such conservative and
regionally imperiled species & columbianumD. longiligulatum D. praecociusD. meridionale
D. spretum andD. thermale It is a matter of opinion, but if there is any quastas to the
distinctness of these entities as isolated evolutionaeadjes, taxonomists are obligated to err on the
side of caution and maintain such taxa as species unbletter understand their significance rather
than learn too late that we too eagerly dismissed timégueness.

Sources of confusion
Much of the past confusion within secbLanuginosa originates from the varying

interpretations of taxonomically useful characters. Ma=itinents have relied heavily on spikelet
length, the length of the ligule, and characters involvingiidement. The present study has also
found that these traits provide clarity but only for dertspecies and in conjunction with other
characters. Furthermore, when applied to the secti@macters like spikelet length, double ligule,
and double vestiture require a more detailed characienzéian most treatments provide. Spikelet
length in the present treatment is defined as the lerigtte spikelet from the base of the first glume
to the tip of the second glume. Where possible the most engppilielets of the vernal inflorescence
should be used. Immature spikelets and those of the autinfloescence are often highly variable
and can result in inconsistent measurements.

Characterization of the diverse expressions in the ligulgthe shape, and uniformity can
also be problematic. Members of the Long Ligule Group, ag€hchanthelium lanuginosuindD.
implicatum possess a “single ligule,” which means there is no psigutiior that the hairs of the
ligule and the pseudoligule are of the same length andbthe discriminable (Fig 8a). This is in
contrast to members of the Short Ligule Group DkevaleandD. columbianumwhich often have a
“double ligule” or a distinct pseudoligule, where the tligale is composed of short hairs and the
pseudoligule is composed of longer hairs behind the ligule. hailie of the pseudoligule originate
from the immediate adaxial leaf surface (Figure 8b). Addmdhe confusion, some taxa that
typically have a longer pseudoligule occasionally lackcdrresponding to glabrous adaxial leaf
surfaces) and thus appear to possess a “single” shor lfidure 8c). In herbarium specimens,
distinguishing the ligule and pseudoligule can often be probienteecause the ligule and
pseudoligule (when both are present) may become intermdahad the drying process (Figure 8d).
One would think this a simple matter, but several of the pecimens reviewed for this project
possessed a ligule type that differs significantly frdmat in the author’s original description
(included ligule and pseudoligule in original measuremtmt8ligule,” for example). In the present
treatment the key to taxa breaks from this traditionahit@logy by referring only to the first row of
ligule hairs. This avoids the confusion associated ligtile and pseudoligule and focuses attention
on the relevant issue of whether the immediate hairs {Gvg) are long or short.
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Figure 8. Examples of the four ligule types and the four meipee types found within sectid@nuginosa
All combinations of the eight illustrated characterg g@ossible. Ligule illustration a.) occurs inD.
implicatum D. lanuginosumD. leucothrix D. lindheimerj D. longiligulatum D. meridionale D. praecocius
D. spretumD. thermalesubsp.sericeumandD. wrightianum b.) occurs inD. acuminatumD. columbianum
D. commonsianunD. ovale D. subvillosumD. thermaleandD. villosissimumc.) occurs inD. columbianum
D. commonsianumand D. ovale d.) occurs inD. acuminatum D. columbianum D. meridionale D.
subvillosumD. thermalesubsp sericeumandD. thermalesubspthermale Pubescence illustratiora.) occurs
in D. acuminatum D. implicatum D. lanuginosum D. praecocius D. thermale subsp.sericeumand D.
villosissimumb.) occurs inD. acuminatumD. subvillosumD. thermalesubspthermaleandD. villosissimum
c.) occurs inD. columbianum D. commonsianumD. leucothrix and D. wrightianum d.) occurs inD.
columbianumD. commonsianupD. leucothrix D. meridionale D. ovale D. thermalesubspthermaleandD.
wrightianum

Another character state that has caused confusion grahp is the presence or absence of a
“double vestiture” in reference to sheaths, internodegmées, and the axes of the inflorescences.
This is problematic because two types of double vestitteg@assible for taxa in sedtanuginosa
First, taxa that typically have a single vestiture of lpiigse hairs (Fig. 8a) can occasionally have an
additional indument of short pilose hairs (Fig. 8b). Secenthe taxa have long pilose hairs above
short puberulent hairs (Fig. 8d). In the latter case, sspreimens can lack the longer pilosity (Fig.
8c) and thus do not truly have a “double vestiture.” Alvpnes treatments that have utilized the
"double vestiture" character to distinguish taxa have fadedefine these subtleties. To avoid this
confusion in the present treatment, any reference to “douddtiture” includes a description of
whether the subordinate pubescence is pilose or puberulenaudgethe distinguishing features of
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the ligule, spikelet, and sheath pubescence can be minutgpium of 30X magnification is
required to fully discern the differences in taxa. Femtiore, all measurements regarding these
characters should be taken with calipers or a subsmeiter scale while under a dissecting scope.

Because the morphology of the autumnal branches and inflooesceften differ strikingly
from that of the vernal culms and inflorescences, alldtearacters in the present treatment are in
reference to the vernal culm. The autumnal branches,sleand inflorescences of most taxa in the
section become highly fascicled and finely pubescent lateeisummer. This is often accompanied
by the senescence of the vernal stem leaves. Thus, ptalgsted late in the season become
increasingly difficult to identify. The exceptions to thise @ichanthelium implicatumand D.
columbianumboth of which have the distinct feature of the vernal leaueng under into a nearly
circular configuration. No other members of the sectiothito As the collector ofarexmust be
mindful of the shattering operigynia from the spike, the collector Bichantheliumshould seek
specimens that possess fresh components of the vernal stemmusnthe full complement of
morphological expression.

The most problematic source of confusion in seénuginosais the relationship of
Dichanthelium lanuginosurandD. acuminatum Much of this confusion seems to stem from the
regional misapplication of namesDichanthelium acuminatumong considered a species of the
Caribbean, was not considered to be an element of tleedfddorth America until the treatment of
Gould and Clark (1978). It appears to have been mistakernéd ¢dnicum lanuginosurprior to
this clarification (Hitchcock & Chase 1910; Small 1903, 193Bhe nameP. lanuginosunwas also
being applied, correctly so, to plants of the interfoNorth America. In 1910, Hitchcock and Chase
designated the nanfe lanuginosunto plants of the southern coastal plain and relegated anéspbf
the interior toP. huachucae Finding little to no difference between specimen®.diuachucaeand
earlier published names suchRadindheimeriandP. implicatum(Dichanthelium lindheimerandD.
implicatumof the present treatment), the regional treatmentsroikk(1922), Pohl (1947), Shinners
(1944), Voss (1972), and Swink and Wilhelm (1994) utilized these readmes for plants in their
respective regions. Fernald (1934, 1950), attempted to cohiealiscrepancy and realigned these
taxa with P. lanuginosumby placing P. lindheimerj P. implicatum as well as other species, as
varieties of P. lanuginosumwhile restricting the typical variety to the southeroastal plain
(apparently still in reference to what we now dall acuminatupy In Fernald’'s realignmeng.
lanuginosumvar. fasciculatum(of which P. huachucaes a synonym)came to represent the most
wide-ranging taxon of the section in the interior of Ndtherica. In 1978, Gould and Clark became
the first authors to includ®. acuminatuminto the flora of North America. However, instead of
maintaining D. lanuginosumas distinct fromD. acuminatumthey placed it and all the above-
mentioned taxa, plus several others, into synonymy Rvitiicuminatum A similar arrangement was
maintained by Freckmann and Lelong (2002, 2003).

While inclusion ofDichanthelium acuminaturm the North American flora helped clarify
this issue, the placement Bf lanuginosumn synonymy withD. acuminatums not justified by the
findings of this study. In fact, for reasons mentionedubhout, morphological, ecological,
geographical, and taxonomic clarity is maximized by exingctD. lanuginosum from D.
acuminatum The type oD. lanuginosunis more velvety pubescent than most of the more western
specimens of the taxon — so much so that one wonders if it maylyaotpaesent a more eastern
cryptic expression. In this case the western expression bedwetter aligned witl?. huachucaef
Hitchcock and Chase (1910, 195P),lindheimeriof Fernald (1922)P. implicatumof Pohl (1947)
and Voss (1972), anB. lanuginosunvar. fasciculatumof Fernald (1934, 1950) and Gleason and
Cronquist (1991). Should future studies find a stronger differéstween the coastal and interior
manifestation oP. lanuginosumthose of the interior would be relegated back tioeeiEernald’s var.
fasciculatunor the speciesiuachucae.”
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Confusion also has risen from taxa outside demtuginosa Specimens obichanthelium
consanguineungsect.Angustifolig andD. laxiflorum (sect.Strigosg are commonly encountered in
the herbarium folders of taxa from sedtanuginosa as misidentifications. Dichanthelium
consanguineundiffers from all members of sedtanuginosain having attenuate spikelets and thin
primary glumes. Because it often has a light puberulencheonuim, it is often confused wifD.
ovaleor D. commonsianumDichanthelium laxiflorundiffers in having longer winter rosette leaves
and culm leaves that are more basally disposed. I bfis more of a yellow-green coloration, a
smaller ligule, and more extensive cilia on the leafginarthan members of settanuginosa It
most resembleB. acuminatunandD. villosissimum

TAXONOMIC TREATMENT

Dichanthelium sect.Lanuginosa (Hitchc.) Freckmann & LelongPlants caespitose, 5-120
cm, glabrous to densely pilose, villose or puberul@&gssal rosettessonspicuous and over-wintering.
Culms erect early in the season, often sprawling latezaves evenly distributed along the culm,
almost always less than 1 cm wideigules a dense ring of hairs, 0.2-5.0 mm long, often backed by
a pseudoligule.Spikelets0.8—-3.0 mm long, elliptic to ovate-elliptic, pubescent, the ghsme ¥4 to
% the spikelet length, the second glume and sterile Iebr®aerved.

1. First row of ligule hairg 1.7 mm long (key intermediate specimens here).

2. Surfaces of distal and midstem leaf sheaths of veah@s glabrous or glabrate (ignore hairs
restricted to the sheath margins).

3. Inflorescence < 1/3 as wide as long; spikelets acutéciauate at the apex and ovate to
lanceolate in outline; leaves and sheaths rigid withffasnooth texture; inflorescences
densely flowered; collar region of vernal leaves eciliate............... Dichanthelium spretum
3. Inflorescences at least ¥2 as wide as long; spikelaiseht the apex and elliptic to elliptic-
ovate in outline; leaves and sheath thin with a paperyrexnflorescences sparsely flowered,
collar region of vernal leaves most often ciliate.

4. Spikelets 1.3 — 1.7 mm long; base of proximal vernal stanesewith marginal cilia;
largest leaves of the vernal culm typically > 60 mm long%&nam wide (similar to the
proportions oD. lanuginosuryy stems thickish and with typical autumnal fascicles
........................................................................................ Dichanthelium lindheimeri

4. Spikelets usually 1.1 — 1.5 mm long; base of proximal veteal leaves usually lacking
marginal cilia or restricted to less than threedper side; largest leaves of the vernal culm
typically < 60 mm long and 5 mm wide; stems wiry with autahfascicles dense and pom-
POM HKE ..o e Dichanthelium longiligulatum

2. Surfaces of distal and usually midstem leaf sheatlaerafl culms pubescent with a uniform
indument of variable density (note: some taxa possess aharypuberulence of hairs between
the veins of the sheath that require 10X magnification).

5. More than 30 cilia on each margin of the middle andrdeaves of the vernal culm;
marginal cilia extending from the base of the leaves to appedgly half way up the blade

............................................................................ Dichanthelium acuminatum (in part)
5. Less than 20 cilia on each margin of the middle and lmages of the vernal culm;
marginal cilia restricted to the basal % of the blade.

6. Plants restricted to hot geothermal soils of the Ciesaad Rocky Mountains.
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7. Largest vernal stem leaves < 8 mm wide; pubescende aetnal sheaths < 2.0 mm

o) o Dichanthelium thermale subspthermale (in part)
7. Largest vernal stem leaves > 8 mm wide; pubescende aetnal sheaths > 2.0 mm
ONG o Dichanthelium thermale subspsericeum

6. Plants never growing in hot geothermal soils.

8. Upper surface of mid-stem leaves of vernal culms lacking pebes along the
central one third of the blade from base to tipDichanthelium columbianum (in part)
8. Upper surface of mid-stem leaves of vernal culms unifopuiescent across the
surface (margin to margin) or glabrous.

9. Plants with a puberulent pubescence (less than 0.3 mmoiortig¢ under surfaces
of vernal stem leaves; main axis of the inflorescence psisgea puberulent
pubescence often beneath longer pilose hairs; largest vesmakl22—65 mm long;
spikelets often puberulent.

10. Spikelets< 1.1 mm long and 0.5 mm wide ...Dichanthelium wrightianum
10. Spikelets 1.2 mm long and 0.5 mm wide.

11. Longer hairs of the mid-stem sheaths and the uppenuigatss of vernal
stem leaves 2 mm long; other than occasional puberulence, upper surface
vernal stem leaves with sparse pilosity or lacking pgyosiimost exclusively
a species of coastal regions from New Jersey south thrbadbuif of
Mexico to northern South America and the Antilles
....................................................................... Dichanthelium leucothrix
11. Longer hairs of the mid-stem sheaths and the uppenuigatss of vernal
stem leaves mostly > 2 mm long the upper surface of vemzdde
conspicuously pilose; a species of southern Canada andrtinern USA
south to Georgia and Alabama including coastal amehtchfegions
.................................................................... Dichanthelium meridionale

9. Plants lacking hairs or with a velutinous, pilose opidipubescence on the under
surfaces of vernal stem leaves; main axis of the irftamece lacking a puberulent
pubescence; largest vernal leaves 40-110 mm long; spikelets not patberule

12. Spikelets 1.8-2.1 mm long; first glume 0.7-1.0 mm long; longestdfahe
mid-stem vernal sheaths mostly 2.7—4.5mm long; often 10 or feedas along
the central axis of the inflorescence; ligule a mixtdriwiog and short hairs with
shorter hairs more abundant in the center thereby creatihghaped ligule in
general outline; leaves often ascending; endemic to the dsdidtrairie Ecoregion
............................................................................ Dichanthelium praecocius
12. Spikelets 1.3—-1.8 mm long; first glume 0.3—0.7 mm long; longestdfahe
mid-stem vernal sheaths usually < 2.7 mm long; usually 12 a¢ nmamtes along
the central axis of the inflorescence; ligule hairs axpnately the same length
throughout; leaves spreading; widespread.

13. Largest vernal leaves typicay65 mm long; vernal stem leaves typically
< 6.0 mm wide; plants growing in acidic substrates andlysatssites with
significantly high native floristic quality; typical habts include sandy or
cherty woodlands, prairies and glades as well as bogs, ®edaps,

tamarack SwWamps ........ooociiiieiiii e Dichanthelium implicatum
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13. Largest vernal leaves typically > 65 mm long; vernal $¢awes typically
> 6.0 mm wide; plants more often associated with neatralkaline soils and
not indicative of high native floristic quality; typichabitats include old

fields, woodlands, prairies and glades ....... Dichanthelium lanuginosum

1. First row of ligule hairs 1.5 mm long.
14. Upper surfaces of vernal stem leaves glabrous or glabdoaig entire blade

15. Lower and basal sheaths possessing a single indurmengofillose pubescence and
lacking an additional short puberulence (occasional specimapfiawe pilose hairs under the
VIlloSE hairs) ...ooeeeiiieii e Dichanthelium villosissimum (in part)
15. Lower and basal sheaths possessing a double vestitang gfilose or villose pubescence
above a short puberulence or only possessing a short pubetulenc

16. Spikelets< 2.1 (rarely to 2.4) mm long; ligule usually > | mm longsfiglume< 1

MM IONG oo Dichanthelium columbianum (in part)
16. Spikelets > 2.1 mm long; ligule usuallyl mm long; first glume typically > 1 mm
long

17. Distal sheath of vernal culms possessing a shortydebee (often below longer
or villose hairs); ligule of vernal stem leaves > Gn long
............................................................. Dichanthelium commonsianum(in part)
17. Distal sheath of vernal culms glabrous, pilose orsallout lacking a short
puberulence; ligule of vernal stem leaves < 0.7 mm long
............................................................................. Dichanthelium ovale(in part)

14. Upper surfaces of vernal stem leaves conspicuously pubescent.

18. Upper surface of mid-stem leaves of vernal culms unifopoibhescent across the surface
(margin to margin).

19. More than 30 cilia on each margin of the middle and I¢seres of the vernal culm;
marginal cilia extending from the base of the leaves to appetgly half way up the
Dlade ..o e Dichanthelium acuminatum (in part)
19. Less than 20 cilia on each margin of the middle and Ieages of the vernal culm;
marginal cilia restricted to the basal % of the blade.

20. Lower and basal sheaths possessing a double vestitang @iilose or villose
hairs above shorter pilose or puberulent hairs

21. Plants restricted to hot geothermal soils of the @as&ierra Nevada and
Rocky Mnt ranges ............. Dichanthelium thermale subspthermale (in part)
21. Plants not growing in hot geothermal soils

Dichanthelium columbianum (in part)

20. Lower and basal sheaths possessing a single induahegtcf villose hairs

22. Indument of vernal stem sheaths > 2 mm long; spikel&t8 mm long
........................................................... Dichanthelium villosissimum (in part)
22. Indument of vernal stem sheaths < 2 mm long; spikel&t8 smm long
.......................................................................... Dichanthelium subvillosum
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18. Upper surface of mid-stem leaves of vernal culms lackinggzeince along the central
portions of the blade (lacking pubescence along the central odetline blade from base to

tip).
23. Spikelets< 2.1 (rarely to 2.4) mm long; ligule usually > .0 mm longstfglume< 1.0

MM IONG oo Dichanthelium columbianum (in part)
23. Spikelets > 2.1 mm long; ligule usuadlyL.0 mm long; first glume typically > 1.0 mm
long.

24. Distal sheath of vernal culms possessing a shortydebee (often below longer
pilose or villose hairs); ligule of distal vernal steaves > 0.7 mm long
............................................................. Dichanthelium commonsianum(in part)
24. Distal sheath of vernal culms glabrous, pilose orséllout lacking a short
puberulence; ligule of distal vernal stem leaves < 0.7 mm long
............................................................................. Dichanthelium ovale(in part)

1. DICHANTHELIUM ACUMINATUM  (Sw.) Gould & Clark, Ann. Missouri Bot. Gard. 65: 1121. 1978.
Panicum acuminatun$w., Prodr. 23. 1788.Panicum dichotomurrar. acuminatum(Sw.)
Griseb., Fl. Brit. W.I. 553. 1864. TyPE: JAMAICA : locality unknown, Swartz s.n.
(holotype: S; isotypes: BM, US!).

Panicum ciliosunNash, Bull. Torrey Bot. Club 26: 568. 1899.YPE: USA. Mississippi. Harrison
Co.: Biloxi, 1 Sep 1898[racy 4580(holotype: NY!; isotypes: NCU, US!).

Panicum orangens@she, J. Elisha Mitchell Sci. Soc. 15: 113. 1899PE: USA. North Carolina.
Orange Co.: Chapel Hill, 29 Jun 189%&he s.n(lectotype: US!, designated by Hitchcock &
Chase, Contr. U.S. Natl. Herb. 15: 220. 1910).

Panicum thurowiiScribn. & J.G. Sm., Circ. Div. Agrostol. USDA 16: 5899. Dichanthelium
acuminatumvar. thurowii Gould & Clark, Ann. Missouri Bot. Gard. 65: 1125. 1978.
Panicum acuminaturwar. thurowii (Scribn. & J.G. Sm.) Reed, Phytologia 67: 452. 1989.
TYPE: USA. Texas Waller Co.: locality unknown, 5 Jun 1898hurow 9 (holotype: US!;
isotype: US!).

Panicum auburneAshe, North Carolina Agric. Res. Serv. Bull. 175: 115. 19@ichanthelium
auburne(Ashe) Mohlenbr., Vasc. Fl. lllinois 419. 200Z'YPE: USA. Alabama. Lee Co.:
Auburn, 7 May 1898Earle & Baker 1521holotype: NCU!; isotypes: NY!, US!).

Panicum comophyllurilash, Bull. Torrey Bot. Club 30: 380. 1903.yPE: PUERTO RICO. San
Juan: collected in rich soil at Santurce, 9 Jan 188ller 12 (holotype: NY!; isotype:
fragment US).

Panicum olivaceurnlitchc. & Chase, Contr. U.S. Natl. Herb. 15: 225. 19T0PE: GUATEMALA .
Alta Verapaz: Coban, 1400 m, Feb 1888gerckheim 428holotype: US!; isotypes: ISC!,
us!)

Panicum glutinoscabrurfrernald, Rhodora 49:122. 194 T.yPE: USA. Virginia. Nansemond Co.:
sphagnous and peaty bog by Norfolk and Western Raike&wpald, Long, & Clement 15186
(holotype: GHY!; isotypes: PH, US!).

Plants erect or ascending from a geniculate base, 20-70 cm tall; loteenodes double
invested with short, often sparse, pilose hairs below lovijese hairs (Figure 8b, for pubescence
type), mid-stem and upper-stem internodes single investadseliitinous or villose hairs (Figure 8a,
for pubescence typesheathsconspicuously velutinous to villose (Figure 8a) with $&2—2.5 mm
long, the lower stem sheaths double invested with short, ghlmse and longer villose hairs (Figure
8b) 0.4-1.3 mm longpseudoliguledistinct, 2—4 mm londeaf bladesspreading to ascending, 3—12
cm long, 4-13 mm wide, margins ciliate on at least the |dwdiy adaxial leaf surface glabrate to
villous, abaxial surface velutinouganicles3—-11 cm long, half as wide to as wide as long, pilose to
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velutinous;spikelets 1.6—2.1 mm long, approximately 1 mm wide, elliptic, pildgst glume 0.4—
0.9 mm long, typically equal or less than 1/3 the length@fpikelet, acute to broadly acute.

o~

-

Distribution and habitat. Dichanthelium acuminatunis found along the eastern and
southern coastal plain of North America, eastern ClkeAingerica, northern South America, and
throughout the Antilles. In North America, it occurghnincreasing rarity from coastal regions into
the interior. The full extent of its distribution outsideMNirth America is not well documented. Its
habitat consists primarily of open woodland and grasstanimunities with sandy soil.

Representative specimensBELIZE . Orange Walk District. 25 Jul 1980Pwyer & Berry
15016(MO). COLOMBIA . Cauca 1889,Lehmann 974GH). COSTA RICA. San Jose 26 Dec
1925, Standley & Valerio 4337{GH). DOMINICAN REPUBLIC . Santo Domingo 13 Feb 1929,
Ekman 11547GH). GUATEMALA . Alta Verapaz, Feb 1888urckheim 42§MO,US). HAITI . 28
Sep 1943Holdridge 1727(MO). HONDURAS. Francisco Morazan 23 Oct 1951Swallen 11012
(MO). JAMAICA . 24 Jan 1913Harris 11597(GH). MEXICO . Chiapas 15 Nov 1984 Davidse
29845(MO). Oaxaca 14 Aug 1975Davidse & Davidse 968@MO). Tabasca 8 Aug 1975Davidse
9368 (MO). Vera Cruz. 2 Sep 1910Hitchcock 134(MO). Oct 1927, Purpus 7879(MO).
NICARAGUA . Nueva Segovia, 10-13 Aug 1973tevens & Krukoff 327{MO). PANAMA.
Chiriqui . 25 Jun 1938Davidson 76dGH). USA. Alabama. Lee Co.: 7 May 189&arle & Baker
1527 (NY). Florida. Franklin Co.:Chapman 718%MO). Georgia Burke Co.: 4 Jun 1964,
Freckmann 118QMO). Louisiana. Acadia Par.: 17 Apr 1913Chambliss s.n(MO). Jeff Davis
Parish, 15 May 191%Ralmer 761QMO). Mississippi. Harrison Co.: 1 Sep 1898racy 4580(US).
North Carolina. Orange Co.: 29 Jun 1898she s.n(US). Puerto Rico. 17 Jan 1886-ackel 5908
(GH). 9 Jan 1899%Heller 12 (NY). Texas Montgomery Co.: 11 May 1980jorden 29(MO). Polk
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Co.: 10 May 1973Gould, Hatch, & Waller 14233AMO). Upshur Co.: 28 May 190Reverchon
2355(MOQO). Waller Co.: 5 Jun 1898 hurow 9(US). Virginia. Nansemond Co.: 2 & 12 Sep 1946,
Fernald, Long, & Clement 151§6&H).

The treatment oDichanthelium acuminaturpresented here is much more restrictive than
that of Gould and Clark (1978) and Freckmann and Lelong (2002, 2003edsuiso than the
treatment of Hitchcock and Chase (1910 and 1950); see discdssiomore details. The data
demonstrate thaD. acuminatum in the present sensé& morphologically distinct from other
members of the section in that the stems and leavedeasely pubescence, it has a double ligule
consisting of a short true ligule backed by a conspicuous psguldpand, unlike all other members
of the section, it has conspicuous marginal cilia taictlly extend at least half way up the margins
of vernal leaf blades. These marginal hairs have pustoteses that can be detected even in older
specimens that have lost the hairs; abaxial hairs arly easinterpreted as originating from the
margin, so caution and microscopy are recommended. TypiBalbcuminatums the most densely
and softly pubescent member of the section and the abaxadd burfaces of vernal stem leaves are
soft to the touch. It also produces an abundance oftedeaves, which are often proportionately
larger than the leaves of other species in the sectidms dharacter along with the previously
mentioned ciliate leaf margins is reminiscent of memloéisectLaxiflorae

Hitchcock and Chase (1910) maintained the separatiParmtum olivaceurandP. thurowii
from P. acuminatunbased on plant color. While variation does existathendance of intermediates
and the many factors that can influence plant color sidbat this character lacks taxonomic value
and consistency. In fact, there appears to be a tendenasdttivicker leaves and a more olive-green
coloration in many species of grass collected fromtabaseas and subtropical regions compared to
the same species from interior and temperate regmersdnal observ.). Gould and Clark (1978)
maintained varthurowii in reference to more robust specimens than typicahiléMa review of
specimens in the present study did suggest some interestigginamorphological variation, the data
did not support it as distinct. Similarly, specimens apprakimy what Hitchcock and Chase (1910)
maintained a®. auburnedemonstrated some intriguing differences in morphology asch smaller
stature, smaller spikelets, and narrower leaves. , Apecimens that could be interpretedRas
auburneoccurred on the northern fringe of what would otherwise bareow circumscription of
what is here interpreted d3ichanthelium acuminatum Ultimately, the data analysis strongly
supportsD. acuminatumas a distinct morphological cluster. Subunits of morphologiaahtion
within this cluster, though not found to be significant irsthiudy, do maintain the suggestion of
cryptic taxa withinD. acuminatum Future investigations attempting to more intimately ustded
these relationships will undoubtedly require extensive figttlfarity.

2. DICHANTHELIUM COLUMBIANUM  (Scribn.) Freckmann, Phytologia 39: 270. 19P&nicum
columbianumScribn., Bull. Div. Agrostol. USDA 7: 78. 1897Panicum acuminaturwar.
columbianum(Scribn.) Lelong, Brittonia 36: 270: 1984ichanthelium acuminatursubsp.
columbianum(Scribn.) Freckmann & Lelong, Sida 20: 167. 2002¢PE: USA. District of
Columbia. Brookland, 14 Jul 1894cribner s.n(holotype: US!; isotypes: NCU, NY!).

Panicum addisoniNash, Bull. Torrey Bot. Club 25: 83—84. 189Banicum commonsianusubsp.
addisonii(Nash) W. Stone, New Jersey State Mus. Annual Rep. 1910: 205. Pahilcum
commonsianumar. addisonii(Nash) Fernald, Rhodora 37: 391. 1933ichanthelium ovale
var. addisonii (Nash) Gould & Clark, Ann. Missouri Bot. Gard. 65: 1115. 19'Fanicum
ovalevar. addisonii(Nash) C.F. Reed, Phytologia 67: 452. 198%PE: USA. New Jersey
Cape May Co.: in sandy soil at Wildwood, 30 & 31 May 1&icknell s.n(holotype: NY!;
isotypes: NY!, US).

Panicum scoparioidesshe, J. Elisha Mitchell Sci. Soc. 15: 53. 1898anicum villosissimumvar.
scoparioides(Ashe) Fernald, Rhodora 36: 79. 193Michanthelium scoparioidegAshe)
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Mohlenbr., Erigenia 6: 26. 1985T YPE: USA. Delaware New Castle Co.: Centerville, dry
soil, 25 Jun 1873Commons s.n(lectotype: US!, designated by Gould & Clark, Ann.
Missouri Bot. Gard. 65: 1123. 1978; isotype: NY!).

Panicum tsugetorurNash, Bull. Torrey Bot. Club 25: 86. 1898yPE: USA. New York. Bronx Co.:
locality unknown,Nash 287holotype: NY!; isotype: US!).

Panicum lanuginosunvar. siccanumHitchc. & Chase, Rhodora 8: 207-208. 190®anicum
columbianumvar. siccanum(Hitchc. & Chase) Boivin, Le Naturaliste Canadien 95: 526.
1967. TypPE: USA. lllinois. La Salle Co.: Starved Rock, dry hot sand of sandstiffiel8
Jul 1901 Chase 160Zholotype: US!).

Panicum unciphyllunvar. thinium Hitchc. & Chase, Rhodora 8: 209. 190Banicum columbianum
var. thinium (Hitchc. & Chase) Hitchc. & Chase, Rhodora 10: 64. 190Banicum
heterophyllumvar. thinium (Hitchc. & Chase) Hubb, Rhodora 14: 172. 19D#chanthelium
sabulorumvar. thinium (Hitchc. & Chase) Gould & Clark, Ann. Missouri Bot.afal. 65:
1113. 1978.TyPE: USA. New Jersey Toms River, in mats, sandy open ground, 28 Jul 1906,
Chase 3577holotype: US!).

Panicum owenaé&.P. Bicknell, Bull. Torrey Bot. Club 35: 185. 1908 yPE: USA. Massachusetts
Nantucket Co.: Nantucket, on the sandy commons west of towne2Q 37 Bicknell s.n.
(holotype: NY!; isotype: US).

Plants erect or ascending from a geniculate base, 10-50 cnint&itnodes and sheaths
pubescence of short puberulent to pilose hairs and long villose(R&gure 8d), occasionally lacking
the longer villose hairs on the middle and upper internodeshaadis (Figure 8c),longer hairs 0.3—
2.0 mm long when presedigule 0.9-1.5 mm longpseudoligulesparse, intermeshed, or commonly
absent (see Figs. 7b, c or Baf bladesspreading to ascending, 3-9 cm long, 3-8 mm wide, margins
ciliate only at the base of blade or eciliate, adaxidldeaface villose to glabrate, hairs absent along
the central third of the blade, abaxial surface with appigssieerulencepanicles2—-8 cm long, half
as wide to as wide as long, puberulent and often pikg&elets (1.3-) 1.5-1.9 (-2.2) mm long,
approximately 1 mm wide, elliptic, pilosrst glume 0.5-1.0 mm long, typically 1/3 to 1/2 as long
as the spikelet, obtuse to broadly acute.
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Distribution and habitat. Dichanthelium columbianuns primarily found in very sandy
soils in northeastern North America, the Great Lakegion, and sand prairie and savanna
communities in the upper Mississippi watershed. The soutlostnoollections are from the few
remaining sand prairies of southeastern Missouri which areedeirom Pleistocene outwash of the
Mississippi River. It often becomes a dominant spanieand prairie and dune systems of the upper
Midwest where it commonly is found in association viithospermum carolinienseThe habitats of
D. columbianumtypically consist of dunes, pine woodlands, sand prairies,opet woods with
extremely sandy soil profiles.

Representative specimendJSA. Delaware New Castle Co.: 25 Jun 1823pmmons 283
(US). Sussex Co.: 16 Jun 19Fggg Jr. s.n(MO). lllinois. LaSalle Co.: 13 Jul 190Chase 1602
(US). Maryland . Calvert Co.: 8 Jul 1934Chase 1227@MU). Massachusetts Nantucket Co.: 20
Sep 1907Bicknell s.n.(NY). Plymouth Co.: 15 Sep 1916¢. John 1175%MU). New Jersey Cape
May Co.: 30 May 1897Bicknell s.n.(NY). New York. Clinton Co.: 3 Jul 1902£ggleston 2843
(MU). Oneida Co.: 3 Jul 194%;rockett 757{MO). Ohio. Hocking Co.: 15 Jun 198Zusick 21692
(MU). Lucas Co.: 19 Jun 198Easterly 1268§MU).

Dichanthelium columbianumaries widely in degree of pilosity or villosity but conergly
possesses a short puberulence on all the internodes and sii¢héhsernal culm. This character, as
well as spikelet, first glume, and ligule length are uisief separating it fronD. ovale The spikelet
lengths ofD. columbianuncan approach those &. commonsianumn which case the ligule and
glume length can be used to separate the two. When dagtigele is present iD. columbianunit is
sparse and weakly differentiated from the true ligule, wigah be easily detected with 30x
magnification. Plants possessing a pseudoligule are typroalle pilose or villose overall than those
lacking a pseudoligule. Plants with more dense pilosityil@sity often possess pubescence all
across the adaxial leaf surfaces while more sparsely qerteglants may be nearly glabrous along
the adaxial leaf surfaces.

Panicum addisoniis placed into synonymy und&ichanthelium columbianum This is a
unigue placement, in that previous treatments have newttlgimassociatedP. addisoniiwith D.
columbianum Rather, it is usually treated und&rcommonsianurar D. ovaleevidently on the basis
of having spikelets equal to or greater than 2 mm in le(i@am 1940; Fernald 1950; Freckmann &
Lelong 2002; Freckmann & Lelong 2003; Gleason & Cronquist 1991; Goultlagk 1978; Pohl
1947; Radford et all968; Stone 1911). However, the holotypePofaddisoniihas spikelets that
range from 1.8—2.0 mm long which is well within the range picl D. columbianurmand outside
the range foiD. commonsianuror D. ovale Furthermore, the length of its ligule and firstrgk
better align it withD. columbianum This confusion is thought to stem from the treatmehts o
Hitchcock and Chase (1910, 1951) wherein the vernal culr®s addisoniiare referred to as being
“similar to that of P. commonsianurh. Stone (1911) was the first to subsuadisonii under P.
commonsianupnreferring to it as being a diminutive of the typicatiety.

The treatments of Gould and Clark (1978) and HitchcockGirabe (1910, 1950), included
subspecific taxa undebichanthelium columbianum Hitchcock and Chase (1910, 1950) also
maintainedP. tsugetorunmas a similar but separate species. The distinctiotieege taxa were based
largely on variations in spikelet length and pubescence tgpgen the subtly of this variation, its
lack of geographical or ecological correspondence and its camgyswith levels of variation found
in other groups, it is more satisfying to interpret thies@ as being within the range of variation of
typical D. columbianumrather than maintaining undefinable infraspecific taxaxtensive field
familiarity with D. columbianumn the upper Midwest and northeastern North America maguer
some ecological or as yet unnoticed morphological differencesyvof recognition.
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3. DICHANTHELIUM COMMONSIANUM  (Ashe) Freckmann, Phytologia 39: 271. 19F&nicum
commonsianurmshe, J. Elisha Mitchell Sci. Soc. 15: 55. 18%anicum columbianunar.
commonsianunfAshe) Dore, Naturaliste Canad. 103: 562. 19T2PE: USA. New Jersey
Cape May Co.: Cape May, collected in drifting sandsi@lhe coast, 29 Jun 18¥Bommons
341 (holotype: unknown; isotypes: NY!, US!).

Panicum deamiHitchc. & Chase, Indiana Dept. Cons., Publ. 82: 284. 192&E: USA. Indiana.
Lake Co.: collected on crest of low dune a quarter raf Bine, 21 Jun 192@&eam 43287
(holotype: US!).

Panicum euchlamydeushinners, Amer. Midl. Naturalist 32: 170. 194Ranicum commonsianum
var. euchlamydeungShinners) Pohl, Amer. Midl. Naturalist 38: 507. 194@ichanthelium
commonsianumaar. euchlamydeur{Shinners) Freckmann, Phytologia 39: 271. 1978PE:
USA. Wisconsin Adams Co.: sandy slope, PH 7.5, 12 mi SE of Adams, 281944,
Shinners & Shaw 441&olotype: WIS!; isotypes: GH, US!).

Plants erect or ascending from a geniculate base, 10—60 cnmtalinodes double invested
with short puberulent to pilose hairs below a villous pubescéfigare 8d) or occasionally lacking
the longer villous hairs on the middle and upper internodes (F8g)rsheathsdouble invested with
short puberulent hairs below a pilose or villous pubescdfigeré 8d) or occasionally lacking the
longer villous hairs on the middle and upper sheaths (Figuréo8gjer hairs 0.5-3.7 mm long when
presentjigule 0.5-1.3 mm longpseudoligulesparse or lacking (Figs. 7b or Baf bladesspreading
to ascending, 3—-11 cm long, 3—7 (-10) mm wide, margins ciliateabdrihe base of blade or eciliate,
adaxial leaf surface glabrate to villous, hairs absent aloedongitudinal central third of the blade,
abaxial surface with appressed puberulepegicles 3—9 cm long, half as wide to as wide as long,
puberulent;spikelets2.2—-2.7 mm long, approximately 1 mm wide, elliptic, pildgst glume 0.9—
1.8 mm long, typically 2/5 to 1/2 as long as the spikelet, olttulseadly acute.
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Distribution and habitat. Dichanthelium commonsianusifound along the coastal plain of
the eastern and southeastern USA from Massachusettsas. Tes distribution within the interior of
North America is scattered and poorly understood but welkdeated from the Great Lakes Region.
It is reported from every state east of and including Aska, Kansas, and lowa as well as throughout
the Great Lakes region. The present study has verifiedidn North American collections from
Missouri, Wisconsin, Indiana, and Ohio. Where foudd,commonsianunis associated with dry
sandy soils of open woods, dunes and prairies.

Representative specimendJSA. Delaware Sussex Co.: 18 Jun 190%itchcock 143MO).
Sussex Co.: 24 Jun 194@cVaugh 6514AMO). Indiana. Jasper Co.: 15 Jun 194#jesner 21490
(MO). Maryland. Prince George’s Co.: 25 Jul 19hase 146MO). Massachusetts Barnstable
Co.: 23 Jun 1918ernald 16118 MO). Barnstable Co.: 4 Aug 1918¢rnald 16119(MO). Dukes
Co.: 5 Sep 192&0gg Jr. 3875MO). Missouri. Scott Co.: 7 Sep 199B|cKenzie 1294MO). New
Jersey. Cape May Co.: 29 Jun 189@pmmons 34{US). Mercer Co.: 18 Aug 186&,D. s.n.(MO).
Middlesex Co.: 9 Jul 190%JacKenzie 148%MO). Ocean Co.: 28 Jul 190MacKenzie 2779MO).
New York. Suffolk Co.: 19 Jul 19271,atham 4169MO). Suffolk Co.: 4 Aug 1956yan Schaak 3550
(MO). Suffolk Co.: 4 Aug 1956)an Schaak 355IMO). Texas Robertson Co.: 30 Apr 1951,
Launchbaugh 397MO). Wisconsin Adams Co.: 28 Jun 1943hinners & Shaw 4418JW). La
Crosse Co.: 18 Jun 1928ammel 1334MO).

Dichanthelium commonsianuim most similar in morphology t®. columbianumand D.
ovale It can be distinguished froB. columbianunby its larger spikelets, shorter ligule, and longer
first glume. It differs fronD. ovaleby the presence of puberulence on internodes and sheaths of the
middle and upper culm whicB. ovalelacks, as well as a longer ligule. There is also angtro
tendency for the first glume @. commonsianurto be slightly greater than half the overall spikelet
length while the first glume dD. ovaleis typically less than half the spikelet length. Samthors
have included. addisoniias synonymous or infra specificfo commonsianumFor a discussion of
this see notes unddd. columbianum Panicum euchlamydeurand P. commonsianunvar.
euchlamydeunare names once used in reference to Midwestern speciaigdh commonsianum
However, as is explained in Pohl's (1947) designation to vatheye is little value in maintaining
var. euchlamydeunother than as representing the inland populations and thesendbappear to be
any morphological distinction other than a tendency for $jigimore pubescence in Midwestern
specimens. This is very much in line with finding in thespre study as well in a general tendency
for bothD. commonsianurandD. columbianum

4. DICHANTHELIUM IMPLICATUM  (Scribn.) Kerg., Fl. Descript. France, Suppl. 5: 544. 1979.
Panicum implicatun®cribn., Bull. Div. Agrostol. USDA 11: 43. 189Banicum unciphyllum
var. implicatum (Scribn.) Scribn. & Merr., Rhodora 3: 123. 190Ranicum lindheimervar.
implicatum (Scribn.) Fernald, Rhodora 23: 228. 1921. [192PRgnicum lanuginosurvar.
implicatum (Scribn.) Fernald, Rhodora 36: 77. 1934Dichanthelium acuminatunvar.
implicatum (Scribn.) Gould & Clark, Ann. Missouri Bot. Gard. 65126. 1978. 1979.
Panicum acuminatumvar. implicatum (Scribn.) Beetle, Phytologia 48: 192. 1981.
Dichanthelium acuminatursubsp.implicatum(Scribn.) Freckmann & Lelong, Sida 20: 167.
2002. Type: USA. Maine. Cumberland Co.: Cape Elizabeth, on salt marshes, 2896|
Scribner s.n(holotype: US!; isotype: NY!).

Panicum occidentaleécribn., Ann. Rep. Missouri Bot. Gard. 10: 48. 1899yPE: CANADA.
British Columbia. Nootka Sound, no datd, Haenke s.n(holotype: PR; isotype: MO!,
us)).

Panicum pacificumHitchc. & Chase, Contr. U.S. Natl. Herb. 15: 229. 1910yPE: USA.
California. Shasta Co.: Castle Crag, one-fourth miles west tefl,ia moist places in woods,
3 Aug 1908 A.S. Hitchcock 307(holotype: US!; isotype: NY!).
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Plants erect or ascending from a geniculate base, 15-55 crmtafinodes conspicuously to
sparsely pilose to villose (Figure 8ajjeathsconspicuously to sparsely pilose to villose (Figure 8a),
hairs 0.9-4.9 mm long;ligule 2.0-5.0 mm long (Figure 8a)pseudoligule lacking or
indistinguishable from liguldeaf bladesspreading to ascending, 2.0-6.5 (-8) cm long, 2.0-6.0 (-8)
mm wide, margins ciliate only at the base of blade oratejliadaxial leaf surface villous with the
longest hairs often 3.0—-6.0 mm long, abaxial surface pilosethgtihongest hairs often 0.8-2.0 mm
long ; panicles 3—6 cm long, half as wide to as wide as long, densely to $paikese; spikelets
1.3-1.7 mm long, approximately 0.7-1.0 mm wide, elliptic, pildsst glume 0.3-0.7 mm long,
typically equal or less than 1/3 the length of the spikalaite to broadly acute.

Distribution and habitat. Dichantheliumimplicatumis found across southern Canada from
British Columbia to Nova Scotia. In the USA it is fmufrom Kansas north to Minnesota and east to
Tennessee and Maine, plus the states of California, Oregoh\Washington. It is also listed as
naturalized in southern Europe (Coste 1979); though thistrabally be a misapplication of the
name. The habitat dd. implicatumis highly variable and includes dry, open habitats wathdy
soils such as dunes, sand prairies, and sandy or cherty.wtiddsalso occasionally found in bogs
with acidic soils.

Representative specimensCANADA . Ontario. Prince Edward Co.: 10 Jul 194@jllett
1366(MO). USA. Arkansas. Fulton Co.: 19 May 1908Bush 5631{MO). California. Shasta Co.: 3
Aug 1908,Hitchcock 307qUS). lowa. Johnson CoShimek s.n(MO). Ohio. Lucas Co.: 1 Jul 1997,
McCormac 597)(MO). Oregon 1871,Hall s.n. (MO). Curry Co.: 11 Jul 191®eck 8795MO).
Maine. Lincoln Co.: 13 Jul 1922Grover s.n.(MO). Cumberland Co.: 25 Jul 189Scribner(US).
Massachusetts Berkshire Co.: 16 Jul 191TChurchill s.n. (MO). Middlesex Co.: 27 Jun 1915,
Forbes s.n(MO). Minnesota. Anoka Co.: 7 Jul 19265toltz s.n(MO). Anoka Co.: 10 Aug 1926,
Stoltz s.n(MO). Chippewa Co.: 9 Jul 1988%ereau 1014MO). Itasca Co.: 30 Jun 193Rpsendahl
& Maple 707 (MO). New York. Tompkins Co.: 18 Jul 191%iegand, Bechtel & Gershoy 7504
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(MO). Rhode Island Providence Co.Olney s.n.(MO). Tennessee Coffee Co.: 20 Jun 1938,
Svenson 923@MO). Vermont. Caledonia Co.Seymour 1863ZMO). Washington Pres| 3978

(MO). Chelan Co.: 25 Jun 193Thompson 692§MQO). Wisconsin Bayfield Co.: 10 Jul 1938,
Fassett, Curtiss & Knowltoh9571(MO).

The morphologies expressed Bjchanthelium implicatumand D. lanuginosumcan be
superficially similar. This is especially true when ldeawith smallD. lanuginosumand largeD.
implicatum However, the vast majority of specimens of botecgs are distinct.Dichanthelium
implicatuminhabits a much narrower ecological niche and is significambre conservative thab.
lanuginosum Compared t®. lanuginosumit is smaller in stature and the larger vernal leaves a
less than 7.0 cm long. The longer hairs on the adaxial swfasgnal leaves average 3.2 mnDin
implicatumcompared to 2.3 mm iD. lanuginosum The longer hairs of the abaxial surface of vernal
leaves average 0.9 mm long h implicatum while in D. lanuginosumthey average 0.6 mm.
Furthermore, upon drying naturally the vernal leavesDofimplicatum often become strongly
reflexed.

The similarities of the two species have prompted skaethors (Braun 1967; Gleason &
Cronquist 1991; Fernald 1950; Radford et H)68; Scoggan 1978; Steyermark 1963) to treat
Dichanthelium implicatumas a variety ofD. lanuginosum Pohl (1947), in his treatment of
Pennsylvania’s grasses, followed the treatment of Hitchcaoi#t Chase (1910) in whicl.
lanuginosum(often representing the nomenclatural misapplication of viddiere treated ab.
acuminatumwas restricted to the southeastern coastal plainthéfeapplied the nani® implicatum
to what is here treated &s lanuginosum This treatment has since found its way into sévknas
in the Great Lakes Region (Swink & Wilhelm 1994; Voss 1972; ¥oReznicek 2012) and no doubt
added to the confusion of species concefits also worth noting thdd. implicatumis limited to the
northern half of the geographical rangedboflanuginosum

The type specimens of two speci@snhicum pacificunand P. occidentale described from
western North America, are here treated as synonymabisDwiimplicatum However, there are
notable differences in these western populatiansluding wider leaves and differences in
pubescence density that warrant further investigation. Maoy-type” specimens labeledP*
pacificuni and “P. occidentaleéclearly belong tdD. lanuginosunrather tharD. implicatum This is
most likely due to erroneous identification rather thatua taxonomic confusionDichanthelium
implicatumcan superficially resembl®. meridionalebut differs in its lack of a double vestiture (or at
least no puberulence below the villose and pilose pubescence).

5. DICHANTHELIUM LANUGINOSUM  (Ell.) Gould, Brittonia 26: 60. 1974. Panicum lanuginosum
Ell., Sketch Bot. S. Carolina 1: 123. 181®anicum dichotomurvar. lanuginosum(Ell.)
Wood, Class-book of Botany 786. 1861YPE: USA. Georgia unknown locality, unknown
date,Baldwin s.n(holotype: CHARL; fragment and photo, US!).

Panicum dichotomumar. fasciculatumrorr., Fl. N. Middle U.S. 145. 1824anicum huachucaear.
fasciculatum (Torr.) F.T. Hubb., Rhodora 14: 171. 1912Panicum lindheimerivar.
fasciculatum(Torr.) Fernald, Rhodora 23: 228. 1921 [192ZPanicum lanuginosunvar.
fasciculatum (Torr.) Fernald, Rhodora 36: 77. 1934Dichanthelium lanuginosunvar.
fasciculatum(Torr.) Spellenb., Madrono 23: 145. 197®ichanthelium acuminaturwar.
fasciculatum(Torr.) Freckmann, Phytologia 48: 108. 1981Panicum acuminatunvar.
fasciculatum(Torr.) Beetle, Phytologia 49: 40. 1981Dichanthelium acuminatursubsp.
fasciculatum(Torr.) Freckmann & Lelong, Sida 20: 167. 2002YPE: USA. New Jersey
unknown locality, in sandy fields, unknown daferrey s.n(holotype: NY).
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Panicum huachucadéshe, J. Elisha Mitchell Sci. Soc. 15: 51. 189Banicum lanuginosumar.
huachucae (Ashe) Hitchc., Rhodora 8: 208. 190@.YPE: USA. Arizona. Huachuca
Mountains, 1882 emmon s.n(lectotype: US!, designated by Hitchcock & Chase, €ont
U.S. Natl. Herb. 15: 214. 1910).

Panicum tennesseengeshe, J. Elisha Mitchell Sci. Soc. 15: 52. 189Banicum lindheimervar.
tennesseengéshe) Farw., Amer. Midl. Naturalist 11: 45. 192Banicum lanuginosurvar.
tennesseens@she) Gleason, Phytologia 4: 21. 1952yPE: USA. TennesseelLa Vergne
Co.: cedar glades, 7 Aug 189Riltmore 7087(holotype: location unknown; isotypes: NY!,
us)).

Panicum nitidumvar. pilosumTorr., Fl. N. Middle U.S. 146. 1824 Panicum lindheimersubvar.
pilosum(Torr.) Farw., Amer. Midl. Naturalist 11: 45. 192&anicum lanuginosursubvar.
pilosum (Torr.) Farw., Pap. Michigan Acad. Sci. 26: 5. 194TyPE: USA. New York.
unknown locality, in dry woods & c. New York, no date, unknawmeiiector (holotype: NY?).

Panicum nitidumvar. ciliatum Torr., Fl. N. Middle U.S. 146. 1824TYPE: USA. New Jersey
unknown locality, no date, unknown collector (holotype: NY?).

Panicum funstoniscribn. & Merr., Circ. Div. Agrostol. USDA 35: 4. 190LYPE: USA. California.
Tulare Co.: collected on the bank of the Kaweak Rivarha¢e Rivers, 26 Jul 189Coville
& Funston 128gholotype: US!).

Panicum unciphylluni. prostratumScribn. & Merr., Rhodora 3: 124. 1900 YPE: USA. Maine.
York Co.: unknown locality, 26 Sep 18%ernald s.n(holotype: US!).

Panicum huachucaear. silvicola Hitchc. & Chase, Rhodora 10: 64—65. 1908¢PE: USA. District
of Columbia. Reno, 28 Jun 190&hase 240@holotype: US!).

Panicum lindheimerivar. septentrionaleFernald, Rhodora 23: 227-228. 1921 [192Ranicum
lanuginosumvar. septentrionale(Fernald) Fernald, Rhodora 36: 77. 193Bichanthelium
acuminatumvar. septentrionalgFernald) Mohlenbr., Ill. Fl. lllinois (ed. 2) Grass&anicum
to Danthonia 383. 2001.TYPE: CANADA . New Brunswick Woodstock, river gravels and
shingly border of thicket by the St. John River, 14 Jul 1®&nald & Long 12527
(holotype: GHY).

Panicum brodieiH. St. John, Fl. SE Washington 51. 1937yPE: USA. Washington Wawawali,
Snake River, 189&8rodie s.n.(holotype: WS!; isotype: US).

Plants erect or ascending from a geniculate base, 15-75 crmtafinodes conspicuously to
sparsely pilose to villose (occasionally velutinose) (Figakg sheathscopiously to sparsely pilose
to villose (Figure 8a), hairs (0.7-) 1.2-2.5 (-3.9) mm long, bhmargins ciliateligule (2.0-) 2.4—
4.3 (-5.0) mm long (Figure 8apseudoligulelacking or indistinguishable from liguléeaf blades
spreading to ascending, 3—12 cm long, 3-12 mm wide, margins aciigteat the base of blade or
eciliate, adaxial leaf surface glabrate to villous wviltle longest hairs typically 1.3—-3.0 mm long,
abaxial surface short pilose with the longest hairs tygi€all-0.7 mm longpanicles3—12 cm long,
half as wide to as wide as long, densely to sparsely papdeelets1.3—1.9 mm long, approximately
0.7-1.1 mm wide, elliptic, piloséirst glume 0.3—-0.7 mm long, typically equal or less than 1/3 the
length of the spikelet, acute to broadly acute.

Distribution and habitat. Dichanthelium lanuginosuns found throughout North America
but is most common in the central and eastern USA. Ba@gnost generalist species within the
section,D. lanuginosuminhabits a wide range of habitat types and is by far thst fmequently
encountered taxon in the section. It is most commonlycaged with dry open habitats such as
prairies, open woods, old fields, and forest edges.
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Representative specimens CANADA. British Columbia. Nelson Co.: 20 Jul 1939,
Thompson 14438MO). Vancouver Island, 26 Jun 19(Rpsendahl 193{MO). Ontario. Pipineau
Co.: 19 Jul 1947Dore 1051(MO). Quebec Missisquoi Co.: 10 Aug 192Xnowlton s.n.(MO).
USA. Arkansas. Benton Co.: 18 Jun 200Zhomas 150Zprivate). Arizona. Mt. Huachuca, 1882,
Lemmon 2907US). California. Shasta Co.: 3 Aug 1908iitchcock 136(MO). Tulare Co.: 26 Jul
1891,Coville & Funston 128gUS). District of Columbia, 28 Jun 1904Chase 240@US). lllinois .
Macon Co.: 12 Jun 191&lokey 244QMO). Morgan Co.: 16 Jun 1998iill 31708 (MO). Tazewell
Co.: 23 Jun 191 hase 3146MO). Indiana. Morgan Co.: 11 Jun 193Friesner 7497MO). lowa.
Wapello Co.: 23 Jun 1938jayden 925MO). Kansas Douglas Co.: 15 Jun 199®IcGregor 40533
(MO). Kentucky. Ballard Co.: 2 Jun 192#nderson s.n(MO). Louisiana. Lake Charles Par.: 21
Apr 1906,Hitchcock 1144{MO). Maine. York Co.: 26 Sep 189Fernald s.n(US). Maryland . Balto
Co.: 21 Jun 194(Reed 216§5MO). MassachusettsBristol Co.: 28 Jun 196 Beymour 1927gMO).
Missouri. Jasper Co.: 2 Jun 191Ralmer 3714MO). Jasper Co.: 9 Jun 191Ralmer 3753MO).
Nebraska Kearney Co.: 8 Jul 1918{apeman s.n(MO). Nemaha Co.: 22 Jun 1972hurchill 200
(MO). New Jersey Hunterdon Co.: 12 Jul 191Bisher s.n(MO). New York. Tompkins Co.: 12 Jul
1913,James 8§MO). Ohio. Huron Co.: 20 Jun 188Teonard 14MO). Scioto Co.: 27 Jun 1934,
Demaree 10756MO). Oklahoma. Creek Co.: 11 Jun 193Blarvey 808 MO). LeFlore Co.: 17 May
1936, Demaree 1271ZMO). Oregon Lane Co.: 14 Jun 192®eck 15950MO). Pennsylvania
Montgomery Co.: 15 Jun 189%jacElwee 544MO). Philadelphia Co.: no dat&igyn s.n (MO).
South Carolina. Anderson Co.: May 1924)avis s.n.(MO). Texas Wheeler Co.: 25 Jun 1957,
Correll & Johnston 1704§MO). Utah. San Juan Co.: 2 Jul 1938aguire 5910(MO). Virginia .
Augusta Co.: 5 Jul 1937llard 3170 (MO). Washington Kittilas Co.: July 1898 Sandberg &
Leiberg 425(MO). Okanogan Co.: Jul 189EImer 489(MO). Whitman Co.: Jun 189&rodie s.n.
(WS). Wisconsin La Crosse Co.: 8 Jul 19758iegler 1656 MO).
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Dichanthelium lanuginosurexhibits considerable morphological variation acrossatsye
and in different habitats. In western North Amerilca spikelets typically range from 1.7-1.9 mm
long. In deeply shaded environments plants are more spaidadgcent, the stems often become
diffusely branched and the plants tend to sprawl. Also,dg&ees often become thinner, wider, and
darker green and the inflorescences are smaller and-flemered. In dry habitats with high light
the plants are smaller, more stiffly pubescent, moeeteand produce larger inflorescences with
many spikelets. It is these latter specimens that moselgl approacid. implicatum (see notes
under D. implicatun). In moist, well-drained habitats plants are often shargubescent on the
sheaths and lack pubescence on the adaxial leaf surfdoese glants have previously been caled
tennesseens®. lanuginosunvar. tennesseensandP. lanuginosunvar. septentrionale However,
given that the spectrum of pubescence is so closely aszbeidh light and moisture, there seems to
be little justification for any taxonomic recognition (sexas undebD. lindheimer).

Much of the taxonomic confusion surroundiDghanthelium lanuginosurbegan with the
regional misapplication of the name and its associatidmviacuminaturr{see discussion). Lelong
(1984) claimed that the type specimen®.chicuminatunandP. lanuginosunare identical. However,
the present study found several meaningful morphological dites=sbetween these types. The long,
clearly single ligule and the absence of extensive margirmlba the leaf blades @. lanuginosum
easily distinguish it fronD. acuminatunwhich has a short ligule (backed by a longer pseudoligule)
and conspicuous marginal cilia along the leaf blades. Whilgy¢bgraphical ranges of these two
species do overlap along the coastal plBinacuminatundoes not typically occur in the interior of
North America.

As the paragon of morphological and ecological plasti€ighanthelium lanuginosurs
undoubtedly responsible for the majority of the confusion withiot.£anuginosa Having carefully
observed this plasticity in the field for over a decade ahdlfa it appears to originate from highly
involved breeding systems which may consist of varying cortibmgof selfing, outcrossing, and
population level introgression with other seeming random mesntifethe genus, often with little
fidelity to other members of its own section. While g@ymorphic nature of this species will
confuse, humiliate, confound, and intimidate those unfamitith the degrees and directions of
morphological expression to which it is capable of risingemgiample field experience its range of
variability is certainly intelligible; though it takes mopatience than most are willing to grant. As
the requisite familiarity is acquired, one begins tkpip on patterns like the tendency of pubescence
density and spikelet length to correlate to habitat wet@esl acidity, as well as the situational
reliability of the more variable character states. e @ming is certainD. lanuginosumlike many
members of the section and even the genus, cannot be resolvednindhaf the taxonomist without
extensive personal familiarity and a willingness to reted from the preconceived patterns and
relationships one expects from less complicated groups.

6. DICHANTHELIUM LEUCOTHRIX  (Nash) Freckmann, Phytologia 48: 101. 198dnicum leucothrix
Nash, Bull. Torrey Bot. Club 24: 41. 1897Panicum acuminaturwar. leucothrix (Nash)
Lelong, Brittonia 36: 271. 1984.Dichanthelium acuminatunsubsp.leucothrix (Nash)
Freckmann & Lelong, SIDA 20: 167. 2002ZYPE: USA. Florida. Lake Co.: low pine land at
Eustis,16—-31 Jul 1898 ash 133§holotype: NY!; isotypes: MO!, NCU, US).

Panicum parvispiculumNash, Bull. Torrey Bot. Club 24: 347. 1897TYPE: USA. Georgia
Mcintosh Co.: collected at Darien Junction, 25-27 Jun 1898all s.n.(holotype: NY!;
isotype: NY!, US).

Plants erect or ascending from a geniculate base, 10-50 crintatinodes short puberulent,
occasionally also sparsely pilose on lower culms (Figsor7d); sheathspuberulent, occasionally
also pilose (Figs. 7c or d), longer hairs 0.3-1.6 mm long whesept;ligule 2.2-4.0 mm long
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(Figure 8a)pseudoliguleabsent or indistinguishable from liguleaf bladesspreading to ascending,
2—7 cm long, 2.0-5.0 (-7.0) mm wide, margins ciliate only at the tfaskade or eciliate, adaxial
leaf surface puberulent to glabrate, abaxial surface puberpkamtles3-8 cm long, half as wide to
as wide as long, puberulent and often pilegekelets 1.2—-1.5 mm long, approximately 0.5-0.8 mm
wide, elliptic, puberulent to pilosérst glume 0.3—0.5 mm long, typically 1/3 as long as the spikelet,
obtuse to acute.

Distribution and habitat. Dichanthelium leucothrixs found along the coastal plain of
North America from New Jersey to eastern Mexico andhthta Tennessee. It also occurs in Central
America, northern South America, and the Caribbean. hab#éat ofD. leucothrixconsists of wet to
moist, often sandy, woodlands, pine savannas, and bogs.

Representative specimensUSA. Florida. Fauquier Co.: 26 May 1903yacy 8410(MO).
Hillsborough Co.: 2 Apr 19270’Neill 2513 (MO). Lake Co.: 16-31 Jul 189&4ash 1338NY).
Georgia MciIntosh Co.: 25-27 Jun 1895mall s.n(NY). South Carolina. Orangeburg Co.: 19 Aug
1905, Hitchcock 118(MO). Tennessee Coffee Co.: 20 Jun 193&venson 922%MO). Texas
Robertson Co.: 30 Apr 1950aunchbaugh 394MO).

Dichanthelium leucothrixs one of the smaller members of the section and idagina D.
wrightianum D. longiligulatum andD. meridionalein leaf dimensions, presence of puberulence, and
ligule length. This group is so distinct that it wouldt be difficult to justify them as a distinct
section. Gould and Clark (1978) treated HothongiligulatumandD. wrightianumas varieties obD.
acuminatumand lumped. leucothrixandD. meridionalewith D. acuminatumvar. implicatum(D.
implicatumin present treatment). Given the absence of puberulentteeaulms inD. implicatum
and its larger spikelets, among other characters, GoulCtm's lumping is not morphologically
justified by the present study. Lelong (1984) and Freckmann eload. (2002, 2003) designatBd
leucothrixas a subspecies Bf. acuminatum(or P. acuminaturn Zuloaga et al. (1993b) placéd
leucothrixinto synonymy undeP. acuminatunvar. longiligulatum Compared t®. acuminatumD.
leucothrixhas a distinctly different ligule (longer and lacking pséigdée versus short ligule backed
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by pseudoligule irD. acuminaturjy does not possess extensive marginal cilia on vernal lesves
much smaller in stature, has a close puberulenceDthatuminatumacks, and has much smaller
spikelets (averaging 1.3 mm versus 1.8 mm)Dichanthelium leucothrixdiffers from D.
longiligulatum in possessing conspicuous pubescence on the sheaths and kddsalrfaces of
vernal culms.

7. DICHANTHELIUM LINDHEIMERI ~ (Nash) Gould, Brittonia 26: 60. 1974Panicum lindheimeri
Nash, Bull. Torrey Bot. Club 24: 196. 189 Dichanthelium acuminatunaar. lindheimeri
(Nash) Gould & Clark, Ann. Missouri Bot. Gard. 65: 1127. 19/P&8nicum lanuginosurvar.
lindheimeri (Nash) Fernald, Rhodora 36: 77. 1934Dichanthelium lanuginosunvar.
lindheimeri (Nash) Harvill, Castanea 42: 177. 197Fanicum acuminatumaar. lindheimeri
(Nash) Beetle, Phytologia 48: 193. 198Dichanthelium acuminatursubsp.lindheimeri
(Nash) Freckmann & Lelong, Sida 20: 168. 200xPE: USA. Texas Comal Co.: springs,
banks of Guadeloupe, near New Braunfels, May 1346dheimer 565(holotype: NY!
isotypes: MO!, NY!, US!).

Plants erect or ascending from a geniculate base, 15-100 cnmntalinodes glabrous to
sparsely pilosesheathsglabrous or lowermost sparsely pilose, margins ciliggeje 2.0-3.2 mm
long (Figure 8a)pseudoliguleabsentjeaf blades spreading to ascending, 3—10 cm long, 3-12 mm
wide, margins ciliate at the base of blade or eciliataxil leaf surface glabrous to glabrate, abaxial
surface glabrouganicles3-12 cm long, half as wide to as wide as long, glabrous toebpaitse;
spikelets1.3-1.7 mm long, approximately 0.7-1.0 mm wide, elliptic, pilbsst; glume 0.3-0.6 mm
long, typically equal or less than 1/3 the length of fhikedet, acute to broadly acute.
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Distribution and habitat. Dichanthelium lindheimeriis found throughout central and
eastern North America as well as California, Oregord New Mexico. In its southern range and in
the Great Lakes regiol. lindheimeriis most commonly associated with sandy, ephemerally wet
soils. In the central and northern regions of its ranges itnore commonly associated with
floodplains, stream sides, and lake shores.

Representative specimens CANADA. New Brunswick Carleton Co.: 14 Jul 1910,
Fernald & Long 1252{GH). USA. Arkansas. St. Francis Co.: 19 Jun 195@cDaniel 568(MO).
Kentucky. Caldwell Co.: 27 May 1970Conrad 1008(MO). Michigan. Emmet Co.: 28 Jul 1922,
Gates 13354MU). Washtenaw Co.: 5 Jul 193Blermann 6839MO). Missouri. Carter Co.: 16
May 2001, Thomas 141fprivate). Howell Co.: 5 Jun 1999Thomas 678private). New York.
Albany Co.: 23 Jun 195Nan Schaak 323(MO). Cayuga Co.: 25 Jul 1918/etcalf 5539(MO).
Texas Lindheimer 5651846NY). Gregg Co.: 18 Jun 190Reverchon 235MO).

Superficially, Dichanthelium lindheimerappears to be a glabrous variety or even a form of
D. lanuginosum In fact, many authors (Braun 1967; Gleason & Cronquist 198akl 1950;
Radford et al1968; Scoggan 1978; Steyermark 1963) have placed it in this contextever,D.
lindheimeridiffers significantly fromD. lanuginosumn several characters. The middle and upper
internodes and sheaths of the vernal culms, the adaxiadudates (except for marginal cilia), and
the central axis of the inflorescences are glabrous versuselgeio sparsely pilose im.
lanuginosum The margins at the base of vernal stem leavBs imdheimeripossess long hairs that
are thin and crooked versus hairs that are rigid and striaigbt lanuginosum The ligule ofD.
lindheimeriaverages 2.4 mm long versus 3.1 mm lon@®iranuginosum Although some overlap
does occur, t-test for ligule length between these twoiespelemonstrated a significant difference
(P<0.005). Fourth, the typical habitatsxf lindheimeriare much wetter thald. lanuginosumand
include stream and lake margins, sandy coastal marsme<)oadplains as opposed to the dry to
mesic fields, prairies, open woods, and forest edgesDhdanuginosuminhabits. In all,D.
lindheimeri and D. lanuginosumdemonstrate a statistical difference <F0.05) in 15 of the 24
morphological characters sampled. Hitchcock and Chase @®10951) found these differences
striking enough to aligD. lindheimeriin a separate groufsgretg thanD. lanuginosum Gould and
Clark (1978) and Freckmann and Lelong (2002, 2003) tréxtéddheimerias infraspecific in their
widely encompassingd. acuminatum Though neither of these treatments mentioned the
distinctiveness of habitat as evidence for separationprigsent study collected habitat information
from 70 random herbarium labels Bf lindheimeri Of these, two labels referred to the habitat as
“dry,” six labels provided no indication of site moistureda#? labels (89 percent) indicated or
implied saturated soil conditions. A similar review Df lanuginosumlabels indicated a
predominance of dry soils.

Voss (1972) and Voss and Reznicek (2012) noted that along calsaeke shores in the
Great Lakes region, the morphological expression of what is beated asDichanthelium
lindheimeri approximates that dD. spretum(a known acidophile). These plants have the overall
habit of D. spretumcoupled with the pubescence character®.ofindheimeri Furthermore, their
vernal inflorescences are open panicles and their sggkatetnot pointed, in contrast@ spretum
which has narrow inflorescences and pointed spikeketislitionally, the inflorescences Bf. spretum
are conspicuously more densely flowered. These plantsepagsent an undescribed taxon within
the group that is worthy of further investigation. Perhapis ibecause of plants like these that
Hitchcock and Chase (1910, 1951) pla@edindheimeriin the informal group Spretd rather than
“Lanuginosd. The more typical morphology @. lindheimeriin Michigan seems to be restricted to
the southern portion of the lower peninsula (Moss 1972; VoBe&iicek 2012).
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Dichanthelium lindheimerican occasionally be difficult to differentiate fron.
longiligulatum See notes undé@. longiligulatum as well as the key above, for distinction between
the two.

8. DICHANTHELIUM LONGILIGULATUM  (Nash) FreckmannPhytologia 48: 102.1981Panicum
longiligulatumNash, Bull. Torrey Bot. Club 26: 574. 189®ichanthelium acuminatumwar.
longiligulatum (Nash) Gould & Clark, Ann. Missouri Bot. Gard. 65: 1127789 Panicum
acuminatumvar. longiligulatum (Nash) Lelong, Brittonia 36: 270. 1984Dichanthelium
acuminatunsubsplongiligulatum(Nash) Freckmann & Lelong, SIDA 20: 168. 2002vPE:
USA. Florida. Franklin Co.: Apalachicola, 189%asey s.n(holotype: NY!; isotype: US!).

Plants erect or ascending from a geniculate base, 30—70 cmirtedknodes glabrous;
sheathsglabrous to glabrateigule 1.8-3.1 mm long (Figure 8apseudoliguleabsentjeaf blades
spreading to ascending, 2—-8 cm long, 2.0-6.0 mm wide, adaxiates\gi@brous, abaxial surface
puberulent;panicles 3-8 cm long, half as wide to as wide as long, puberulent &ad pilose;
spikelets 1.1-1.5 mm long, approximately 0.5-0.8 mm wide, elliptic, puberulemilose; first
glume 0.2-0.5 mm long, typically 1/3 as long as the spikelet, obtuseutie.

Distribution and habitat. In North AmericeDichanthelium longiligulatunis most prevalent
along the coastal plain from Mexico to New Jersey. Inlpogulations are known from several
states. Its southern range extends through Central éanend northern South America. It is also
found throughout the Antilles. The habitatf longiligulatumconsists of seasonally to perennially
wet habitats of widely varying degrees of floristic grigy.

Representative specimens NICARAGUA . Comarca Del Cabo 12 Mar 1971,Seymour
4576(MOQO). USA. Florida. Franklin Co.: 1892Vasey s.n(NY). Georgia Bulloch Co.: 10 Jun 1901,
Harper 839(MO). Charlton Co.: 26 Aug 1902{arper 1575MO). North Carolina. Henderson Co.:
July 1924 Davis s.n(MO). TennesseeGrundy Co. 23 Jun 1938yenson 911@MO).
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Dichanthelium longiligulatumcan be distinguished from similar members of sect.
Lanuginosaby its small stature, glabrous sheaths and the generalcabsiepuberulent hairs on the
abaxial surfaces of vernal stem leaves. Its overall stédueminiscent dD. spretum with which it
was long aligned in “sectiorBpretaof Hitchcock and Chase (1910, 1951). However, the spikelets of
D. longiligulatum are smaller than those @. spretumand are not as acute at the apex, the
inflorescence is not narrowly paniculate as in typleakpretumandD. longiligulatumhas smaller
leaf dimensions.Dichanthelium longiligulatunalso resembleB. leucothrix D. meridionale andD.
wrightianumbut differs from these three in its lack of puberulencéhenvernal sheaths, internodes,
and adaxial leaf surfaces (mostly). Several authorsckf@nn & Lelong 2002; Freckmann &
Lelong 2003; Gould & Clark 1978; Lelong 1984; Zuloaga et al. 1993b) htem@ed to plac®.
longiligulatum as a variety or subspecies Bf acuminatum However,D. longiligulatum differs
strikingly from D. acuminatum Dichanthelium longiligulaturrhas significantly smaller spikelets
(2.1-1.5 mm vs. 1.6-2.1 mm), a longer ligule (1.8-3.1 mm vs. 0.4-1.3 lawk}, the extensive
marginal cilia thatD. acuminatumhas on its leaf blades, has glabrous sheaths, and occasionall
possesses a light puberulence on the abaxial surfaces of wawved.Dichanthelium longiligulatum
also has much smaller leaves and is much more derssdicled in the autumnal form thdnh
acuminatum The combination of tall, often leaning, stems withsgefascicles of short leaves lends
a “string of pearls” appearance. In herbarium specimemm fubtropical and tropical regiois
longiligulatumoften has a grey-green coloration.

Dichanthelium longiligulatuncan occasionally be difficult to differentiate from dhteaved
forms ofD. lindheimeri However,D. lindheimerimost often is the size and almost always has the
proportions ofD. lanuginosum The autumnal form ob. longiligulatum with its dense, nearly
spherical, fascicles spaced along what is often a longgrstem, is strikingly different from either
D. lindheimerior D. lanuginosum

9. DICHANTHELIUM MERIDIONALE  (Ashe) Freckmann, Phytologia 39: 270-271. 1978nicum
meridionaleAshe, J. Elisha Mitchell Sci. Soc. 15: 49. 18%&nicum unciphyllurwar.
meridionale(Ashe) Scribn. & Merr., Rhodora 3: 123. 19@anicum lindheimersubvar.
meridionale(Ashe) Farw., Amer. Midl. Naturalist 11: 45. 192Banicum lanuginosum
subvar.meridionale(Ashe) Farw., Pap. Michigan Acad. Sci. 26: 5. 194¢PE: USA. North
Carolina. Burke Co.: Blue Ridge, Jun 1898she s.n(lectotype: US!, designated by
Hitchcock and Chase, Contr. U.S. Natl. Herb. 15: 210. 1910).

Panicum albemarlenséshe, J. Elisha Mitchell Sci. Soc. 16: 84. 19@&anicum meridionalear.
albemarlenséAshe) Fernald, Rhodora 36: 76. 19%%ichanthelium meridionalear.
albemarlens€¢Ashe) Mohlenbr., lll. Fl. lllinois (ed. 2): 381. 200T.YPE: USA. North
Carolina. Beaufort or Hyde Co.: unknown locality, in open woodd| drained, 26 May
1899,Ashe s.n(lectotype: US!, designated by Hitchcock and Chase,rCdrs. Natl. Herb.
15: 220. 1910).

Panicum microphyllumshe, J. Elisha Mitchell Sci. Soc. 15: 61. 189&PE: USA. North
Carolina. Orange Co.: "JuneAshe s.n(NY 381644, designated by LeBlond 2015; duplicate
US 2383610-fragm. ex NY 381644).

Plants erect or ascending from a geniculate base, 5-45 cnintaifnodes double invested
with both short puberulent and long pilose pubescence (FigyresBehthsdouble invested with
short puberulent hairs below a pilose or villous pubescenceré&g), longer hairs 1.7-3.8 mm
long; ligule 1.7-4.0 mm long (Figs. 7a or d)seudoliguleabsent or intermeshed with liguleaf
bladesspreading to ascending, 1.5-7.0 cm long, 2.0—-6.0 mm wide, margite oilig at the base of
blade or eciliate, adaxial leaf surface long pilose, abauidace puberulent and occasionally pilose;
panicles 1.5-5.0 cm long, half as wide to as wide as long, puberutehpidose;spikelets 1.3-1.6
mm long, approximately 0.7-0.9 mm wide, elliptic, puberulent tospilfirst glume 0.3—-0.8 mm
long, typically 1/3 as long as the spikelet, obtuse to acute
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Distribution and habitat. Dichanthelium meridionaleranges from Nova Scotia to
Minnesota and south to Alabama and Georgia with a prédimefor coastal areas. It grows in high
quality, seasonally wet or perennially moist sandy séitspen woods, clearings, prairies, and shores.

Representative specimensUSA. MassachusettsBarnstable Co.: 3 Jul 193Churchill s.n.
(MO). New York. Suffolk Co.: 22 Jun 191&hase 52@MO). North Carolina. Beaufort Co.Ashe
s.n. (US). Burke Co./Ashe s.n(US). Orange Co.Ashe s.n(NCU). Orange Co.Ashe s.n(MO).
TennesseeCannon Co.: 20 May 197&ral 52796 (MO). Cannon Co.: 20 May 197&ral 52800
(MO). Virginia . Prince George Co.: 30 May 1965eckmann 156%MO). Greensville Co.: 18 Jun
1941,Fernald & Long 1294@V0).

Gould and Clark (1978) placeBichanthelium meridionaleunder synonymy withD.
acuminatumvar. implicatum Freckmann and Lelong (2002, 2003) made no mention of vihere
meridionalefits into their revisions to secLanuginosa but the “Names and Synonyms” section of
Volume 25 of the “Flora of North America” lists it as synonym ofD. acuminatumsubsp.
implicatum Neither treatment has provided any direct reason for gabin meridionale into
synonymy undeb. acuminatum Dichanthelium meridionaléiffers fromD. implicatumin having a
pronounced double vestiture of puberulent hairs beneath a Iphggty. This is best demonstrated
on the sheaths, internodes, and abaxial leaf surfaces of rifiel 86em. Because of its extensive
double vestitureD. meridionaleis often confused witld. columbianum The two can easily be
distinguished by the smaller ligule Bf columbianum(0.7-1.5 versus 1.7-4.0 mm long). With its
small stature, unique combination of pubescence, and wgffioithigh quality natural area®).
meridionaleis one of the more distinctive members of the section.
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10.DICHANTHELIUM OVALE  (Ell.) Gould & Clark, Ann. Missouri Bot. Gard. 65: 111478.
Panicum ovaléll., Sketch Bot. S. Carolina 1: 123. 181TByPE: USA. Georgia. Camden
Co.: St. Mary’s, no dat&aldwin s.n(holotype: CHARL; fragment and photo US!).

Panicum ciliiferumNash, Bull Torrey Bot. Club 24: 195-196. 189I*vPE: USA. Florida. Lake Co.:
in the vicinity of Eustis, high pine land, 12—31 Mar 1894sh 14 7holotype: NY!; isotypes:
usS! MO!).

Panicum erythrocarpoAshe, J. Elisha Mitchell Sci. Soc. 16: 90. 1900:PE: USA. North
Carolina. New Hanover Co.: shady slopes on the sand hills onenanite of Wilmington, 17
May 1899,Ashe s.n(holotype: NCU!; isotypes: NCU, US!).

Panicum wilmingtonens&she, J. Elisha Mitchell Sci. Soc. 16: 86. 1900¢PE: USA. North
Carolina. New Hanover Co.: shady slopes on the sand hills onenanite of Wilmington, 17
May 1899,Ashe s.n(holotype: NCU!; isotype: US!).

Panicum bennerfrernald, Rhodora 46: 2—3. 194%yPE: USA. New Jersey Hunterdon Co.: old
field along the Delaware River ca. 1.5 miles east of R&@ck, 7 Jun 194Benner 9635
(holotype: GH!; isotype: GH!, US, PH).

Plants erect or ascending from a geniculate base, 20—-60 cm tally-toos internodes
double invested with short puberulent to pilose hairs belowlausilpubescence or occasionally
lacking the longer villous hairs, the middle and upper internadesnding to appressed pilose or
villose, lacking the short puberulence of the lower internodes; lowerstesithsdouble invested
with short puberulent hairs below a pilose or villous pubesc@figare 8d), upper sheaths pilose to
villose and lacking puberulent hairs (Figure 8a), longer lta#s2.7 mm longligule 0.2-0.7 (-1.0)
mm long (Figs. 7b or c)pseudoligule 2.0-4.0 mm long when presei¢af blades spreading to
ascending, 3-11 cm long, 4-10 mm wide, margins ciliate only diatbe of blade or eciliate, adaxial
leaf surface villose to glabrate, hairs absent along thigatehird of the blade, abaxial surface with
appressed puberulence or glabrasmicles4-9 cm long, half as wide to as wide as long, puberulent;
spikelets 2.1-2.9 mm long, approximately 1.0 mm wide, elliptic, pildgst glume 0.7-1.6 mm
long, typically 2/5 to 1/2 as long as the spikelet, obtaskroadly acute.
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Distribution and habitat. Dichanthelium ovalas found along the coastal plain of North
America from Massachusetts to Texas and south intor&ekmerica. It is likely known from the
islands of the Antilles. Its habitat consists ofdsampen woods and clearings.

Representative specimensUSA. Alabama. Dekalb Co.: 27 May 197&ral 53036(MO).
Henry Co.: Oct 197Xral 48982(MO). Monroe Co.: 31 May 197Xral 46998(MO). Florida. May
1909,Chapman s.n(MO). Duval Co.: 24 Apr 1897Curtiss 5866MO). Franklin Co.: 16 May 1969,
Godfrey 69494MO). Lake Co.: 17-31 March 189Mash 14qUS). Lake Co.: 13 May 190@urtiss
6616 (MO). Lee Co.: JulAug 190@itchcock 474(MO). Liberty Co.: 19 Oct 1977Kral 61184
(MO). Georgia Romer s.n(MO). Lee Co.: 11 May 194(uncan 2317(MO). Massachusetts
Chapman s.n(MO). New Jersey Burlington Co.: 16 Jun 190@arker s.n(MO). Burlington Co.: 18
Jun 1933Herman 4465MO). Hunterdon Co.: 7 Jun 194Benner 9635GH). Monmouth Co.: 26
Jun 1929Churchill s.n.(MO). North Carolina. Cumberland Co.: 16 May 1978plomon s.n(MO).
New Hanover Co.: 17 May 189%she s.n(US). Sampson Co.: 17 May 1966reckmann 2114
(MO). South Carolina. Aiken Co.: 1 Jun 186 Ravenel s.n(MO). Aiken Co.: 11 Jun 186 Ravenel
(MO). Aiken Co.: 20 May 189%ggert s.n(MO). Aiken Co.: 21 May 189%ggert s.n(MO). Aiken
Co.: Oct 1967Ravenel s.n(MO). Beaufort Co.: 27 May 191&hase 711§MO). Beaufort Co.: 6
May 1917,Churchill s.n.(MO). TennesseeWilson Co.: Jun 1881Gattinger 7387(MO). Virginia .
Nansemond Co.: 26-28 Jul 193%rnald & Long 10505MO). Northumberland Co.: 1 Jun 1946,
Reed 5136MO).

All treatments involving what is now sedtanuginosahave keptDichanthelium ovaleas a
distinct species. However, other taxa within the group béea been assigned as infraspecifi®in
ovale Panicum addisoniftreated undeD. columbianumn the present work) has often been treated
as a variety oD. ovale The treatment of Freckmann and Lelong (2002, 2003) relegéuzdisvhere
treated a®. villosissimumandD. praecociudo subspecies db. ovale Lelong (1984) also treated
D. villosissimumunderD. ovale(as Panicum ovalevar. villosun). Interestingly, these are the only
two treatments to bridge the gap between the traditiomalpglanuginosaand Columbiana(now
both sectLanuginosa of Hitchcock and Chase (1910, 1951) by combining taxa from eacip.g
Lelong (1984) justified this based on Gould and Clark’s (1978) plesenfP. addisonii(including
D. commonsianujras a variety oD. ovaleby stating thaD. villosissimurmis more likeP. addisonii
thanD. ovalethereforeD. villosissimunshould probably also be a varietyl@f ovale However, the
present study shows thBt addisoniiis better placed undé@. columbianum(for discussion of this
seeD. columbianurpand thatD. villosissimumandD. praecociuslemonstrate ample distinction for
recognition as separate species.

Dichanthelium ovaldiffers from bothD. villosissimumandD. praecociusn having larger
spikelets, larger first glumes, and a puberulent pubesaentee lower sheaths and internodes of the
vernal culms. As with many members of the traditiomalig Columbiana the hairs on the adaxial
surfaces of vernal stem leavesxf ovaleare restricted to the blade edges (or lacking altogether),
thus the central third of the adaxial leaf surface ibrglas. This is in stark contrast with bddh
villosissimumandD. praecociuswhich possess a uniform pubescence across the adaxisiitéaces
of vernal stem leaves. Furthermore, the true ligulB.gbraecociugs significantly larger (typically
2.5-4.0 mmjthan eithemD. villosissimum(0.3-1.3 mm) oD. ovale(0.2—-0.7 mm). Freckmann and
Lelong (2002) also saw fit to designd&epseudopubescenas a subspecies BY. ovale While this
taxon has a convoluted nomenclature, the present study demonsiasted least for now, it is best
placed in the synonymy witD. villosissimum For additional discussion & pseudopubescesse
notes undeD. villosissimum Nomenclatural confusion aside, the only taxon that is likelpe
confused withD. ovaleis D. commonsianumFor a discussion on the differences between these two
closely related taxa see notes unidecommonsianum
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Panicum malacorhas often been associated wibh ovale (Freckmann & Lelong 2003;
Gould & Clark 1978; Hansen & Wunderlin 1988). The present temattrfinds thatP. malacon
possesses little morphological resemblance to any merobgest.Lanuginosa Upon review of the
type specimen, it is better placed with members df sagustifolia

11. DICHANTHELIUM PRAECOCIUS (Hitchc. & Chase) Mohlenbr., Ill. Fl. lllinois (ed. 2) &sses:
Panicumto Danthonia 383. 2001. Panicum praecociuslitchc. & Chase, Rhodora 8: 206—
207. 1906. Panicum lanuginosunaar. praecocius(Hitchc. & Chase) Dore, Le Naturaliste
Canadien 103: 562. 197@Dichanthelium villosissimunaar. praecocius(Hitchc. & Chase)
Freckmann, Phytologia 39: 270. 1978ichanthelium ovalesubsp.praecocius(Hitchc. &
Chase) Freckmann & Lelong, Sida 20: 170. 20Banicum ovalevar. praecocius(Hitchc. &
Chase) Wipff, Sida 20: 1044. 2003.yPE: USA. lllinois. Stark Co.: near Wady Petra, dry
bank, 30 Jun 190@hase 64%holotype: US!; isotypes: NY!, GH!).

Plants erect or ascending from a geniculate base, 10-50 crmtafinodes conspicuously to
sparsely pilose to villose (Figure 8a), hairs ascendingpiaressedsheaths copiously pilose to
villose (Figure 8a), the hairs often darkened in huetépeascending and (1.8—) 2.8—-4.0 (—4.8) mm
long; ligule (1.8-) 2.5-4.0 (—4.7) mm long (Figure 8ageudoligulelacking or indistinguishable
from ligule; leaf blades ascending, 5-9 cm long, 3—-7 mm wide, margins ciliate only abdbke of
blade or eciliate, adaxial leaf surface villose oftethwdark hued hairs, abaxial surface pilose;
panicles 4—6 cm long, half as wide to as wide as long, densely to edpapdose, axillary
inflorescences produced soon after terminal inflorescespédselets (1.6-) 1.8-1.9 (-2.1) mm long,
approximately 0.8-1.2 mm wide, elliptic, pilodegst glume 0.6-1.0 mm long, typically 1/3 to 1/2
the length of the spikelet, acute to broadly acute.




Thomas: Dichanthelium sect. Lanuginosa 45

Distribution and habitat. Dichanthelium praecociuganges from southwestern Ontario to
North Dakota in the north, east to lllinois, and south ta$end northwest Arkansas. The habitat of
D. praecociusprimarily consists of upland prairies but rarely extetml®pen woodlands within or
near a prairie matrix. It is endemic to the Tallgrassrier Ecoregion. Dichanthelium praecocius
exhibits high fidelity to intact, undisturbed natural commiesitand is a good indicator of habitat
integrity.

Representative specimensUSA. Arkansas. Benton Co.Plank s.n.(MO). Benton Co.: 18
Jun 2002, Thomas 1501IMO). lllinois. Champaign Co.: 20 Jun 19@Bleason s.n(MO). Stark Co.:
30 Jun 1900Chase 649US). Stark Co.: 10 Jun 1906hase 671MO). lowa. Story Co.: 18 Jun
1865, Freckmann 1921MO). Kansas Cloud Co.: 15 Jun 193Fraser 796(MO). Minnesota
Renville Co.: 19 Jun 194Moore 13054MO). Sherburne Co.: 6 Jul 1998wanson 1383MO).
Missouri. Barton Co.: 16 Jun 1999atskievych & Yatskievych 90-14V0). Callaway Co.: 12 Sep
1937, Steyermark 26220MO). Clark Co.: 8 Jul 190Bush 5909AMO). Dade Co.: 9 Aug 2000,
Thomas 1307MO). Dent Co.: 30 Jun 192%ellogg 15078 MO). Jasper Co.: 5 Jun 190Ralmer
2157B(MO). Jasper Co.: 5 Jun 190Palmer 2144(MO). Nebraska Cuming Co.: 31 May 1975,
Churchill 5528(MO). Lancaster Co.: 15 Jun 198edgcock s.n(MO). Lancaster Co.: 4 Jun 1973,
Churchill 941 (MO). Saunders Co.: 25 Jun 19@hurchill 3588(MO). Stanton Co.: 15 Jun 1976,
Churchill 7709(MO). Winneskiek Co.: 12 Jun 193Bolstead s.n(MO). Oklahoma. Creek Co.: 11
May 1895,Bush 122Q(MO). Murray Co.:Waterfall 6021(MO). Texas Harrison Co.: 8 Aug 1907,
Bush 633ZMO). Wisconsin Columbia Co.: 14 Jun 1943hinners & Shaw 436MO).

Dichanthelium praecocius unique in the timing of its secondary inflorescenaapction.
Where otheDichantheliumproduce terminal inflorescences early in the growingaeéollowed by
axillary inflorescences late in the seasdh, praecociusproduces both terminal and axillary
inflorescences early and continues to produce axillatgregcences throughout the growing season.
In overall morphology it is most similar . lanuginosurrandD. implicatum It differs from both in
having larger spikelets, a longer first glume, longer hairsthe vernal sheaths, and a unique
distribution of ligule hairs (see key)Dichanthelium praecociualso tends to have narrower vernal
leaves which are more ascending or appressed than Bithenuginosunor D. implicatum The
hairs on the sheaths and adaxial surfac& praecociusften have a dark coloration and seem to be
more brittle than other species. Because of this,dalfee growing season the plants take on a very
“messy” appearance with numerous dark, broken and best 2ichanthelium praecociutends to
have smaller vernal inflorescences with fewer nodeshercéntral axis (average of 7.7) than other
members of the section.

When populations dDichanthelium lanuginosurandD. praecociusoccur sympatrically, as
they often do in prairie habitats, they occasionally exhibiat is easily interpreted as introgression
wherein the population oD. lanuginosumtakes on elements of the stature and pubescence
characteristics oD. praecocius This may seduce one into the belief that this somehakens the
species boundaries between the two were it not foratttettiat one can readily firfd. lanuginosum
forming the same relationships with. oligosanthesvar. scribnerianum D. linearifolium D.
sphaerocarponpand D. scoparium four unquestionably distinct species. This is an examptbe
complex breeding systems and exceptional behaviors thatgpesies exhibit and that necessitate a
more flexible and, for lack of a better term, lenispecies concept than is usually applied to the
genus in general and the section in particular.

Gould and Clark (1978) combinddichanthelium praecociugand D. villosissimumand
treated the combination as a varietylbf acuminatum(D. acuminatumvar. villosum). Freckmann
(1978) treated. praecociusas a variety oD. villosissimum Given the present morphological
examination, there does not appear to be any infraspeciditoredhip between any of these three
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taxa. BothD. acuminatumandD. villosissimunmhave ligules less than 1.4 mm long while thabof
praecociusexceeds 1.8 mm long. Althoudh acuminatunmandD. villosissimumhave similar ligule
lengths, the ciliate margins and smaller spikeles.cdicuminatumand the dramatically longer vernal
sheath pubescence bt villosissimunclearly set each apart. Freckmann and Lelong (2002, 2003)
treated bottD. praecociusandD. villosissimurmas subspecies @i. ovale For discussion involving
these taxa, see notes unBerovale Populations at the northern and eastern edges of theafiDge
praecociusare composed of larger, more densely pubescent plantpaiximateD. villosissimum

in terms of gross morphology. Said plants can be disshgd by their longer ligules and smaller
spikelets. Plants in the central and western portidritheorange have narrower, more appressed
leaves and are less densely pubescent overall. These mplar@sclosely resemblB. implicatum
from which they can be distinguished by having larger spiketetsgumes and longer vernal sheath
pubescence (see key for details).

12. DICHANTHELIUM SPRETUM (Schult.) Freckmann, Phytologia 48: 102. 198 anicum spretum
Schult., Mantissa 2: 248. 182&ichanthelium lanuginosumar. spretum(Schult.) Harvill,
Castanea 42: 177. 197 Dichanthelium acuminatursubsp.spretum(Schult.) Freckmann &
Lelong, Sida 20: 168. 200ZL yPE: USA. New England, unknown locality, moist ground, no
date,Muhlenberg 184holotype: PH; fragment and photo, US!).

Panicum nitidumvar. densiflorumRand & Redfield, Fl. Mt. Desert Isl. 174. 189Michanthelium
acuminatumvar. densiflorum(Rand & Redfield) Gould & Clark, Ann. Missouri Bot.a@l.
65: 1127. 1978.Panicum acuminatumar. densiflorum(Rand & Redfield) Lelong, Brittonia
36: 270. 1984.TYPE: USA. Maine. Hancock Co.: Mount Desert, shores of Ripples Pond, 28
Jul 1892 Rand s.n(holotype: GH!; fragment, US).

Panicum eatoniNash, Bull. Torrey Bot. Club 25: 84. 1898TYPE: USA. New Hampshire
Seabrook, unknown locality, 189aton s.n(holotype: NY!; fragment and photo, US!).

Panicum paucipilunNash, Bull Torrey Bot. Club 26: 573. 1899.YyPE: USA. New Jersey Cape
May Co.: at Wildwood, 30 & 31 May 189Bicknell s.n.(holotype: NY!; isotypes: NY!,
us)).

Panicum octonodurBmith, USDA Div. Agrost. Bull. 17: 73. 189%®anicum nitidunvar. octonodum
Scribn. & Merr., USDA Div. Agrost. Bull. 24: 34. 1901TyPE: USA. Texas Waller Co.:
Waller County line near Harris County, Jun 188B8urow 6(holotype: US!).

Plants erect or ascending from a geniculate base, 30—-120 cmint&linodes glabrous;
sheathsglabrousjigule 1.7—-3.0 mm long (Figure 8g)seudoliguleabsentjeaf bladesspreading to
ascending, 3-14 cm long, 3.0-9.0 mm wide, glabrous adaxially and apapaiicles 6-12 cm
long, less than half as wide as long, glabrous to spapshige; spikelets 1.3-1.9 mm long,
approximately 0.7-0.9 mm wide, elliptic to narrowly ovate, pabesor rarely glabrougiyst glume
0.3-0.7 mm long, typically 1/4 to 1/3 as long as the spikelet, elvtuscute.

Distribution and habitat. Dichanthelium spretunns found on the coastal plain of North
America from Nova Scotia to Texas. It is also founthimithe Great Lakes Region, where it occurs
with other coastal plain disjuncts. It is an acidophild pnmarily inhabits saturated to seasonally
saturated sandy to peaty soils along lake and bog marmwishin coastal marshes and savannas. It
is intolerant of natural community disturbance and mayflsemservation concern where it is found.

Representative specimens USA. Texas Waller Co.: Jun 1898Thurow 6 (US). New
Jersey Cape May Co.: 30-31 189Bjcknell s.n.(NY). New Hampshire Rockingham Co.: 1897,
Eaton s.n.(NY). Massachusetts Middlesex Co.: 29 Jun 1898Jankinship 109(MQO). CANADA
Nova Scotia Yarmouth Co.: 23 Jul 192Fernald, Long & Bartram 2320{MO). Indiana. Porter
Co.: 27 Jun 1939yron Jr. 3718%4MO). Jasper Co.: 12 Jul 194jesner 2166ZMO).
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Once the cornerstone of Hitchcock and Chase’s (1910, 1951)mmifagroup Spretd,
Dichanthelium spretunseems a bit out of place within secanuginosa It differs from all other
members of the section in having more acute spikelets, |@ihgaths and internodes, and strongly
ascending panicle branches (narrow inflorescences). ‘©eemorphologically similar speciesis
longiligulatum which is smaller in stature, has smaller spikelets] typically has a wider, more
spreading inflorescence. Occasional specimenB.dpretumpossess glabrous spikelets but this
character does not appear to warrant taxonomic recognitkbong calcareous lake shores of the
Great Lakes regiom. lindheimerican loosely resemble. spretum(see notes und®. lindheimeri
for details).

13. DCHANTHELIUM SUBVILLOSUM  (Ashe) Mohlenbr., Ill. Fl. lllinois (ed. 2), Grass&anicumto
Danthonig 383. 2001.Panicum subvillosumshe, J. Elisha Mitchell Sci. Soc. 16: 86. 1900.
TYPE: USA. Minnesota. Carlton Co.; Labelrom photo of missing holotype (see LeBlond
2015): “Plants of the Southern United States [“Southern'se®ut]. [“Eastern North
Carolina” crossed out],” August 1898she s.n(US 971092, lectotype designated by
LeBlond 2015; isolectotypes: NCU 18025, US 971092).

Panicum unciphyllunfiorma pilosumScribn. & Merr., Rhodora 3: 124. 190T.YPE: USA. Maine.
Penobscot Co.: 7 Jul 18%ernald 501(holotype: US!).

Plants erect or ascending from a geniculate base, 10-50 cm tall;ims@nternodes pilose
to villose and often double invested with short puberulepilase hairs (Figure 8b); the middle and
upper internodes pilose to villose (Figure 8a); lowermosheathscopiously pilose to villose and
usually double invested with short puberulent to pilose haigu €& 8b), upper sheaths pilose to
villose and lacking puberulent hairs (Figure 8a), longer Ha®@s2.0 mm longligule 0.7-1.5 mm
long (Figs. 7b or d)pseudoligule1.5-4.0 mm long, distinct or intermeshed with liguésf blades
spreading to ascending, 2—7 cm long, 3—7 mm wide, margins lyeat the base of blade or
eciliate, adaxial leaf surface villose to pilose, haimgormly distributed, abaxial surface pubescent to
pilose; panicles 2—6 cm long, half as wide to as wide as long, pilspé&elets 1.6—2.0 mm long,
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approximately 1.0 mm wide, elliptic, pilosist glume 0.7-1.0 mm long, typically 1/3 to 1/2 as long
as the spikelet, obtuse to broadly acute.

Distribution and habitat. Dichanthelium subvillosuns sparsely distributed from Nova
Scotia to Saskatchewan in the north, south to New Yorklawa. Its habitat consists of sandy
prairies and open woods.

Representative specimens USA. Ohio. Lucas Co.: 17 Jun 194®riebel 8731 (MO).
Maine. Oxford Co.: 14 Jun 193Hunnewell 11973MO). Michigan. Keweenaw Co.: 14 Jul 1956,
Bennett s.n(MO). Minnesota. Anoka Co.: 30 Jun 188&chuette s.n(MO). Carlton Co.: 6 Aug
1899, Ashe s.n(NCU). New York. Franklin Co.: 22 Jun 1930Juenscher & Maguire 933MO).
Wisconsin Ashland Co.: 1 Jul 197€&offin 41(MO). Oneida Co.: 29 Aug 19180ffmann s.n(MO).

Though they provided no explanation, Gould and Clark (1978) pl&sedanthelium
subvillosumin synonymy withD. acuminatunvar. acuminatum One must assume this placement is
based on the superficial similarity @. subvillosumto P. lanuginosumvar. fasciculatum (D.
lanuginosumin the present treatment), which was also placeB.imcuminatum rather than any
direct similarity to actualD. acuminatum Freckmann and Lelong (2002, 2003) took a more
conservative approach and elevated fasciculatumto subspfasciculatumunderD. acuminatum
and placed. subvillosumas a synonym of this new combination. The present study deatesst
that D. subvillosumpossesses several morphological characters that warraificspecognition for
this taxon. It differs fronD. lanuginosumin having a shorter true ligule (0.7—1.5 mm versus 2.0-5.0
mm long), the presence of a distinct pseudoligule, longerdfinste (0.7-1.0 mm versus 0.3-0.8 mm
long), and less autumnal branching, which is more limitedhe base and lower sheathsDn
subvillosum Furthermore,D. subvillosumdiffers strikingly from D. acuminatumin that D.
subvillosumlacks ciliate leaf margins, is more sparsely pubes@m, has longer first glumes in
relation to overall spikelet length (first glumes typiigal/3 to 1/2 the spikelet length iD.
subvillosumversus first glumes typically 1/4 to 1/3 the spikelet lengtiDi acuminatum The
ranges ofD. subvillosumand D. acuminatumare also distinct witlD. subvillosumoccurring in
northern North America an®. acuminatumoccurring in extreme southern North America and
southward.
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14. DICHANTHELIUM THERMALE (Bol.) Thomascomb. nov. Basionym: Panicum thermaldol.,
Proc. Calif. Acad. Sci. 2: 181. 1862Dichanthelium lanuginosurvar. thermale (Bol.)
Spellenb., Madrono 23:151. 1975.Dichanthelium acuminatunmvar. thermale (Bol.)
Freckmann, Phytologia 48: 107. 198Dichanthelium acuminatursubsp.thermale(Bol.)
Freckmann & Lelong, Sida 20: 168. 2002YPE: USA. California. Sonoma Co.: unknown
locality, [on hot rocks and in hot water flowing from Geysprings and Geyser mountains,
in the northern part of Sonoma County], no d&elander 3941(holotype: GH!; isotypes:
MO, US).

Plants erect or ascending from a geniculate base, 6.5-42 cmntalinodes of the lower
stem double invested with short, often sparse, piloses haelow a villose pubescence or
conspicuously to sparsely pilose (Figs. 7a or b), medasaind upper-stem internodes single invested
with velutinose to villose pubescence (Figure &gathsconspicuously velutinose to villose, hairs
0.4-3.5 mm long (Figure 8a), the lower stem sheaths singly or doubkted with short, pilose hairs
(Figure 8b);ligule 0.6-3.5 mm long (Figs. 7a, b or gseudoliguledistinct, lacking or intermeshed
with ligule, 2—4 mm longleaf bladesspreading to ascending, 2—12 cm long, 4-12 mm wide, margins
typically ciliate for no more than % the blade lengdaal leaf surface pilose to densely villose or
velutinose, abaxial surface velutinopenicles4—9 cm long, half as wide to as wide as long, densely
to sparely pilose to velutinosgpikelets1.4—2.0 mm long, approximately 0.5-1.0 mm wide, elliptic,
pilose;first glume 0.4-1.0 mm long, typically equal or less than 1/3 the lengtheobpikelet, acute
to broadly acute.

14a. Dichanthelium thermalesubspthermale

Panicum lassenianuf@chmoll, Madrono 5: 95-96. 1934d.YPE: USA. California. Plumas Co.: Hot
Spring Valley, Devil's Kitchen, 6200 ft., 6 Jun 19M,L. Jepson 408Zholotype: US!;
isotype: UC).

Plants erect or ascending from a geniculate base, 12—-42 cmintaifpodes of the lower
stem double invested with short, often sparse, pilose baiow a villose pubescence (Figure 8b),
mid-stem and upper-stem internodes single invested with velutiooudose pubescence (Figure
8a); sheathsconspicuously velutinous to villose, hairs 0.4-2.4 mm long (Figajethe lower stem
sheaths double invested with short, pilose hairs (Figureligh)e 0.6—-1.5 mm long (Figs. 7b or d);
pseudoliguleusually distinct, 2—4 mm londgaf blades spreading to ascending, 2-12 cm long, 4-8
mm wide, margins typically ciliate for no more thartié blade length, adaxial leaf surface densely
villose to velutinose, abaxial surface velutingganicles 4-9 cm long, half as wide to as wide as
long, pilose to velutinosespikelets 1.4-2.0 mm long, approximately 0.5-1.0 mm wide, elliptic,
pilose;first glume 0.5-1.0 mm long, typically equal or less than 1/3 the lengtheobpikelet, acute
to broadly acute.

Distribution and habitat. Dichanthelium thermalsubsp.thermaleis only found in the
warm, mineral rich soils of isolated hot springs in thecaae Mountains of northern California.

Representative specimensUSA. California: Plumas Co.: 6 Jun 1910epson 408%US).
Shasta Co.: Jun 189Greata s.n(US). Sonoma Co.: 1868olander 399 MO). Sonoma Co.: 1866,
Bolander 3941(GH). Sonoma Co.: 27 Aug 187Redfield 9792ZMO). Sonoma Co.: 5 Jul 1931,
Jones 2921QMO).
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Gould and Clark (1978) placdaichanthelium thermalén synonymy withD. acuminatum
while Freckmann and Lelong (2003) treaf@dthermaleas a subspecies Bf. acuminatum(subsp.
thermalg. Given the disjunct range, specialized habitat angphwogical autonomy db. thermale
these treatments prove unsatisfying. Morphologicdlythermalediffers from D. acuminatumin
having limited marginal cilia on the vernal leaf bladed by possessing a double vestiture on the
culms and sheaths of the vernal stem thhaacuminatumacks. There is significant morphological
variation in leaf size, pubescence density, and spikelgthHethroughout the range &f. thermale
(Hitchcock & Chase 1910) This could be attributed to inbreeding or genetic disagiated with
their isolated populations and the island-like nature of thaitats. Schmoll (1939) attempted to
sort out the variation in thB. thermalecomplex. In so doing, she limitdd. thermaleto the hot
springs in Sonoma Co., California, described a new spéei¢assenianuinfor plants occurring in
Plumas County (California), described a new spediedefventicold from Yellowstone National
Park (Wyoming), and described two new varietie®.derventicola(vars.papillosumandsericeun),
one in the vicinity of Banff, Alberta, and another in Welstone National Park. Relative to the
differences found in other taxa in the section, the preserk could find no meaningful difference
between what she calldd thermaleandP. lassenianumnor was any appreciable difference noted
between what she calld ferventicolaand P. ferventicolavar. papillosumand varsericeum Thus,

P. lassenianunof Schmoll (1939) is here relegated b thermale Panicum ferventicolaand
varieties are here treated@sthermalesubspsericeum However, due to the scarcity of collections
and the authors admitted unfamiliarity with the region, tlesgnt treatment is not entirely satisfying.
The type specimen & ferventicolaseems rather intermediate betweenRhéhermaleof California
and subspsericeumof the Rocky Mountains. It is because of this simiant morphology and
habitat that subspericeumis linked toD. thermaleinstead oD. acuminatunas other authors have
contended (Gould & Clark 1978; Freckmann & Lelong 2003). knspting to follow the treatment
of Hitchcock and Chase (1951), which lumped those taxaridedcby Schmoll (1939) int®.
thermale (then asP. thermalg, but this would be significantly less satisfying given timvious
differences irD. thermaleandD. thermalesubsp.sericeum Essentially, the present work serves to
provide a basic taxonomic framework that well represétdarger trends in morphological variation
for the D. thermalecomplex. In order to more fully elucidate the ultimate taxonomy loése
scattered and isolated groups, detailed field studies witidoessary. | suspect the results of such
research will more closely resemble the treatmentgathh by Schmoll than any work done up to and
including the present.



Thomas: Dichanthelium sect. Lanuginosa 51

Redman et al. (2002) have demonstrated Ehabhanthelium thermalgossesses a fungal
endophyte of the genuSurvularia This endophyte equipB. thermalewith the heat tolerant
proteins and enzymes that allow it to survive soil tempegatin excess of 60°C (Redman et al.,
2002). Further research by Marquez et (2006) demonstrated even more complexity in the
relationship in describing that a virus within the fungusrasponsible for the protein stability
inferred, secondarily, by the fungal endophyte; resulting three-way mutualismDichanthelium
thermaleclosely resembleB. subvillosuma species of northern North America.

14b. Dichanthelium thermale subsp. sericeum (Schmoll) Thomas,comb. nov. Basionym:
Panicum ferventicola var. sericeumSchmoll, Madrono 5: 93-94.1939Dichanthelium
lanuginosumvar. sericeum(Schmoll) Spellenb., Madrono 23: 150. 197®ichanthelium
acuminatumsubsp.sericeum(Schmoll) Freckmann & Lelong, Sida 20: 168. 200RYPE:
USA. Wyoming. Yellowstone National Park, Mammoth Hot Springs, in greiund about hot
springs, 21 Jul 188%elson & Nelson 603fholotype: RM!; isotypes: NY, US!).

Panicum ferventicolaSchmoll, Madrono 5: 92-95: 1939.TypPe: USA. Wyoming. Park Co.:
Yellowstone National Park, 5 mi N of Norris Geyser Badif), Aug 1908,Chase 5252
(holotype: GH!; isotypes: F!, NY, US!).

Panicum ferventicolavar. papillosumSchmoll, Madrono 5: 94. 1939TYPE: CANADA. Alberta.
Banff, on a declivity wet with water from hot spring, 31 3914,Hitchcock 1151Xholotype:
GHY; isotypes: Fl, NY, US!).

Plants erect to ascending from a geniculate base or forming ptestnats, 6.5-32 cm tall;
internodes conspicuously to sparsely pilose (Figure &hgathscopiously pilose to velvety villose
(Figure 8a), hairs 2.0-3.5 mm loriggule 2.0-3.5 mm long (Figs. 7a or g)seudoligulelacking or
intermeshed with liguleleaf blades spreading to ascending, 3-6 cm long, 5-12 mm wide, margins
ciliate only at the base of blade or eciliate, adaxe $eirface pilose to villous with the longest hairs
typically 1.5-4.0 mm long, abaxial surface short pilose withldhgest hairs typically 0.5-1.5 mm
long; panicles3—6 cm long, as wide as long, densely to sparsely psépsieelets1.6—-1.8 mm long,
0.7-1.0 mm wide, elliptic, pilosdrst glume 0.4-0.7 mm long, typically 1/4 to 1/5 the length of the
spikelet, acute to broadly acute.
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Distribution and habitat. Dichanthelium thermalesubsp.sericeumis restricted to the
margins of hot springs and geysers in the Rocky Mountainsifiedepopulations occur in the
vicinity of Banff, Alberta, and Yellowstone National RavWyoming.

Representative specimens CANADA, Alberta. Banff, 31 Jul 1914Hitchcock 220(GH).
USA. Wyoming. Teton Co.: 21 Jul 189%elson & Nelson 603{GH). Teton Co.: 10 Aug 1908,
Chase 137GH).

A general lack of specimens and a high degree of morphologicaltion due to isolated
populations makes this a difficult taxon to define. Howeveriatians in morphology from the
typical subspecies warrant some level of taxonomic recognfea notes undeD. thermalg.
Dichanthelium thermalsubsp.sericeumdiffers from the typical subspecies in having a long pilose
pubescence, a single ligule, and unusually short and widesledurther study involving population
level analyses from multiple locations within the rangeDofthermalewill be necessary to fully
understand the morphological expression o@héhermalecomplex.

15. DICHANTHELIUM VILLOSISSIMUM  (Nash) FreckmannPhytologia 39: 270. 1978.Panicum
villosissimumNash, Bull. Torrey Bot. Club 23:149. 189®ichantheliumlanuginosunvar.
villosissimum (Nash) Gould, Brittonia 26: 60. 1974. Dichanthelium ovale subsp.
villosissimum(Nash) Freckmann & Lelong, SIDA 20: 170. 200ZyPE: USA. Georgia
Bibb Co.: in the Ocmulgee River swamp, below Macon, 18-24 May 1868®ll s.n.
(holotype: NY!; isotypes: NY!, US).

Panicum nitidunvar. villosumA. Gray, N. Amer. Gram. 2: 111. 183%anicum dichotomuraar.
villosum (A. Gray) Vasey, Dept. Agric. Bot. Div. Bull. 8: 31. 1889Dichanthelium
acuminatumvar. villosum (A. Gray) Gould & Clark, Ann. Missouri Bot. Gard. 65: 1124.
1978. Panicum acuminatunvar. villosum (A. Gray) Beetle, Phytologia 48: 192. 1981.
Panicum ovalevar. villosum (A. Gray) Lelong, Brittonia 36: 272. 1984TYPE: USA.
District of Columbia. Rock Creek, near Pierce’s Mill, 1 Jul 188&sey s.n(lectotype: US|,
designated by Hitchcock & Chase, Contr. U.S. NatlbH#&6: 233. 1910).

Panicum pseudopubesceNsish, Bull. Torrey Bot. Club 26: 577. 189%anicum villosissimum
varpseudopubescengNash) Fernald, Rhodora 36: 79. 1934Panicum ovale var.
pseudopubescerfblash) Lelong, Brittonia 36: 271. 198Dichanthelium villosissimunaar.
pseudopubescendNash) Mohlenbr., Erigenia 6: 26. 1985Dichanthelium ovalesubsp.
pseudopubescerislash) Freckmann & Lelong, Sida 20: 170. 200%PE: USA. Alabama.
Lee Co.: collected at Auburn, 7 May 18%arle & Baker 1537(holotype: NY!; isotype:
us)).

Panicum atlanticunNash, Bull. Torrey Bot. Club 24: 346-347. 189/ PE: USA. New York. Kings
Co.: on dry somewhat shaded knolls in the grounds of the YoekvBotanical Garden, 24
Jun 1897Nash s.n(holotype: NY!; isotype: US!).

Panicum haemacarpoAshe, J. Elisha Mitchell Sci. Soc. 15: 55. 1898YPE: USA. District of
Columbia. in the vicinity of Washington D.C., 6 Jun 18%earney s.n(lectotype: NY!,
designated by Hitchcock and Chase, Contr. U.S. Natb.HEs: 233. 1910; isolectotypes:
US!, NCU!).

Panicum xanthospermur@cribn. & Mohr, Contr. U.S. Natl. Herb. 6: 348. 190T.YPE: USA.
Alabama. Butler Co.: Greenville, collected in open sandy soil, 8yM 898, Mohr s.n.
(holotype: US!; isotype: NY).

Plants erect or ascending from a geniculate base, 10—-60 crntafinodes conspicuously to
sparsely villose to long pilose (Figure 8a), hairs ascgndirappressegheathscopiously villose to
long pilose, rarely double invested with short pilose pulmescdelow a long villose pubescence
(Figs. 7a or b), erect to ascending and 1.4-3.8 mm libgge 0.3-1.3 mm long (Figure 8b);
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pseudoliguledistinct, 2.0-5.0 mm londeaf bladesspreading to ascending, 3—11 cm long, 3-12 mm
wide, margins ciliate only at the base of blade or ecjliatiaxial leaf surface copiously villose to
sparsely pilose with uniformly distributed hairs, abaxiafae pilosepanicles4-10 cm long, half

as wide to as wide as long, densely to sparsely piloseéllose; spikelets 1.8-2.5 mm long,
approximately 0.9-1.2 mm wide, elliptic, pilosiest glume (0.6—) 0.8-1.0 (—1.3) mm long, typically
1/4 to 1/3 the length of the spikelet, acute to broadly acute.

Distribution and habitat. Dichanthelium villosissimurs found throughout eastern North
America from Massachusetts, southern Ontario and Minnesotdh to Texas, Mexico, and into
Central America. It is typically found in acidic sotf sand or chert substrate. Throughout its range
it is associated with dry pine or oak-hickory forestsl woodlands.

Representative specimensSUATAMALA . 13 Sep 18965eler 323§MO). HONDURAS.
Intibuca. 21 Jun 1994Davidse 3520{MO). MEXICO . Chiapas 5 Nov 1981 Breedlove 54707
(MO). USA. Alabama. Butler Co.: 8 May 1898Mohr s.n.(US). Dekalb Co.: 27 May 1974&ral
53030b(MO). Lee Co.: 7 May 189&arl & Baker 1537(NY). Pickens Co.: 21 May 19608 cDaniel
1839(MO). Arkansas. Garland Co.: 18 Aug 193Demaree 15848MO). District of Columbia. 6
Jun 1897Kearney Jr. s.n(US). 12 Jun 18941olmgren s.n(MO). Georgia. Bibb Co.: 18-24 May
1895,Small s.n(NY). Dade Co.: 8 May 194& ronquist 5164MO). Murray Co.: 18 Jul 197Xcral
50687 (MO). Screven Co.: 17 Apr 194&ronquist 5006(MO). lllinois. Cook Co.: 21 Jun 1891,
Moffatt s.n.(MO). Henderson CoPatterson s.n(MO). lowa. Jones 34MO). Mississippi. 1858,
Higland s.n.(MO). Missouri. Benton Co.: 24 May 193&teyermark 1074@M0). Carter Co.: 7 Jun
2001, Thomas 1399private). Ozark Co.: 1 Jul 193%teyermark 2258@MO0). Barry Co.: 6 Jun 1897,
Bush 141(MO). New Jersey Passaic Co.: 14 Jul 190MacKenzie 2724MO). New York. Bronx
Co.: 24 Jun 189Mash s.n(NY). Seneca Co.: 24 Jun 191Randolf 11249MQO). North Dakota.
Richland Co.: 27 Jun 194Gtevens 459MO). South Carolina. Bamberg Co.: 17 May 1966,
Freckmann 2133MO). Williamsburg Co.: 10 Jul 193%odfrey 428 MO). TennesseeHardeman
Co.: 14 May 1920Palmer 19493MO). Knox Co.: Jun 189&Ruth s.n(MO). Knox Co.: Aug 1894,
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Ruth s.n(MO). Texas Gregg Co.: 18 Jun 190Reverchon s.(MO). Polk Co.: 10 May 1973;ould
& Hatch 14223(MO). Virginia . Alexandria Co.: 9 Jun 190&8hase 555MO). Princess Ann Co.: 3
Sep 1905MacKenzie 171QMO). Norfolk Co.: 11 Jun 194®ernald & Long 11969§MO).

The most striking features @ichanthelium villosissimurare the density and length of its
pubescence. This is especially noticeable on the sheatlkslargiof the vernal stem where hairs are
often in excess of 3.0 mm long. Past treatments (Ashe 1898y Be67; Deam 1940; Fernald 1950;
Gleason & Cronquist 1991; Hitchcock & Chase 1910; Hitchcock &sEh1951; Jones 1945;
Mohlenbrock 1986; Pohl 1947; Radford et 4868; Small 1933; Steyermark 1963; Stone 1911,
Swink & Wilhelm 1994) involving sect.anuginosahave maintaine®. villosissimumas a distinct
species, subspecies, or variety. Gould and Clark (19&&{ett it as a variety @. acuminatum(D.
acuminatumvar. villosun). Beetle (1981) and Zuloaga (1993b) treated it as a vaokty.
acuminatum (P. acuminatumvar. villosunm). However, the present work demonstrates ample
morphological resolution to warrant distinction at the rahkpecies. Dichanthelium villosissimum
differs fromD. acuminatunin having significantly larger spikelets, longer sheath pulmesceand a
lack of extensive marginal cilia along the blades of thealdeaves. Freckmann and Lelong (2002,
2003) placedD. villosissimumas a subspecies @. ovale For a discussion of the differences
betweerD. ovaleandD. villosissimunsee the notes undBr ovaleandD. praecocius

Freckmann and Lelong (2002, 2003) also plaeadicum pseudopubescess a subspecies
of Dichanthelium ovaleand differentiated it from subspillosissimum(D. villosissimumin the
present treatment) as having shorter sheath pubescends #stending or appressed instead of
spreading or retrorse. They further stated that syisgudopubescenstergrades morphologically
with subspvillosissimum Though the type specimenffpseudopubescedses have shorter sheath
pubescence than typicBl villosissimumthe present study could find no meaningful morphological
separation between the two. Nor was any correlation leetveheath pubescence length and
orientation found. Thu®. pseudopubescerns here placed in synonymy witD. villosissimum
However, subsequent field experience with this taxon andahenb investigations, including a re-
evaluation of material used in the analysis, suggesttthais likely underrepresented in the database
and likely constitutes a definable species. Deam’s (19&9%avink and Wilhelm’s (1994) treatments
refer to the upper leaf surfaces f pseudopubescemrs being pubescent only along the margins.
However, the entity to which they are referringPiscommonsianum This has led to numerous
misidentification of MidwesterD. commonsianunas P. pseudopubescensThe leaf character to
which Deam (1929) referred is limited to three taxa withi@ section. columbianumD. ovale
and D. commonsianujn Morphologically, D. villosissimumis closely aligned with and easily
confused witlD. praecocius For a discussion of the differences see notes Uhdaraecocius

16. DICHANTHELIUM WRIGHTIANUM  (Scribn.) Freckmann, Phytologia 48: 101. 198Ranicum
wrightianumScribn., USDA. Div. Agrostol. Bull 11: 44. 189&ichanthelium acuminatum
var. wrightianum (Scribn.) Gould & Clark., Ann. Missouri Bot. Gard. 65126. 1978.
Panicum acuminatumar. wrightianum (Scribn.) Reed, Phytologia 80: 284. 199BYPE:
CUBA. unknown locality, 1865Wright 3463,(lectotype: US!, designated by Hitchcock and
Chase, Contr. U.S. Natl. Herb. 15: 210. 1910; isolectotypkis:MO!, NY, US).

Panicum deminutivunPeck, New York State Mus. Bull. 10: 27. 190T.YPE: USA. New York.
Suffolk Co.: Wading River, 20 Aug 190Beck s.n(holotype: NY!; isotypes: NY!, US).

Plants erect or ascending from a geniculate base, 5-40 cmntglinodes puberulent and
often pilose (Figs. 7c or dsheathsdouble invested with short puberulent hairs below a pilose or
villous pubescence (Figure 8d), the upper merely puberulent (Rég)réonger hairs 0.1-0.8 mm
long; ligule 1.7-3.1 mm long (Figure 8g)seudoliguleabsent or indistinguishable from liguleaf
bladesspreading to ascending, 1.5-4.5 cm long, 2.0-4.5 mm wide, margite oilig at the base of
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blade or eciliate, adaxial leaf surface puberulent, pibodsoth, abaxial surface puberulepgnicles
1.5-6.0 cm long, half as wide to as wide as long, puberufmkelets 0.8-1.0 mm long,
approximately 0.4—0.6 mm wide, elliptic, puberuldist glume 0.2—-0.4 mm long, typically 1/3 as
long as the spikelet, obtuse to acute.

Distribution and habitat. Dichanthelium wrightianunranges along the coastal plain of
North America from Massachusetts to Florida and Texas south through Central America and
northern South America. It is also found in the Caribdskmds. Its habitat consists of saturated to
seasonally saturated bogs, savannas, and open woodsanilyy peaty, or mucky soils.

Representative specimens CUBA. 1860-1864,Wright 3463 (MO). USA. Georgia
Lowndes Co.: 10 Jul 196&aircloth 5282(MO). Florida. Suwannee Co.: 7 Jun 19@Dyrtiss 6652
(MO). Massachusetts Barnstable Co.: 24 Jun 19@9nowlton s.n(MO). Mississippi. Jackson Co.:
6 May 1898,Tracy 4885(MO). New York. Delaware Co.: 20 Aug 190®eck s.n(US). North
Carolina. Bosc s.n(US). Virginia . Sussex Co.: 6 Jul 194Pernald & Long 14267MO).

Given its tiny spikelets and diminutive stature, there tite lidebate thaDichanthelium
wrightianum is a distinct species. Morphologically, it is closelygned withD. leucothrix D.
meridionale andD. longiligulatum These four taxa are smaller than others in thaosediave
relatively small spikelets, and possess varying degvegsiberulence often under a longer pilosity.
The extremely small spikelets &f. wrightianumeasily distinguish it from other members of the
section. Gould and Clark (1978) plad@dwrightianumas a variety oD. acuminatunyet provided
no direct evidence for this lumping. Every treatment eeford since Gould and Clark (1978) has
maintained. wrightianumas a distinct species.
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