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Generic delimitations of Schizostachyum and its allies (Gramineae:
Bambusoideae) inferred from GBSSI and frnL-F sequence phylogenies
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The monophyly of the woody bamboos Schizostachyum s.str., Cephalostachyum, Dinochloa, Leptocanna,
Melocanna, Melocalamus, and Pseudostachyum was tested based on sequence data of the nuclear GBSSI gene
and plastid trnL-F intergenic spacer, using maximum parsimony and Bayesian inference. Schizostachyums.str.,
Cephalostachyum, Leptocanna, Melocanna, and Pseudostachyum wereresolved as amonophyletic group while
Dinochloa and Melocalamus were excluded and should be referred to another subtribe. Schizostachyum s.str.
and Cephalostachyum were strongly supported as monophyletic in both the separate and combined analyses;
their circumscriptions should be modified, however. Leptocanna and Schizostachyum sanguineum must be
united with the Cephalostachyum subclade and Cephalostachyum virgatum and C. pergracile transferred
to the Schizostachyum subclade. Melocanna and Pseudostachyum were strongly supported as good genera.

KEYWORDS: Bayesian inference, Cephalostachyum, GBSSI gene, Gramineae, parsimony, Schizostachyum,

trnL-F

Il INTRODUCTION

The woody bamboos of the Old World tropics are
generally divided into three subtribes in the modern
woody bamboos systems, i.e., Bambusinae, Melocanni-
nae, and Hickelinae (Soderstrom & Ellis, 1987; Drans-
field & Widjaja, 1995), which obtains support from recent
molecular studies (Clark & al., 1995; Kelchner & Clark,
1997, Zhang & Clark, 2000). Melocanninae, a small sub-
tribe distributed in the Old World tropics with ca. 70-90
species, is characterized by bearing iterauctant inflores-
cences and producing pseudospikelets usually with 1 or
2 (3) perfect florets and with a distinctive glabrous ovary
that bears an elongated and persistent style divided usu-
ally into three short stigmas (Clayton & Renvoize, 1986;
Soderstrom & Ellis, 1987; Keng & Wang, 1996).

Schizostachyum Nees, the biggest genus in Me-
locanninae, was established by Nees in 1829 based on
Schizostachyum blumei Nees and currently consists
of ca. 40-50 species (Ohrnberger, 1999; Dransfield,
2000a). This genus was previously considered to have a
wide distribution including Madagascar, South Asia and
Malesia, and some Pacific islands (Clayton & Renvoize,
1986; Soderstrom & Ellis, 1987). However, according to
Dransfield (2000b), the occurrence of Schizostachyum in
Madagascar was due to incorrect identification, so the
distribution of this genus was limited to tropical Asia.
Systematically, Schizostachyum was classified as a mem-

ber of Melocanninae in main woody bamboos classifica-
tion systems (e.g., Holttum, 1956; Clayton & Renvoize,
1986; Soderstrom & Ellis, 1987; Tzvelev, 1989; Dransfield
& Widjaja, 1995; Keng & Wang, 1996; Li, 1997; Ohrn-
berger, 1999). Holttum (1946) first found that the charac-
ters of the ovary were uniform within Schizostachyum,
Cephalostachyum Munro, Pseudostachyum Munro,
Teinostachyum Munro, Neohouzeaua A. Camus, and
Dendrochloa Parkinson, and he suggested that these six
genera be united into Schizostachyum s.l. This opinion
had a great influence on later taxonomic and system-
atic studies of Melocanninae (e.g., Clayton & Renvoize,
1986; Soderstrom & Ellis, 1987; Xia, 1993; Dransfield &
Widjaja, 1995). In the present study, Schizostachyum and
its allies include Schizostachyum s.str. (as described by
Nees), the genera merged into Schizostachyum by Holt-
tum (1946), and some genera described later in Melocan-
ninae, which are the core taxa of this subtribe.

In spite of several attempts to study the systematics
of Melocanninae including Schizostachyum and its allies
based on morphological characters, the circumscriptions
and interrelationships in this group remain highly con-
troversial. Munro (1868) separated the woody bamboos
of the Old World tropics into two sections (= subtribes
in other systems): Bambusae and Bacciferae, based
on fruit characters. Bacciferae, which bore berry-like
fruits, included eight genera, i.e., Beesha Rheede, Ceph-
alostachyum, Dendrocalamus Nees, Dinochloa Biise,
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Melocanna Trinius, Pseudostachyum, Schizostachyum,
and Teinostachyum. Furthermore, Bacciferae was
subdivided into two subdivisions, Bambusoidea and
Schizostachyoidea; the latter subdivision, which was
characterized by one floret in each spikelet, consisted
of Cephalostachyum, Melocanna, Pseudostachyum,
and Schizostachyum. Bentham (1883) modified Mun-
ro’s scheme and split Bacciferae into two new tribes (=
subtribes in other systems): Dendrocalameae (includ-
ing Cephalostachyum, Dendrocalamus, Melocalamus,
Pseudostachyum, and Teinostachyum) and Melocanneae
(including Dinochloa, Melocanna, Ochlandra Thwaites,
and Schizostachyum). This treatment was adopted by
Gamble (1896) in his monograph of Indian bamboos.
Holttum (1946) proposed Schizostachyum s.1. based on
the uniform characters of the ovary, i.e., the top of ovary
bore a long, hollow, stiff and tapering appendage. As a
result, his system of Melocanneae consisted of Dino-
chloa, Melocanna, Ochlandra, and Schizostachyum s.1.
With further studies on the ovary of Dinochloa, Holttum
(1956) transferred this genus to Bambusaeae, another
subtribe of the Old World tropics, based on their similar
ovary characters. This treatment was adopted by Clay-
ton & Renvoize (1986). Soderstrom & Ellis (1987) built
a new system within Schizostachyum and its allies based
on the comprehensive morphological, anatomical and
developmental characteristics of ovary, floret and foliar
blade. In their system, the subtribe Schizostachydinae
(= Melocanninae) included Cephalostachyum, Lepto-
canna Chia & Fung, Melocanna, Ochlandra, Pseu-
dostachyum, Schizostachyum, and Teinostachyum. This
treatment was largely adopted by Dransfield & Widjaja
(1995). However, in Flora Reipublicae Popularis Sinicae
(FRPS), Keng & Wang (1996) followed Bentham (1883)
and Gamble (1896) in treating Dinochloa and Melocala-
mus, which were placed in Bambusinae in other systems,
as members of Melocanneae (= Melocanninae).

As reviewed above, besides the systematic position
of genera related to Schizostachyum, the generic delimi-
tations within Schizostachyum and its allies were also in
dispute. In summary, there were three different opinions.
The first, proposed by Holttum (1946) and followed by
Clayton & Renvoize (1986), was to unite those genera in
Schizostachyum s.1. This opinion emphasized the signifi-
cance of ovary structure in generic delimitation within
Schizostachyum and its allies, and considered that the
characters of florets and spikelets were not sufficient to
support generic separation. The second and totally op-
posite opinion, based on Munro (1868), accepted many
segregate genera including Cephalostachyum, Dendro-
chloa, Leptocanna, Neohouzeaua, Pseudostachyum,
Schizostachyum s.str., and Teinostachyum. This treat-
ment was supported by Keng (1982), Soderstrom & Ellis
(1987), Tzvelev (1989), Stapleton (1994), Dransfield &
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Widjaja (1995), and Ohrnberger (1999). The third opin-
ion, which was intermediate between the former two,
was held by Xia (1993), who supported the combination
of Dendrochloa, Leptocanna, Neohouzeaua, and Tei-
nostachyum with Schizostachyum. On the other hand, he
treated Cephalostachyum and Pseudostachyum as dis-
tinct genera. This treatment was supported by Keng &
Wang (1996) and Li (1997), but the latter also separated
Leptocanna.

Although it is generally emphasized that characters
such as rhizomes, branches, structures of spikelets, flo-
rets and ovaries should be comprehensively taken into ac-
count when a genus of bamboos was delimited (e.g., Keng,
1982; Soderstrom & Ellis, 1987; Stapleton, 1994; Xia,
1993; Li, 1997), the interrelationships of Schizostachyum
and its allies are too complicated to be solved based on
morphological characters alone. In this paper, phyloge-
netic reconstruction is based on sequences of the nuclear
GBSSI gene and the plastid trnL-trnF region (trnL-F).
Divergence between truL-F sequences have been exten-
sively proven valuable for phylogenetic studies at low or
high taxonomic levels (e.g., Fernandez & al., 2001; Zom-
lefer & al., 2001; Kong & al., 2002; Albach & Chase,
2004; Huang & al., 2005). TrnL-F has also demonstrated
its suitability for clarifying the systematic problems in
Gramineae (Hodkinson & al., 2002; Neves & al., 2005).
The GBSSI gene exists in a single copy in the grass family
and many other taxa in which it has been studied (Mason-
Gamer & al., 1998), although it appears to be duplicated
in the Rosaceae (Evans & al., 2000). Although the woody
bamboos are presumably ancient polyploids (Soderstrom,
1981), GBSSI seems to be single-copy gene in the alpine
woody bamboos (Guo & Li, 2004). In the current paper,
we have randomly sequenced six to eight clones of each
examined taxon (results not shown) and the results show
that most of them are identical with only 1-3 variable
sites. This indicates that the GBSSI gene probably exists
in a single copy within paleotropical woody bamboos.
Although this gene has been used in relatively few phylo-
genetic studies (Peralta & al., 1997; Mason-Gamer & al.,
1998; Evans & al., 2000), it appears that the introns of the
GBSSI gene show high genetic divergence among very
closely related species. Guo & Li (2004) found that the
GBSSI gene provided more variable and informative sites
than ITS in the study of alpine woody bamboos, despite
slightly lower genetic divergence.

In the current study, we selected the GBSSI and
trnL-F DNA regions for examining the appropriateness
of generic delimitations among Schizostachyum and some
related genera. Our main focus is on Schizostachyum
s.str. and Cephalostachyum which are the two largest
genera in Melocanninae. Our main goals were to test the
monophyly of the groups and to improve our understand-
ing of their phylogeny.
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[ MATERIAL AND METHODS

Taxon sampling. — A total of 30 taxa were exam-
ined. Among them were 25 species from seven genera
which were treated as related to Schizostachyum or Me-
locanninae by previous authors (see Appendix). The
ingroup taxa included 11 species from Schizostachyum
s.str. (consisting of ca. 45 species), covering three groups
of Schizostachyum recognized by Dransfield (1983); six
species from Cephalostachyum (ca. 16 species), cover-
ing the two sections of Cephalostachyum described by
Gamble (1896); two species from Dinochloa (ca. 27 spe-
cies); three species from Melocalamus (ca. 9 species),
one species from Melocanna (ca. 2 species); one species
from Pseudostachyum (ca. 2 species);, and one species
from Leptocanna (1 species). Generic definitions fol-
low Ohrnberger (1999). Leaf material of Dinochloa ma-
layana, Schizostachyum zollingeri, and S. gracile were
obtained from Professor Khoon Meng Wong (Malaysia)
and total DNA of D. scandens and S. blumei from Dr.
E.A. Widjaja (Indonesia). For practical reasons, we fol-
lowed the classification scheme of Melocanninae and
its related genera in FRPS (Keng & Wang, 1996) with a
few exceptions, i.e., Leptocanna chinensis, Melocalamus
compactiflorus var. fimbriatus, Melocalamus scandens,
Cephalostachyum mannii, and C. scandens were treated
as in Flora Yunnanica (Sun & al., 2003). Four species of
woody bamboos from three genera of the North Tem-
perate Zone, Phyllostachys dulcis, P. nidularia, Shiba-
taea kumasasa, and Pleioblastus gramineus were used
as outgroups. Because Schizostachyum and its allies are
presumed to be closely related to subtribe Bambusinae,
one species of Bambusa, B. arundinacea, was sampled
to explore phylogenetic relationships between them.
Vouchers from Malaysia and Indonesia are deposited in
local herbaria (KLU, BO), all others in KUN.

DNA extraction, amplification, and sequencing.
— Total DNA was extracted from silica-gel-dried or
fresh leaves using a modified CTAB procedure (Doyle &
Doyle, 1987). All leaf material was sterilized with 75%
alcohol prior to DNA extraction.

In PCR amplification of GBSSI, the primers F'-for
and M'-bac (Guo & Li, 2004) were used. Reaction vol-
umes were 20pl and contained 1.5 U AmpliTaq DNA
polymerase, Replitherm buffer, 1.5 mmol/L MgCl,, 1.0
mmol/L dNTP, 0.2 pmol/L primer, 25-60 ng sample
DNA. The PCR cycling consisted of an initial denatur-
ation at 94°C for 5 min, followed by 5 cycles of 1.5 min at
94°C for template denaturation, 2 min at 52°C for primer
annealing, 1 min at 72°C for primer extension, then addi-
tional 30 cycles of 94°C for 1 min, 52°C for 1 min, 72°C
for 1 min, finally followed by an extension of 20 min at
72°C. PCR products were purified using Watson’s puri-
fication kit. Cleaned PCR products were cloned into Pro-
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mega’s pPGEM-T System vector. Ligation, transformation
and plating were carried out following the recommen-
dations of the manufacturer. One clone of each species
was obtained and plasmid preparations were carried out
follwing the Watson’s plasmid mini-columns precipita-
tion protocols. The plastid frnL-F was amplified with
the ¢ and f primers described by Taberlet & al. (1991).
Reaction volumes were 20 pl and contained 1.5 U Am-
pliTaq DNA polymerase, Replitherm buffer, 1.5 mmol/L
MgCl,, 1.0 mmol/L ANTP, 0.2 pmol/L primer, 25-60 ng
sample DNA. The thermal cycling comprised 30 cycles
of 1 min at 95°C for template denaturation, 1 min at 55°C
for primer annealing, 2 min at 72°C for primer extension,
followed by a final extension of 10 min at 72°C. PCR
amplifications mentioned above were performed in a T3
Thermocycler (Biometra). PCR products were purified
with Watson’s purification kit prior to being sequenced.
Double-stranded and purified PCR products were se-
quenced by the dideoxy chain termination method with
an ABI PRISM Bigdye Terminator Cycle Sequencing
Ready Reaction Kit with AmpliTaq DNA polymerase FS
(Perkin-Elmer). Reactions and programs were chosen ac-
cording to the recommendations of the handbook, with
slight modification in some cases. Samples were electro-
phoresed in an ABI3700 automated sequencer. In DNA
sequencing reactions, primers F’-for and M'-bac were used
to sequence for GBSSI and primers ¢ and f for trnL-F.
Alignment and gap coding. — Base determination
was complete and unambiguous in all cases and no cells
were treated as missing. DNA sequences were edited
with SeqMan (DNASTAR Package), aligned by Clustal
X, and adjusted manually where necessary. Substitution
and indels were used as equally probable events. The po-
tentially informative indels that were located in regions
of unambiguous alignment of GBSSI and trnl-F se-
quences were scored following the “simple indel coding”
method suggested by Simmons & Ochoterena (2000) and
added to the matrix as extra gap characters (see Elec-
tronic supplement). The “simple indel coding” method
is useful in utilizing indels as a source of phylogenetic
information (Kawakita & al., 2003; Guo & Li, 2004).
Phylogenetic analyses. — Maximum parsimony
(MP) analysis was performed with PAUP* 4.0b10 (Swof-
ford, 2002). Searches were conducted on the separate
GBSSI and trnL-F datasets, and a combined GBSSI +
trnL-F dataset. The option of collapse branches if mini-
mum length is zero (“amb-") was selected. The initial
tree search was conducted under the equal and unor-
dered weights criterion using the heuristic search option
with stepwise data addition (1,000 random replications)
and TBR branch-swapping, but permitting only 10 trees
to be saved at each step. To assess the relative support for
each clade, bootstrap values were calculated with equally
weighted character matrices from 1,000 replicate analy-
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ses with the heuristic search strategy and simple addition
sequence of the taxa.

The aligned matrices were also analyzed by Bayes-
ian inference (using MrBayes version 3.0, Huelsenbeck
& Ronquist, 2001). The models for the analyses were se-
lected with the likelihood-ratio test implemented in Mod-
eltest 3.06 (Posada & Crandall, 1998). Each analysis was
initiated from a random starting tree and the program was
set to run four (three heated and one cold) Markov chain
Monte Carlo iterations simultaneously for 2,000,000
generations and a tree was saved every 100 generations.
The posterior probabilities for clades were estimated by
a majority-rule consensus tree based on the saved trees
which were used to indicate branch supports.

[l resuits

Tree statistics for each analysis are given in Table
1. Clades are referred to throughout the text by outmost
genera of the clade, as they are found in the correspond-
ing figures.

GBSSI. — The strict consensus tree from eight
most parsimonious trees is shown in Fig. 1. Modelt-
est found the K81 + I model with a = 0.3723 to be the
most appropriate model for Bayesian analysis, and
analysis reached equilibrium after ca. 30,000 genera-
tions. The tree of Bayesian analysis was almost identi-
cal with that of MP. Like the results of ITS, Dinochloa,
Melocalamus, and Cephalostachyum (including Lepto-
canna chinensis, Schizostachyum sanguineum, Cepha-
lostachyum pallidum, C. fuchsianum, C. scandens, and
C. mannii) gained strong supports in either MP or Bayes-
ian inference. Schizostachyum, which included Cepha-
lostachyum pergracile, C. virgatum and all examined
species of Schizostachyum except S. sanguineum, re-
ceived weak support (BP = 54, PP = 0.92). Likewise,
Cephalostachyum, Melocanna, Pseudostachyum, and
Schizostachyum formed a clade with strong support (BP
=97, PP = 1.00).

trnL-F. — The strict consensus tree from 75 most
parsimonious trees is shown in Fig. 2. Modeltest found

Table 1. Statistics of separate and combined datasets.
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the HKY +I" model with o = 0.2149 to be the most appro-
priate model for Bayesian analysis, and analysis reached
equilibrium after ca. 25,000 generations. Although the
topology of the Bayesian analysis was different from
that of MP, the main branches in these two analyses were
congruent. The resolution in trnL-F-based tree was very
poor due to few informative characters. Only Dinochloa
(BP =91, PP = 1.00) and Schizostachyum (including
Cephalostachyum pergracile, C. virgatum and all exam-
ined species of Schizostachyum except S. sanguineum)
(BP = 71, PP = 0.97) were identified. Dinochloa, Me-
localamus, and Bambusa arundinacea as a group were
supported as monophyletic (BP = 85, PP = 0.98) while
Cephalostachyum, Leptocanna, Meclocanna, Pseu-
dostachyum, and Schizostachyum formed a clade with
weak support in Bayesian inference.

Combined dataset. — We examined the feasibil-
ity of integrating the GBSSI and #rnL-F datasets into a
single matrix according to the congruence of the topolo-
gies and the incongruence length difference (ILD) test
proposed by Farris et al. (1994). ILD value was computed
by executing the “partition homogeneity test” command
of PAUP on the combined matrix. The setting opinions
used 1,000 replicates, heuristic searches, branch swap-
ping with nearest-neighbor interchange (NNI), and five
random addition sequences following the suggestions of
Sjolin & al. (2005).

No conflicts among major clades of separate GBSSI
and frnl-F analyses were identified (especially in
Bayesian analysis clades were highly congruent), and
the ILD-test showed congruency within the combined
datasets (ILD = 0.223). Therefore, the GBSSI and trnL-
F datasets were combined to explore the phylogeny of
Schizostachyum and its allies.

The strict consensus tree from eight most parsimoni-
ous trees is shown in Fig. 3. Modeltest found the HKY +
I' + G model with a = 0.7764 to be the most appropriate
model for Bayesian analysis; the analysis reached equi-
librium after ca. 25,000 generations. Bayesian and MP
topologies were almost identical. Resolution and sup-
port for the clades in the combined dataset were better or
higher than in the separate analyses. Dinochloa, Melo-

Analysis Characteristics GBSSI trnL-F Combined analysis
Maximum Parsimony (MP) No. of characters 1,293 953 2,246
Pairwise distance of ingroups (%) 0.17-4.80 0-1.51 0.56-3.48
Variable sites (%) 270 (20.9) 68 (7.1) 338 (15.0)
Informative sites (%) 138 (10.7) 38 (4.0) 176 (7.8)
No. of most parsimony trees (M. P. T.) 8 75 8
Minimal length of M. P. T. 364 79 451
CI of strict consensus tree 0.694 0.826 0.812
RI of strict consensus tree 0.865 0.948 0.870
Bayesian Inference (BI) No. of nodes (PP > 0.85) 17 9 20
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calamus, Cephalostachyum (including Leptocanna chi-
nensis, Schizostachyum sanguineum, Cephalostachyum
pallidum, C. fuchsianum, C. scandens, and C. mannii)
and Schizostachyum, which included Cephalostachyum
pergracile, C. virgatum and all examined species of
Schizostachyum except S. sanguineum, gained strong
support in either MP or Bayesian inference. All of the
ingroup taxa were resolved as two monophyletic groups.
Cephalostachyum, Melocanna, Pseudostachyum, and
Schizostachyum were strongly supported as monophyly
(BP = 100, PP = 1.00). Dinochloa, Melocalamus, and
Bambusa arundinacea were supported as monophyletic
with moderate support (BP = 71, PP = (0.94).

Yang & al. » Delimitations of Schizostachyum and its allies

[l Discussion

As in previous analyses of woody bamboos (e.g.,
Zhang, 1996; Kelchner & Clark, 1997; Guo & Li, 2004),
analysis of each of the separate datasets in this study re-
sulted in less resolved trees in comparison with that of
combined dataset. Therefore, only the results from com-
bined analyses will be further discussed here.

Systematics. — Delimitations of Schizostachyum
and its allies in the past were mainly based on the char-
acters of fruits, ovary, or inflorescence, especially the
structures of spikelets and florets (e.g., Munro, 1868;
Holttum, 1946; Soderstrom & Ellis, 1987; Xia, 1993).
Unfortunately, it was difficult to find common diagnos-
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Fig. 2. Strict consensus tree of 75 most parsimonious trees based on trnL-F sequences (tree length = 79, Cl = 0.826, Rl =
0.948). Numbers on the branches indicate bootstrap percentage (above branch). Posterior probability >0.60 from Bayesian

analysis is shown below branches.

tic features for this group because these characteristics
were often identical or continuous (Xia, 1993). The cur-
rent study is the first to address this problem by explicitly
examining phylogenetic relationships within this group,
emphasizing the two largest genera in Melocanninae,
Cephalostachyum and Schizostachyum, which are also
the core taxa of this subtribe. Within the sampled taxa,
Cephalostachyum, Leptocanna (better treated as part of
Cephalostachyum), Melocanna, Pseudostachyum, and
Schizostachyum s.str. were resolved as a monophyletic
group while Dinochloa and Melocalamus were clearly
excluded from this group and should be placed in another
subtribe. The latter two groups are morphologically dis-
tinguished by characters of the ovary (Holttum, 1956).
Our study supports generic recognition of Cephalo-
stachyum (e.g., Munro, 1868; Gamble, 1896; Soderstrom
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& Ellis, 1987; Xia, 1993; Ohrnberger, 1999), but the
previous circumscription of this genus should be modi-
fied. Leptocanna chinensis and S. sanguineum should
be merged with Cephalostachyum (Yang & Li, in press)
while C. pergracile and C. virgatum should be trans-
ferred to Schizostachyum (Majumder, 1989). Leptocanna
chinensis, described by Chia & Fung (1981) as endemic
to southwestern China, has been regarded a member of
Schizostachyum s.str. (e.g., Clayton & Renvoize, 1986;
Xia, 1993; Keng & Wang, 1996; Ohrnberger, 1999) or a
monotypic genus (e.g., Chia & Fung, 1981; Soderstrom
& Ellis, 1987; Tzvelev, 1989; Li, 1997; Sun & al., 2003).
In this study, however, it was strongly embedded within
Cephalostachyum. Although Leptocanna is similar to
Schizostachyum s.str. in vegetative appearance, both
Leptocanna and Cephalostachyum have two glumes in
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the spikelets and three lodicules in the florets. In addi-
tion, Leptocanna has a more or less scrambling habit and
occurs at higher elevations (1,500-2,500 m) and cooler
habitats similar to most of the sampled Cephalostachyum
species including the type species, C. capitatum, but ex-
cluding C. virgatum and C. pergracile. Therefore, we
propose to include this genus in a newly circumscribed
Cephalostachyum. Schizostachyum sanguineum, de-
scribed by Zhang (1989) based on specimens without
inflorescences and fruits, is a small climbing bamboo
distributed at higher elevations of 1,600 m and endemic
to the southwestern China. Gamble (1896) divided Ceph-
alostachyum into two sections according to the structure
of spikelets. Section I included the type species C. capi-
tatum and species such as C. fuchsianum and C. palli-
dum, which were characterized by “spikelets in single

terminal globose heads”. Section IT, which was described
as having “spikelets in heads in interrupted paniculate
spikes”, included C. pergracile and C. virgatum. Majum-
der (1989) combined C. pergracile in Schizostachyum,
but this treatment was overlooked by most authors.
Morphologically, Cephalostachyum pergracile and C.
virgatum can be distinguished from the other species of
Cephalostachyum also by other characters including an
erect habit; florets with three stigmas; and distribution at
lower elevation (usually below 1,200 m) (Keng & Wang,
1996; Sun & al., 2003). The last two characters and the
inflorescences of C. pergracile and C. virgatum are sim-
ilar to Schizostachyum s.str. Gamble’s section II seems
more appropriate to be separated from Cephalostachyum
based on molecular and morphological evidence. Thus,
our newly circumscribed Cephalostachyum is limited to
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the members that (1) have a shrubby or sub-arborescent
habit; (2) occur in habitats at elevations of ca. 1,200—
2,000 m; (3) bear terminal inflorescences (capitulum or
panicle); (4) have spikelets with two or three glumes; and
(5)have florets withtwo stigmasand two orthree lodicules.

Schizostachyum s.str. was also supported as a dis-
tinct genus in this study. As discussed above, Cephalo-
stachyum virgatum and C. pergracile should be merged
into Schizostachyum s.str. and Schizostachyum san-
guineum should be transferred into Cephalostachyum.
So our new Schizostachyum is restricted to species
that (1) occur in habitats at elevations usually below ca.
1,200 m; (2) bear panicles consisting of densely or slightly
glomerate spikelets on the nodes of flowering branches;
(3) have the glumes usually absent; and (4) bear florets
with three stigmas and usually without lodicules. In
the current study, the examined species of the modified
Schizostachyum could be divided into three strongly sup-
ported subclades. First, Cephalostachyum pergracile, C.
virgatum, Schizostachyum zollingeri, and S. brachycla-
dum were supported as a subclade (the S. brachycladum
group) (BP = 99, PP = 1.00). Morphologically, this sub-
clade can be identified by the characters of having erect
and arboreous culms; broadly triangular blades of culm-
sheaths, and inflorescences composed of densely glomer-
ate spikelets at the nodes of flowering branches. Second,
Schizostachyum funghomii, S. pseudolima, S. blumei, S.
gracile, S. dumetorum, and S. xinwuense were resolved as
monophyletic (the S. blumei group) (BP = 87, PP = 1.00).
These arboreous or scrambling Schizostachyum shared
the common characters of long, narrowly lanceolate
and reflexed blades of culm-sheaths and inflorescences
consisting of sparsely panicled spikelets on the nodes of
flowering branches. Third, Schizostachyum jaculans and
S. hainanense formed a monophyletic group (the S. jacu-
lans group) (BP = 100, PP = 1.00). These two scrambling
Schizostachyum bear long, narrowly lanceolate and re-
flexed blades of culm-sheaths and inflorescences consisted
of densely glomerate spikelets at the nodes of flowering
branches. Dransfield (1983) recognized Schizostachyum
as three groups based on their habit and the structure of
culm-sheaths. The first group included Schizostachyum
brachycladum and related species with erect culms and
broadly triangular erect blades on the culm-sheaths. The
second group included Schizostachyum blumei, S. jacu-
lans and others with erect culms with drooping tips and
long, narrow, deflexed blades on the culm-sheaths. The
last group included Schizostachyum grande and its rela-
tives with erect culms when young, but scrambling when
mature as well as long blades with a broad base and ta-
pering tips on the culm-sheaths. However, this treatment
was not supported in the current analyses. It seems that,
with the support of molecular evidence, our scheme of
dividing Schizostachyum into three groups based on the
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structures of inflorescence and culm-sheaths could be
more appropriate.

Dinochloa and Melocalamus were resolved as a
clade with Bambusa arundinacea. This implied that Di-
nochloa and Melocalamus were very closely related to
Bambusa. Morphologically, the ovary of Dinochloa and
Melocalamus are very similar to that of Bambusa, i.e.,
there is a short and solid style at the top of the ovary
(Holttum, 1956). In addition, Dinochloa and Melocala-
mus occurred in different subclades, which reflected a re-
lationship between them that was not as close as that pro-
posed by McClure (1936), who suggested that these two
genera be united. In fact, Dinochloa has one perfect flo-
ret without lodicules and a rudimentary floret per spike-
let; and its rachilla is not extended. On the other hand,
Melocalamus has two or three perfect florets with three
lodicules per spikelet, and its rachilla is extended. As for
the fruit structure, the embryo of Melocalamus is basal,
but lateral in Dinochloa (Rudall & Dransfield, 1989).

We suggest a broader sampling in future studies to
help establish the natural delimitations of Schizostachyum
and its allies. These studies should include Dendrochloa,
Neohouzeaua, Ochlandra and Teinostachyum, which
are not analyzed in the current paper but are also recog-
nized as members of Melocanninae (e.g., Holttum, 1956;
Clayton & Renvoize, 1986; Soderstrom & Ellis, 1987;
Tzvelev, 1989; Ohrnberger, 1999).

Taxonomic implication. — Our results strongly
supported the ovary character as a good criterion in
defining major clades of the Old World tropical woody
bamboos. On the contrary, characters previously used to
divide main subtribes (or tribes) of woody bamboos such
as the characters of fruits and spikelets (e.g., Munro,
1868; Bentham, 1883; Gamble, 1896; Keng & Wang,
1996), seem to be homoplastic (Holttum, 1956; Soder-
strom & Ellis, 1987; Clark, 1997), and unsuitable for de-
limitation of main clades of woody bamboos. In general,
our results supported the “small genus” perspective in
the delimitation of genera within Schizostachyum and its
allies (e.g., Soderstrom & Ellis, 1987; Xia, 1993; Drans-
field & Widjaja, 1995; Li, 1997; Ohrnberger, 1999).

At lower levels of classification, molecular mark-
ers can provide useful information for taxonomy, for
taxa that are morphologically unclear. Thus, in the cur-
rent study it appeared appropriate to place Lepfocanna
chinensis and Schizostachyum sanguineum in Cephalo-
stachyum and to merge C. virgatum and C. pergracile
into Schizostachyum. In addition, Schizostachyum dume-
torum and S. xinwuense were resolved as a monophyletic
group (BP = 100, PP = 1.00). These two semi-scram-
bling Schizostachyum are greatly similar in vegetative
appearance and our results support the treatment of
Schizostachyum xinwuense as a variety of S. dumetorum
(Xia, 1993).
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053 (KUN); DQ137303; DQ137360. Phyllostachys dulcis McClure; China; Sheng Peng 013 (KUN); DQ137275; DQ137332. Ph.
nidularia Munro; China; Sheng Peng 053 (KUN); DQ137276; DQ137333. Pleioblastus gramineus (Bean) Nakai; China; Sheng
Peng 047 (KUN); DQ137277; DQ137334. Pseudostachyum polymorphum Munro; China; Han-Qi Yang 016 (KUN); DQ137301;
DQ137358. Schizostachyum blumei Nees; Indonesia; E.A. Widjaja 200501 (BO); DQ137209; DQ137366. S. brachycladum (Kurz)
Kurz; Ghana; De-Zhu Li 200201 (KUN); DQ137311; DQ137368. S. dumetorum (Hance) Munro; China; Han-Qi Yang 050 (KUN);
DQ137304; DQ137361. S. funghomii McClure; China; Han-Qi Yang 028 (KUN); DQ137305; DQ137362. S. gracile (Munro)
Holttum; Malaysia; Khoon Meng Wong 200502 (KLU); DQ137310; DQ137367. S. hainanensis Merr. ex McClure; China; Han-Qi
Yang 058 (KUN); DQ137314; DQ137371. S. jaculans Holttum; China; Han-Qi Yang 059 (KUN); DQ137306; DQ137363. S. pseu-
dolima McClure; China; Han-Qi Yang 041 (KUN); DQ137307; DQ137364. S. sanguineum Hsueh & W.P. Zhang; China; Jin-Mei
Lu 164 (KUN);, DQ137312; DQ137369. S. xinwuense Wen & J.Y. Chin; China; Han-Qi Yang 047 (KUN); DQ137308; DQ137365.
S. zollingeri Steudel; Malaysia; Khoon Meng Wong 200501 (KLU); DQ137313; DQ137370. Shibataea kumasasa (Zoll. ex Steud.);
China; Han-Qi Yang 054 (KUN); DQ137274; DQ137331.
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