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PRIÎFACE

This dissertation has three separate and independent 

parts, each with its own format and pagination. Part I, 

"Systematic Relationships in Danthonia s. lat. (Danthonieae: 

Poaceae)", will be submitted to S y s tematic Botany for 

possible publication, and is prepared in the appropriate 

style and format. Part II, "Comparative Anatomical Studies 

in the Danthonieae: Danthonia s. lat.", has been prepared

for submission to Aliso. Part III, "Arundo, Phragmites, and 

Danthonia in the Southeastern United States", has been 

accepted for publication in Vas cular Flora o f the 

Southeastern United States, edited by L. Radford, et alia. 

Abstracts are not required for articles in A1iso, nor for 

the flora, and so were not prepared for Parts II and III. 

References in this dissertation to Wright (1984) refer to 

chapters of this document.



KAY L. TOMLINSON WRIGHT

James R. Estes, Chairman of Advisory Committee

STUDIES IN THE DANTHONIEAE (POACEAE)

ABSTRACT

The genus Danthonia s. lat. has long been recognized 

as a heterogeneous assemblage of taxa. In an effort to 

elucidate the systematic relationships within this genus, an 

anatomical investigation of the leaf anatomy and lodicule 

micromorphology was carried out on 15 taxa of Danthonieae 

(Danthonia, 12 of its segregate genera, Schismus, and 

Cortaderla). On the basis of these data, Centro pod ia, 

Dregeochloa, and Pseudopentameris appear to be isolated in 

the tribe. Danthonia s. str. is relatively uniform

anatomically, and no clear-cut divisions can be made within 

it. Ry ti do sp erma appears to be distinct from Danthonia s. 

str. , but the separation of Erythranthera, Pyrranthera , and 

Monostachya from Rytidosperma is not strongly supported. 

Monachather is distinct from the rest of Danthonia s. lat., 

but its closest relationships apparently lie with 

Rytidosperma. A close relationship between Schismus and 

Karroochloa is supported, but suggestions of similarly close



IX

relationships of Chionochloa and/or Merxmuellera with 

Cortaderia are not.

These anatomical and micromorphologica1 data were then 

combined with other morphological data and a cladistic 

analysis was performed, using Wagner parsimony, character 

compatibility, and UPGMA cluster analysis. Major findings 

are that 1) Danthonia s. str. appears to represent a 

monophyletic group; 2) Cortaderla sect. Bifida consistently 

occurred within the clade comprising Danthonia s. str. and 

separate from the clade comprising the other sections of 

Cortaderla; 3) Rytidosperma and Merxmuellera appear to be

polyphyletic taxa ; 4) suggested close relationships between

Cortaderla and Chionochloa and/or Merxmuellera were not

supported; 5) evidence of cladistic relationship between

Schismus and Karroochloa was not strong. Relationships 

among other segregate genera of Danthonia in the Southern 

Hemisphere were not clarified by this analysis.

Finally, treatments of the genera and species of 

Arundo, Phragmites, and Danthonia in the southeastern United 

States are presented.
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SYSTEMATIC RELATIONSHIPS IN DANTHONIA S. LAT. 

(DANTHONIEAE: POACEAE)

KAY L. TOMLINSON WRIGHT

Rancho Santa Ana Botanic Garden 

Claremont, California 91711

ABSTRACT. In order to examine the phylogenetic

relationships in Danthonia s. lat., a cladistic analysis of

representative species of 13 genera of Danthonieae

(Danthonia, 10 of its segregate genera, Schismus, and 

Cortaderia) was performed based on morphological and

anatomical data. Techniques employed include parsimony,

character compatibility, and UPGMA cluster analysis. 

Major findings are that 1) Danthonia s. str. appears to 

represent a monophyletic group; 2) Cortaderia sect. Bifida 

consistently occurs within the clade comprising Danthonia s.

str. and separate from the clade comprising the other

sections of Cor taderia ; 3) Ry ti do sp erma and Merxmuellera

appear to be polyphyletic; 4) suggested close relationships 

between Cortaderia and Chionochloa and/or Merxmuellera, and 

between S chi smu s and Karroochloa, are not supported. 

Relationships among the other segregate genera of Danthonia 

in the Southern Hemisphere were not clarified by this

analy sis.
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Danthonia s. lat. is worldwide in distribution and has 

well over 100 named species. These are typically 

characterized by the two-lobed lemma with a geniculate awn 

arising from between these lobes; the awn is divided into a 

basal, often dark-colored and tightly spirally-twisted 

portion and an apical, straight or only slightly twisted 

part. There are two to many florets per spikelet, and the 

glumes are equal to or longer than the spikelet. This 

combination of characters occurs in a broad array of 

grasses.

Danthonia was placed in the tribe Aveneae by early 

authors (Hooker, 1867; Bentham, 1881; Stapf, 1917; 

Hitchcock, 1951), based on floret number, glume length, and 

the form of the awns. Two subtribes of Aveneae were 

generally recognized by these same authors: the Aveninae,

mainly northern hemisphere species with membranous ligules 

and lemmas awned from the middle of the back, and the 

Danthoninae, primarily southern hemisphere taxa with ciliate 

ligules and lemmas awned from an apical notch. Comparative 

cytological investigations of Avdulov (1931) and leaf 

anatomical studies by Prat (1932, 1936) were followed by

numerous other nontraditional studies (Reeder, 1957; Brown, 

1958; Tateoka, 1954, 1957, 1967; inter alia) which led to

the realization that the division in the Aveneae was 

fundamental, and validated Hubbard's (1948) description of
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the tribe Danthonieae as a separate entity. This 

arrangement was further substantiated by Hi lu and Wright 

(1982), who showed on the basis of UPGMA cluster analysis 

that the arundinoid-danthonioid grasses were distinct from 

the festucoid group.

DeWet (1954, 1956, 1960) pointed out that Danthonia

itself was heterogeneous for a variety of features which had 

been used in recognizing tribes and subfamilies among the 

grasses. For example, features of leaf anatomy such as the 

arrangement and shape of the silica bodies and the structure 

of the mesophyll, as well as the chromosome base number, 

were found to differ among the species. DeWet therefore

suggested that Danthonia represents a polyphyletic

assemblage. Over a dozen genera have since been segregated 

from Danthonia by various authors; these are discussed 

below. However, the validity of these segregates and their 

relationship to other genera in the Danthonieae remain 

obscure.

In addition, the delimitation of the Danthonieae itself

is problematic. Superficially, the genera of the

Danthonieae appear to form a distinctive group. However,

upon closer examination, the tribe can be seen to have 

extremely close ties to the Arundineae, and in fact may be 

inseparable from it (Renvoize, 1982). The closenesss of the 

relationship is particularly evident in the genera

Chionochloa (Danthonieae) and Cortaderia (placed in the
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Arundineae by most authors, but in the danthonioid group by 

Clifford and Watson ( 1977 ). Indeed, Danthonia archboIdii 

from New Guinea was placed in Cor taderia by Connor and Edgar 

( 19 74), and transferred to Chionochloa by Conert ( 1975c), 

who apparently was unfamiliar with Connor and Edgar's paper. 

A major impediment to the understanding of relationships 

within the Danthonieae is the fact that Danthonia and its 

segregates have never been monographed on a worldwide basis, 

although a number of major regional works have been 

accomplished: Cone rt (1971 : Africa), Connor and Edgar

(1979: New Zealand), DeWet (19 5 4, 1956, 1960: selected

species, worldwide), Nicora (1973: Argentina and Chile),

Vickery (1956: Australia), and Zotov (1963: New Zealand).

Thus, despite considerable study, the phylogenetic and 

taxonomic relationships within this group of grasses remain 

obscure. I set out to analyze these relationships in 

Danthonia s. lat. by performing an analysis of the 

characters used by others to define groups, seeking 

additional morphological and anatomical characters which 

might prove useful, and performing a cladistic analysis 

using these characters in order to assess the validity of 

the proposed taxonomic treatments.
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MATERIALS AND METHODS

Anatomy and micromorphology. Representative specimens 

of 89 taxa were examined during the course of this

investigation (Appendix A). Specimens were scored for the 

leaf anatomical and morphological characters listed in Table 

1. Information on some species was supplemented from the 

literature.

Leaf material from the herbarium specimens to be 

prepared for anatomical investigation was taken from a 

section approximately midway between the ligule and the tip 

of the blade of mature leaves. Flag leaves on flowering

culms were not used. The leaf material was first soaked in 

a 5% solution of Contrad 70 for approximately 24 hr, 

thoroughly rinsed in water, placed in a weak (ca. 5%)

solution of acetic acid in 50% ethanol for 24-48 hr, then

stored in 50% ethanol until examined (Schmid and Turner, 

1977) .

Preparations of the lower epidermis were prepared by 

placing the soaked leaf material on a microscope slide and 

scraping away the upper epidermis and mesophyll with a 

safety razor blade until only the lower epidermis itself 

remained (Metcalfe, 1960). This was then mounted in Hoyer's 

solution (Johansen, 1940) so that the outer surface of the 

epidermis faced the cover slip. Royer's solution has a 

sufficiently high refractive index to reveal silica bodies.
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and has Che additional advantage of being water-soluble, yet 

permanent. Leaf sections were cut freehand with a razor 

blade, stained with safranin and counter stained with fast 

green using Nor then's variation of Foster's method 

(Johansen, 1940), dehydrated through an alcohol series to 

xylene, and mounted in Coverbond. Lodicules were dissected 

from florets in a drop of alcohol and mounted in Hoyer's 

solution. All voucher slides are deposited at OKL.

Cladistic Analy sis. In order to obtain the best

possible estimate of the phylogeny of this group, it was

considered desirable to use more than one type of cladistic 

analysis. The program PHYSYS, written by S. J. Farris, was 

used. The program provides subroutines which generate fit 

and diagnostic statistics for any tree matrix. This permits 

the choice of the particular tree which best fits the

original data matrix, and allows the character states to be 

plotted on each tree generated. Thus, analysis of state 

changes for any character on any tree can readily be

performed, homoplasies detected and studied, and different 

phylogenetic methods can be compared. The following types 

of analysis were performed:

1. Parsimony analy sis. The WAGNER.S subroutine in 

PHYSYS, which uses global branch-swapping, is a variation of 

Farris's (1970) implementation of Wagner's (1961) Groundplan 

Divergence Method. For comparative purposes, two outgroups 

were used in this portion of the analysis. First I selected
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Arundo, a member of the Arundlnoldeae but not a member of 

the Danthonieae. Second, I constructed a hypothetical 

ancestor by using the character states which are postulated 

to be primitive for the Danthonieae.

Farris (1969) developed a successive approximations 

approach to character weighting, which was also employed in 

this analysis. Character weighting may be important to the 

estimation of relationships among taxa because not all 

characters can be expected to show the same degree of 

cladistic reliability, or agreement with actual phylogeny. 

Farris' algorithm allows the weights given to each character 

to be determined by the data themselves, thereby removing 

a subjective component from the analysis. The rationale for 

this procedure is that characters which are hierarchically 

correlated, or support the same estimate of phylogeny, are 

unlikely to be thus correlated purely by chance, though 

functionally related characters may covary. Using

simulation tests, Farris was able to show that the 

successive weighting procedure was able to reproduce the 

true phylogeny even in cases where cladistically unreliable 

characters far outnumbered cladistically reliable ones.

In a successive weighting analysis, as implemented in 

PHYSYS, characters in the analysis are given a weight 

proportional to their assumed cladistic reliability; that 

is, the degree to which they agree with the estimated 

phylogeny as reflected in the tree diagram produced by
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whichever phylogenetic algorithm is chosen. Characters 

which do not show homoplasy on the tree are considered

reliable, and receive high weight; characters which show

parallelisms or reversals on the tree are weighted 

proportionately less depending on the amount of homoplasy 

displayed. A new tree is generated based on these weighted 

characters, and another weighted character matrix produced. 

The cycle repeats until the weights produced by two

successive iterations are the same.

2. Character Compatibility Ana lysis. This type of 

analysis permits no missing values; there are 7 missing 

values in the data set, involving 6 taxa. In order to 

resolve this, the data were handled in two separate runs,

the first with the pertinent characters deleted (Run I), and 

the second with the taxa deleted (Run II).

One extremely useful attribute of character

compatibility analysis is the information it provides about 

the minimum amount of homoplasy in the data set. 

Conflicting trees implied by pairs of incompatible 

characters cannot both be true; therefore, one character

must be homoplasious. Thus, the number of characters in the 

maximal clique must represent the maximum possible number of 

characters which show no homoplasy on the true tree 

(Meacham, 1980; Estabrook, 1972).

3. UPGMA Cluster Analysis. Colless (1970) suggested 

that this technique might be useful in estimating
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phylogenetic relationships. The analysis was performed on a 

Euclidean distance matrix calculated from unstandardized 

data. The dendrogram was then optimized using the 

subroutine DIAGNOSE, which established the optimal character 

states for the stem species at each node, allowing the 

dendrogram to be analyzed In the same manner as the trees 

generated by the other algorithms.

Analysis of trees. Trees generated by the various 

techniques were examined for consistency with the original 

data matrix using the FIT and LFIT subroutines. LFIT 

calculates the length, overall consistency (C-lndex: sum of

all the character ranges divided by the total length of the 

tree), and homoplasies (F-ratlo; similar to the F-statistic 

of Farris [1981] but calculated from the branch lengths of 

the tree) for each tree produced from a character data 

matrix. FIT generates a number of statistics, including the 

cophenetlc correlation coefficient (Sneath and Sokal, 1973; 

Farris, 1969), which describes the fit of a tree to the 

distance matrix from which it was calculated.

Character state changes on each tree were examined 

using information provided by the subroutine DIAGNOSE, which 

lists point(s ) of origin of each character state, 

apomorphies of each taxon, optimized character states for 

each hypothetical stem species, character ranges and 

consistencies for each tree, and mean consistencies for each 

character over all trees in the matrix.
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Cladlscic units. The data matrix of the characters 

ultimately chosen for use in the cladistic analysis (Table 

1) was examined and, within genera, those taxa which could 

be coded identically were included in a single cladistic 

unit (CU). Where variation occurred in one or two

characters among taxa otherwise identical, these characters 

were coded for the apomorphic condition. Table 2 lists CUs 

and their included species. Coding of characters for

cladistic analysis and assignment of primitive states are 

detailed under Discussion of Characters.

DISCUSSION OF TAXA

Ideally, the study group in any taxonomic Investigation 

should be a natural assemblage of Individuals and taxa 

(I.e., monophyletlc sensu Hennig [1966]). In practice,

however. It Is Impossible to know a priori whether or not a 

group of organisms Is monophyletlc; this can only be

postulated as result of the Investigation. The closest a 

priori approximation to a natural group is one which is 

dlagnosable, that Is, can be defined on the basis of 

uniquely derived character states.

Danthonia s.lat. can be diagnosed on the basis of the 

form of the lemma; however, when so characterized, it 

contains many taxa which are clearly not closely related, 

and so becomes a highly unnatural assemblage. Certain
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features, such as strongly radiate raesophyll, large and 

distinct outer bundle sheath cells, greatly enlarged and 

specialized bulliform cells, and highly modified fruits, are 

uncommon in Danthonia s. lat . , and are generally correlated. 

Taxa which possess these specialized suites of characters do 

not appear to be closely related to the majority of these 

grasses. Other features which appear to unite most members 

of the group, such as mesophyll at most only indistinctly 

radiate, and unspecialized caryopses, represent primitive 

conditions and are found in many taxa throughout the grass 

family. This situation, where an apparently natural group 

lacks synapomorphic features, is not unique to Danthonia; 

indeed, it is typical of the Arundinoideae as a whole 

(Clay ton, 1978).

Once the taxa most obviously misplaced in Danthonia are 

removed, the remaining core group of taxa appear to be more 

closely related to each other than to any other taxa. Yet 

the assertion that these taxa do in fact form a monophyletic 

group is difficult to establish conclusively because of the 

lack of synapomorphies. However, Watrous and Wheeler (1981) 

stated that the original groupings in an analysis need not 

necessaryly be monophyletic; rather, errors can be detected 

later by examination of the results. Thus, the 

investigation may shed considerable light on the real 

relationships within the Danthonia complex.

The following are taxa which have been segregated from
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Danthonia. A summary of the reasons for the segregation of 

each is given. An asterisk precedes those whose closest 

relationships are considered to lie outside the core group 

of Danthonia and which therefore are not included in the 

present study.

*Alloeochaete Hubbard. Species of this genus have 

radiate chlorenchyma and the lowest floret of the spikelets 

is reduced, rather than the uppermost ones as in most 

members of this group (DeWet, 1954, 1956; Hubbard, 1937;

Kabuye & Renvoize, 1975).

*Centropodia Reichb. (Asthenatherum Nevski). This

genus also has radiate parenchyma and outer bundle sheath 

cells which are very large and distinct. The lower leaf 

surface is deeply grooved, with prickles overarching the 

grooves (Wright, 1984). It also has very small chromosomes, 

and 5-11 nerved glumes. This combination of specializations 

is not found elsewhere in the study group, and indicates 

that the closest relationships of this genus lie outside 

Danthonia (Conert, 1962; DeWet 1956).

Chionochloa Zotov. Chionochloa , with approximately 20 

species, differs from Danthonia in having a dibasic 

chromosome number of x = 7 and 6, and in its lower leaf 

sheaths, which are persistent and indurate. Members of this

genus are the widespread and important snowgrasses of

Australia and New Zealand (Zotov, 1963).

*Dregeochloa Conert. The mature caryopsis in this small
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South African genus of two species has a very large embryo, 

pericarp that is separate from the seed, and other 

peculiarities not found elsewhere in Danthonia. Features of 

the leaf anatomy, such as the large bulliform groups which 

occupy over half the leaf thickness, and the grooved lower 

surface, are quite distinctive (Conert, 1966; Ellis, 1977; 

Wright, 1984).

Erythranthera Zotov. The two species of this genus are 

small, alpine grasses from New Zealand. Their lemmas are 

unowned, minutely 3-lobed, with a relatively blunt callus 

(Zotov, 1963).

Karroochloa Conert and Tiirpe. Restricted to South 

Africa, this genus of four species was removed from 

Danthonia (Conert and Tiirpe, 1969 , 1974) based on anatomical 

differences such as lack of bulliform cells, and on 

morphological grounds such as size of the caryopsis and 

embryo, and the form of the prophylla in two of the species. 

All of these features indicate a very close relationship to 

Schismus. Members of these two genera appear to form an 

intergrading series.

Merxmuellera Conert. This African genus was segregated 

from Danthonia based on differences in the arrangement of 

the hairs on the lemma; on tendencies toward 1-nerved 

glumes, indurate lower leaf sheaths, and lateral lemma lobes 

more or less united with the lower portion of the awn. 

Conert (1961) suggested that it has close ties with
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Cortaderla and Chionochloa, based on these features. It

consists of about a dozen species (Conert, 1970, 1975b).

*Metcalfia Conert. This raonotypic Mexican genus was 

removed from Danthonia by Conert (1960). Tateoka (1964) 

investigated the embryo and lodicule anatomy and

demonstrated convincingly that it is festucoid, probably a 

primitive member of the Aveneae.

Monachather Steudel. The Australian paradoxa Steud. 

(Danthonia bipartita F. Muell.) has long been recognized as 

an isolated species. Its indurate, broadly turbinate lemma 

with very large side lobes, the shape of the grain, the

embryo which occupies nearly the length of the grain, and

the woolly basal leaf sheaths set it apart (Vickery, 1956;

Blake, 1972).

Monostachya Merrill. This monotypic genus differs from 

Danthonia in the reduction of the lateral lobes and central 

awn (Hitchcock, 1936), but otherwise it resembles 

Rytidosperma.

Plinthanthesis Steudel. The three species of this 

genus are small Australian alpine plants whose lemmas have a 

short callus and a short awn, and whose grains have a linear 

hilum (Blake, 1972) .

*Pseudopentameris Conert. In this unusual genus, the 

very large spikelets are two- rather than several-flowered 

and the glumes strongly transversely-veined. In addition,

the stigmatic hairs are decurrent and join over the top of
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the ovary, and the seed Is attached only loosely to the 

pericarp along the linear hilum (DeWet, 1956; Conert, 1971). 

The outer bundle sheath cells are large and distinct, and 

the cells of the abaxial epidermis are much larger than 

those of the adaxial epidermis, and often inflated (Wright, 

1984). This combination of specializations suggests that 

the closest relationships of this genus lie outside the core 

group of Danthonia.

Pyrrhanthera Zotov. The New Zealand P_̂  exigua (Kirk) 

Zotov, the only species, has minutely 3— toothed lemmas and 

the fruit is a nut (Zotov, 1963). Otherwise it closely 

resembles Rytidosperma.

Rytidosperma Steudel (Notodanthonia Zotov). This 

southern hemisphere segregate differs from Danthonia s. str. 

in having the hairs on the lemma arranged in tufts instead 

of scattered, and in the shape of the hilum, which is round 

to oval rather than linear (Nicora, 1973; Zotov, 1963).

Sieglingia Bernhardi. Included in Danthonia when that 

genus was originally described, S . decumbens, the sole 

species, differs from European Danthonia in the complete 

reduction of the awn. It has been shown to form a sterile 

hybrid with alpina (Conert, 1969).

Though never included in Danthonia s.1., two other taxa 

were investigated:

Schismus Beauv. This genus of five species has the 

central awn greatly reduced or absent, and the lemma hairs
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scattered rather than tufted. In other respects, including 

its apparent South African origin, it resembles Karroochlo a , 

and Conert and Türpe (1974) noted that there is some 

justification for combining the two genera. For this reason 

Schismus is included here.

Cortaderia Stapf. This genus has traditionally been 

placed with the reed grasses in the Arundineae because of 

its growth form and its apparent relationship to 

Lamprothyrsus and other undisputed members of that tribe. 

In recent years, however, a close relationship with the 

danthonioid taxa has been suggested by several authors 

(Conert, 1961; Clifford and Watson, 1977). Some of its 

species, notably those in section Bifida, have lemmas which 

are similar in form to those of Danthonia and, as mentioned 

above, C. archboldii was recently placed in Chionochloa 

(Conert, 1975c). Thus, it was considered necessary to 

include representative species from each of its sections in 

this study.

Cortaderia is the one genus in this study group which 

can be diagnosed on the basis of a synapomorphy: all known

species, including Ĉ. archboldii, are gy nodioecious, a 

condition which is extremely rare in the Poaceae (Connor, 

1963, 1970, 1974, 1981).
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CHARACTERS

Discussion of characters. During the course of this 

study, data were collected on 49 characters (Table 1 and 

Appendix A). These included the characters historically 

used in the diagnoses for these taxa. In addition, many 

others were investigated in an attempt to locate those with 

potential taxonomic usefulness. For anatomical data, the 

terminology of Ellis (1976, 1979) was followed whenever

possible in order to standardize the descriptions. For the 

most part, measurements were made in a straightforward and 

self-explanatory manner. However, certain characters 

presented difficulties in assigning states, or require 

further explanation. These are discussed here in detail. 

Characters used in the cladistic analysis are marked with an 

asterisk, and assignment of primitive states is discussed 

only for these characters.

1. Adaxial furrows. This character indicates the shape 

of the furrows between the ribs on the adaxial surface. It 

was frequently difficult to assign a single state to a given 

specimen because intermediate forms were common; 

furthermore, since herbarium specimens were examined, the 

effect of drying on the shape of the furrows could not be 

assessed. Ellis (1977) noted considerable differences in 

the shape and size of furrows in fresh or preserved as 

opposed to herbarium material. Therefore, this character
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may be less dependable than others whose states are more 

clear-cut.

4. Adaxial ribs— shape over primary vascular bundles. 

Massive ribs (state 2) protrude over the smaller ribs to 

either side (Wright, 1984, fig. 3). They are generally flat 

on top, but are distinguished from those coded as flat- 

topped by the size and shape difference between them and 

their neighbors.

6 and 7. Primary vascular bundle shape. Most species 

have round or elliptical primary vascular bundles. A few 

have bundles which are somewhat egg-shaped in outline, with 

the wider end adaxial. The occurrence of egg-shaped bundles 

is scattered among the taxa, and its significance is 

unclear. This character is also often difficult to score 

reliably because of the deformation of the sections. More 

detailed investigations using fresh or preserved material 

will be necessary before this character can be interpreted 

with confidence.

*8. Phloem. In most grasses, the phloem is not divided 

by fibers, but a few taxa, from different tribes and 

subfamilies, have fibrous intrusions into the phloem. These 

fibrous intrusions have different shapes in the different 

groups possessing them, and appear to represent parallel 

developments, perhaps in response to xeric environments 

(Ellis, 1976; Metcalfe, 1960). Within this study group, two 

distinct forms occur. In one, occurring in some
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species of Merxmuellera and some South American Danthonia, 

the phloem is neatly and evenly divided into two nearly 

round groups of conductive cells (Wright, 1984, fig. 1). In 

the other form, found in some species of Cortaderia, the 

division is irregular and generally into more than two

groups of conductive strands (Wright, 1984, fig. 8).

Undivided phloem is considered the primitive condition, and 

the two categories of divided phloem are considered 

separate, specialized states.

9. Outer bundle, or parenchyma, sheath. All taxa

within this group possess double bundle sheaths. An attempt 

was made to score each taxon for the completeness or 

incompleteness of the outer bundle sheath surrounding the 

primary vascular bundles. This was less variable within a 

specimen than was the completion of the sheaths around the 

smaller bundles, as well as being easier to determine from 

herbarium material. Poorly-preserved material was very

difficult to score accurately.

11. Inner bundle sheath cells. In most taxa in the 

study group, these cells have the inner tangential and 

radial walls more heavily thickened than the outer 

tangential walls. This feature can be most easily seen in 

the region adjacent to the phloem, and it was cells in this 

region which were examined for coding this character. A few 

taxa regularly have these cells with evenly, often heavily- 

thickened walls.
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13. Adaxial sclerenchyma— shape over primary vascular 

bundles. In scoring this character and character 15, I 

departed from Ellis in that I scored the shape of the entire 

structure linking the vascular bundle with the epidermis —  

sclerenchyma and colorless cells forming bundle sheath 

extensions were considered together. The reason for this 

scoring was the fact that in many specimens, the extent of 

the bundle sheath extensions was quite variable, and these 

colorless cells tended to intergrade with the sclerenchyma, 

making any attempt to distinguish between the two very 

arbitrary.

15. Abaxial sclerenchyma— shape under primary vascular 

bundles. As explained under #13, the shape Includes both 

colorless cells, if any, and sclerenchyma cells. A number 

of taxa have more or less continuous subepidermal 

sclerenchyma. Since in most cases this condition seemed to 

intergrade with T- or anchor-shaped abaxial sclerenchyma, 

and often was impossible to separate from this condition, 

the two were scored alike. This probably represents a loss 

of some information, but also avoids a great deal of 

subjectivity. Ellis (1976) noted that marked intraspecific 

variation may be expected in the distribution and amount of 

sclerenchyma accompanying vascular bundles, and this is 

borne out by the present study.

16. Mesophyll. Most of the taxa in the study group 

have non-radiate mesophyll, but a few belong in the category
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for which, as Clifford and Watson (1977, p. 4 2) have said, 

"one would not wish to be forced to make a choice between 

the radiate and non-radlate conditions.” These are coded as 

Indistinctly radiate. This condition Is often difficult to 

detect In herbarium material.

17. Colorless cells. This category refers to any such 

cells present in the leaf, including the bundle sheaths and 

extensions. In most of these taxa, these extensions are the 

only colorless cells present, but in others, colorless cells 

form a major portion of the mesophyll of the leaf. In some 

cases, such as Merxmuellera papposa (Wright, 1984, fig. 3) 

and Cortaderia araucana, their development is so extensive 

that the chlorenchyma is restricted to U-shaped bands around 

the adaxial furrows (state 3). In others, such as some 

species of Chionochloa, a more or less continuous band of 

these cells is present in the lower half of the leaf, but 

they do not occupy a major portion of the leaf volume (state 

2). In many such cases these cells are filled with silica, 

and it may be that this deposition of silica is what causes 

them to take on the colorless appearance; for within some 

species some specimens show them and others lack them. 

Further investigation of this character is clearly needed.

18. Metaxylem vessels. The size of these cells was 

compared with the size of the outer bundle sheath cells. 

Often this was quite difficult, since in many specimens the 

outer bundle sheath was poorly preserved or unclear.
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*21. Upper epidermis. In the original data table, this 

character is scored for the presence of four states. In 

many, such as the North American Danthonia, the cells of the 

upper epidermis are small and unspecialized. In many other 

taxa, notably Merxmuellera, many Chionochloa, and most 

Cortaderia, the epidermis is variously specialized. Cells 

in some are rounded and considerably inflated, though not 

obviously thickened. Others have most cells with broad, 

thickened papillae (Wright, 1984, fig. 4). These forms 

intergrade with the taxa which have long, finger-like, 

obviously thickened papillae on most cells, or on cells in 

the adaxial furrows (fig. 7). Many times these states 

appear quite distinct, but in some taxa it is difficult to 

decide which state to code for a given specimen. For this 

reason, in the cladistic analysis, all these apparently 

specialized states were coded alike. Again, this procedure 

necessarily results in some loss of information, but removes 

considerable subjectivity. However, if the states of the 

character have in fact arisen separately, then such coding 

will introduce misinformation, adding apparent homoplasy to 

the data. Only further study will clarify this character.

*22. Hypodermic prickle hairs. These intriguing 

structures (Wright, 1984, fig. 1), the shape of which is 

somewhat reminiscent of tiny syringes, are found only in two 

of the Merxmuellera species in this group. Judging from 

their appearance, they probably represent a specialization



WRIGHT 23

for defense against insect predators. They appear to be 

hollow, but it is unknown whether or not they contain any 

repellant substance.

*23. Bulliform cells. Most species in this group have 

bulliforms in simple fan-shaped groups between the vascular 

bundles. In other taxa, bulliforms or bu11 if orm-1ike groups 

of cells are found only on either side of the midrib, 

forming apparent hinges or are absent altogether. These 

taxa were scored as lacking bulliforms. Monachather was 

found to have bulliforms in fan-shaped groups, but with the 

central cell much enlarged relative to the others. Arundo 

also has a unique condition, where the fan-shaped bulliform 

groups are accompanied by other colorless cells directly 

beneath them. Simple fans of bulliforms are common

throughout all subfamilies of the grasses, and they also 

occur in Joinvlllea (Wright, unpublished); therefore, they 

are considered primitive. Loss of bulliforms thus 

represents a specialized condition, as do the two states 

found in Monachather and Arundo.

24. Microhairs. These were scored as either present on 

the abaxial epidermis, or not seen. An initial attempt was 

made to measure the lengths of the cells, but was abandoned 

for two reasons. First, the variation in size and shape of 

the basal cells is great. Rytidosperma, for instance, tends 

to have short basal cells, while Danthonia tends to have the 

basal cell elongate. However, the ranges for these lengths
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overlap, and thus, while it might be a useful character 

within each genus, it is useless for distinguishing between 

them. Second, apical cells are generally thin-walled and 

poorly preserved or lost in herbarium material, making 

comparisons difficult.

26. Intercostal long cells— side walls. This character 

deals with the degree of sinuosity of these walls. There 

are many characteristics of the cell wall shape, such as

pits, papillae, and so on, which on first sight appear to

make excellent candidates for taxonomic characters.

However, as Ellis (1979) and Watson (1942) have pointed out, 

these are very susceptible to environmental influence.

Indeed, in different leaves from the same plant, or even on 

different portions of the same leaf, the degree of sinuosity 

may be found to vary. Standardization of the position on

the leaf from which samples are taken will help to some

extent, but such data must be viewed with extreme caution.

State 3 of this character (W-shaped undulations, 

Wright, 1984, fig. 5) is not illustrated by Ellis (1979), 

and is found in some Merxmuellera species and in Danthonia

chaseana.

*27. Costal short cells. Most members of this study 

group have long rows of costal short cells, but a number of 

others have them exclusively in pairs or singly. Generally, 

when paired, one of the members of the pair is a cork-cell,

and the other contains a silica body. Assignment of a
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primitive state for this character Is difficult, for both 

conditions occur commonly In taxa outside the study group as 

well. However, long files of short cells tend to occur In 

taxa which show other less specialized features, and so this 

arrangement Is tentatively assumed to be the primitive 

condition In Danthonia.

*28. Costal silica body shape. In most of the taxa In 

this group at least some of the silica bodies are dumbbell- 

or cross-shaped. Others, however, appear to have 

exclusively round, oval, or crescent-shaped silica bodies. 

A few taxa have mainly crescent-shaped or tall-and-narrow 

silica bodies, but Invariably they also have round ones as 

well. Because crescent-shaped and tall-and-narrow silica 

body shapes appear to Intergrade with the round to oval 

state, they were coded as round to oval rather than as a 

separate category.

Stebblns (1982) stated that the primitive condition of 

this character Is probably quadrate or elongate, and that

both cross-to-dumbbell and rounded silica body shapes are

specializations In the grasses as whole. Within the

Danthonleae, DeWet (1956) assumed the primitive condition to 

be cross-dumbbell-shaped, because the North American 

species, whose floral anatomy he considered to be primitive, 

have silica bodies of this shape. This rationale Is

certainly suspect, since it Involves both Ingroup rather 

than outgroup comparison, and correlation of putatlvely
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primitive features. However, because Arundo also has 

dumbbell-shaped silica bodies, I postulated that this

represents the ancestral conditon.

*29. Lower leaf sheaths- Most of the taxa have

unspecialized lower leaf sheaths, but some Merxmuellera , 

Chionochloa, and Cortaderia species have the sheaths 

indurate and often persistent. Monachather and some species 

of Merxmuellera, on the other hand, have the lower sheaths 

densely lanate. These latter two states are considered to 

have arisen separately from the unspecialized condition.

*30. Prophylla. One of the features separating

Schismus from Danthonia is the membranous, dis tinetly-awned 

prophylla in Schismus. This type of structure is also found 

in the two annual species of Karroochloa, but nowhere else 

within the Danthonieae. Arundo has prophylla which are

thick, triangular, and lanate on the keels. The putatlvely 

primitive condition, found in other members of the study 

group as well as in most other grasses, is prophylla which 

are similar in texture to the rest of the leaf sheaths.

31. Cleistogamous spikelets. Highly modified

cleistogamous spikelets produced in the lower axils are

reported for nearly all Danthonia s. str., and apparently do 

not occur in other taxa. Chase (1918) reported such 

cleistogenes from Rytidosperma semiannulare from New

Zealand, but this has never been substantiated, though the 

New Zealand species have been thoroughly investigated



WRIGHT 27

(Connor and Edgar, 1979). The production of cleistogenes is 

known in quite a number of grasses, many of which occur in 

rather dry habitats (Chase, 1918; Connor, 1981; Weatherwax, 

1928). It probably represents a specialization for 

reproduction under these conditions.

This character was not included in the cladistic 

analysis because the fact that cleistogenes were not 

mentioned in the literature was not considered sufficiently 

reliable evidence of their absence, particularly for African 

species. A really thorough search for these structures 

often involves considerable damage to herbarium specimens, 

and thus was not carried out. Therefore, entries of state 0 

in the data table for this character should be viewed with 

caution.

*33. Lemma hairs. These are scattered or only marginal 

in all Danthonia s.s., as well as Cortaderia, Chionochloa, 

and many other taxa throughout the grass family. This is 

considered to be the primitive condition (DeWet, 1954; 

Stebbins, 1982). The other states are considered 

specializations which have arisen separately from the 

primitive condition.

34. Lateral lobes. These may be distinct from the awn 

base, as in most taxa within the group, or united to a 

greater or lesser extent with the base of the awn. However, 

the degree of this union depends very much on the maturity 

of the specimen examined. Even in Danthonia s.s., very
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young specimens can be found in which the lateral lobes have 

not yet separated from the awn base, although in mature 

florets the separation is always complete. Thus, this 

character is considered unreliable.

*35. Development of free portion of lateral lobes. 

This character is quite variable within the study group. In 

many cases is is difficult to decide where to draw the line 

as to what constitutes reduction. Within North American 

Danthonia, for example, the lateral lobes are distinct but 

not strongly developed in most spicata. In other

species, such as californica, the lobes are relatively

long and acuminate. There does seem to be a break or gap 

between the condition in D. spicata and that seen in the 

taxa which were coded as reduced- The major difficulty with 

this character occurred with Cortaderia, in those species 

which have poorly-developed side lobes. In most of these 

one can see the distinct base of the awn (i.e., the 

thickened rib formed by the fusion of the central nerves), 

but the free portion of the lobes is very small. I followed 

Conert (1961) in interpreting these cases as examples of 

reduction of the lobes.

37. Callus— development. Virtually all members of the 

group have a well-developed callus. However, among those 

species which were coded as having an elongate callus, there 

is a complete range of conditions from relatively short and 

unpointed, as in D. spicata, to some of the Merxmuellera and
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Rytidosperma species, with calluses very elongate and sharp- 

pointed. All the North American Danthonia were coded as 

having an elongate callus, because of the evident 

transitional series.

38. Callus— vestiture. Nearly all taxa were found to 

have a hairy callus. In Danthonia spicata, the callus is 

occasionally glabrous, but in most specimens at least some 

hairs are present.

41. Palea/rachilla ratio. It was suggested by Nicora 

(1973) that a distinguishing characteristic between 

Rytidosperma and Danthonia s. str. was the length of the 

rachilla remaining attached to the floret above. In an 

effort to quantify this, I chose to compare its length to 

that of the palea. This ratio is not entirely satisfactory, 

because the relative length of the palea differs greatly in 

the various taxa; however, all other portions of the 

spikelet which could have been used vary to a similar 

degree. The figures in Appendix A represent the average of 

measurements of two or three middle florets from each taxon. 

Because of the extreme variability both within and between 

species was great. As can be seen from the amount of 

overlap in the figures (Appendix A), this is not a reliable 

way to separate any of the higher taxa in this group from 

one another. Therefore, no effort was made to obtain large 

samples or to calculate standard deviations.
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*42. Lodicules— vestiture. The shape of the lodlcules 

in all these taxa correspond more or less to the panicoid 

type (Stebblns, 1956), which is truncate or cuneate, 

thickened, and vascularized. Blake (1972) used lodicule 

vestiture in his key to the genera of the Australian 

Danthonieae; however, this study indicates that while many 

genera consistently have either glabrous or hairy lodicules, 

in others, such as Cortaderia, Chionochloa, and Schismus, 

both glabrous and hairy lodicules occur. The primitive 

condition here is assumed to be glabrous, though the 

evidence is slight: Danthonia s.str. regularly has glabrous

lodicules, as does Arundo.

*43. Lodicules— microhairs. Microhairs on lodicules 

are particularly interesting because in all species examined 

they tend to be multicellular rather than bicellular 

(Wright, 1984, fig. 6). It is assumed that, as on the leaf 

surfaces, the presence of microhairs on lodicules is the 

primitive state.

*44. Hilum shape. Clifford and Watson (1977) reported 

on the shape of the hilum in 226 Australasian grass genera. 

According to their results, in virtually all eu-panicoids, 

andropogonoids, and chloridoids, the hilum is punctiform- 

elliptical; the festucoids are fairly evenly divided between 

linear and punctiform-elliptical hila; in Aristlda, the 

oryzoids, and the relatively few bambusoids they considered, 

the hila are all linear. In the arundinoid-danthonioid
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group, both hilum shapes occur; in Arundo the hilum appears

to be narrowly elliptical to linear. Tentatively, the

primitive state is considered to be linear.

45. Hilum spot. The appearance of a lighter-colored

spot above the base of the hilum in fully mature caryopses

is a characteristic which is regularly found in most but not 

all Danthonia, and occasionally in other taxa, such as 

Schismus. Its function and composition are unknown.

46. Hilum length/width ratio. This ratio was

calculated for those specimens examined which had mature 

caryopses. Figures given are the mean plus or minus the 

standard deviation, and, in parentheses, the number of 

caryopses measured.

*48. Sex form. All species in the group, with the

notable exception of Cor taderia, have normal, bisexual

flowers. Cor taderia, on the other hand, is uniformly

gynodioecious. As noted above, this condition is rare in 

the grasses, and surely must represent a uniquely derived 

feature of this genus.

49. Chromosome number. The base number for nearly all 

taxa in the study group is X = 6. Chionochloa has a dibasic 

number of X = 6 and X = 7, though all species represented in 

this study belong to the second group. Zotov (1963) noted 

that no anatomical or morphological features have been found 

which distinguish the two groups within the genus.
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Choice of characters for cladistic ana lysis. A number 

of characters were ultimately rejected for the cladistic 

analysis. Characters 1-7, 9, 10, 14-16, 18, 25, 32, 34, 38, 

and 45 vary within species and/or were difficult to record 

unambiguously, and so were considered likely to have

relatively many coding errors. Characters 11-13, 32, 36,

and 39-41 show considerable and apparently random variation

within taxa which otherwise appear uniform, and so were

considered likely to be extensively homoplasious and 

therefore uninformative at the taxonomic level of this

study. Characters 1, 17, 19, 20, 24, and 26 were considered 

likely to be environmentally plastic, and therefore of 

little value in assessing phylogenetic relationsips. 

Characters 31, 46, 47, and 49 have many missing values, due 

to the unavailability or unreliability of information from 

the literature or of herbarium material for investigation. 

Finally, character 37 is invariant except in one taxon, and 

thus would add no information.

Not all missing values and intra-taxon variation could 

be removed by deleting characters from the data set without 

a concomitant, unacceptable loss of information. Several 

missing values remain in the cladistic data set: Lower leaf

sheaths (#29) were not seen for Merxmuellera papposa, and 

the available literature was not specific on their form. In 

addition, lodicule preparations were unavailable for 

Danthonia montana. Finally, hilum shape was not observed
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for D. sh re vel , D̂. domlngensls , D_. cachemy rlana , and

Monostachya oreobololdes, and information was unavailable 

from the literature.

CLADOGRAMS

Parsimony analysis. The P El Y SYS subroutine WAGNER.S, 

using Arundo as the outgroup, produced two trees with a

length of 81. The two trees have Identical C-lndlces, but 

the tree shown In fig. 1 has an F-ratlo of 63.66 as opposed 

to 68.71, Indicating a slightly better fit to the data. 

Character consistency values, which would equal 100 If a 

character shows no homoplasy, are 50 or less on both trees, 

with the exception of character 10 (hypodermic prickle

hairs).

Tree matrices for these two trees were then used In a 

successive weighting routine, which stabilized after six 

Iterations and generated 12 trees of length 19.387. This 

length Is calculated from the weighted data matrix and Is

based on step-lengths of less than one; therefore. It Is not

strictly comparable to the lengths of the other trees. C- 

Indlces were Identical for all trees; the F-ratlos ranged 

from 22.73 to 23.41. The tree with the lowest F-ratlo Is 

reproduced in fig. 2. Character consistencies for

characters 2 (prophyllum), 3 (lemma hairs), 8 (phloem), 10
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(hypodermic prickle hairs), and 14 (sex form) are above 50; 

thus these are major contributors to the structure of this 

tree.

Finally, a Wagner tree based on a data set with a

hypothetical primitive ancestor was sought. WAGNER.S

produced six trees of length 80. C-indices were again 

identical, and F-ratios ranged from 55.14 to 59.43. The 

tree with the lowest F-ratio is reproduced in fig. 3. This 

tree showed a slightly better fit to its data matrix than 

the tree generated using Arundo as an outgroup did to its 

data matrix, and the average character consistencies were

slightly higher.

Character Compatibility Analysis. In Run I , in which 

the characters with missing values (1,5,6,7) were deleted, 4 

maximal cliques were found, each with 3 characters. In Run 

II, with Danthonia shrevei , D̂ . domingensis , D. montana ,

cachemyriana, Merxmuellera papposa, and Monostachya deleted

because of missing values, 1 maximal clique, with 4 

characters was found. Characters in each are shown in Table 

4, and the tree produced by Run II is shown in fig. 4. The 

results of this character compatibility analysis indicate 

that at least 10 of the 14 characters in the data set are 

homoplasious.

UPGMA Cluster Analysis. The cophenetic correlation 

coefficient for the dendrogram (fig. 5) generated by this 

algorithm is 79.64. The dendrogram was then optimized using
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the subroutine DIAGNOSE, which established the optimal 

character states for the stem species at each node of the 

dendrogram, and allowed the character state transformations 

to be plotted on the resulting tree (fig. 6). Length of the 

optimized tree was 102. Character consistencies were

similar to those of the other trees.

COMPARISON OF CLADOCRAMS

Trees produced by a given algorithm tended to be 

similar in that certain large groupings appeared in all 

trees, with rearrangements of CUs within them. For example, 

the two trees produced by the WACNER.S subroutine using 

Arundo as an outgroup show the following major similarities: 

clades MDURA through MDAVYI (node 56 in fig. 1), DANTHOSS 

through CSECTBIF (node 49), EPUMILA and EAUSTRAL (node 60), 

and PLINTHAN through CSECTCOR (node 68) appear in both. The 

main differences in the remainder of the trees are the 

positions of MONACHAT, RPALLIDE, and SARABICU, and the 

linkages directly involved with these CUs. A similar 

situation occurs with the 12 trees generated by the 

successive weighting program and the six trees produced 

using a hypothetical ancestral CU . Thus, although the 

discussion below deals specifically with the trees in figs. 

1-6, its main features apply equally well to the trees not 

illustrated.



WRIGHT 36

Donoghue (1983) suggested that a comparison of 

cladograms generated by different algorithms might be useful 

In pointing out which clades are most robust, and therefore 

most likely to represent true evolutionary lineages. In the 

following discussion, congruent groupings will be pointed 

out. The tree produced by character compatibility analysis 

(fig. 4), because of the lack of resolution, was not 

considered In assessing stable clades.

The position of most CUs on these trees Is unstable. 

Three clades, however, were stable on all trees, with some 

rearrangements of CUs within them:

a. Cortaderla sections Cortaderla, Monoarls tata, and

Mutlca. This clade was generally supported by characters 1

(lower leaf sheaths), 8 (phloem), 12 (costal short cell 

arrangement), and 14 (sex form).

b. Karroochloa purpurea and Danthonla cachemyrlana. 

The character states for these two taxa are Identical, 

except for a missing value (hllum shape) for the latter 

(table 3).

c. Merxmuellera macowanll, M. davyl, and M. 

stereophylla. Characters which support this clade vary from 

one tree to another. M. davyl and M. macowanll are the only 

CUs with hypodermic prickle hairs (10 state 1).

Clades which are less stable on these trees Include the 

following :
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a. Danthonla and Cortaderla section Blflda, Including 

2" archboId 11 , appear as a clade on ail trees except two. 

In fig. 3, this group Is split and appears as an unresolved 

polychotomy with a clade comprising the other sections of

Cortaderla plus Pllnthanthesls; In fig. 2, It Includes

Merxmuellera dura.

b. Erythranthera australis and E. pumlla form a clade 

except In the UPGMA analysis (figs. 5 and 6).

DISCUSSION

Systematically, the results of the cladlstlc analysis 

are Inconclusive. A massive amount of homoplasy Is shown by 

the characters In the data set; groups are supported not by 

synapomorphles but by convergences or reversals; even 

Cortaderla, the only included taxon which can be diagnosed 

by an apparently synapomorphous state (gynodloecy), appears 

as a polyphyletlc group on all trees. These factors make It 

difficult to have confidence In the phylogenetic hypotheses 

supported by these trees. However, certain relationships 

are consistently Indicated by the analyses, and deserve 

consideration.

Cortaderla sections Cortaderla, MonoarIs tat a , and 

Mutlca formed a stable clade on all trees. Indicating that 

these taxa probably are a monophyletlc group. This 

hypothesis agrees with morphological evidence, such as the
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similarity in lemma shape, habit, and cytology (Conert, 

1961; Connor and Edgar, 1974; Connor, 1983).

Danthonia also forms a robust clade. In spite of the 

fact that no true synapomorphies for the group exist in this 

data set, and all characters which support it are 

homoplasious, the fact that it is stable lends credibility

to the hypothesis that Danthonia s. str. is a monophyletlc 

group. However, the consistent inclusion of Cortaderla 

section Bifida (including Ĉ . archboldii ) in this clade is 

problematic. The character states shared by these taxa are 

all primitive conditions, such as scattered lemma hairs, 

costal short cells in long rows rather than paired, 

undivided phloem, and the presence of bulliform cells. When 

the clade appears high on the tree, such as in fig. 1, the 

nodes which subtend it are characterized by many reversals 

in these characters. In addition, members of Ĉ. section 

Bifida, like all members of this genus, are gynodioecious, a 

condition rare in the Poaceae (Connor, 1981). A 

phylogenetic hypothesis which requires a multiple origin 

for this condition seems untenable, particularly when the 

character states on which the hypothesis is based are 

primitive.

I believe it is more likely that the inclusion of C . 

section Bifida within this clade is due to the extensive 

homoplasy in the data, and does not accurately reflect the 

evolutionary relationships of this group. However, further
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investigation is required. The rejection of this portion of 

the hypothesis reduces the credibility of the rest. It is 

possible that the CUs comprising Danthonia are similarly 

misplaced, and that their apparent relationship is an 

artifact of the data set. I do not believe this to be the

case, but only further study can resolve the question.

The two species of Erythranthera form a stable clade, 

separated only by the UPGMA clustering algorithm (fig. 5,

6), in spite of their differences in lemma hair arrangement, 

lodicules, and silica body shape. This provides good 

evidence of close relationship.

Merxmuellera appears, on the basis of these analyses, 

to be polyphyletlc. Only Merxmuellera davyi, M. macowanii, 

and M. stereophylla form a stable clade; this grouping is 

plausible based on other features of anatomy and morphology 

not included in the cladistic data set (Appendix A; 

Chippindall, 1955; Conert, 1970; Wright, 1984). Conert's

(1961) suggestion of a close relationship between

Merxmuellera and Cortaderla is not supported by these

results. The amount of variability within Merxmuellera is

great (De Wet 1954, 1956, 1960; Wright, 1984), and more

investigation of this group must be conducted before any

firm taxonomic conclusions can be drawn.

Karroochloa does not form a stable monophyletlc group 

on these trees, but K. tenella and K. purpurea frequently 

appear as sister groups. The fact that Danthonia
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cacherayrlana Is identical to K. purpurea in all characters 

but one is interesting. Morphologically the two species are 

Buffiently similar that a close relationship seems

plausible. Danthonia exilis often appears as a sister 

group. Karroochloa curva is consistently separated from

these other taxa, usually based on its lack of bulliform 

cells (char. 11). Further investigation of these taxa is 

underway.

Schismus species appear as a polyphyletic or

paraphyletic group on all trees except fig. 3. The

relationship between Schismus and Karroochloa postulated by 

Conert and Tvirpe (1969 , 1974) is not supported by these

results.

Rytldosperma also appears polyphyletic based on these 

analyses. The CUs comprising this genus show no stable

relationships on the trees, and therefore there is no clear

indication of their relationships. Similarly, the

relationships of Chlonochloa, Monachather, Monostachya, and 

Pyrranthera are unresolved because their positions on the 

trees are labile.

Based on the results of this study, no firm conclusions 

can be drawn as to the relationships of these taxa, because 

of the extensive homoplasy shown by the characters and the 

lack of truly robust groups. There are three possible 

reasons for these results:
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First, Che homoplasy shown on the trees may represent 

parallel evolution. Clayton (1981), In fact, has suggested

that the Arundlnoldeae, as a whole, represent the Isolated

remnants of an ancient group whose center has become 

extinct. If this is the case, the Danthonieae would have a 

common ancestor within the primitive center of the

subfamily, but the taxa included in Danthonia s. lat. might 

represent separate evolutionary lineages arising from this 

common ancestral complex. These lineages, evolving

independently but subject to similar selective pressures, 

might be expected to develop identical or nearly identical 

features, because of the similarity of their overall genetic 

constitution (Cronquist, 1968; Cantino, 1982). In such a 

situation, one would anticipate similarity in most features 

of the organisms in question.

Second, convergent evolution could be responsible for 

the homoplasy observed in this study. The ancestors of taxa 

included in Danthonia s. lat. may have belonged to different 

ancestral complexes, but developed similar adaptations in 

certain features in response to similar selective pressures. 

In this case, one might expect that differences would remain 

in those features which were not subjected to these 

selective pressures. The more distantly related the 

ancestors, the greater the expected differences would be, 

and the easier the convergence would be to identify. 

Conversely, if the ancestral complexes were closely related.
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perhaps in the same subfamily, then the existing differences 

would be fewer and more difficult to recognize.

Convergent evolution is well-known and widespread in 

the Poaceae. A good example is the occurrence of a

geniculate and twisted awn, such as is found in many

Danthonieae, Aveneae, Stipeae, and other groups. This 

feature has arisen independently in virtually every

subfamily, and its significance in seed dispersal is

apparent. The convergent nature of this character can be 

demonstrated in most cases by an examination of other 

characters, such as leaf and embryo anatomy, which are not 

subject to the same selective pressures. On the basis of 

this sort of evidence, Alloeochaete, Cent ro pod la, 

Dregeochloa, Metcalfia, and Pseudopentameris were removed

from this study group because the weight of evidence

indicated that their resemblance to other members of

Danthonia s. lat. was due to convergent evolution.

Third, the evolution of this group may have been wholly

or partially reticulate. It is well-documented that

amphidiploidy and autopolyploidy followed by diploidization 

are common phenomena in the grasses, and probably represent 

the dominant means of spéciation in the grasses as a whole; 

perhaps 70-80% of the grass species are of polyploid origin.

Hybridization is a likely factor in the origin of the

majority of polyploid series (Stebbins, 1956; Carnahan and 

Hill, 1961). Spéciation through polyploidy and/or
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hybridization is known in the Danthonieae. Australian

Rytldosperma, for instance, have been shown to form a 

polyploid series (Brock and Brown, 1961). Similarly, in New 

Zealand Chlonochloa, hybrids, both natural and experimental, 

are readily produced (Connor, 1967). Thus, it is not

difficult to imagine that lineages could have arisen by

hybridization and polyploidy among the closely related 

ancestors of the modern Danthonieae.

Cladistic analysis does not permit inferences 

concerning the causes of homoplasy observed on the 

phylogenetic trees. Thus, I was unable to distinguish

among parallel, convergent, and reticulate evolution. 

However, the taxa included in this study show broad

similarities in both morphological and anatomical features, 

implying considerable similarity in genetic constitution. 

The most plausible explanation for this, in my opinion, is

to assume close common ancestry (Cronquist, 1968), and

therefore parallelism seems the most likely explanation for

the observed homoplasy. However, if the ancestors of two 

separate evolutionary lineages were themselves closely

related, it would be virtually impossible to sort out 

parallelism from convergence in their descendants. 

Reticulation, if it occurred, would further obscure the 

relationships, rendering the evolutionary history of the 

group undecipherable using present techniques and data.
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Only further investigation will reveal whether or not this 

is the case in Danthonia.

Many workers have discussed the problems of using

cladistic methods in plant groups (Crisci and Stuessy, 1980; 

Duncan, 1980; Bremer and Wanntorp, 1978). In groups such as 

grasses, where hybridization and polyploidy are known to be 

common, and parallelism and convergence widespread, the

difficulties are magnified. In this study, the questions

raised by Stuessy (1980) regarding the efficacy of

cladistics in plant groups are major Issues. It is clear 

that the cladistic approach, while it holds much promise, 

must be used with caution.
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TABLE 1. Characters and character states. An asterisk 

(*) marks characters used in cladistic analysis. VB » 

vascular bundle, 1' == primary, 2' = secondary, BS = bundle 

sheath.

LEAF CROSS-SECTION: 1. Adaxial furrows: 0 = open; 1

narrow cleft; 2 = broad, steep-sided; 3 = none. 2. Adaxial 

ribs, presence: 0 = over all VBs; 1 = only over midrib; 2 =

only over 1' and 2' VBs; 3 = none. 3. Adaxial ribs, shape: 

0 = similar over all VBs; 1 = different. 4. Adaxial ribs, 

shape over 1' VBs: 0 = rounded; 1 = flat-topped; 2 =

massive. 5. Midrib: 0 = median VB only; 1 = midrib. 6. 1' 

VB shape: 0 = round or elliptical; 1 = egg-shaped. 7. 2' VB 

shape: 0 = round or elliptical; 1 = egg-shaped. *8. Phloem:

0 = not divided by fibers; 1 = evenly divided into 2 groups; 

2 = irregularly divided. 9. Outer B S : 0 = complete; 1 =

incomplete above; 2 = incomplete below; 3 = incomplete above 

and below. 10. Outer BS size: 0 = cells equal to or smaller 

than parenchyma cells, inconspicuous; 1 = cells equal to or 

smaller than parenchyma cells, conspicuous; 2 = cells larger 

than parenchyma cells, conspicuous. 11. Inner BS cell 

walls: 0 = unevenly thickened; 1 = evenly thickened. 12.

Adaxial sclerenchyma, presence: 0 = associated with all VBs;

1 = lacking over 3' VBs; 2 = none. 13. Adaxial

sclerenchyma, shape over 1' VBs: 0 = strand; 1 = girder; 2 = 

girder narrower toward bundle; 3 = T or anchor. 14. Abaxial
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sclerenchyma, presence: 0 = associated with all VBs; 1 =

lacking under 3' VBs. 15. Abaxial sclerenchyma, shape under 

1' VBs: 0 = strand; 1 = girder; 2 = girder narrower toward

bundle; 3 = X or anchor. 16. Mesophyll: 0 = not radiate;

1 = indistinctly radiate. 17. Colorless cells: 0 = none;

1 = present as BS extensions only, not extensive; 2

present in mesophyll, not extensive; 3 = extensive. 18. 

Metaxylem vessels: 0 = smaller than or equal to outer BS

cells; 1 = larger than outer BS cells. 19. BS extensions, 

adaxial: 0 = present, connecting bundle to sclerenchyma;

1 = extensions only, no sclerenchyma; 2 = no extensions. 

20. BS extensions, abaxial: 0 = present, connecting bundle

to sclerenchyma; 1 = extensions only, no sclerenchyma; 2 = 

no extensions. *21. Upper epidermis: 0 = cells

unspecialized; 1 = composed mainly of rounded cells,

somewhat enlarged; 2 = composed mainly of broadly papillate 

cells; 3 = composed mainly of fingerlike cells. *22.

Hypodermic prickle hairs: 0 = absent; 1 = present on

adaxial epidermis. *23. Bulliform cells: 0 = present,

simple fans; 1 = present, fan-shaped groups but center cell 

enlarged; 2 = absent; 3 = Arundo-type.

LOWER EPIDERMIS IN SURFACE VIEW: 24. Microhairs: 0 =

present; I = none seen. 25. Intercostal long cells, shape: 

0 = walls parallel; walls bowed out. 26. Intercostal long 

cells, side walls: 0 = undulating; 1 = deep, interlocking

undulations; 2 = U-shaped undulations; 3 = W-shaped
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undulations. *27. Costal short cells: 0 = in long (5+)

rows; 1 = mainly paired or solitary. *28. Costal silica 

body shape: 0 = cross-dumbbell; 1 = mainly round-

crescentic.

MORPHOLOGY: *29. Lower leaf sheaths: 0 = unspecialized; 1 =

indurate, persistent; 2 = densely lanate. *30. Prophylla: 0 

= unspecialized; 1 = membranous, long-awned; 2 = triangular, 

lanate on keels. 31. Cleistogamous spikelets: 0 = absent;

1 = present. 32. Spikelets: 0 = more than 2-flowered; 1 =

2-flowered. *33. Lemma hairs: 0 = scattered or only

marginal; 1 = tufted; 2 = in distinct lines between nerves;

3 = scattered above a horizontal line; 4 = absent. 34.

Lateral lobes: 0 = distinct from awn base; 1 = more or less

adnate to awn base. *35. Lateral lobes, development: 0 =

well-developed; 1 = reduced; 2 = absent. 36. Awn: 0 = well- 

developed; 1 = reduced. 37. Callus, development: 0 = blunt, 

transverse; 1 = elongate. 38. Callus, vestiture: 0 =

glabrous; 1 = more or less long-hairy. 39. Lemma nerve

number: 0 = 5-9; 1 = 11-13. 40. Glume nerve number: 0 = 1 ;

1 = 3-5; 2 = 5-9; 3 = 11-13. 41. Palea/rachilla ratio:

(value). *42. Lodicules: 0 = glabrous; 1 = hairy. *43.

Microhairs on lodicules: 0 = present; 1 = absent. *44.

Hilum: 0 = linear; 1 = round to oval. 45. Hilum, spot

appearing above base: 0 = no; 1 = yes. 46. Hilum

length/width ratio: (value + 1  s. d .; n) . 47.

Hilum/caryopsis ratio: (value + 1 s. d .; n) . *48. Sex form:
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0 = perfect-flowered; I ° gynodioecious. 49. Basic

chromosome number: 0 = 6 ;  1 = 7 ;  2 =  10.
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TAULE 2. 

uxplanation

Cladiotlc units and included taxa. See text for

CU INCLUDED TAXA

ARUNDO

CHIONOCL

Arundo donax

Chlonocliloa bedd loi , C. bromoidea , C. conupicua, 

Ĉ. floveacenu, f ri gi d g , C .  pa 11 e n a , £.

rlglda, C. rubra

COARCHBO Cortaderia arch boId i i

CSECTBIF Cortaderla hapalotr1cha , C. punRcns

CSECTCOR Cortaderia araucana

CSECTMON Cortaderla pilosa

CSECTMUT Cortaderia modes ta

DANTHOSS Danthonia alpina, D. californica, D .

DCACHEMY

DDOMINGE

DEXILIS

DMONTANA

DSAMERl

DSAMER2

DSHREVEl

EAUSTRAL

EPUMILA

KCURVA

KPURPURE

KTENELLA

MARUNDIN

MDAVYX

MDISTICH

2. decumbens, D. intermedia, D. 

secundlf iora, D. sericea, D.

uniapicata

Danthonia cachemy rlana 

Danthonia domingensis

parryi, £.

splcata, D .

Danthonia exilis

Danthonia montana

Danthonia ci rra ta , D . malacantha

Danthonia dusenii, D . montevidensis

Danthonia shrevei

Erythranthera australis 

Erythranthera pumila 

Karroochloa curva 

Karroochloa purpurea 

Karroochloa tenella 

Herxmuelllera arundinacea 

Merxmuellera davy1 

Merxmuellera disticha
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TA1U.K 2, con c1nu ud•

CU INCLUDED TAXA

MDRAKKNS Merxmuellera drakentibcrp,lenuio

MDURA Merxmuellera dura

MCUILLAR Merxmuellera guillarmodae

HLUPDECO Merxmuellera lupullna, M. decora

MMACOWAN Merxmuellera macowanll

MONACHAT Monachather paradoxus

MONOSTAC Monostachya oreoboloides

MPAPPOSA Merxmuellera papposa

MRUFA Merxmuellera rufa

MSTEREOP Merxmuellera stereophylla

MSTRICTA Merxmuellera strlcta

PLINTHAN Pllnthanthesls paradoxus

PYRRANTH Pyrranthera cxlgua

RAUSTRNZ Rytldosperma acerosum, R. blannulare, R.

caespltosum, R . clavatum. R . corlnum. R.

dimldlatum, R. erianthum, R . geniculatura, R.

gracile, R. laeve, R. llnkil, R. longlf ollum, R-

nigricans, R- pauclflorum, R. penl cl 11a turn, R.

pilocum, R. procerum, R. racemosum, R-

richardll, R. semlannulare, R • setaceum. R.

setlfollum, R. unarede, R. vlolaceum

RPALLIDE Rytldosperma pallldc

RSAMERIC Rytldosperma glabrum, R. vlrescens

RVESTITU Rytldosperma vestitum

SARABICU Schismus arablcus

SBARBATU Schismus barbatus

SINERMIS Schismus Inermls

SSCABERR Schismus scaberrlmus





T A Ü L K  3.  D a t a  i s a t r l K  uueil In c l a d l t i c t c  an.ilytilii 

( f o r  k e y  t o  C U ü  a e o  t a b l e  2 ) .  9 - m l a u l n ^

o b u c r v a c i o n *  C h a r a c t e r  n u m b e r a  a t  b o t t o m  r e f e r  t o  

o r l i ' l n a l  d a t a  m a t r i x .

CLADISTIC CliARACTEK NUMBER

C U 9 10  II 12 13 14

ARUNDO 0 2 0 L 0 1 0 0 0 0 1 0 0 0

DANTIIOSS 0 0 0 0 u I 0 0 0 0 0 0 0 0

DSIiUEVEl 0 0 0 0 1 1 9 0 0 0 0 I 0 0

DDOHINCE 0 0 0 0 0 1 9 0 0 0 0 1 0 0

DSAMEKl 0 0 0 0 0 I 0 1 0 0 0 1 0 0

DMONTANA 0 0 0 0 9 9 0 I I 0 0 0 0 0

DSAHER2 0 0 0 0 0 I 0 0 1 0 0 0 0 0

DCACHEHY 0 0 I 0 1 0 9 0 0 0 0 0 0 0

DEXILIS 0 0 2 0 1 0 I 0 1 0 0 0 0 0

RSAHERIC 0 0 1 0 I 0 1 0 0 0 2 1 1 0

RAUSTRNZ 0 0 1 0 1 0 I 0 1 0 2 0 0 0

RPALEIDE 0 0 1 0 1 0 1 0 0 0 0 1 1 u

RVESTITU 0 0 1 0 1 0 1 0 1 0 2 0 1 0

MRUKA 2 0 2 0 I 0 1 0 0 0 0 1 1 0

MDURA I 0 0 0 1 0 1 0 0 0 0 I I 0

MLUPDECO 2 0 2 0 L I 1 0 0 0 2 1 1 0

MPAPPOSA 9 0 3 0 1 1 1 0 1 0 0 1 1 0

MDISTICH 0 0 1 0 1 0 1 0 I 0 2 1 1 0

MSTRICTA 0 0 1 0 1 0 1 I 1 0 2 0 1 0

MDAVYI 0 0 1 0 1 1 1 1 1 I 0 1 1 0

MMACOWAN 1 0 1 0 1 0 1 1 1 1 0 1 1 0

HSTEREOP 1 0 1 0 1 1 1 1 1 0 0 1 1 0

MDRAKENS 1 0 1 0 1 0 1 1 0 0 2 I I 0

MGUILLAR 0 0 0 0 1 0 1 1 1 0 2 0 0 0

MARUNDIN 1 0 2 0 1 0 1 0 0 0 0 1 I 0

CHIONOCL 1 0 0 0 1 0 0 0 1 0 2 1 I 0

CSECTBIF 1 0 0 0 0 0 0 0 1 0 0 0 0 1

CSECTCOR 1 0 0 I 1 1 0 2 0 0 2 1 0 1

CSECTMON 1 0 0 1 0 1 0 2 0 0 2 1 1 1

CSECTMUT 1 0 0 1 0 1 0 2 0 0 2 1 0 1

COARCHBO 1 0 0 0 1 1 0 0 1 0 0 0 0 1

SBARBATU 0 1 0 0 1 0 1 0 0 0 2 0 0 0

SARABICU 0 1 0 0 0 1 1 0 0 0 2 0 0 0

SSCABERR 0 1 0 2 1 0 I 0 0 0 0 0 0 0

SINERMIS 0 1 0 1 1 0 1 0 0 0 2 1 1 0





USAMCHI 0 0 0 0 0 1 0 0 1 0 0 0 1) 0

UCACIIKMY 0 0 I 0 1 0 9 0 0 0 0 0 0 0

UKXIl. IS Ü 0 2 0 I 0 1 Ü I 0 0 0 0
RSAHEKIC U 0 1 0 1 0 I 0 0 0 2 1 I 0

RAUSTRNZ 0 0 I 0 1 0 1 0 1 0 2 0 0

Kl'ALLlUE 0 0 1 0 I 0 1 0 u 0 0 1 I 0

RVESTITU 0 0 1 0 I 0 I 0 I 0 2 0 1 0

MRUKA 2 0 2 0 I 0 I 0 u 0 Ü I 1 0

MDUKA 1 0 0 0 I 0 1 0 0 0 0 I 1 0

MLUl’UECO 2 0 2 0 1 I I 0 0 0 2 I 1 0

MPAIM’OSA 9 0 3 0 1 1 1 0 I 0 0 1 1 0

MUISTICIl 0 0 I 0 1 0 1 0 1 0 2 1 1 0

MSTRICTA 0 0 I 0 I 0 1 1 I 0 2 0 1 0

MDAVYI 0 0 1 0 1 1 1 1 1 1 0 1 I 0

MMACOWAN 1 0 1 0 1 0 1 I 1 1 0 1 1 0

MSTEREOP 1 0 I 0 1 I 1 I 1 0 0 1 1 0

MDRAKENS 1 0 I 0 1 0 1 I 0 0 2 I 1 0

MGUILLAR 0 0 0 I 0 1 I 1 0 2 0 0

MARUNDIN 1 0 2 0 I 0 1 0 0 0 0 1 1 0

CHIONOCL I 0 0 0 I 0 0 0 I 0 2 1 1 0

CSECTBIF 1 0 0 0 0 0 0 0 1 0 0 0 0 I

CSECTCOR 1 0 0 1 1 1 0 2 0 0 2 1 0 1

CSECTMON 1 0 0 1 0 1 0 2 0 0 2 1 1 1

CSECTMUT I 0 0 1 0 1 0 2 0 0 2 1 0 1

COARCHBO 1 0 0 0 1 1 0 0 1 0 0 0 0 I

SBARBATU 0 1 0 0 1 0 I 0 0 0 2 0 0 0

SARABICU 0 I 0 0 0 1 1 0 0 0 2 0 0 0

SSCABERR 0 1 0 2 1 0 1 0 0 0 0 0 0 0

SINERMIS 0 1 0 1 I 0 I 0 0 0 2 1 1 0

KCURVA 0 0 0 0 1 0 I 0 1 0 2 0 0 0

KTENELLA 0 1 1 0 0 0 1 0 0 0 0 0 0 0

KPURPURE 0 0 I 0 I 0 L 0 0 0 0 0 0 0

MONACHAT 2 0 1 0 0 1 1 0 0 0 1 0 0 0

PYRRANTH 0 0 0 1 1 0 1 0 1 0 2 0 0 0

PLINTHAN 0 0 0 1 0 I 0 0 0 2 0 0 0

EPUMILA 0 0 2 1 0 0 1 0 1 0 2 0 1 0

EAUSTRAL 0 0 4 1 0 I 1 0 I 0 2 0 0 0

HONOSTAC 0 0 1 2 1 0 9 0 I 0 2 1 1 0

g1-3

29 30 33 35 42 43 44 8 21 22 23 27 28 48

ORIGINAL CHARACTER NUMBER
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TABLE 4. Results of character 

compatibility analysis.

RUN I (CHARACTERS 1,5,6,7 DELETED) 

Clique 1: Characters 2,8,10

Clique 2: Characters 2,9,10 

Clique 3: Characters 2,10,14 

Clique 4: Characters 3,10,14 

RUN II (6 CUs DELETED)

Clique 1: Characters 3,7,10,14
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0 9 0 9 0 9 9 0 0 ^ 0 9 0 0 0

^ 9 0 0 9 9 9 0 0 0 0 0  O  ̂ 9 O

9 9 9  9 - * O O O O O x O O O O O O

0 9 9 0 * « * « 9 0 0 ' < 0 0 n 0 0 0 0 0  

9 0 9 9 0 0 9 0 0 0 0 9 0 0 0 9 0 0  

— — 9 ^  0 0 9 OOO 0 0 0 0  — 0 0 0

— 9 — 0 9  — 0 0 0 0 9  — 0 0 0 0 0 0

OO — 9 9 0 0 0 0 0  — OOO — — — —

O M M O O O M O O f ^ O O f ^ O O N M  

0 0 0 0 0 0 0 0 9 0 9 0 0 0 0 - 0 0  

0 9  — 0 0 0 0 * ^ 0  — f ^ O O — 0*10 '̂

0 0 0 0 0 0 9

o O — — — — 9

r# O O o o O M

O O O O 0 9

— 9 I— — O n  f*

o o o o o o o o

0 0 0 0 9 0 0
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i -
9 — 9 9 0 9 9 9 9 9 9 9  — — 9 0
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0 9 9 9 9 9 0 9 9 9  — — 9 9 9 0

9 — 9 — 9 9 0 0 0
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O ' . — 0 9  9 9-» — — -»'»*» — — — — '«•<§9 — ' » 0 0  — — — 9 0  — O O O O  — — 0 0 0 0 0 ' ^ 0 0 9 «  — — — — — — — — — — O — O — — — —
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0 0 0 ^ 0 0 0
0 0 3 9 0 0 9 9 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0  

0 — 0 0 0 0 0 0 0 0 9  — 0

| * < * < 3 0 0 ' V O O ' « 0 0 0 0 0  0 < N < * * 0 0 0 < ^ 0 9 < * l OO ' ^ 0 0

9 9 0 0 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0  —

O — O O O O O O O O O O  — 0 0 9 9 0 ^ 0 0 0 0  — 0 — ^ O O - ' O " '

9 0 0 0 0 9 —

— OO — WOM — O O O O O O O O  

9 — 0 — 0 0  — — O O O O  — — OO —

— OO — — O — — OO — — — — — — — —

O O O O O O O O O O O O -  o — o — o

3 0 —  0 0 0 —

0 9 0 0 0 0

0 3 9 0 0 3 0

3 3 3 3 3 3 0 0 0 0 0 0 0 9 9 9 0 0 0 0 0 0 0 0 0 0 3 9 0 0 0 9  — OO — O — O — OO — — 0 0 9

3 9 3 3 0 9 0 9 0 9 9 0 0 3 3 3 0 9 9 0 0 0 0 0 0 0 0 9 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9  

9 9 9 3 9 O 0  — OO — 0 0 0 0 0 3 0 0 9 0 0 0 9 0 0 0 0 9 0 0 3 0  — — O O O O O  — o O O O  — O

3 3 3 0 0 0  — 0*3
3 3 9 0 0 0 0 0  — 0

— O — — 90 — — — 3

0 0 0 0 0 3 0 0  

0 0 0 9 9  — 0 0

O O O O  — — 00

— 3 0 0 0  — 9 — — O — * — —

0 0 0 0 0  — 0 0 9 0 0 *  — —

0 3 0 0 0 0 3 0 0 0 0  — 3 0
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FIGURE CAPTIONS

FIG. 1. Wagner parsimony analysis of Danthonia s. lac. 

In this and following figs., character state changes are 

indicated by bars. R = reversal, C = convergence or 

parallelism. See text for explanation of F-ratio, C-index,

and character consistencies.

FIG. 2. Wagner parsimony analysis of Danthonia s. lat., 

using successive weighting of characters. R = reversal, C = 

convergence or parallelism.

FIG. 3. Wagner parsimony analysis of Danthonia s. lat., 

with hypothetical ancestor used as outgroup. R = reversal, 

C = convergence or parallelism.

FIG. 4. Character compatibility analysis of Danthonia s. 

lat. See text for explanation.

Fig. 5. UPGMA cluster analysis of Danthonia s. lat.

FIG. 6. Dendrogram from fig. 5 with ancestral nodes 

optimized and character state changes plotted. See text for 

explanation.
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COMPARATIVE ANATOMICAL STUDIES IN DANTHONIA S. LAT.

(DANTHONIEAE: POACEAE)

Kay L . Wright 

INTRODUCTION

Danthonia s. lat. comprises well over 100 species,

distributed throughout both hemispheres (Wright, 1984; 

Conert, 1971). De Wet (1954, 1956, 1960) demonstrated that 

Danthonia is heterogeneous in many of the features that are 

now used to distinguish subfamilies of grasses, such as the 

arrangement and shape of the silica bodies and the structure 

of the mesophyll. He further suggested that the genus

should be subdivided. Since then, more than a dozen

segregate genera have been proposed (summary in Wright, 

1984). Most of these segregates have been maintained in the 

Danthonieae. However, the patterns of generic relationships 

within the group are still unclear. I examined the leaf 

anatomy and lodicule morphology of representative species of 

all available segregate genera, in the hope of elucidating 

the complex evolutionary relationships of these taxa 

(Cronquist, 1978; Metcalfe and Chalk, 1979).



MATERIALS AND METHODS

Leaf anatomy and lodicule morphology were examined for 

representative species of 15 genera (Table 1; Wright, 1984: 

Appendix A). In addition to taxa comprising Danthonia s. 

lat., species of Cortaderia and Schismus were investigated 

for comparative purposes- Although never included within 

Danthonia, a close relationships between these two genera 

and Danthonia has been suggested by several authors (Conert, 

1961; Clifford and Watson, 1977; Wright, 1984). Two other 

genera segregated from Danthonia were not investigated here: 

(1) No specimens of the tropical African genus Alloeochaete 

were available for study. Its internal leaf anatomy is 

described by De Wet (1956) as panicoid (1. e., with radiate 

mesophyll). (2) Embryo and lodicule anatomy of Metca1 fia 

mexicana, the sole species of this genus, was investigated 

by Tateoka (1964), who showed conclusively that it is 

festucoid, probably a primitive member of the Aveneae.

From herbarium specimens to be prepared for anatomical 

investigation I selected leaf material from a section 

approximately midway along the blade of mature leaves. Flag 

leaves on flowering culms were not used. The leaf material 

was first soaked in a 5% solution of Contrad 70 for 

approximately 24 hr, thoroughly rinsed in water, placed in a 

weak (ca. 5%) solution of acetic acid in 50% ethanol for 24-



48 hr, and Chen stored In 50% ethanol until examined (Schmid 

and Turner, 1977).

Preparations of the lower epidermis were made by 

placing the soaked leaf material on a microscope slide and 

scraping away the upper epidermis and mesophyll with a razor 

blade until only the lower epidermis Itself remained

(Metcalfe, 1960). The preparation was then mounted In

Hoyer's solution (Johansen, 1940) so that the outer surface 

of the epidermis faced the cover slip. Hoyer's solution has 

a sufficiently high refractive Index to reveal silica 

bodies, and has the additional advantage of being water- 

soluble, yet permanent.

Leaf sections were cut freehand with a razor blade, 

stained with safranln and counterstained with fast green 

using Northen's variation of Foster's method (Johansen, 

1940), dehydrated through an alcohol series to xylene, and 

mounted In Coverbond. Lodlcules were dissected from the

florets In a drop of alcohol and mounted in Hoyer's

solution. Slides are deposited at OKL.

OBSERVATIONS

Terminology used In descriptions of leaf anatomical 

features follows Ellis (1976, 1979) whenever possible. One

major departure, however. Is In the description of the shape 

of the adaxlal and abaxlal sclerenchyma. Ellis described 

the sclerenchyma and bundle sheaths separately, whereas I



found that In most of the taxa examined these two types of 

cells intergrade, making any distinction between the two 

structures arbitrary and frequently misleading.

Stomatal subsidiary cell shape was recorded for most 

taxa. All shapes were within the triangular to dome-shaped 

category; however, the range of shapes within a species and 

even within a given specimen was great. Furthermore, I was 

unable to detect meaningful differences between taxa. 

Another feature examined was the shape and size of the 

microhairs on the leaf surface. Again, the range of 

variation within and between species was quite large. In 

addition, the apical cells of microhairs are only rarely 

preserved intact in herbarium material, and thus uniform 

comparisons cannot be made. For these reasons, information 

on subsidiary cell and microhair shape is not included in 

the taxon descriptions.

Centropodia

Leaf Cross-section.— Adaxial furrows generally wide and 

open; adaxial ribs present, rounded, similar in shape over 

all vascular bundles (VBs). Midrib absent. VBs round to 

elliptical. Outer bundle sheath (DBS) complete, cells much 

larger than parenchyma cells, conspicuous. Inner bundle 

sheath (IBS) cell walls not thickened, or very slightly and 

evenly thickened. Metaxylem vessels much smaller than DBS 

cells. Phloem not divided. Adaxial and abaxlal



sclerenchyma associated with all VBs, as strands (abaxially 

T-shaped in glauca). Bundle sheath (BS) extensions and

colorless cells absent. Mesophyll poorly preserved in 

available material, but reported by DeWet (1954, 1956) to be 

radiate. Upper epidermal cells unspecialized; hypodermic 

prickle hairs (Fig. 1) absent. Bulliform cells in fan­

shaped groups with the center cell enlarged (Fig. 2).

Leaf Abaxial Epidermis.— Microhairs apparently absent. 

Intercostal long cell side walls difficult to observe 

because they lie in deep grooves overarched by prickles, but 

apparently parallel, with interlocking undulations. Costal 

short cells mainly paired, with rounded or occasionally 

cross-shaped silica bodies.

Lodicule Morphology.— Lodicule preparations unavailable. 

Chionochloa

Leaf Cross-section.— Adaxial furrows narrow clefts; adaxial 

ribs present and similar over all VBs, rounded or flat- 

topped (massive [Fig. 3] in Ĉ. f rigida) . Midrib present 

(absent in f rigida and Ĉ . rigida) . Primary VBs round to

elliptical (egg-shaped in bromoi des and £. rubra);

secondary VBs round to elliptical. OBS incomplete below 

(complete in C. rubra), cells equal to or smaller than 

parenchyma cells, generally inconspicuous. IBS unevenly 

thickened. Metaxylem vessels smaller or larger than OBS



cells. Phloem not divided. Adaxial sclerenchyma present 

over all VBs, T- or anchor-shaped (girder in beddiei,

girder narrower toward the bundle in frigida); abaxial

sclerenchyma present under all VBs, T- to anchor-shaped or 

forming girders. BS extensions present adaxlally, present 

or absent abaxially. Colorless cells present as BS 

extensions only, or a layer of colorless, usually silica- 

filled cells present just above the lower epidermis. 

Mesophyll not radiate or indistinctly radiate. Upper

epidermis composed of broadly papillate cells (Fig. 4); 

hypodermic prickle hairs absent. Bulliform cells absent.

A number of species show a more or less complete

abaxial band of subepidermal sclerenchyma. Zotov (1963)

used this as a key character; however, the degree of

completeness appears to vary within species.

Abaxial Leaf Epidermis.— Microhairs apparently absent.

Intercostal long cell side walls parallel; undulations U- 

shaped (W-shaped [Fig. 5 1 in beddiei and sometimes in Ĉ. 

rigida). Intercostal short cells paired, with rounded

silica bodies.

Zotov (1963) reported dumbbell-shaped silica bodies in 

C. bromoides. In coontrast, I found only elongate, rounded

silica bodies.

Lodicule Morphology.— Lodicules cuneate to diamond-shaped or 

apically lingulate (Fig. 6), hairy (glabrous in C. rigida



and occasionally in C. rubra). Microhairs present in C. 

bedd iei, C. flavescens, £. frigida, and £. rigida, 2-4

celled; absent in £. bromoides, C . conspicua, and C. 

pallens.

Danthonia _s_̂ st r. ( including Sieglingia)

Leaf Cross-section.— Adaxial furrows broad and open or 

steep-sided; adaxial ribs present, rounded or flat-topped,

generally similar in shape over all VBs. Midrib present or 

absent. Primary and secondary VBs round or occasionally 

egg-shaped. OBS generally incomplete, sometimes complete 

above, cells equal to or smaller than parenchyma cells, 

inconspicuous. IBS unevenly thickened. Metaxylem vessels 

smaller or larger than outer bundle sheath cells. Phloem 

not divided (divided into two even groups [Fig. 1] in £. 

cirrata, D. malacantha, and D . mon t ana). Adaxial 

sclerenchyma present over all VBs (absent over third order

VBs in D. chaseana, D . cirrata, and occasionally in £.

sericea); T- or anchor-shaped or forming girders; abaxial 

sclerenchyma present under all VBs or lacking under third

order VBs; T- or anchor-shaped or forming girders. Adaxial 

and abaxial bundle sheath (BS) extensions present or absent. 

Colorless cells absent or present only as BS extensions (a 

few colorless, generally silica-filled cells sometimes 

present in mesophyll in £. parryi, £. domingensis, and D.

montevidensis). Mesophyll not radiate (sometimes



inconspicuously radiate in intermedia and D̂. cirrata) .

Upper epidermal cells generally unspecialized (somewhat 

enlarged in D. mon tana, D. duseni i , and occasionally in D_. 

secundif lora and D. montevidensis ; broadly papillate in D̂ . 

chaseana); hypodermic prickle hairs absent. Bulliform cells 

present as simple fan-shaped groups (absent in _D. chaseana) .

Abaxial Leaf Epidermis .--Microhairs present (none seen in 1). 

unispicata, D . chaseana, and D. malacantha). Intercostal 

long cell side walls parallel or bowed, with variously- 

shaped undulations. Costal short cells usually in long rows 

(mainly paired in D̂ . domingensis , cirrata, and D.

malacantha); costal silica bodies cross- to dumbbell-shaped.

Lodicule Morphology.— Lodicules generally cuneate, glabrous, 

(hairy, diamond-shaped with thinner apical portion in D̂. 

shrevei), and without microhairs. A single, 2-celled 

microhair was found on one otherwise typical lodicule of D̂ . 

alpina. This appears to be an abnormal development, but 

more extensive investigation should be conducted.

Danthonia cachemyriana and D. exilis

Leaf Cross-section.— Adaxial furrows broad and steep-sided 

or narrow clefts; adaxial ribs present, rounded, similar 

over all VBs. Midrib present or absent. VBs round to 

elliptical. OBS incomplete, cells equal to or smaller than 

parenchyma cells, inconspicuous. IBS cells unevenly



thickened. Metaxylera vessels smaller than (^. ex 111s) or 

larger than (D. cachemyr1ana) OBS cells. Phloem not 

divided. Adaxlal and abaxlal sclerenchyma associated with 

all VBs, T- to anchor-shaped In D̂ . cachemy rlana ; lacking In 

association with third order VBs In 2 » exllls, forming 

strands adaxlally and girders narrower toward the bundles 

abaxlally. BS extensions and colorless cells lacking. 

Mesophyll not radiate. Upper epidermal cells unspeclallzed 

or slightly enlarged; hypodermic prickle hairs absent. 

Bulllform cells present as simple fan-shaped groups.

Leaf Abaxlal Epidermis.— Mlcrohalrs present In 2" 

cachemyrlana, not seen In D. exllls. Intercostal long cell 

walls parallel, with U-shaped undulations. Costal short 

cells In long rows, with cross- to dumbbell-shaped silica 

bodies.

Lodlcule Morphology.— Lodlcules cuneate, hairy, with 2-3 

celled microhairs.

Dregeochloa

Leaf Cross-section.— Adaxlal furrows wide, shallow, open; 

adaxlal ribs present, similar over all VBs, very tall and 

narrow, rounded to flat-topped. Midrib absent. VBs round 

or elliptical. OBS complete, cells larger than parenchyma 

cells, conspicuous. IBS not thickened. Metaxylem vessels 

smaller than OBS cells. Phloem not divided. Adaxlal
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and abaxlal sclerenchyma associated with all VBs, forming 

strands. BS extensions and colorless cells absent. 

Mesophyll Indistinctly radiate. Upper epidermal cells 

unspeclallzed; hypodermic prickle hairs absent. Bulllform 

cells present, center cell very large, straight-sided; 

bulllform groups occupying more than half the leaf 

thickness.

Leaf Abaxlal Epidermis.— Mlcrohalrs not seen. Intercostal 

long cells difficult to observe because of deep adaxlal 

grooves between veins overarched by prickles; side walls 

apparently parallel, straight or slightly undulating. 

Costal short cells mostly paired or In short rows, silica 

bodies cross- to dumbbell-shaped.

Lodlcule Morphology.— Lodlcule preparations unavailable; 

lodlcules reported by Conert (1966) to be cuneate and 

glabrous.

Erythranthera

Leaf Cross-section.— Adaxlal furrows wide, open (^. pumlla) 

or broad, steep-sided (^. australis); adaxlal ribs present, 

similar over all VBs, rounded (E. pumlla) or flat-topped (JE. 

australis). Midrib present. VBs round to elliptical. OBS 

incomplete above and below, cells smaller than or equal to 

parenchyma cells. Inconspicuous. IBS unevenly thickened. 

Metaxylem vessels smaller than or equal to OBS cells.
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Phloem not divided. Adaxlal sclerenchyma lacking over third 

order VBs, forming girders; abaxlal sclerenchyma lacking 

under third order VBs, forming girders narrower toward 

bundles. BS extensions absent. Colorless cells apparently 

absent. Mesophyll not radiate. Upper epidermal cells 

rounded, slightly Inflated (Ê . pumlla) or broadly papillate 

(E. australis); hypodermic prickle hairs absent. Bulllform 

cells absent.

Leaf Abaxlal Epidermis.— Mlcrohalrs present. Intercostal

long cell walls parallel, with U-shaped undulations. Costal 

short cells In long rows, with cross- to dumbbell-shaped (^.

australis) or rounded (^. pumlla) silica bodies.

Available leaf material of JE. pumlla was poorly 

preserved and leaf cross-section preparations unclear, so

observations of this species are ambiguous. Epidermal

preparations were adequate.

Lodlcule Morphology.— Lodlcules glabrous, with 2-celled 

mlcrohalrs (E. pumlla) or without mlcrohalrs (^. australis).

Karroochloa

Leaf Cross-section.— Adaxlal furrows wide, open (broad, 

steep-sided in K. curva); adaxial ribs present, similar, and

rounded over all VBs. Midrib present. VBs round to

elliptical. OBS incomplete above and below, cells equal to 

or smaller than parenchyma cells. IBS evenly thickened.
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Metaxylem vessels smaller than or equal to OBS cells (larger 

in K . curva) . Phloem not divided. Adaxial and abaxlal 

sclerenchyma associated with all VBs, forming girders 

narrower toward the bundles (T- or anchor-shaped adaxlally 

in K . curva). BS extensions and colorless cells absent. 

Mesophyll not radiate. Upper epidermis unspecialized 

(mainly of rounded, slightly inflated cells in IC. curva) ; 

hypodermic prickle hairs absent. Bulllform cells absent (K. 

curva) or present as simple fan-shaped groups.

Leaf Abaxlal Epidermis.— Microhairs present. Intercostal 

long cell walls parallel, with U-shaped undulations. Costal 

short cells in long rows, with cross- to dumbbell-shaped 

silica bodies.

Lodlcule Morphology.— Lodlcules more or less cuneate, hairy 

in K . purpurea, hairy or glabrous in K. curva, and glabrous 

in K. tenella. 2-3 celled microhairs present in all 

species.

Merxmuellera

Leaf Cross-section.— Adaxial furrows narrow clefts (broad 

and open in M. rufa and M. stricta, absent in M. 

guillarmodae); adaxial ribs present and generally similar in 

shape over all VBs (none in M. guillarmodae), rounded or 

flat-topped (massive in M. arundinacea, M. papposa, and 

sometimes in M. macowanii) . Midrib present (absent in M.
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arundlnacea and M. dura) . Primary VBs round to elliptical 

or egg-shaped; secondary VBs round to elliptical. OBS 

complete to incomplete; cells equal to or smaller than 

parenchyma cells, conspicuous or inconspicuous. IBS cells 

evenly or unevenly thickened. Metaxylem vessels smaller or 

larger than OBS cells. Phloem not divided or evenly divided 

into two groups (M. stricta, M. davyi, M. macowanii, M. 

stereophylla, M. drakensbergiensis, and M. guillarmodae). 

Adaxial sclerenchyma present over all VBs (lacking over 

third order bundles or absent in M. guillarmodae), mainly T- 

or anchor-shaped (strands in M. papposa; girders in M. 

stricta); abaxial sclerenchyma present under all VBs, T- or 

anchor-shaped (girders in M. rufa, M. drakensbergiensis, and 

M. guillarmodae; girders narrower toward bundles in M. dura, 

M . decora, and M. stricta) . BS extensions present or absent 

adaxially and abaxially. Colorless cells absent or present 

as BS extensions only (extensive in M. papposa) . Mesophyll 

not radiate. Upper epidermal cells unspecialized (hi. rufa, 

M. dura, M. decora, M. drakensbergiensis, and M. 

arundinacea), slightly inflated (M. guillarmodae) , broadly 

papillate (M. stricta and M. stereophylla) , broadly 

papillate or finger-like (M. macowanii; fig. 7), or finger­

like (M. papposa, M. disticha, and M. davyi) ; hypodermic 

prickle hairs absent (present in M. davyi and M. macowanii). 

Bulliform cells present as simple fan-shaped groups or 

absent.
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Leaf Abaxial Epidermis.— Microhairs apparently absent 

(present in M. dura, M. stricta, and M. guillarmodae). 

Intercostal long cell walls parallel, undulations W-shaped 

(M. davyi, M. macowanii, M. stereophylla, and M. 

drakensbergiensis) or mainly U-shaped. Costal short cells 

mainly paired (in short to long rows in M. stricta and .PA 

M. guillarmodae), with rounded silica bodies (dumbbell­

shaped in M. guillarmodae).

Lodlcule Morphology.— Lodlcules quite variable; cuneate to 

diamond-shaped or apically Ungulate; hairy (hairs very

sparse and prickle-like in M. papposa). Mlcrohalrs present 

in some species, absent in others (either present or absent 

in M. macowanii and M. arundlnacea).

Monachather

Leaf Cross-section.— Adaxlal furrows wide, open; adaxial 

ribs present, similar, flat-topped over all VBs. Midrib

present. VBs round to elliptical. OBS Incomplete above,

cells equal to or smaller than parenchyma cells,

inconspicuous. IBS cells evenly thickened. Metaxylem 

vessels smaller than or equal to OBS cells. Phloem not 

divided. Adaxial sclerenchyma present over all VBs, T- or 

anchor-shaped; abaxial sclerenchyma present under all VBs,

forming girders narrower toward bundle. BS extensions 

present adaxlally, absent abaxlally. Colorless cells
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present as BS extensions only. Mesophyll not radiate. 

Upper epidermal cells unspeclallzed; hypodermic prickle 

hairs absent. Bulllform cells In fan-shaped groups, with 

center cell of each group enlarged (Fig. 2).

Leaf Abaxlal Epidermis.— Mlcrohalrs present on lower leaf 

epidermis; Intercostal long cell walls parallel, with 

undulating walls. Costal short cells in long rows, with 

cross- to dumbbell-shaped silica bodies.

Lodlcule Morphology.— Lodlcules cuneate, glabrous, without 

mlcrohalrs.

Monostachya

Leaf Cross-section.— Adaxlal furrows wide, open; adaxlal 

ribs present, similar, rounded over all VBs. Midrib 

present. VBs round to elliptical. OBS incomplete below, 

cells smaller than or equal to parenchyma cells. IBS 

unevenly thickened. Metaxylem vessels smaller than or equal 

to OBS cells. Phloem not divided. Adaxlal sclerenchyma 

lacking over third order VBs, forming girders; abaxlal 

sclerenchyma present under all VBs, forming girders narrower 

toward the bundles. BS extensions present adaxially, 

lacking abaxlally. Colorless cells present as BS extensions 

only. Mesophyll not radiate. Upper epidermal cells 

flngerllke; hypodermic prickle hairs absent. Bulllform 

ce Ils absent.
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Leaf Abaxial Epidermis »— Microhairs not seen. Intercostal 

long cell walls parallel, with U-shaped or interlocking 

undulations. Costal short cells mainly paired, with rounded 

silica bodies.

Lodlcule Morphology.— Lodlcules variable in this monotypic 

genus, generally cuneate, hairy or glabrous, with or without 

2-celled microhairs.

Plinthanthesis

Leaf Cross-section.— Adaxial furrows broad, steep-sided; 

adaxial ribs present, similar, rounded over all VBs. Midrib 

present. VBs round to elliptical. OBS incomplete above and 

below, cells smaller than or equal to parenchyma cells, 

inconspicuous. IBS unevenly thickened. Metaxylem vessels 

larger than OBS cells. Phloem not divided. Adaxial 

sclerenchyma present over all VBs, T- or anchor-shaped. 

Abaxial sclerenchyma present under all VBs, forming girders. 

BS extensions lacking. Colorless cells absent. Mesophyll 

not radiate. Upper epidermis unspecialized; hypodermic 

prickle hairs absent. Bulliform cells absent.

Leaf Abaxial Epidermis.— Microhairs present on abaxial 

epidermis. Intercostal long cell walls parallel, with U- 

shaped undulations. Costal short cells in long rows, with 

cross- to dumbbell-shaped silica bodies.
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Lodlcule Morphology.--Lodlcules cuneate, glabrous, without 

mlcrohalrs.

Pseudopentaraerls

Leaf Cross-section.— Adaxlal furrows broad, steep-sided; 

adaxlal ribs present, rounded, similar In shape over all 

VBs. Midrib present. VBs round to elliptical. OBS

complete, cells larger than parenchyma cells, conspicuous. 

IBS evenly thickened. Metaxylem vessels smaller than or 

equal to OBS cells. Phloem not divided. Adaxlal 

sclerenchyma lacking over third order VBs, present under all 

VBs, forming girders. BS extensions present or absent. 

Colorless cells absent or present only as BS extensions. 

Upper epidermal cells unspeclallzed. Bulllform cells

present as simple fan-shaped groups.

Seen In cross-section, the abaxlal epidermal cells In 

this genus are considerably larger than those of the adaxlal 

epidermis, and are often somewhat inflated.

Leaf Abaxlal Epidermis.— Microhairs not seen. Intercostal 

long cell side walls thin, bowed out and inflated in 

brachyphylla, more or less parallel and not Inflated in P. 

macrantha, with U-shaped undulations. Costal short cells in 

long rows, with cross- to dumbbell-shaped silica bodies.

Lodicule Morphology.— Lodicule preparations unavailable.
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Pyrranthera

Leaf Cross-section.— Adaxlal furrows wide, open; adaxlal 

ribs lacking over third order VBs, similar In shape, 

rounded. Midrib present. VBs round to elliptical. OBS 

Incomplete below, cells equal to or smaller than parenchyma 

cells. IBS unevenly thickened. Metaxylem vessels smaller 

than or equal to OBS cells. Phloem not divided. Adaxlal 

sclerenchyma lacking over third order VBs, forming girders; 

abaxlal sclerenchyma lacking under third order VBs, forming 

girders narrower toward the bundles. BS extensions present 

adaxlally, absent abaxlally. Colorless cells present as BS 

extensions only. Mesophyll not radiate. Upper epidermal 

cells unspeclallzed or rounded and somewhat enlarged; 

hypodermic prickle hairs absent. Bulllform cells absent.

Leaf Abaxlal Epidermis.— Mlcrohalrs present on abaxlal leaf 

epidermis; Intercostal long cells with walls parallel and 

with U-shaped undulations; costal short cells In long rows, 

silica bodies cross- to dumbbell— shaped.

Lodlcule Morphology.--Lodlcules cuneate, glabrous, with 2- 

celled mlcrohalrs.

Rytldosperma

Leaf Cross-section.— Adaxlal furrows of various shapes; 

adaxlal ribs present over all VBs (absent In ]R. 

penlclllatum, absent over third order VBs in R. procerum, R.
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clavatum, and R. corlnum); rounded or flat-topped, generally 

similar in shape over all VBs. Midrib present or absent. 

Primary VBs round to elliptical (egg-shaped in 

longifoliura and occasionally in R. caespitosum); secondary 

VBs round to oval. OBS complete to incomplete, cells 

smaller than or equal to parenchyma cells, inconspicuous. 

IBS unevenly thickened. Metaxylera vessels smaller or larger 

than OBS cells. Phloem not divided. Adaxial sclerenchyma 

associated with all VBs or lacking over third order VBs; T- 

to anchor-shaped or forming girders; abaxial sclerenchyma 

associated with all VBs or (lacking under third order VBs in 

R. clavatum and occasionally in setifolium); forming

girders or a girders narrower toward the bundle. BS 

extensions present or absent adaxially, absent abaxially 

(present in R. glabrum). Colorless cells absent or present 

only as BS extensions. Mesophyll not radiate (indistinctly 

radiate in R. clavatum). Upper epidermal cells

unspecialized, rarely slightly inflated (broadly papillate 

to finger-like in pauciflo rum, R. corinum, and R.

setifolium); hypodermic prickle hairs absent. Bulliform 

cells present as simple fan-shaped groups or absent.

Leaf Abaxial Epidermis.— Microhairs present or apparently 

absent. Intercostal long cell side walls parallel or bowed, 

with variously-shaped undulations. Costal short cells in 

long rows, with cross- to dumbbell— shaped silica bodies
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(mainly paired, with rounded silica bodies in R. virescens, 

glabrum, and R. pallide) .

Lodicule Morphology.— Lodlcules cuneate or diamond-shaped, 

hairy (glabrous in corinum), microhairs present, 2-3(-4)

celled.

Cortaderia

Leaf Cross-section.— Abaxial furrows variously shaped; 

adaxial ribs present and similarly shaped over all VBs; 

flat-topped (rounded in Ĉ. modes ta and Ĉ. archbold ii ) » 

Midrib present or absent. VBs round to elliptical. OBS 

complete, cells equal to or smaller than parenchyma cells 

but conspicuous (C. araucana, C. pilo sa, and C. modes ta); or 

incomplete, cells equal to or smaller than parenchyma cells, 

inconspicuous (C. hapalotricha, C. pungens, and C. 

archboldii). IBS cells unevenly thickened (evenly thickened 

In C. modesta and C. archboldii). Metaxylem vessels smaller 

than or equal to OBS cells. Phloem not divided by fibers 

(^. archboldii, C. hapalo tricha, and C. pungens), or divided 

irregularly into 2 or more groups (fig. 8). Adaxial 

sclerenchyma present over all VBs, T- or anchor-shaped; 

abaxial sclerenchyma present under all VBs, T- or anchor­

shaped (girder narrower toward bundle in Ĉ. araucana, girder 

in £. archboldii) . BS extensions present adaxially except 

in C. hapalotricha and £. pungens; extensions present 

abaxially except in C. hapalotricha, C. pungens, and C.
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archboldii. Colorless cells absent or present as BS

extensions only (extensive in Ĉ. araucana) . Mesophyll not 

radiate. Upper epidermal cells unspeclallzed (broadly

papillate in C. pungens, finger-like in C. archboldii); 

hypodermic prickle hairs absent. Bulliform cells absent 

(present as simple fan-shaped groups in _C. hapalotricha and 

C. archboldii).

Leaf Abaxial Epidermis.— Mlcrohalrs apparently absent 

(present in C. modesta). Intercostal long cells with 

parallel side walls and generally U-shaped or interlocking 

undulations (occasionally W-shaped in pungens and C_.

modesta). Costal short cells in long rows (Ĉ . hapalo t richa, 

C . pungens, and £. archboldii) or mainly paired (Ĉ .

araucana, C. pilosa, C. modesta) with cross- to dumbbell­

shaped silica bodies (rounded in pilosa).

Lodicule Morphology.— Lodlcules cuneate or with a distinct 

apical lobe; hairy, with 2-3 celled microhairs in Ĉ.

hapalotricha; hairy, without microhairs in Ĉ. pilosa and C.

modesta; glabrous, with microhairs in C. pungens; glabrous, 

without microhairs in Ĉ. archboIdii.

Schismus

Leaf Cross-section.— Adaxial furrows wide, open; adaxial 

ribs present, similar, and rounded over all VBs (lacking 

over third order VBs in S. scaberrimus). Midrib lacking
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(present in barbatus). VBs round to elliptical. OBS

complete (incomplete below in scaberrimus); cells equal

to or smaller than parenchyma cells, inconspicuous. IBS 

unevenly thickened (evenly thickened in _S. scaberrimus ) - 

Metaxylem vessels smaller than or equal to OBS cells. 

Phloem not divided. Adaxial sclerenchyma present as strands 

over all VBs in S. inerrais, absent over third order VBs in 

S. arabicus and S. scaberrimus, and absent altogether in 

barbatus; abaxial sclerenchyma present, or absent under 

third order VBs, as strands (T or anchor in S. scaberrimus). 

BS extensions absent. Colorless cells absent. Mesophyll 

not radiate. Upper epidermal cells unspecialized;

hypodermic prickle hairs absent. Bulliform cells absent

(apparently present as simple fan-shaped groups in

s ca be r r i mu s ) .

Conert and Türpe ( 1974) note no bulliform cells in _S. 

scaberrimus, though they do occur in S. pleuropogon, which 

was not included in the present study. Available material 

of S. scaberrimus was poorly preserved, and consequently 

the leaf cross-sections are not entirely clear; 

nevertheless, bulliform groups appear to be present.

Leaf Abaxial Epidermis.— Microhairs present (none seen in 2" 

Inermis). Intercostal long-cells with parallel walls,

undulations generally U-shaped. Costal short cells in long
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rows, with cross- to dumbbell-shaped silica bodies (mainly 

paired, with rounded silica bodies in inermis) .

Lodicule Mo r phology.— Lodlcules cuneate, hairy, with 2-

celled microhairs (glabrous or hairy, without microhairs in 

_S . arabicus ) .

DISCUSSION

Danthonia has been subdivided by various authors

because of obvious heterogeneity in morphological and 

anatomical features (e.g., DeWet, 1954, 1956; Zotov, 1963; 

Conert, 1971). However, the data presented here reveal 

that extensive variation in leaf anatomy and lodicule 

morphology remains within the segregate genera. Three of 

the taxa investigated are distinct anatomically, as well as 

morphologically. They are clearly isolated in the

Danthonieae;

Centropodia

Members of this genus have the outer bundle sheath 

complete, with the cells very large and conspicuous, radiate 

parenchyma, and bulliform cells with the central cell much 

enlarged. The abaxial leaf surface is deeply grooved, with 

the grooves overarched by prickles. This combination of 

characters is not found elsewhere in the study group. The 

genus also differs from the rest of the Danthonia complex in 

morphological characters, such as its 5-11 nerved glumes.
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and its very small chromosomes (DeWet, 1954, 1956; Conert,

1962; Wright, 1984).

Dregeochloa

Leaf anatomy of this genus is distinctive, especially 

in its deeply grooved lower surface and bulliform cells 

which occupy over half the depth of the leaf.

Morphologically it is equally distinctive, particularly in 

the form of the mature caryopsis. Ellis (1977) and Conert

(1966, 1971) have expressed the opinion that this genus

occupies an isolated position in the Danthonieae.

Pseudopentameris

Like Dregeochloa and Asthenatherum, Pseudopentameris 

has large and distinct outer bundle sheath cells.

Additionally, the lower epidermal cells are larger than 

those of the upper epidermis and often inflated, a condition 

not found elsewhere in this study group. Its morphology is 

also distinctive, especially the structure of the caryopsis 

and the stigmatic hairs which are decurrent and join over 

the top of the ovary (DeWet, 1954, 1956; Conert, 1971).

The remaining taxa in the study group show more

similarities to one another than to any other taxa. 

Nevertheless, their interrelationships are not clear based 

on either anatomy or overall morphology.
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Chionochloa

This genus is relatively uniform in leaf anatomy.

Zotov (1963) found similar uniformity in morphological

characteristics. He noted that the variation which occurs

is clinal in nature, rendering it difficult to separate the

genus into species groups, or even to discover features

differentiating species with 2n = 36 from those with 2 n = 

42. Anatomical variation which occurs is not necessarily 

paralleled by morphological differences. For example, Ĉ. 

bromoides and C. beddiei, both coastal New Zealand rock- 

dwelling species and morphologically very similar, differ in 

primary VB shape, adaxial sclerenchyma shape, the type of

intercostal long cell wall undulations, and in the presence 

or absence of microhairs on the lodicules. These

differences suggest the possibility of convergent evolution 

in these two species.

Cortaderia

Anatomical data strongly support the inclusion of Ĉ. 

archboldii, a distinctive New Guinean member of this genus, 

in Section Bifida (Connor and Edgar, 1974). Despite its 

unusual appearance (fig. 8), it shows marked similarities to 

C. hapalotricha and C. pungens, the other representatives of 

this section, in features of the outer bundle sheath and 

extensions, presence of bulliform cells, undivided phloem, 

and the arrangement of the costal short cells in long rows 

rather than pairs.
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Chlonochloa and Cortaderla show a number of anatomical 

similarities, as pointed out by Zotov (1963) and Conert 

(1971). For instance, the overall outline of the leaf and 

the shape of the ribs are similar, and broadly papillate 

upper epidermal cells are found in all Chionochloa and some 

Cortaderia. However, Cortaderla differs substantially in 

many other features. The bundle sheath extensions are more 

strongly developed in Cortaderia, and in some species the 

OBS is also thickened, a feature not found in Chionochloa. 

The silica bodies are nearly always cross- to dumbbell­

shaped in Cortaderla, and rounded in Chionochloa. Thus, the 

two genera appear distinct and not particularly closely 

related. This conclusion is supported by Wright (1984), who 

found no evidence of cladistic relationship between these 

genera.

Conert (1961) suggested a relationship between 

Cortaderia and Merxmuellera. This relationship is not 

strongly supported by the anatomical data presented here. 

Differences exist in sclerenchyma and bundle sheath 

extension development, as well as in costal short cell 

arrangement and silica body shape. However, Merxmuellera is 

extremely variable anatomically and further study is clearly 

required before any conclusions can be reached.
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Danthonia s. str.

The North American and European species of this genus 

are uniform anatomically as well as morphologically, as 

pointed out by De Wet (1954). West Indian and South 

American species tend to possess anatomical

specializations, notably the division of the phloem and the 

paired arrangement of the costal short cells in some 

species, which are not found in other Danthonia s. str. 

Perhaps the most interesting finding is the distinction 

between D. domingensis and D. shrevei, which were combined 

as subspecies by Conert (1975a). These two species show 

many anatomical differences, including the shape and the 

presence of hairs on the lodicules. Clearly, closer study 

is needed. However, in spite of the variation within 

Danthonia s. str., no clear-cut divisions are possible. 

Wright (1984) found that all these species appeared to form 

a monophyletic group.

Danthonia cachemyriana and D. exilis

These two species have not been formally removed from 

Danthonia, though morphological differences (notably the 

tufted arrangement of the lemma hairs) as well as anatomical 

features such as the complete absence of bundle sheath 

extensions, sclerenchyma shape, and lodicule morphology, 

indicate a closer relationship to other taxa such as 

Karroochloa. Wright (1984) found evidence that these two
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species may represent sister groups of Karroochloa, and this 

possibility deserves further investigation.

Karroochloa and Schismus

Leaf anatomical data presented here are inconclusive, 

but generally support the suggested close relationship 

between these two genera (Conert and Türpe, 1969, 1974).

Both genera lack colorless cells, bundle sheath extensions, 

and, in some species, bulliform cells; Karroochloa and Ŝ. 

scaberrimus have the inner bundle sheath cell walls evenly 

thickened. The two genera differ primarily in sclerenchyma 

development. The features they share, however, are found 

elsewhere in the study group. Lodlcule morphology is

variable in both genera, and is not helpful in resolving the 

problem.

Merxmuellera

The anatomy of this genus is extremely variable, but no 

clear-cut patterns are as yet detectable. One aberrant 

species is M. guillarmodae. Conert (1975b) suggested that

this species is most closely related to M. macowanii or to

M. stricta. Although neither hypothesis is strongly

supported by the anatomical data presented here, a 

relationship with fi. stricta appears more plausible.

Wright (1984) indicated that the genus appears to be 

polyphyletic. More extensive investigations of these 

species are in progress in an effort to clarify their
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r e l a t i o n s h i p s  to e a c h  o t h e r  a n d  to o t h e r  t a x a  w i t h i n  tlie

D a n t h o n i e a e .

Monachather

Morphologically, this monotypic genus is distinctive 

and apparently isolated (Vickery, 1956); anatomically it is 

unusual in this study group in having bulliform cells in 

fan-shaped groups but with the center cell enlarged. This 

feature also occurs in Centropodia. Monachather also has 

the inner bundle sheath evenly thickened, a feature which is 

relatively uncommon. However, in most respects it is 

similar to species of Rytidosperma. Based on all available 

evidence, Monachather warrants generic status, but its 

closest relationships appear to lie with Rytidosperma.

Erythranthera, Plinthanthesis, and Pyrrhanthera

The anatomical data provide little support for the

separation (Zotov, 1963; Blake, 1972) of these genera from

Rytidosperma. However, cross-section preparations of

several species were marginal or inadequate due to poor 

preservation of the leaf material, and further investigation 

is clearly needed. Lodicules in these genera are glabrous, 

a condition rare in Rytidosperma.

Monostachya

Leaf anatomy of this monotypic genus is similar to that 

of Rytidosperma. In the presence of paired costal short
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cells with rounded silica bodies it resembles jl. virescens , 

Ü' r. 1 n b r u m , and R_. P^l^Lde.

Ry ti do sp e r ma

The Australian species of this genus are uniform in 

leaf anatomy and lodicule morphology, which is consistent 

with the observation that these species hybridize readily 

and appear to form a polyploid complex (Brock and Brown, 

1961; Wright, 1984). The New Zealand species such as R. 

corinum, R. clavatum, and R. setifolium, and the South 

American species R. glabrum and R. virescens, show greater 

differences in anatomy.

Rytidosperma appears to be distinct from Danthonia s. 

str. both on morphological and anatomical grounds (Wright, 

1984). Though leaf anatomy in these taxa is similar, 

lodicule morphology is distinctive for each genus. 

Lodicules in Rytidosperma are hairy except in rare cases and 

have microhairs, while in Danthonia s. str. they are almost 

exclusively glabrous and lack microhairs.

This study points out the broad similarities present in 

the anatomy of this group of grasses. Renvoize (1982) found 

that anatomical features were not reliable in delimiting 

tribal groups within the Arundinoideae, and suggested that 

characters which could be used in delimiting such subgroups 

would have to be morphological. However, the variation in 

anatomical features which does occur in the Danthonieae is
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not necessarily correlated with morphological differences. 

This fact is the major source of difficulty in the

development of an internally consistent taxonomic system for

the group. The evolutionary history of the Danthonieae must

have involved extensive convergences and parallelisms which 

have obscured its pattern. Distinguishing characteristics 

may exist which would enable us to decipher the evolutionary 

relationships among these species, but are not yet 

recognized, just as the characteristics now used to separate 

the Poeae and the Eragrosteae were known long before they 

were considered significant. Further studies of these taxa 

are underway, and it is hoped that they will lead to

breakthroughs in the systematics of this fascinating group.
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Centropodla Reichb.

(= As thena the rum Nevski) 

Chionochloa Zotov 

Cortaderia Stapf 

Danthonia Lam. & DC. 

Dregeochloa Conert 

Ery thranthera Zotov 

Karroochloa Conert & Tiirpe

Merxmuellera Conert 

Monachather Steud.

Monostachya Merrill 

Flinthanthesis Steud. 

Pseudopentameris Conert 

Pyrranthera Zotov 

Rytidosperma Steud. 

Schismus Beauv.



37

FIGURES

Fig. 1-2.--Fig. 1. Merxmuellera davy i , leaf XS. Hypodermic 

prickle hairs and phloem evenly divided into two groups of 

conductive strands.— Fig. 2. Monachather paradoxus, leaf 

XS. Bulliform cell groups with center cell enlarged. 

(Scale: 1 division = 10 y* m .)

Fig. 3-4.— Fig. 3. Merxmuellera papposa, leaf XS. Massive 

ribs and extensive development of colorless cells.— Fig. 4. 

Cortaderia pungens, leaf XS. Broadly papillate upper 

epidermal cells. (Scale: 1 division = 10yk m .)

Fig. 5-6.— Fig. 5. Merxmuellera davy i , lower epidermis. W- 

shaped undulations of intercostal long cell walls.— Fig. 6. 

Ry t i do sperma nigricans, lodicule. Apically lingulate shape 

and multicellular microhair (right). (Scales: 1 division = 

10y^m. )

Fig. 7-8. —  Fig. 7. Cortaderia sp., leaf XS. Phloem 

irregularly divided. —  Fig. 8. Cortaderia archbold ii, leaf 

XS. Fingerlike upper epidermal cells. (Scale: 1 division =

10 ̂ ^ m . )
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STUDIES IN THE DANTHONIEAE (POACEAE) 

PART III

ARUNDO, PHRAGMITES, AND DANTHONIA IN THE 

SOUTHEASTERN UNITED STATES



A K U N U O  L.
1. A. donax L . GIANT KElîF). Large, coarse, rliixom- 

atous perennials. Culms erect, 2-8 m tall, glabrous; inter­

nodes hollow; terete in cross-section, leaves cauline. 

Sheaths open, terete, longer than internodes, glabrous;

auricles absent. Ligules membranous, apex densely ciliate, 

1-1.5 mm high. Collars light-colored to inconspicuous on 

back, often with a wrinkled, dark brown, triangular area at 

each side, glabrous or with a few long hairs at margins. 

Blades plane, firm, glabrous, 20-90 cm long X 17-35 mm wide, 

tapering to a long, fine tip; margins scabrid.

Inflorescence a large, elongate-oval panicle, (16-)30-70 cm 

long X (5-)10-35 cm broad; branches ascending, glabrous to 

scabrous, up to 20 cm or more long. Spikelets laterally

compressed, 10-14 mm long; 2-4 flowered, florets perfect but 

rarely setting seed; rachilla glabrous. Glumes 2, subequal, 

lanceolate, apex acuminate; about as long as lemmas, straw- 

colored to purplish, thinly chartaceous, glabrous, 3-4 

nerved, 8-13 mm long. Lemmas raucronate, hyaline to straw- 

colored, sometimes purple-tinged, chartaceous, lanceolate, 

apex acuminate, 11-14 mm long, 4-7 nerved, often with

evident cross-nerves; pubescent with hairs 6-7 mm long or 

longer; mucro 1-2 mm long, lateral nerves often also

slightly excurrent; callus blunt, pubescent. Paleas about 

1/2 as long as lemmas, 2-nerved, hyaline, glabrous or 

sparsely pubescent below, ciliolate on keels, apex narrow, 

truncate, erose. Lodicules 2, cuneate. Stamens 3, anthers

light brown, 2-2.5 mm long. Caryopses not seen. (2n = ca.



60, 108, 110, ca. 120). Late summer - fall. Roadsides, 

waste places, moist areas; cp and pied. SE except Del. 

[Tex, Okla, Mo].

An Old World native, widely introduced in the southern 

United States. A cultivar with variegated blades has been 

described as var. versicolor (Miller) Stokes.



l'HRAGMlTi:S Adaiisoti 

1. P. australis (Cav.) Trin. ex Steud. COMMON REED. 

Stout, rhlzomatous perennials forming large colonies. Culms 

erect, up to 4.5 m tall, glabrous; internodes hollow, terete

in cross-section; leaves cauline. Sheaths open, terete,

longer than internodes, glabrous; auricles absent. Ligules 

a very short membrane crowned with a dense rim of hairs 0.3- 

7 mm long. Collars glabrous or with a few long hairs at 

sides, light to dark brown across back, often with dark

triangular areas at sides. Blades plane, stiff, glabrous, 

tapering to a very fine tip, 20-65 cm or more long X 12-36 

mm or more wide, deciduous; margins scabrid. Inflorescence 

a dense, oval to elongate panicle, 12-45 cm long X 5-20 cm 

broad, branches ascending, up to 20 cm or more long, gla­

brous to scabrous, often with tufts of long white hairs in 

axils and below spikelets. Spikelets laterally compressed, 

(5-)10-15(-17) mm long, (3-)4-8 flowered; lowest floret male 

or neuter, upper florets bisexual but rarely setting seed; 

lowest joint of rachilla glabrous, upper joints densely

pubescent with silky, silvery hairs 4-6(-10) mm long. 

Glumes 2, unequal, shorter than lemmas, brown, chartaceous, 

glabrous; first glume acute, 3-nerved, 1/2-2/3 as long as 

second, 2.5-5 mm long; second glume acuminate, occasionally 

mucronulate, 3-5 nerved, about 1/2 as long as first lemma, 

4-7 mm long. Lemmas lance-acuminate, brown or purplish 

brown, chartaceous, 3-nerved, glabrous; lowest lemma 7-12 ram 

long; upper ones 8-13 mm long, the upper half of lemmas 

readily breaking off; callus blunt. Paleas 1/3-1/2 as long



as lemmas, fragile, chartaceous, glabrous, 2-nerved. Lodi­

cules 2, tiny; stamens 3, anthers pale, 1-2 mm long. Cary- 

opsis dark brown, 1.8 mm long X 0.5 mm broad. (n = 24, 27, 

36, 48). Fall. Brackish and freshwater marshes, wet areas; 

all prov; SE except Tenn. [ALL] . (_P. communis Trin. —  F, G,

R ; 2" phragmites (L.) Karst. —  S).

Clayton, W. D. 1968. The correct name of the common reed. 

Taxon 17:168-169.



DANTHONIA DC. Oat Grass 

Caespltose perennials. Culms erect to slightly 

geniculate, glabrous or minutely pubescent below nodes; 

internodes hollow; terete to triangular or somewhat 

flattened in cross-section with one side concave; leaves 

mainly basal. Sheaths open, terete, generally shorter than 

internodes, glabrous to pubescent; auricles absent. Ligules 

a dense ring of white hairs. Collars glabrous or pubescent. 

Blades plane or folded, glabrous to pubescent, midrib not 

prominent; apex acute; margins scabrid. Inflorescence an 

open to spike-like panicle with spikelets cleistogamous or 

chasmogamous, additional cleistogamous spikelets 1-flowered 

(in basal leaf sheaths) to several-flowered (in axils of 

upper leaf sheaths); branches 1 per node. Spikelets 

laterally compressed, several-flowered, florets successively 

smaller above, disarticulation above the glumes and between 

the florets; rachilla glabrous. Glumes 2, subequal, 

generally longer than spikelet column but exceeded by lemma 

awns; green to purple-tinged, fading straw-colored; papery, 

(1— )3-5 nerved, glabrous; apex acute; margins often hyaline. 

Lemmas awned from a bifid apex, rounded on back, 5-9 nerved, 

nerves obscure; green to purple-tinged, fading straw- 

colored; papery, pubescent to nearly glabrous; margins with 

a fringe of hairs; callus blunt, glabrous to pubescent; awn 

geniculate, the lower part flattened and twisted, generally 

different in color from the apical portion; side lobes 

triangular to setaceous. Paleas papery, glabrous, 2-nerved; 

ciliolate on keels; apex acute to truncate or minutely 2-



lobed, reaching approximately to base of awn. Stamens 3,

anthers pale to brown, 2-2.5 ram long in chasmogamous

flowers, minute in cleistogamous ones. Lodicules 2,

cuneate, well-developed only in chasmogamous flowers.

Caryopses obovate, brown, 1.5-2.5 mm long X 1-1.5 mm broad.

1 Glumes 12-18(-20) mm long; hairs on

lemma much longer above, upper marginal

hairs more than 1.5 mm long..............1. 2" sericea

1 Glumes 7-14(-15) mm long; hairs on lemma

more or less uniform in length, upper marginal 

hairs less than 1.5 mm long

2 Lobes of lemma shorter than to slightly longer 

than basal flattened, twisted, and colored 

portion of awn, triangular to sub-setaceous; 

basal leaves usually curly; callus glabrous or

with a few hairs at sides........2. sp i ca t a

2 Lobes of lemma exceeding basal portion of 

awn, setaceous; basal leaves straight or 

curving; callus distinctly hairy 3. JD. compressa

1. D. sericea Nutt. DOWNY 0. G. Culms 3-10(-12) dm

tall. Most sheaths densely pubescent. Ligules 0.5-3 ram 

high. Collars densely pubescent on back, with longer hairs 

at sides. Blades up to 40 cm long X 1.5-3(-4) mm wide, more 

or less densely long-pubescent below, often minutely hispid- 

puberulent above. Panicle dense to open, erect or somewhat 

lax, (4-)6-15 cm long X 2-6 cm broad, with 6-20 or more



spikelets; branches puberulent, with slightly longer hairs 

in axils and below spikelets, 1-5 cm long, 1-6 spikelets per 

branch. Spikelets 12-24 mm long including awns, 6-9

flowered. Glumes (11-)13-19 mm long. Lemmas 7-10 ram long 

including side lobes, silky-pubescent on back especially 

toward base, upper hairs longer; margins densely fringed, 

upper hairs more than 1.5 mm long, much longer than basal 

hairs; side lobes 2-4 mm long, setaceous, exceeding base of 

awn; callus densely hairy; basal portion of awn golden 

brown, 2-3 mm long, apical portion 8-15(-19) mm long. (n = 

18). Spring and summer. Dry, open woods, waste places, and 

sandy areas; all prov. SE except WVA. [Tex, Pa, NJ]. 

(Including D̂. epilis Scribn. —  F, S, G).

Occasional plants are nearly glabrous; these have been 

segregated as var. epilis (Scribn.) Gleason, but do not 

appear to be deserving of varietal status.

2. D. spicata (L.) Beauv. POVERTY 0. G . Culms 2-8 

(-9) dm tall. Sheaths glabrous to sparsely long-pilose, 

pale to purple at base, often with papilla-based hairs. 

Ligules 0.2-1 mm high, with longer hairs at sides. Collars 

sometimes sparsely long-pubescent, especially on margins. 

Blades 6-20 cm long X 1-2.5 mm wide; glabrous to sparsely 

long-pubescent on one or both surfaces; basal leaves usually 

forming a curly tuft. Panicle erect, spike-like to somewhat 

open, (3-)4-7(-9) cm long X 1-3 cm broad, with 2-15 spike­

lets; branches appressed to ascending, hispidulous, without 

longer hairs in the axils, up to 2 cm long, l-2(-3) spike­

lets per branch. Spikelets 9-17 mm long including awns.



(4-)6-9 flowered. Glumes (6-)9-15 mm long. Lemmas 3.5-5.5 

mm long including side lobes; pilose to nearly glabrous, 

hairs of relatively uniform length; margins fringed with 

hairs ca. 1 mm long; side lobes 0.5-1.5 mm long, broadly 

triangular to subsetaceous, shorter than to slightly 

exceeding basal portion of awn; callus glabrous or with a 

few hairs at sides; basal aportion of awn light brown to

dark purplish brown, 1-3 mm long, apical portion 3-10 mm

long. (2n = 31, 36). Spring - early summer, occasionally

later. Dry, open woods, fields, and roadsides, usually on 

poor soil; all prov. SE. [ALL].

This is an extremely variable species, but the presence 

of papilla-based hairs at the base of the leaf sheaths is

diagnostic. It and the following species appear to

intergrade, and occasional plants which appear intermediate 

are difficult to place. These may represent gene exchange; 

however, since there appears to be no consistent geographic 

or ecological pattern, and since the vast majority of

specimens can be assigned to one species or the other, this 

is not considered taxonomically significant.

3. D. compressa. MOUNTAIN 0. G . Culms 2.5-7.5(-9) dm 

tall. Sheaths glabrous to pubescent, often purple. Ligules 

0.5-7 mm high. Collars with a distinct tuft of white hairs 

at sides. Blades 10-30 cm long X 1-3 mm wide; glabrous or 

occasionally sparsely long-pubescent above. Panicle open or 

sometimes narrow, 3.5-11 cm long X 1-4 cm broad, with 5-15 

spikelets; branches spreading or ascending, hispidulous.



without longer hairs in axils, 1-5 cm long, l-A(-7) spike­

lets per branch. Spikelets (10-)12-18 mm long including 

awns, 4-8 flowered. Glumes 9-13 mm long. Lemmas 5-7 mm 

long including side lobes, short-pubescent on back to nearly 

glabrous, hairs of more or less uniform length; margins 

fringed, upper hairs ca. 1 mm long; side lobes 2-4 mm long,

setaceous, exceeding base of awn; callus densely pubescent; 

basal portion of awn light to dark brown, 1.5-2 mm long, 

apical portion 5-10 mm long. (n = 18). Spring-suramer.

Open woods, fields, grassy balds; chiefly mts. SE except 

Ark, Del, Fla, La. [Ohio, Pa, NJ] . (Including D̂ . alleni 

Aus t —  F ).

A dominant species on grassy balds and old fields in 

the mountains.


