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ABSTRACT

A systematic treatment of the entive genus Piprtochaetiim. which complements that of Cialdella and Arriaga for the
South American species, 1s presented herein. A svnopsis of 36 species and 2 varieties. a key to identify these species.
as well as synonymy and geographical distribution. are given. Hlustrations and photographs of diagnostic characters
are presented for the North American species for the first time. We propose a phylogenetic hypothesis for the genus
based on morphological and anatomical characters. Monophyviyv of Piptochaetium was supported by the combination of
three svnapomorphies: a grooved palea. mvolute lemma margins that fit into a longitudinal palea groove. and the palea
protruding from the lemma. Two sections were previoushy recognized in Piptochaetium: Podopogon and Piptochaetium.
The cladistie analysis showed that only South American species of Piptochaetium sect. Piptochaetium. together with P
brevicalyx. form a monophyletic group (Obovoid group). while Piptochaetinm sect. Podopogon s polyphyletic. Therefore.
the taxonomie recognition of sectional taxa cannol be .~|||»|mr|ml. I’II_\'H;_H‘IIP“(' l‘t'lutinnships ol two varielies of /'1'/;/“-
chaetium stipoides (var. stipoides and var. echinulatum) were not clearly resolved. Furthermore, based on cladistic
analvses, laxonomic observations, and the study of tvpe material. Piptochaetium tovarie subsp. pilosa 1s raised 1o specific
rank (= I pilosum ).

Aey words:  phylogenetic relationships, Piptochaetium. Poaceae. Stipeae.

RESUMEN

Se presenta un tratamiento sistematico de todo el género Piptochaetium. que complementa el propuesto por Craldella
v Arriaga para las especies sudamericanas. En este trabajo. s presenta una sinopsis de las 36 especies v 2 vanedades,
una clave para identificar las especies, su sinonimia. distribucion geogrilica v observaciones. Se incluyen por primera
vez tlustraciones v fotografias de los caracteres diagnosticos para las especies norteamericanas. Se propone una hipotesis
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filogenética basada en caracteres morfologicos y anatémicos. Mediante el analisis filogenético, fue confirmada la mo-
nofilia de Piptochaetium sobre la base de tres sinapomorfias: una pdlea surcada entre los nervios, los mérgenes de la
lemma involutos insertos en el surco longitudinal de la pdlea v la pdalea asomando por entre los margenes de la lemma.
Dos secciones fueron previamente reconocidas para Piptochaetium: Podopogon v Piptochaetium. Como resultado del
andlisis cladfstico, sélo las especies sudamericanas de la seccion Piptochaetium, junto con P. brevicalyx, conformaron
un grupo monofilético (grupo Obovoide). Consecuentemente, en este tratamiento, no se considera vilido el reconoci-
miento de categorfas formales infragenéricas. En el andlisis, se incluyeron 2 varniedades de Piptochaetium stipoides (var.
stipoides y var. echinulatum) y la posicion hlogenética de ambas variedades no fue claramente resuelta. Piptochaetium
tovarii subsp. pilosa fue elevada al rango de especie (= P pilosum), sobre la base del estudio filogenético, las obser-

vaciones ltaxonomicas y el estudio del material tipo.

Piptochaetium J. Presl 1s an American genus dis-
tributed mainly in temperate areas of both hemi-
spheres and scarcely represented in tropical re-
eions of the Andes (Parodi, 1944: Barkworth, 19806:
Sanchez Vega, 1991: Cialdella & Arraga, 1998).
The genus belongs to the tribe Stipeae and was
established by Presl in 1830, based on Piptochae-
ttum setifolium J. Presl |= P. panicoides (Lam.) E.
Desv.]. It includes perennial, caespitose plants.

generally less than 1.5 m tall. with loosely or

densely flowered panicles of one-flowered spikelets:
membranous glumes, frequently longer than the flo-
ret, enclose the anthecium. Three characters are
useful for recognizing the genus: the grooved palea.
involute lemma margins that fit into a longitudinal
palea groove, and the palea protruding from the
lemma.

The South American species of Piptochaetium
have been studied by Parodi (1944). who treated
21 species 1n 2 sections: Piptochaetium sect. Po-
dopogon (Ral.) Parodi and Piptochaetium sect. Pip-
tochaetium (= Piptochaetium sect. Eupiptochaetium
Parodi). Sanchez Vega (1991) treated the 6 species
for Peru. and grouped them into the sections pro-
posed by Parodi. Cialdella and Arriaga (1998) pub-
lished a more recent treatment of the South Amer-
ican species, in which they recognized 27 species.
2 subspecies, and 2 varieties for both sections, con-
sidering leal anatomy and micromorphological
characters of the lemma in their analysis. The
North American taxa were studied by Valencia and
Costas (1968) with t'mphusis 01 ('ylul()gi('al char-
acters, and they recognized 7 species. A compari-
son of these treatments, including the infrageneric
classihcation, 1s shown in Table 1. In a revision of
the North American Stipeae, Barkworth (1986)
treated 13 species in North and Mesoamericas
without grouping them into sections.

The aim of this work 1s to (‘(mlplt'(t' the mnrphn-
logical account of the genus by considering the spe-
cies not included in the previous paper by Cialdella
and Arraga (1998). This sllul) COMPrises a syn-
opsis of 30 species and 2 varieties, a key to identify

them, and their associated synonymy and geograph-
ical distribution. A phylogenetic analysis of Pipto-
chaetium was performed to explore the relationship
among species, using cladistic methodologies with
the morphological data.

MATERIALS AND METHODS
MORPHOLOGICAL STUDY

This study was based on the analysis of almosl
1000 herbarium specimens, including type material
for most of the analyzed taxa (Appendixes 1. 2).
The specimens studied were from BA. BAA, BAB.
BAL, C, CAS, CEN, CORD, CPUN, CTES, G, ICN,
K. LE, LP, LPB, MO, MEXU, MVM, MVFA, NY,
P, PR, SGO, SI, SRFA, UNR, US, USM, UTC and
XAL (Holmgren et al.. 1990).

Micromorphological structures of the lemma
were analyzed using a scanning microscope Zeiss
DSM 940 A. located in the Instituto de Botdnica
Darwinion and as summarized in Cialdella and
Arriaga (1998: 108). Epidermal appendages (ma-
crohairs, prickles, hooks. and papillae) follow the
classification proposed by Ellis (1979).

CLADISTIC ANALYSIS

Twenty-nine exomorphological and epidermal
characters were used in the cladistic analysis (Ap-
pendix 3): all multistate characters were treated as
unordered. Only two autapomorphies were included
in the analyses: characters 20 and 27 (Cialdella &
Arriaga. 1998: figs. 3D and 9F. respectively). Char-
acters were directly observed from herbarium ma-
lerial totaling nearly 1000 specimens. The data ma-
rix 1s presented in Table 2.

Two different computational strategies, using min-
imum parsimony. were used to analyze phyvlogenetic
relationships among species of Piptochaetium. 1n
both cases, polymorphic characters were included
(Table 2). One strategy assigned all characters equal
weight. This analysis was performed using NONA
version 1.6 (Goloboff, 1993a). In the second strategy.
a concavity function of the homoplasy (K = 3) was
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Fioure |.

SEM photos showine epidermal characters of the lemma of Piptochaetium.—A. Lemma without any epider-
| g €] / Ve

mal appendages of P brevicalyvx (Rzedowski 3586.3). —B. Macrohairs ol P fimbriatum (Davidse et al. 29775). —C. Prickles
and hooks of P arvenaceum (Harvey 1851). —1). Prickles. hooks, and macrohairs of P angustifolium (Palmer 726).

used to apply weight to all characters. a method for
estimating imphed weight (Goloboff. 1993h). This
analysis required Pee-Wee version 2.8 (Golobolf.
1907). In both analyses. settings amb- (clades re-
solved only 1f they have unambiguous support). and
polv. = (polvtomies allowed) were used 1o resolve
phylogenies. The order of taxa was randomized. cre-
ating a Wagner tree and submitting 1t to branch-
swapping by means of tree-bisection reconnection
(TBR) using the sswap™® command. To evaluate the
relative support of clades, branch support. with in-
struction “bsupport™ (bs) of NONA (Bremer. 19686,

1901). was calculated.

INGROLUP

Since Desvaux (1853). Piptochaetium has been
recognized by the presence of a grooved palea, and

this character was (liugnnsti(' (O (|islingllish the re-

nus from its allies (Spegazzini, as Oryvzopsis Michy.
sensu Spege.. 1901: Parodi, 1941 Barkworth, 1990):
Penailillo. 1996: Cialdella & Arraga. 1998). Other
characters were also used to umquely identily Pip-
fochaetium. such as a palea longer than the lemma.
protruding from the lemma apex. and the lemma
margins involute and htted nto the palea groove.
The 37 entities recognized within the whole genus

weibe (‘Hllh'i(l('l'f’(l AS l(‘l'lllillll] laxa.

OUT-ROUPS

Vassella Y. Desv. and Hesperostipa (Fhas) Bark-
worth were selected as outgroups. based on their
similarities in morphological and anatomical char-
acters to Piptochaetium (‘Thomasson, 1978b: Bark-
worth. 1990) as well as previous phylogenetic re-
lailinnships |n'n|msm| l)} Barkworth (1990)).

A detailed hislcn‘) of Nassella can be found 1n
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50 % | Barkworth (1990). She expanded Nassella. includ-

3 2 = O = , — ing a total of 79 species. the majority of which were

= : —: —: = ~ :'3 . . o y o ‘ r \. . -

= = S RER = = previously considered in Stipa 1.. The circumserip-

.:__"_: : o — . — _e =& , A

e - — N . - ST - tion proposed by Barkworth (1990) was later ac-

=L - — o ey | ey o oty — 4 g

R o T B B e Rt R e T 996) and Torres (1007

JS|dS5E s ¢ PESE 8 u.|)lul by ltndlllllu.(l )96) and l.nm .\'(_l )O7). !ll

S o e B g O g o= this sense, Nassella includes species with obovoid
W =L O R e C ) e [y -
g or lerete florets, a short and blunt to long and sharp
S callus, strongly overlapping lemma margins, a lem-
2 - B o .
. = = ma apex fused in a crown, and a highly reduced.
. < ~ .:" o. "
s 9 = & nerveless and glabrous palea. All species consid-
- 1L = S e : % 4 33wl R
= 1 iy ered in Nassella have a characteristic lemma epi-
SET| E g ¢ < - L dermal pattern: short fundamental cells, with irreg-
e i R - ” - <.
A= ol R o -~ 5 ) Q) ~ , — |
e BB E B E EJLE = ularly sinuate sidewalls and abundant short cells.
= ] o S: § £ & sga&& F Hesperostipa was one ol the nine sections of Stipa
=S 2y . a8 - formally  proposed by Ehias (1942). Thomasson
il - R - - 3p - S - - g ML L S .
(1978a) noticed a very different epidermal pattern
within this section in comparison with any other
= Stipa: long fundamental cells with strongly sinuous
~ / - i
2 = = sidewalls, and absence of short cells. After studying
= == S . ook : 3
= ) i TR North American Stipeae, Barkworth (1993) raised
= = e - i e : . ;

e & > S = Stipa  secl. Hesperostipa 1o the generie rank, i

.. 9 L 5. 1.4 Z . , : : .

- 7 e e &5 which she included four species: Hesperostipa co-

Y = ~ : . T - - 7 ~ rgY ¢ -

N - SR g m = 2 mata  (Trin. &  Rupr.) Barkworth. H. curtiseta

W S S - ~ £ = = S 2 . - "

s~ 3 8% & = = S -3 = £ (Hitche.) Barkworth, H. neomexicana (Thurber)

o S ‘B8 S o N Barkworth. and H. spartea (Trin.) Barkworth. Hes-

gl — -~ —~ —~ e 7. 7 —— —

Ie ~ XX - | gl il |y L= Perostipa 1S endemic to North America and includes
plants with narrowly terete florets, a sharp callus,
and a persistent, twice-geniculate awn. The lemma

- s indurate, with flat margins, shehtly or not over-
2 S lapping: the palea 1s subequal to the lemma. prow
Ere, - ; ‘ M YLD
= = Lipped and 2-nerved (Barkworth, 1993).

o -;E 3 X é b NEY O PIieroctakTioM, NASSELLA, AND HESPEROSTIPA

—g == é é 2 = | . alea |mlgillu|ina“} orooved, 2-nerved. longer

3 = e o than the lemma, and protruding from the lemma

o 3 I | apex: lemma margins ivolute, hitting into the
— —— 5 y
palea groove , Piptochaetium
1", Palea Hat, 2-nerved or nerveless, shorter than
or equal to the lemma, usually not protruding
hevond the lemma apex: lemma margins flal 2
2(1). Lemma margins strongly overlapping: pa-

8 leca nerveless, less than one-third the

5 length of the lemma _ Nassella

- o 2. Lemma margins not or shightly overlap-

3:“; 5 5 ping: palea 2-nerved. always as long as

Y = the  lemma. apex prow  tpped  or

O =, “pinched™ Hesperostipa

i U

—

= RESULTS

- & B
= =g | 7 .
= X = Seven equally parsimonious trees were oblained
E E SN . rg
e | o = 2 when the characters were weighted equally. These
S 23 3 e ki Gl i | il o Canetutani hides (0T =
A =l NI Z T were oo sleps long. with a Consistency Index (Gl) =

ol 8§ o & < s @ L = | ).87. X

| B R = > 7 .55 and Retention Index (R = 0.87. When the
—_ S | S = S = TR O : . S .
3 = 5 le B s S W 2 xS 54 analysis was performed without autapomorphies
e e - '5~ 5 E = - S 5 . - \ ey
0 gl = N < o = (characters 20 and 27). the Cl was 0.53. When the
—_ 5 o ~ ~~ =~ — . 2 oy R = : : . .

-5 - S A -5 =48 b L - Q. characters were weighted. five equally parsimonious
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Table 2.

Data matrix used in the cladistic analyses for Piptochaetium. Numbers in the first row represent the

characters described in the text, together with their codification. Numbers within brackets represent a polymorphism

for the particular character of the species involved.

S — -

e Ch W T TR 7 3 () 10 1l 12 13 14 15
Nassella 0 -2 v 0 0 Wil Bi1] 1 01 01 O 0231 101) (©.1)
Hesperostipa O 4 9 I 1 2 I () I () 0 1] 0 () () 10 1]
Piptochaetium alpinum 2 B3 A I () I () I I () () I
P. angolense N L G T S () I I I () () 2 I ()
P angustifolium R S AR () () I () l () () () I
P. avenaceum ¢ 3 B e R I () l () 0 1] 0 () () ()
P. avenacioides R S SIS T (T I () I () I () () () ()
P. bicolor I SN SR T I () I () I () I () ()
P. brachyspermum LR 1 S T I () I () l () l () ()
P. brevicalyx F ¥ LA 3 () l () I () I 2 () ()
P. burkartianum R TR (S (Y (S () I I I 0 1] 0 2 () ()
P. cabrerae I A (R LR (S I () I () () () () () ()
P calvescens I Y SRSVE Y () I () I () () 2 () ()
P. confusum () SR (R I I () I () I () () () ()
P, cucullatum b ke SEEE, e () I () I () () 2 () ()
P. featherstonei TUR) ISR [ MR (S I () I () () () () () I
P. fimbriatum y_ % 3 k0 A () I I () I () () () I
P hackelu I I N e 2k I () I () | () () () ()
P hirtum THEL TR S R (R () I () | () () 2 () ()
P indutum IR N S (i Ry | () I () () () () () I
P. jubatum THN NER () (ERE (R () l I I 0 1] 0 2 () ()
P lastanthum At R e R () | I I I () 2 () |
P lejopodum SN R (A (S (RN () | () | () () 2 () ()
P medium L8 % Ok 3 I () I () I () | () ()
P montevidense e g W k4 () I () I 0 1] 0 3 l ()
P. napostaense I (R TR ! I () I () I () () () ()
P. palustre TEN T (R (R | () I () I () () () ()
P panicoudes g Y-8 8 3" 1 () I () | () () 3 | ()
P pilosum U (S (R R () I I | g 0 2 () I
P. pringlei IO R RN U S | () l () I () () () I
P ruprechtianum TR iy RS L S PO I () I () I () l () ()
P sagasteguii I Y R R N I () I () I () () () I
P seler I R I I I () I I () I () () () I
P setosum I I U (TR K () I I I () () 2 () ()
I’ stipoides var. echinulatum 11 1 1 1 | () I I I 0 1] 0 2 () ()
P stipoudes var. stipoides 1 (] (S (N N () I I I 01 0 2 () ()
P tovarii = WP B S I () l () I () () 2 () ()
P uruguense SO TR (G (N (TR () I I l 10 1] 0 2 () ()
I’ virescens I | | I I I I () I () I () () () I

trees were obtained. These trees were also 58 steps
long, their it was 190.7, and the rescaled fit was
(0.68. Although the trees obtained with the two strat-
egies differed in some respects, both yielded the
same strict consensus tree as well as the unambig-
uous synapomorphies that support clades (Fig. 3).
Only the relationships within one clade, which in-
volved P. calvescens, P. cucullatum, P. jubatum. P
lejopodum, P. stipoides var. stipoides, and P. stipotdes
var. echinulatum, differed between the strategies.
Relationships among these species are not resolved

on the consensus tree (Fig. 3). Figure 4 shows one

of the seven hypotheses found with NONA. This tree
1s the most similar to one of the five trees found with
Pee-Wee. They differ in the position of P alpinum
which, in Pee-Wee's results, 1s sister to the clade
that includes P. pringlei 1o P. palustre; and they also
differ in the order of P. uruguense and P. angolense,
which are inverted in Pee-Wee analysis.

Cladistic analysis supports  Piptochaetium as a
monophyletic genus |Bremer support (bs) = 3. It 1s
clearly defined by three synapomorphies (Fig. 3):
lemma margins involute (1), a boat-shaped palea (2),
and a palea longer than the lemma (3: Fig. 2A, B).
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Table 2. Extended.

16 | 7 | &3 |9 20 2] 22 Lo 24 29 26 27 28 20
Vassella L1000 1 A 70 4 6O Y () R N I 0 S L N (R Y () Q11 @ 101 ()
Hesperostipa () I I () () () I () I () I () () ()
Piptochaetium alpinum () | | 0 0 | I () I () | 0 0 ()
P angolense () | | 0 0 I I 0 0 () | () | ()
P angustifolium () I | [y f l l () I () I 0 ()
P arvenaceum () I O 1] (O 1] 0O I l () I () I () () ()
P avenacioides () I 01 [0 1] 0O | I () I () I () () ()
P’ bicolor () I () I () I I () I () I () () ()
P brachyspermum () | () I () I l I () () | () () ()
P brevicalyx ) ) () L Y A 0 B & 0
P, burkartianum () () () 1 | I S () | () | ()
P cabrerae () I I () () | I I () () I () () ()
P calvescens 10 1] I I () () | () I () I I () | |
P confusum () | () I () | I () I () I . 1) ()
P cucullatum () I () l () | | I () () | | | ()
P featherstonei () I I () () | I () I () I () () ()
P fimbriatum () () () 0 0 | | 3 oAy 9 G 9 | ()
P hackeli () I () | () () I () I () I () () ()
P hirtum () () () ) Y | | N () | () | ()
P indutum () I I () () () I () () () | () () ()
P jubatum () | () | () | O 1] | I () I () | |
P lastanthum () I I 3>« o) | | () | () | () | ()
P lejopodum () I () | () I () I () () | () | I
P medium () I () I () | | 0 0 () | () I ()
P montevidense I () () | | | 0 0 | I () | ()
P napostaense () I () I () () | () I () I () () ()
P. palustre () I () I () | | () I () I () () ()
P panicoides 01 0 () () () | | () () | I () | ()
P pilosum () | | § Y N | S | () I () | ()
P pringlei () () () i | | () I () I O D ()
P ruprechtianum () I () I () | | () | () | () () ()
P sagasteguil () l I () () () | () | () I () () ()
P seler () I | ) K | | | () I () | O |01 0
P setosum () I () I () I | () () () I () I ()
P stipoides var. echinulatum () I | () | | () | () I l () | |
P, stipoides var. stipoides () L0 00 1 ¢ (A 0 ) I LY, & X)L 3 0k 1Y | 10 1]
[’ tovaru () () () () () () I () () () () () I ()
P uruguense () | | () () | | () () () I () | ()
P rirescens () I I () () () | () I () I () () ()

H('.s'/)(’r()sil'/m 15 the mosl ('I()S("I_\" related agroup 1o Pi/)-
tochaetium. as they share a 2-nerved palea (4) and
long fundamental cells of the lemma epidermis (5).

South American species ol Piptochaetium  sect.
Piptochaetium. 1ogether with P brevicalyx from Mex-
ico. are gathered in a monophyletic clade (bs = 2),
which i1s now recognized herein as the Obovoid
oroup (Fig. 3). It 1s supported by two synapomor-
phies: a deciduous awn (10) and obovoid Hlorets (13.
Iig. SH). Three species are closely related to the
Obovoid clade: P fimbriatum (Fig. 5G). P. selert (Fig.

P

5F). and P angustifolium (Fig. SEK). Piptochaetium
EUSL H /

Simbriatum and P. seleri present a blunt or truncate

callus (8: bs = 1) and. together with P angustifo-
[tum, they all have a short callus (7: bs = 1). These
three species are not included in the Obovoid elade.
as they do not have a deciduous awn as well as a
well-defined obovoid floret. They are North Ameri-
can species: P fimbriatum and P. seleri were also
found in Guatemala. with intermediate forms ob-
served between the Obovord clade and the rest of
the species (Figs. 3 and 4: see discussion). Species
of the Obovoid clade present the relation between

length and width of the floret always less than 3.5
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P sagasteguil () l I () () () | () | () I () () ()
P seler () I | ) K | | | () I () | O |01 0
P setosum () I () I () I | () () () I () I ()
P stipoides var. echinulatum () I | () | | () | () I l () | |
P, stipoides var. stipoides () L0 00 1 ¢ (A 0 ) I LY, & X)L 3 0k 1Y | 10 1]
[’ tovaru () () () () () () I () () () () () I ()
P uruguense () | | () () | | () () () I () | ()
P rirescens () I I () () () | () I () I () () ()

H('.s'/)(’r()sil'/m 15 the mosl ('I()S("I_\" related agroup 1o Pi/)-
tochaetium. as they share a 2-nerved palea (4) and
long fundamental cells of the lemma epidermis (5).

South American species ol Piptochaetium  sect.
Piptochaetium. 1ogether with P brevicalyx from Mex-
ico. are gathered in a monophyletic clade (bs = 2),
which i1s now recognized herein as the Obovoid
oroup (Fig. 3). It 1s supported by two synapomor-
phies: a deciduous awn (10) and obovoid Hlorets (13.
Iig. SH). Three species are closely related to the
Obovoid clade: P fimbriatum (Fig. 5G). P. selert (Fig.

P

5F). and P angustifolium (Fig. SEK). Piptochaetium
EUSL H /

Simbriatum and P. seleri present a blunt or truncate

callus (8: bs = 1) and. together with P angustifo-
[tum, they all have a short callus (7: bs = 1). These
three species are not included in the Obovoid elade.
as they do not have a deciduous awn as well as a
well-defined obovoid floret. They are North Ameri-
can species: P fimbriatum and P. seleri were also
found in Guatemala. with intermediate forms ob-
served between the Obovord clade and the rest of
the species (Figs. 3 and 4: see discussion). Species
of the Obovoid clade present the relation between
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