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Generic realignments in the grass tribe
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Abstract: ROSER, M., DORING, E., WINTERFELD, G. & SCHNEIDER, J. 2009: Generic realignments in
the grass tribe Aveneae (Poaceae). Schlechtendalia 19: 27-38.

Taxonomy and classification of ‘core’ genera of the grass tribe Aveneae are critically examined in
view of recent molecular phylogenetic and cytogenetic studies. The previously broadly defined gen-
era Helictotrichon and Avenula are polyphyletic and disintegrate into altogether at least four dif-
ferent genera including Homalotrichon and Tricholemma, stat. et gen. nov. None of these genera is
sister to the other in the molecular phylogenies. Pseudarrhenatherum is reduced to synonymy with
Helictotrichon s. str. Interestingly, none of the new generic alignments is in conflict with morpho-
logical and anatomical data that were the only basements of previous classifications and had led to a
long-standing controversy in the taxonomy of these oats and the genus Avena. Important aspects of
morphology and taxonomic history are surveyed and discussed for some genera and species. The fol-
lowing combinations are made: Helictotrichon thorei, comb. nov., Tricholemma, stat. et gen. nov., T.
Jahandiezii, comb. nov., T. breviaristatum, comb. nov.

Zusammenfassung: ROSER, M., DORING, E., WINTERFELD, G. & SCHNEIDER, J. 2009: Neue
Gattungsumgrenzungen in der Gréser-Tribus Aveneae (Poaceae). Schlechtendalia 19: 27-38.

Taxonomie und Klassifikation einiger ‘Kern-’Gattungen der Grisertribus Aveneae werden im
Zusammenhang mit neueren molekular-phylogenetischen und -cytogenetischen Untersuchungen
kritisch tberpriift. Die zuvor breit definierten Gattungen Helictotrichon und Avenula sind poly-
phyletisch und zerfallen in mindestens vier unterschiedliche Gattungen, darunter Homalotrichon
und Tricholemma, stat. et gen. nov. Keine dieser vier Gattungen bildet die Schwestergruppe von
einer der anderen. Die Gattung Pseudarrhenatherum wird in Helictotrichon s. str. eingeschlossen.
Interessanterweise stehen diese Verdnderungen in den Gattungsumgrenzungen nicht in Konflikt mit
morphologischen und anatomischen Daten, die bislang die einzige Grundlage der Klassifikation bil-
deten und zu einer langanhaltenden Diskussion iiber die Taxonomie dieser Gattungen und der Gattung
Avena fiihrten. Wichtige Aspekte zur Morphologie und taxonomischen Geschichte werden fiir eini-
ge Gattungen und Arten zusammengestellt und diskutiert. Die folgenden Umkombinationen werden
durchgefiihrt: Helictotrichon thorei, comb. nov., Tricholemma, stat. et gen. nov., 7. jahandiezii, comb.
nov., T. breviaristatum, comb. nov.
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Introduction

Genera of the tribe Aveneae (Poaceae subf. Pooideae) have been delineated quite dif-
ferently during the past 200 years, especially those considered closely related with oat
(Avena sativa L.). By the end of the 18th and the early 19th century, several genera
had become segregated out of the broadly circumscribed genus Avena L., which in-
cluded some species nowadays even recognized under different tribes or subfamilies
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of grasses (e.g., trib. Stipeae, trib. Phaenospermateae, subf. Danthonioideae). The de-
lineation of early described segregate genera of Avena still acknowledged to belong
to subf. Pooideae [e.g., Trisetum Pers., Arrhenatherum P. Beauv., Gaudinia P. Beauv.,
Avenastrum Opiz, Avenula (Dumort.) Dumort., Helictotrichon Besser, Amphibromus
Nees, Pseudarrhenatherum Rouy] was based mainly on few floral (spikelet) charac-
ters and on life form (annual versus perennial). Influenced especially by anatomical
studies (e.g., DuvAL-JOUVE 1863, 1871, 1875; PRAT 1932), a wide range of different
structures in leaf and awn anatomy was documented for these genera, which seemed
to disagree with the previous genus treatments or infrageneric divisions. Gross spike-
let structure, life form and characters of leaf anatomy seemed to display a complicated
mosaic (VIERHAPPER 1914, SAINT-YVES 1931, HoLUB 1958).

Several major floras thus continued to follow a rather broad concept of the genus
Avena with numerous infrageneric subdivisions, e.g., Flore de 1’Afrique du Nord
(MAIRE 1953). Others kept Avena separate from Helictotrichon, e.g., Flora SSSR,
Flora of tropical Africa, Flora of tropical East Africa or Flora of China (ROSHEVITZ
1934, HuBBARD 1937, CLAYTON 1970, WU ZHENLAN & PHILLIPS 2006). In agree-
ment with several taxonomic studies (HoLUB 1962, 1976; ROMERO ZARCO 1984a, b),
Helictotrichon was further split into Helictotrichon s. str. and Avenula in Flora euro-
paca (HoLuB 1980), Flora of North America north of Mexico (BAum 2007, TUCKER
2007a, b) and the Catalogue of New World grasses (SORENG et al. 2003). Other sys-
tematic treatments on Helictotrichon did not segregate Avenula as genus, but con-
sidered it under the different subgenera of Helictotrichon they acknowledged (e.g.,
ROSER 1989, 1996; LANGE 1995). An equivalent delineation of genus Helictotrichon
was adopted by the treatments of the grasses of the Soviet Union and Central Europe
(TSVELEV 1976, CONERT 1979-1998). An even wider circumscription was chosen
in the synopsis for the grass genera of the world (CLAYTON & RENVOIZE 1986) by
including also Amphibromus within genus Helictotrichon.

Additionally, uncertainty prevailed concerning the generic affiliation of some species
with unusual combination of characters, for example, the Algerian endemic Avena
macrostachya Balansa ex Coss. & Durieu, which resembled in spikelet characters the
typically annual species of this genus and was included within this genus despite its
perennial life form (Baum 1968, 1974, 1977) or alternatively was treated under the
perennial genus Helictotrichon, rendering Avena a genus of exclusively annual spe-
cies (HoLuB 1958, CLAYTON & RENVOIZE 1986).

Pseudarrhenatherum, distributed in western Europe and northwestern Africa, was
acknowledged as separate genus (e.g., GUINOCHET & VILMORIN 1978, HoLuB 1980,
ROMERO ZARCO 1985a, WATSON & DaLLwiTz 1992) or became included with ei-
ther Helictotrichon (COUDERC & GUEDES 1976) or Arrhenatherum (CLAYTON &
RENVOIZE 1986).

Nomenclatural problems concerning the validity of the genus names Avenastrum Opiz,
Avenastrum Jessen and Avenochloa Holub, connected with previously unclear nomen-
clatural rules for the lectotypification and illegitimacy of genus names (cf. HoLuB
1976, LANGE 1995) have been settled by now: Avenastrum Opiz and Avenastrum
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Jessen, although validly published, are later synonyms to Helictotrichon, such as is
Avenochloa relative to Avenula.

Results and Discussion

Much progress has been made in these oat grasses during the past ca. ten years
by in-depth investigation of chromosome and DNA characters (molecular cy-
togenetics, DNA sequencing of different nuclear and chloroplast DNA stretches,
physical mapping of coding and highly repetitive non-coding DNA on the chro-
mosomes; €.g., GREBENSTEIN et al. 1996, 1998; SORENG & Davis 2000, ROSER et
al. 2001, RoproNov 2005, WINTERFELD 2006, DORING et al. 2007, QUINTANAR et
al. 2007, WINTERFELD & ROSER 2007a, b; DORING 2009, SCHNEIDER et al. 2009,
WINTERFELD et al. 2009). These results add a valuable new data set to the mor-
phological, micromorphological, anatomical, and life form features studied to date.
They contribute substantially to resolve the mosaic of morphological characters
displayed by the Aveneae genera in question and aid to interpret the direction of
evolutionary change(s). This implies also a re-circumscription of certain taxa and
make some nomenclatural changes necessary. Notably, none of the realignments
of taxa proposed in the following is really new. All of them have been envisaged
already by some earlier authors, based on the morphological data they had at hand
or they considered to have especial weight:

Helictotrichon (incl. Pseudarrhenatherum)

The genus Helictotrichon now receives a narrow circumscription by the exclu-
sion of subgenera Pratavenastrum (Vierh.) Holub, Pubavenastrum (Vierh.) Holub
and Tricholemma Roser, which are considered separate genera (see below).
Helictotrichon s. str., however, is also expanded by enclosure of the species previ-
ously ascribed to the genus Pseudarrhenatherum. Inclusion of Pseudarrhenatherum
with Helictotrichon had been suggested on morphological grounds already by
CouDERC & GUEDES (1976). Recent nuclear DNA data show Pseudarrhenatherum
nested within species of Helictotrichon s. str. (ROSER et al. 2001, QUINTANAR et
al. 2007, SCHNEIDER et al. 20009, WINTERFELD et al. 2009) rather than as separate
genus or affiliated with Arrhenatherum, as suggested by CLAYTON & RENVOIZE
(1986) and based on the same way of disarticulation of the spikelet at maturity
(only above the glumes, i.e., synaptospermy). This character is found occasion-
ally also in other species of Helictotrichon s. str., i.e., the H. parlatorei species
group in the Alps (ROSER 1989, 1996) and also here coupled with reduction of the
awns of the upper glumes of the spikelets, although usually [though sometimes
encountered in H. sempervirens (Vill.) Pilg.] not coupled with entire loss as in
Pseudarrhenatherum.

Pseudarrhenatherum contains two species, the more widespread P. longifolium (Thore)
Rouy (western W Europe to NW Africa) and P. pallens (Link) Holub (endemic to the
Serra da Arrabida in W Portugal). In transferring the species of Pseudarrhenatherum
to Helictotrichon, COUDERC & GUEDES (1976: 188) misinterpreted Link’s diagnosis
and protologue of Avena pallens in J. Bot. (Schrader) vol. 2, Stiick [= part] 2: 314,
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1799 and also his later statement in Hort. Berol. 1: 124, 1827: “folia ... inferiora salt-
em[!] vaginae pubescente” in a way that the new combination Helictotrichon pallens
(Link) Couderc & Guédes was applied to the widespread P. longifolium and a new
combination, Helictotrichon setifolium (Brot.) Couderc & Guédés, was created for
the Arrabida endemic, based on Brotero’s description of Avena setifolia Brot. in his
Flora lusitanica 1: 108, 1804. Actually, Brotero l.c.: 108 stated “Hab. in collibus
de Arrabida ... Comm. primum a Cl. P. Link”, and later Link (1827: 124) cited
“Avena pallens Linn. [= Link; typographic error| Schrad. Journ. 4. St. [= 4. Stiick
or vol. 2, part 2]: 314, 1799 ” and “Avena setifolia Brot. lus. 1: 108” as synonym
of his newly created combination Arrhenatherum pallens (Link) Link. Identity of
Avena pallens Link and 4. setifolia is further substantiated by a book review pub-
lished by Link (1806) on Brotero’s first volume of the Flora lusitanica in which
he described how Hoffmannsegg and himself first met Brotero in the year 1798 in
Coimbra and briefly reports on Brotero’s botanical work. Link was delighted that
Brotoro always mentioned in the Flora lusitanica whenever he had obtained a hint
to a Portuguese species from him (Link) or from Hoffmannsegg: “Brotero gedenkt
unser nicht allein in der Vorrede, sondern er fiithrt auch fast immer bei jeder Pflanze
an, dass er sie von uns erhalten habe” (p. 129). In translation: “Brotero remembers
us not only in the preface, but lists also for most plants if he has obtained it from
us.” The antiquated German phrase is difficult to interpret. Most likely it does not
mean the physical donation of a plant specimen, but rather a hint to an occurring
plant species or the communication of knowledge about it. In the subsequent and
very detailed comments on Brotero’s flora, Link stated (p. 135): “Av. setifolia von
mir dem Verfasser mitgetheilt und in diesem Journal als A. pallens aufgefiihrt, wird
gut beschrieben.” In translation: “Av. setifolia I had communicated to the author [=
Brotero] and listed in this journal as 4. pallens [= reference to Link’s own publi-
cation of 1799 in J. Bot. (Schrader)] is well described”. Thus, there is little doubt
that Avena pallens Link and 4. setifolia Brot. are the same taxon as argued already
by ROMERO ZARCO (1985a). Despite taxonomic misapplication, the combination
Helictotrichon pallens (Link) Couderc & Guédes is formally correct and can be
used further.

Only Pseudarrhenatherum longifolium (Thore) Rouy is without a correct name un-
der Helictotrichon. Use of this epithet under Helictotrichon is prevented by of the
valid name Helictotrichon longifolium (Nees) Schweick. for a S African species
(ScHWEICKERDT 1937). Instead of coining a new species epithet, the name Avena
thorei Duby is suggested to be used here for several reasons: DuBy (1828), in hon-
oring with this epithet J. Thore, who first described this species as Avena longifolia
Thore in the Prom. Golfe Gascogne: 92, 1810, also gave an excellent description in
his widespread and influential botanical treatment. Additionally the epithet “thorei
Duby” had been used under Avena or Arrhenatherum in many botanical treatments
before Rouy (1913, 1921) re-animated the forgotten epithet longifolia Thore. The
following combination is proposed:

Helictotrichon thorei (Duby) Roser, comb. nov.
Bas.: Avena thorei Duby, Bot. Gall. 1: 512, 1828.
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Avenula

Avenula is segregated out from genus Helictotrichon, but is not maintained in its
previous broad circumscription, i.e., comprising the subgenera Pratavenastrum
(Vierh.) Holub, Pubavenastrum (Vierh.) Holub and the species of the N African
H. subg. Tricholemma. The latter subgenus has not been formally transferred to
Avenula to date, but its species (4Avena jahandiezii Litard. in Jahand. & Maire
and most likely A. breviaristata Barratte in Batt. & Trab; cf. below) had al-
ways been considered belonging to Avenula [HoLuB (1976); under its syno-
nym Avenochloa by HoLUB (1962)]. Alternatively, it was treated collectively
together with Avena pubescens Huds. and the species kept in this study un-
der genus Avenula under Avena sect. Avenastrum Koch subsect. Ecostatae St.-
Yves (cf. SAINT-YVES 1931) or Avena subg. Avenastrum (Koch) Rouy sect.
Ecostatae St.-Yves (cf. MAIRE 1953). The type species of Avenula is Avena
pratensis L. (HoLUB 1958; cf. ROSER 1995). Avenula subg. Pubavenastrum and
Helictotrichon subg. Tricholemma are excluded here from genus Avenula and
considered separate genera:

Homalotrichon

This genus name, Homalotrichon Banfi, Galasso & Bracchi, coined in CONTI et al.
(2005: 28) marks the transfer of the traditional Helictotrichon subg. Pubavenastrum
or Avenula subg. Pubavenastrum to a separate genus, consisting of the single spe-
cies H. pubescens (Huds.) Banfi, Galasso & Bracchi. The type species thus is Avena
pubescens. Homalotrichon as a genus is well delineated against Helictotrichon
and Avenula as narrowly circumscribed in this study by morphological characters
of the spikelets (paleas with glabrous instead of hairy keels, lodicules very short,
apically and laterally crenate; cf. SAINT-YVES 1931, HoLuB 1958, ROSErR 1989,
LANGE 1995), an uncommon karyotype structure (WINTERFELD 2006, WINTERFELD
& ROSER 2007a, WINTERFELD et al. 2009), and its deviant representation of highly
repetitive DNA repeat types in the genome (GREBENSTEIN 1996, WINTERFELD &
Roser 2007b). Additionally, all molecular phylogenetic analyses based on DNA se-
quencing or restriction site mapping revealed consistently a separate position of
Homalotrichon pubescens [syn. Helictotrichon pubescens (Huds.) Pilger, Avenula
pubescens (Huds.) Dumort.] relative to Helictotrichon s. str. and Avenula s. str.
(GREBENSTEIN et al. 1998, SORENG & Davis 2000, ROSER et al. 2001, WINTERFELD
et al. 2009).

Homalotrichon pubescens was mostly found to be sister to genus Avenula, however,
most of these molecular studies suffered from a rather sparse sampling of further taxa,
which would cast the segregation of Homalotrichon as separate genus into doubt, as
it could be unified again with Avenula and eventually treated as a subgenus. Based
on a broader sampling of Aveneae genera for nuclear and chloroplast DNA sequence
data (QUINTANAR et al. 2007, DORING 2009), evidence was obtained just recently that
Homalotrichon and Avenula s. str. are not sister, thus supporting their recognition as
separate genera.
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Tricholemma

The former Helictotrichon subg. Tricholemma (cf. ROSER 1989) is here raised to ge-
nus rank as Tricholemma. It is morphologically characterized by a set of uncommon
characters: main nerve of the lemma protruding from the back of the lemma below the
exsertion of the awn and bearing a row of stiff and long hairs (a character not found
in any other of the taxa discussed here except 4. breviaristata; cf. below); rachilla
of the spikelet disarticulating only above the glumes; lodicules short, truncate and
crenate at the apex. The rachilla of the spikelets of Avena jahandiezii, type species
of Tricholemma, had erroneously been described as disarticulating below each flo-
ret in the original description (JAHANDIEZ & MAIRE 1925: 67: “floribus articulatis™)
and subsequent studies (SAINT-YVES 1931, MAIRE 1953). The disarticulation actually
only above the glumes corresponds with that found in the Alpine Helictotrichon par-
latorei species group (see above). Together with the other uncommon characters, this
induced ROSER (1989) to abandon the genus Avenula as circumscribed at that time,
i.e., comprising subg. Pratavenastrum (= Avenula in the sense of the present study)
and subg. Pubavenastrum (with only Avenula pubescens), because Avena jahandiezii
did not fit any of these acknowledged subgenera and further inclusion of this species
would have made Avenula in this broad sense impossible to define morphologically.
Returning to a broader delineated genus Helictotrichon with Avena jahandiezii consti-
tuting a further subgenus seemed a better solution. As it now seems, this conservative
approach was exactly the wrong of two equally likely solutions possible at that time:

Recent molecular phylogenetic studies unambiguously support a segregation of the
former Helictotrichon subg. Tricholemma (Avena jahandiezii) as a further genus
in addition to Helictotrichon, Avenula and Homalotrichon. Based on all analyses
conducted to date on chloroplast and nuclear DNA stretches in the Aveneae, Avena
Jahandiezii is separated from all of these genera and is not even sister to any of it
(GREBENSTEIN et al. 1998, ROSER et al. 2001, DORING et al. 2007, QUINTANAR et al.
2007, DORING 2009, SCHNEIDER et al. 2009, WINTERFELD et al. 2009). It represents a
morphologically and molecularly well defined separate lineage.

It is an unresolved question whether the genus Tricholemma is monotypic (with
only Avena jahandiezii, an endemic species of the Moyen Atlas in Morocco) or if
it comprises a second species in North Africa, i.e., Avena breviaristata known from
only the type collection made in 1882 by Letourneux in the Algerian Hauts Plateaux
(BATTANDIER & TRABUT 1895, SAINT-YVES 1931, MAIRE 1953). This grass was nev-
er recollected since (cf. QUEZEL & SANTA 1962) and, unfortunately, also the type
collection had become lost. It was part of Cosson’s herbarium and SAINT-YVES (1931:
487f) has seen and studied the plant(s), giving a brief but detailed description in Latin
with anatomical illustrations of the leaf blade and awn in transverse section (Figs. 37,
38). The later description of MAIRE (1953) in the Flore de I’Afrique du Nord vol. 2.
is much more extended relative to Saint-Yves’ diagnosis. It contains a reproduction
of Saint-Yves’ figures, but additionally illustrates the spikelet and the florets, which
had not been illustrated by SAINT-YVES (1931). At the same time it was stated “Cette
plante n’est connue que par un pied unique conservé dans I’Herbier Cosson. Ni nous,
ni nos collaborateurs n’avons pu jusqu’ici la retrouver” (MAIRE 1953: 308). Since all
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characters described for A. breviaristata by Saint-Yves reiterate in Maire’s much ex-
tended French description without any modification, it may be that Maire’s additional
descriptive characters have been included according to expectation and to make the
description compatible to that of the other species treated in this work. Additionally,
the illustration of spikelet and florets was most likely inspired by Saint-Yves descrip-
tion rather than based on an actual study of plant(s) that were already lost at that time.
Several recent attempts to relocate the lost voucher(s) of A. breviaristata were unsuc-
cessful to date (ROSER 1989, LANGE 1995).

Based on the morphological description of this species (BATTANDIER & TRABUT 1895,
SAINT-YVEs 1931, MAIRE 1953), the short-awned lemmas with seemingly a total loss
of the columella and a much reduced subula were considered as most conspicuous
character and served to circumscribe 4. breviaristata. The species has spikelets with a
rachilla disarticulating only above the glumes (as 4. jahandiezii and some species in
genus Helictotrichon s. str.; cf. above). The lemmas are described as “secus nervum
medianum usque ad exsertionem subulae dense villosae” (Saint-Yves 1931: 488) or
“densément et longuement villeuse le long de la nervure médiane jusqu’a I’aréte, due
reste glabre” (MAIRE 1953: 308). Following these descriptions, Avena breviaristata
shares several further characters, which otherwise are rarely encountered, with A4. ja-
handiezii. The leaf sheaths of vegetative shoots are almost entirely fused, densely
hairy at least in their lower part, the inflorescence branches slender and not or just
slightly thickened below the spikelets. Thus there is good reason to consider 4. bre-
viaristata closely related with A. jahandiezii, although this remains rather speculative
without having seen a specimen of the former species.

The reduction of the awns in all lemmas of the spikelet is a unique feature of 4. bre-
viaristata among the taxa discussed in this study. Avena breviaristata was sometimes
treated therefore under a monotypic section, i.e., Helictotrichon subg. Pratavenastrum
sect. Brevitrichon Holub, Avenochloa subg. Avenochloa sect. Brevitrichon (Holub)
Holub or Avenula subg. Avenula sect. Brevitrichon (Holub) Holub (cf. HoLuB 1958,
1962, 1976).

This change of awn structure is remarkable with respect to dispersal biology. It oc-
curs in a species with dispersal units consisting of all florets of the spikelet keeping
together. Other species with the same type of dispersal units also show changes in
awn structure, most frequently the reduction or complete loss of the awn only in the
upper lemmas, whereas the awn of the lowermost lemma remains fully developed (cf.
above comments on the Helictotrichon parlatorei species group and the species of the
traditional genus Pseudarrhenatherum). An additional example would be the genus
Arrhenatherum: Its species have the same type of rachilla disarticulation only above
the glumes and carry a fully developed awn only on the lemma of the lowermost
floret, which additionally is unisexual and male in this instance (cf., e.g., CONERT
1979-1998, ROMERO ZARCO 1985b).

Species with spikelet rachillas disarticulating below each lemma, by contrast, always
have fully developed awns on the back of each lemma and the florets are always
female-fertile (all species of genera Avenula and Homalotrichon and most of genus
Helictotrichon as delineated in this study). Single florets with the awned lemma as
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outer structure act as dispersal units here, making the awn with its basal part (colume-
lla) capable of hygroscopic movement (twisting) an efficient instrument to bury the
fruit(s) in the soil. Although this has never been really documented for these grasses,
the mechanism is most likely the same as well-known in the feathergrasses (Stipa).

This burying mechanism does probably not work well in dispersal units consisting of
all florets of the spikelet when all lemmas should carry fully developed awns capable
of hygroscopic movement, as their movements may counteract each other. Keeping
just a single fully developed awn on one of the lemmas could have been one of the
solutions to this problem, the other was reduction of all awns (4Avena breviaristata)
most likely coupled with loss of the burying mechanism. Aspects of dispersal biology
are not sufficiently known in these grasses, but most likely the awn structure of 4.
breviaristata has something to do with specialization in the production of dispersal
units as similarly encountered in other species with the same type of rachilla disarticu-
lation in the spikelets (Helictotrichon parlatorei species group, Pseudarrhenatherum,
Arrhenatherum). It does not seem mandatory therefore to ascribe a separate supraspe-
cific rank to A. breviaristata. The species is tentatively included here with Avena
Jjahandiezii under the same genus with the following nomenclatural changes made:

Tricholemma (Roser) Roser, stat. et gen. nov.
Bas.: Helictotrichon subg. Tricholemma Roser, Diss. Bot. 145: 46, 1989.

Tricholemma jahandiezii (Litard.) Roser, comb. nov.
Bas.: Avena jahandiezii Litard. in Jahand. & Maire, Bull. Soc. Hist. Nat. Afr. N. 16:
67, 1925.

Tricholemma breviaristatum (Barratte) Roser, comb. nov.

Bas.: Avena breviaristata Barratte, in Batt. & Trab., Flore de I’ Algér. (Monoc.): 184,
1895.

Avena

Inclusion of perennial Avena macrostachya within this genus of ca. 29 otherwise
annual species (BAum 1977) is now well substantiated by nuclear 18S-26S rDNA
(ITS and intergenic spacer IGS), 5S rDNA and chloroplast mafK gene and #rnL in-
tron DNA sequence data (ROSER et al. 2001, RopioNov et al. 2005, DORING et al.
2007, NIKOLOUDAKIS & KATs1oTIs 2008, NIKOLOUDAKIS et al. 2008, DORING 2009,
WINTERFELD et al. 2009). Like 4. sativa, the type species of genus Avena, also A.
macrostachya carries none of the high-repeat non-coding satellite DNA sequences in
the nuclear genomes that are typical of Helictotrichon and Avenula as circumscribed
above (GREBENSTEIN et al. 1996, WINTERFELD 2006, WINTERFELD et al. 2007b,
WINTERFELD et al. 2009). Because of its perennial habit, Avena macrostachya had
occasionally been treated under Helictotrichon (HoLuB 1958, CLAYTON & RENVOIZE
1986) as a separate subgenus, i.e., H. subg. Avenotrichon Holub (cf. HoLuB 1958).
Based on spikelet morphology and micromorhological characters (BAum 1968, 1974,
1977), it was transferred to Avena in which it was treated as a monotypic section, i.e.,
A. sect. Avenotrichon (Holub) B.R. Baum (cf. BAum 1974, 1977].
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With regard to karyotype and molecular cytogenetic characters, 4. macrostachya
deviates conspicuously from the annual species of Avena and shares a number of
structural chromosome characters with the strictly perennial oat genera, for example,
Tricholemma as circumscribed in this study (cf. RAJTHATHY & THOMAS 1974, BaAuM &
RAJHATHY 1976, WINTERFELD 2006, WINTERFELD & ROSER 2007a, WINTERFELD et
al. 2009). It seems likely that in genus Avena only A. macrostachya has retained some
kind of plesiomorphic chromosome structure shared with other, strictly perennial oat
genera, whereas the karyotypes of Avena annuals are rather derived (cf. RopioNov
2005, WINTERFELD et al. 2009). Most molecular phylogenetic studies currently con-
ducted on different nuclear DNA stretches in Avena corroborate a separate position
of A. macrostachya relative to the annual species and closest, though remote affinity
to the C-genome species (RopioNov et al. 2005, NikoLouDAKIs & KaTsioTis 2008,
NIKOLOUDAKIS et al. 2008, PENG et al. 2008), suggested also by chromosome paint-
ing studies (in situ hybridization with total genomic DNA; LEGGETT & MARKHAND
1995).

References

BATTANDIER, J.-A. & TRABUT, L. 1895: Flore de I’Algérie. Vol. 2 (Monocotylédones). Jourdan,
Alger.

BauMm, B.R. 1968: Delimitation of the genus Avena (Gramineae). Canadian Journal of Botany 46:
121-132.

Bauwm, B.R. 1974: Classification of the oat species (4vena, Poaceae) using various taximetric methods
and a information-theoretical model. Canadian Journal of Botany 52: 2241-2262.

Bauwm, B.R. 1977: Oats: wild and cultivated. A monograph of the genus Avena L. (Poaceae). Canada
Department of Agriculture, Ottawa, Canada.

Baum, B.R. 2007: Avena L., pp. 734-739. In: BARKWORTH, M.E., CaPeLs, K.M., Long, S.,
ANDERTON, LK. & Piep, M.B. (Eds.): Flora of North America north of Mexico. Vol. 24. Oxford
Univ. Press, New York, Oxford.

BauMm, B.R. & RAJHATHY, T. 1976: A study of Avena macrostachya. Canadian Journal of Botany 54:
2434-2439.

CrayTON, W.D. 1970: Gramineae (part 1), pp. 1-176. In: MILNE-REDHEAD, E. & PoLHILL, R.M.
(Eds.): Flora of tropical East Africa. Crown Agents for Oversea Governments and Administrations,
London.

CLAYTON, W.D. & RENVOIZE, S.A. 1986: Genera graminum. Grasses of the World. London, HMSO.
[Kew Bulletin, Additional Series 13].

ConNERT, H.J. 1979-1998: Poaceae (Echte Griser oder Siigriser), pp. 1-898. In: H.J. CONERT,
E.J. JAGER, W. SCHULTZE-MOTEL, G. WAGENITZ & WEBER, H.E. (Eds.): Illustrierte Flora von
Mitteleuropa. Ed. 3. Vol. 1, part 3. Parey Buchverlag, Berlin.

ConTl, F., ABBATE, G., ALESSANDRINI, A. & Brasi, C. 2005: An annotated checklist of the Italian
vascular flora. Roma, Ministerio dell’ Ambiente.

COUDERG, J.-M. & GUEDES, M. 1976: Helictotrichon pallens and H. setifolia. Taxon 25: 188.

DORING, E. 2009: Molekulare Phylogenie der Hafer-Griser (Poaceae: Pooideae: Aveneae). PhD
Thesis, University Halle, Halle/Saale. <http://digital.bibliothek.uni-halle.de/hs/content/titlein-
fo/177571>

DORING, E., SCHNEIDER, J., HILU, K.W. & ROSER, M. 2007: Phylogenetic relationships in the Aveneae/
Poeae complex (Pooideae, Poaceae). Kew Bulletin 62: 407-424. DuBy, J.E. 1828: Botanicon
gallicum. Ed. 2. Vol. 1. Mme Ve Bouchard-Huzard, Paris.

DuvaL-JouVE, J. 1863: Note sur les charctéres que les arétes et les feuilles peuvent fournier pur la
division en sections du genre Avena. Bulletin de la Société Botanique de France 10: 50-55.



36 Schlechtendalia 19 (2009)

DuvaL-Jouve, J. 1871: Etude anatomique de 1’aréte des graminées. Mémoires de la Section des
Sciences de 1’Acadadémie des Sciences et Lettres de Montpellier 8: 33 -78.

DuvAL-JOUVE, J. 1875: Histotaxie des feuilles des graminées. Annales de Sciences Naturelles.
Botanique. Paris. Sér. 6, Bot. 1: 294-371.

GREBENSTEIN, B., GREBENSTEIN, O., SAUER, W. & HEMLEBEN, V. 1996: Distribution and complex
organization of satellite DNA sequences in Aveneae species. Genome 39: 1045-1050

GREBENSTEIN, B., ROSER, M., SAUER, W. & HEMLEBEN, V. 1998: Molecular phylogenetic relation-
ships in Aveneae (Poaceae) species and other grasses as inferred from ITS1 and ITS2 rDNA
sequences. Plant Systematics and Evolution 213: 233-250.

GUINOCHET, M. & VILMORIN, R. 1978: Flore de France. Vol. 3. Centre Nationale de la Recherche
Scientifique, Paris.

Hovrus, J. 1958: Bemerkungen zur Taxonomie der Gattung Helictotrichon Bess, pp. 101-133. In
KLASTERSKY, I. (Ed.): Philipp Maxmilian Opiz und seine Bedeutung fiir die Pflanzentaxonomie.
Tschechoslowakische Akademie der Wissenschaften, Praha.

HoLus, J. 1962: Ein Beitrag zur Abgrenzung der Gattungen in der Tribus Aveneae: die Gattung
Avenochloa Holub. Acta Horti Botanici Pragensis (1962): 75—86.

HoLus, J. 1976: A newly adopted restriction of illegitimity in generic names and its consequence for
Avenochloa Holub 1962. Folia Geobototanica et Phytotaxonomica 11: 281-300.

HoLus, J. 1980: Helictotrichon Besser; Avenula (Dumort.) Dumort.; Danthoniastrum (J. Holub) J.
Holub; Arrhenatherum (Beauv.) Beauv.; Pseudarrhenatherum Rouy, pp. 208-217. In: TUTIN,
T.G., V.H. HEywoob, N.A. BURGES, D.M. MoORE, D H. VALENTINE, S.M. WALTERS & WEBB,
D.A. (Eds.): Flora europaea. Vol. 5: Cambridge University Press, Cambridge.

HuBBARrD, C.R. 1937: Gramineae, pp. 1-192. In: HiLL, A. W. (Ed.): Flora of tropical Africa. Vol. 10,
part 1. L. Reeve & Co, Ashford, Kent.

JAHANDIEZ, E. & MAIRE, R. 1925: Plantac maroccanae novae. Bulletin de la Société d’Histoire
Naturelle de I’ Afrique du Nord 16: 67—-80.

LANGE, D. 1995: Untersuchungen zur Systematik und Taxonomie der Gattung Helictotrichon Besser
ex J. A. Schultes & J. H. Schultes (Poaceae) in Stidosteuropa und Vorderasien. Bibliotheca
Botanica 144: 1-238.

LEGGETT, J.M. & MARKHAND, G.S. 1995: The genomic structure of Avena revealed by GISH, pp.
133-139. In: BRANDHAM, PE. & BENNETT, M.D. (Eds.): Kew Chromosome Conference IV.
Royal Botanic Gardens, Kew.

Link, J.H.F. 1806: Felicis Avellar, Broteri Flora lusitanica. Tom. I. Olissopone ex Typographia Regia.
1804. 607 S. in 8. Neues Journal fiir die Botanik 1, part 3: 128—148.

LiNk, J.H.F. 1827: Hortus regius botanicus berolinensis. Vol. 2. G. Reimer, Beroloni.

MAIRE, R. 1953: Flore de I°‘Afrique du Nord. Vol. 2. Lechevalier, Paris.

NIKOLOUDAKIS, N., SCARACIS, G. & KATSIOTIS, A. 2008: Evolutionary insights inferred from molecu-
lar analysis of the ITS1-5.8S-ITS2 and IGS Avena sp. sequences. Molecular Phylogenetics and
Evolution 46: 102-115.

NIKOLOUDAKIS, N. & KATs10TIS, A. 2008: The origin of the C-genome and cytoplasm of Avena poly-
ploids. Theoretical and Applied Genetics 117: 273 -281.

PENG, Y.-Y., WIE, Y.-M., BAUM, B.R. & ZHENG, Y.-L. 2008: Molecular diversity of 5S rRNA gene and
genomic relationships in in the genus Avena (Poaceae: Aveneae). Genome 51: 137-154.

PraT, H. 1932: L’épiderme des graminées, étude anatomique et systématique. Annales de Sciences
Naturelles. Botanique. Paris. Sér. 10, 14: 117-324.

QUEZEL, P. & SANTA, S. 1962: Nouvelle flore de I’ Algérie et des régions désertiques méridionales.
Vol. 1. Centre Nationale de la Recherche Scientifique, Paris.

QUINTANAR, A., CASTROVIEJO, S. & CATALAN, P. 2007: Phylogeny of the tribe Aveneae (Pooideae,
Poaceae) inferred from plastid #znT-F and nuclear ITS sequences. American Journal of Botany
94: 15541569

RasnatHy, T. & THoMAS, H. 1974: Cytogenetics of oats (Avena L.). Miscellaneous Publications of
the Genetics Society of Canada 2: 1-90.



ROSER et al: Generic realignments in Aveneae 37

RoOMERO ZARco, C. 1984a: Revision taxonomica del género Avenula (Dumort.) Dumort. en la
Peninsula Ibérica e Islas Baleares. Lagascalia 13: 39-146.

RoMERO Zarco, C. 1984b: Revision del género Helictotrichon Bess. ex Schultes & Schultes fil.
(Gramineae) en la Peninsula Ibérica. 1. Estudio taxonomico. Anales del Jardin Botanico de
Madrid 41: 97-124.

ROMERO ZARCO, C. 1985a: Estudio taxonomico del género Pseudarrhenatherum Rouy en la Peninsula
Ibérica. Lagascalia 13: 255-273.

ROMERO ZARco, C. 1985b: Revision del género Arrhenatherum Rouy en la Peninsula Ibérica. Acta
Botanica Malacitana 10: 123 -154.

RosHEVITZ, R.Y. 1934: Gramineae Juss., pp. 1-778. In: Komarov, V.L., RosHEVITZ, R.Y. &
ScHiscHKIN, B.K. (Eds.): Flora of the U.S.S.R. Vol. 2. Nauka, Leningrad. [Cited from the English
translation, Jerusalem 1963].

ROsER, M. 1989: Karyologische, systematische und chorologische Untersuchungen an der Gattung
Helictotrichon Besser ex Schultes & Schultes im westlichen Mittelmeergebiet. Dissertationes
Botanicae 145: 1-250.

ROSER, M. 1995: Typification of the names of two widespread Eurasian grass species: Avena pratensis
L. and 4. pubescens Huds. (Poaceae: Helictotrichon). Taxon 44: 395-399.

ROSER, M. 1996: Ecogeography of the grass genus Helictotrichon (Pooideae: Aveneae) in the
Mediterranean and adjacent regions. Plant Systematics and Evolution 203: 181-281.

ROSER, M., WINTERFELD, G., GREBENSTEIN, B. & HEMLEBEN, V. 2001: Molecular diversity and
physical mapping of 5S rDNA in wild and cultivated oat grasses (Poaceae: Aveneae). Molecular
Phylogenetics and Evolution 21: 198-217.

Rouy, G. 1913: Flore de France. Vol. 14. Les Fils d’Emile Deyrolle, Paris.

Rouy, G. 1921: Le Thorea longifolia devient le Pseudarrhentherum longifolium Rouy. Bulletin de la
Société Botanique de France 68: 401-402.

SAINT-YVES, A. 1931: Contribution a I’étude des Avena sect. Avenastrum (Eurasie et région méditera-
néenne). Candollea 4: 353-504.

SCHNEIDER, J., DORING, E., HILU, K.W. & ROSER, M. 2009: Phylogenetic structure of the grass sub-
family Pooideae based on comparison of plastid matK gene-3’trnK exon and nuclear ITS se-
quences. Taxon 59: in press.

SCHWEICKERDT, H.G. 1937: A revision of the South African species of Helictotrichon, Bess. ex
Schultes. Bothalia 3: 185-203.

SORENG, R.J. & Davis, J.I. 2000: Phylogenetic structure in Poaceae subfamily Pooideae as inferred
from molecular and morphological characters: misclassification versus reticulation, pp. 61-74.
In: Jacobs, S.W.L., Everett, J. (Eds.): Grasses: systematics and evolution. CSIRO, Melbourne,
Australia.

SORENG, R.J., PETERSON, PM., DAVIDSE, G., JunziEwicz, E.J., ZuLoaGA, F.O., FILGUEIRAS, T.S.
& MORRONE, O. 2003: Catalogue of New World grasses (Poaceae): IV. subfamily Pooideae.
Contributions from the U.S. National Herbarium 48: 1-730.

TsvELEV, N.N. 1976: Grasses of the Soviet Union. Vol. 1. Nauka, Leningrad. [Cited from the English
translation, Rotterdam 1984].

TUCKER, G.C. 2007a: Avenula (Dumort.) Dumort., pp. 698—699. In: BARKWORTH, M.E., CAPELS,
K.M., LONG, S., ANDERTON, L.K. & Piep, M.B. (Eds.): Flora of North America north of Mexico.
Vol. 24. Oxford University Press, New York, Oxford.

TUCKER, G.C. 2007b: Helictotrichon Besser ex Schult. & Schult. f., pp. 701-702. In: BARKWORTH,
M.E., CaPELS, K.M., LONG, S., ANDERTON, L.K. & Piep, M.B. (Eds.): Flora of North America
north of Mexico. Vol. 24. Oxford University Press, New York, Oxford.

VIERHAPPER, F. 1914: Zur Systematik der Gattung Avena. Verhandlungen der Gesellschaft Deutscher
Naturforscher und Arzte 85: 670—674.

WATSON, L. & DALLWITZ, M.J. 1992: The Grass Genera of the World. Revised ed. CAB International,
Wallingford, UK.

WINTERFELD, G. 2006: Molekular-cytogenetische Untersuchungen an Hafergrdsern (Aveneae) und
anderen Poaceae. Stapfia 86: 1-170.



38 Schlechtendalia 19 (2009)

WINTERFELD, G. & ROSER, M. 2007a: Disposition of ribosomal DNAs in the chromosomes of peren-
nial oats (Poaceae: Aveneae). Botanical Journal of the Linnean Society 155: 193-210.

WINTERFELD, G. & ROSER, M. 2007b: Chromosomal localization and evolution of satellite DNAs and
heterochromatin in grasses (Poaceae), especially tribe Aveneae. Plant Systematics and Evolution
264: 75-100.

WINTERFELD, G., DORING, E. & ROSER, M. 2009: Chromosome evolution in wild oat grasses
(Aveneae) revealed by molecular phylogeny. Genome 52: in press.

Wu ZHENLAN & PHILLIPS, S.M. 2006: 75. Helictotrichon Besser ex Schultes & J.H. Schultes, 76.
Arrhenatherum P. Beauvois, 77. Avena Linnaeus, pp. 317-325. In: Wu ZHENGYI, RAVEN, P.H.,
HonG DEYUAN (Eds.): Flora of China. Vol. 22. Science Press, Beijing, Missouri Botanical Garden
Press, St. Louis.

Address of the authors

Martin Roser, Elke Doring, Grit Winterfeld & Julia Schneider, Institute of Biology,
Geobotany and Botanical Garden, Martin Luther University Halle-Wittenberg,
Neuwerk 21, 06099 Halle, Germany.

(E-mail: martin.roeser@botanik.uni-halle, elke.doering@botanik.uni-halle,
gwinterfeld@gmx.net, julia.schneider@botanik.uni-halle)



