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ABSTRACT: Determining the correct conservation status of a species provides fundamental and critical information for species
conservation policies. However, species traits and limited research efforts might decrease the accuracy of conservation assessments.
Scleria sumatrensis has been considered a regionally extinct sedge plants in Taiwan, and the only, previous record of this species
was from a collection provided by Urbain Faurie in 1914. More than one hundred years after Faurie’s record, we confirm the current
occurrence of S. sumatrensis in Taiwan via morphological and molecular authentications in the present study. The morphological
details of S. sumatrensis are provided based on the descriptions and illustrations. The conservation status for this species is
reassigned to the Critically Endangered (CR) category. Further conservation efforts and research on S. sumatrensis are also discussed.

KEY WORDS: Conservation status, Cyperaceae, red list, rediscovery, Scleria sumatrensis, species authentication.

INTRODUCTION

Accurately assessing the conservation status of a
species is critical for the further species conservation
efforts (Pimm et al., 2014; Humphreys et al., 2019;
Wagner, 2020). An increasing number of species that
were once classified as extinct have been rediscovered,
thus demonstrating the difficulty in correctly assigning a
conservation status to a species (Fisher and Blomberg,
2011; Lee et al., 2017; Humphreys et al., 2019). The
species characteristics and search efforts affect the
detectability and conservation status of a threatened
species (Lee ef al., 2017; Schmidt Silveira et al., 2019).
With more search efforts and morphological
investigations, ‘extinct’ species have been rediscovered
(ex. Sheue et al., 2005; Wong et al., 2018; Borah ef al.,
2020). The DNA barcoding technique is a useful
molecular tool for species authentication, and an
increasing number of studies have applied this tool to
authenticate the rediscovered species (Lee and Mohamed,
2016; Chang et al., 2017; Edwards et al., 2018; Hirano et
al., 2018; Wahlsteen et al., 2020).

Scleria P. J. Bergius is a tropical to warm-temperate
genus with approximately 200 species in the family
Cyperaceae, and it is characterized by its unisexual
flowers, paniculate or spike-like inflorescences, and
achenes borne on a disc-like or cup-like hypogynium
(Bergius, 1765; Koyama, 1978; Koyama et al., 2000;
Zhang et al., 2010). Nine Scleria species have been
reported in Taiwan (Koyama, 1978; Koyama et al., 2000;
Leong and Kuoh, 2000; Editorial Committee of the Red
List of Taiwan Plants, 2017). A recent assessment
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showed that in Taiwan seven out of the nine Scleria
species, i.e., S. biflora Roxb., S. levis Retz., S.
lithosperma (L.) Sw., S. radula Hance, S. rugosa R. Br.,
S. scrobiculata Nees & Mey. ex Nees, and S. terrestris
(L.) Fassett, were classified as the Least Concern (LC)
species, S. novae-hollandiae Boeckeler was classified as
the Endangered (EN), and S. sumatrensis was classified
as the Regionally Extinct (RE) in Taiwan (Editorial
Committee of the Red List of Taiwan Plants, 2017).

This presumed extinct species was first collected in
Taiwan by Peére Urbain Jean Faurie in 1914 from
Bankinsing (Wanjin Villages, Wanluan Township,
Pingtung County, Taiwan at present) and was described
as a new species S. fauriei Ohwi (Ohwi, 1932). Koyama
(1978) revised Scleria and identified Faurie’s collections
as S. sumatrensis. Except for Faurie’s collection in 1914,
no additional collections or observations have been
reported in Taiwan until our rediscovery in 2020.

In this study, we aimed to authenticate S. sumatrensis
in Taiwan using both morphological and molecular
methodologies, provide an identification key to all
Taiwanese Scleria species, and reassess the conservation
status for S. sumatrensis in Taiwan.

MATERIALS AND METHODS

Sampling

To authenticate the regionally extinct species S.
sumatrensis Retz., plant vouchers and leaf materials were
collected during field surveys in Pingtung County,
Taiwan. Three individuals were also planted in the
research greenhouse at the Endemic Species Research
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Table 1. PCR primers and their references. Optimal PCR conditions for the studied regions.
PCR thermal cycling conditions
Primers Primer Sequences (5 —->3) References Initial Den.at Annealing  Elongation  Final . No. of
denatu uration temperature temperature extension cycles
ration
Nuclear region
ITS_ .
o Scleria ATGCTTAAACTCAGCGGGTA This study 95°C, 95°C, 58°C, 72°C, 72°C,
= Hsiao efal., 5min 30 sec 30 sec 1 min 5 min 30
ITS_L TCGTAACAAGGTTTCCGTAGGTG 1994 v
Chloroplast regions
% rpsF GTGGTAGAAAGCAACGTGCGACTT Oxelman et 95°C, 95°C, 64°C, 72°C, 72°C, 30
£ rpsR2 TCGGGATCGAACATCAATTGCAAC al., 1997 5min 30 sec 30 sec 40 sec 5 min
L:L ndhF-A  TATGGTTACCTGATGCCATGGA Hinchliff et  95°C, 95°C, 58°C, 72°C, 72°C, 30
€ ndhF-D1 CTATRTAACCRCGATTATATGACCAA al., 2010 5min 30 sec 30 sec 1 min 5 min

Institute (ESRI), Nantou, Taiwan, for the following
morphological investigation. Leaf materials were dried in
silica gel for molecular authentication. Five randomly
selected individuals were included in the molecular
analyses to identify the genetic diversity within the
rediscovered population. Vouchers were deposited at
Herbarium of National Taiwan Univesity (TAI), Taiwan
Forestry Research Institute (TAIF) and Endemic Species
Research Institute, Taiwan (TAIE) (Thiers, 2016) for
further studies.

Morphological investigation

Morphological and phenological data of .
sumatrensis were collected both in the ESRI research
greenhouse and in the field. Type specimens and
additional herbarium specimens of S. sumatrensis and
allied Taiwanese Scleria species were examined by
visiting the Herbarium of the Biodiversity Research
Center, Academia Sinica in Taiwan (HAST), Herbarium
of Taiwan Forestry Research Institute in Taiwan (TAIF),
and Herbarium of Endemic Species Research Institute in
Taiwan (TAIE) (Thiers, 2016). On line information on
the Scleria type specimens in the Kyoto University
Herbarium in Japan (KYO), Lund University Herbarium
in Sweden (LD), and Missouri Botanical Garden
Herbarium in the USA (MO) was also searched (Thiers,
2016). In addition, the regional floras and relevant
taxonomic literature on Taiwanese Scleria were reviewed
(Bergius, 1765; Ohwi, 1932; Koyama, 1978; Koyama et
al., 2000; Leong and Kuoh, 2000; Zhang et al., 2010).

Genomic DNA extraction, amplification, and sequencing

Genomic DNA of putative S. sumatrensis leaves was
extracted using the Plant Genomic DNA Extraction
Miniprep System (Viogene, Taipei, Taiwan) and then
stored at -20 °C before use.

To amplify the nuclear ribosomal internal transcribed
spacer regions (ITS; ITSI + 5.8S + ITS2) and two
chloroplast regions (rndhF and rpsi6) successfully
applied in an earlier Scleria study (Bauters ef al., 2016),
we tested the PCR primers mentioned in the work of
Bauters et al. (2016). We also designed more

economically efficient primers for the Scleria ITS region.
The sequences of the PCR primers used in this study are
listed in Table 1. A mixture of 1 pL genomic DNA, 1 pL
10 uM forward primer, 1 pL 10 pM reverse primer, 12.5
pL 2x Taq PCR Master Mix (Tiangen Biotech, Peijing,
China), and 9.5 pL nuclease-free water was utilized for
PCR amplification. The optimal PCR amplification
conditions are provided in Table 1. For the ITS region,
none of the polymorphic sites were detected in the direct
sequencing of our S. sumatrensis samples. Hence, no
cloning was conducted for the ITS region.

The PCR products were then purified and
commercially sequenced in an ABI 3730xl DNA
Analyzer (Thermo Fisher Scientific Inc., Waltham,
Massachusetts, U.S.) at the Genomics BioSci & Tech. Co.,
Ltd., New Taipei, Taiwan. GenBank accession numbers
of the newly generated sequences are shown in Table 2.

In addition, the published DNA sequences of S.
sumatrensis and other Scleria taxa in section Elatae C.B.
Clarke were downloaded from GenBank. Sequences of
additional Scleria taxa from 14 other sections analyzed in
Bauters et al.’s (2016) work were selected for our
molecular  identification  analyses. Two  taxa
(Bisboeckelera microcephala (Boeckeler) T. Koyama
and Calyptrocarya glomerulata (Brongn.) Urb.) from a
closely related tribe, Bisboeckelereae, were also applied
to represent the outgroups in our analyses. All studied
taxa and their GenBank accession numbers are available
in Table 2.

Sequence alignment and phylogenetic analysis

The newly generated DNA reads were de novo
assembled  with  Geneious  Prime v.2020.2.4
(https://www.geneious.com). The contigs were then
aligned in MAFFT v.7.453 (Katoh, 2002; Katoh and
Standley, 2013) with DNA sequences from other Scleria
taxa and outgroups (Table 2). The ITS, ndhF, and rpsi6
alignments were manually adjusted in Mesquite v.3.61
(Maddison and Maddison, 2016) if needed.

Earlier studies have suggested that the plastome
structures in angiosperms are highly conserved (ex.
Burke et al., 2016; Liu et al., 2018; Jin et al., 2020). If no
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Table 2. List of taxa and DNA sequences with their GenBank accession numbers applied in this study. The newly generated sequences

are indicated with asterisks, and missing data are shown with “--". Scleria sections were assigned by following the work of Bauters et
al. (2016).
Taxa Scleria Sections ITS ndhF rps16
Outgroups
Bisboeckelera microcephala (Boeckeler) T. LN886916 LN887034 LN887145
Koyama
Calyptrocarya glomerulata (Brongn.) Urb. LN886843 GU075474 LN887070
Scleria species
Scleria baronii C.B. Clarke ex Cherm. Abortivae Cherm. ex Bauters LN886884 LN887000 --
Scleria catophylla C.B. Clarke Hypoporum (Nees) EndlI. MG708555 LN886930 LN887048
Scleria ciliaris Nees Elatae C.B. Clarke LN886824 LN886935 LN887053
Scleria corymbosa Roxb. Margaleia Raf. LN886836 LN886947 LN887064
Scleria foliosa Hochst. ex A. Rich. Foveolidia Raf. LN886855 LN886967 LN887082
Scleria goossensii De Wild. Acriulus (Ridl.) R.W. Haines & Lye LN886857 LN886969 LN887084
Scleria kerrii Turrill Elatae C.B. Clarke LN886840 LN886951 LN887067
Scleria lacustris C. Wright Margaleia Raf. LN886806 LN886917 LN887035
Scleria latifolia Sw. Schizolepis (Schrad. ex Nees) C.B. Clarke LN886861 LN886973 LN887088
Scleria melanomphala Kunth Melanomphalae Bauters LN886848 LN886959 LN887075
Scleria microcarpa Nees ex Kunth Ophryoscleria (Nees) C.B. Clarke LN886844 LN886941 LN887058
Scleria naumanniana Boeckeler Naumannianae Bauters LN886866 LN886978 LN887093
Scleria oblata S.T. Blake Elatae C.B. Clarke LN886834 LN886945 LN887062
Scleria oligantha Michx. Trachylomia (Nees) Bauters LN886893 LN887010 LN887122
Scleria polycarpa Boeckeler Elatae C.B. Clarke -- LN886963 --
Scleria purpurascens Steud. Elatae C.B. Clarke LN886835 LN886946 LN887063
Scleria scabra Willd. Hymenolytrum (Schrad. ex Nees) Core LN886831 LN886942 LN887059
Scleria scrobiculata Nees & Meyen Elatae C.B. Clarke LN886839 LN886950 LN887066
Scleria sphacelata F. Muell. Browniae C.B. Clarke LN886911; LN887029 LN887132
LN886903
Scleria splitgerberiana Henrard ex Uittien ~ Scleria P.J. Bergius LN886869 LN886981 LN887096
Scleria sumatrensis Retz. 1 # Elatae C.B. Clarke MW269765* MW281549* MW281554*
Scleria sumatrensis Retz. 2 # Elatae C.B. Clarke MW269766* MwW281550* MW281555*
Scleria sumatrensis Retz. 3 # Elatae C.B. Clarke MW269767* MW281551* MW281556*
Scleria sumatrensis Retz. 4 # Elatae C.B. Clarke MW269768* MW281552* MW281557*
Scleria sumatrensis Retz. 5 # Elatae C.B. Clarke MW269769* MW281553* MW281558*
Scleria sumatrensis Retz. Elatae C.B. Clarke LN886837 LN886948 LN887065
Scleria terrestris (L.) Fassett Elatae C.B. Clarke LN886822 LN886933 LN887051

# Samples were collected by Chau-Ching Huang (collection numbers: 201-1~201-5) and deposited at the TAI, TAIE and TAIF herbaria.

Table 3. Summary characteristics and maximum parsimony statistics for the three studied alignments.

Length Best-fit nucleotide substitution
model (Akaike information criterion) informative sites (%)

No. of parsimony- CI/RI/RC/HI #

Alignment No. of outgroups/

Scleria accessions (bp)
Nuclear region (ITS) 2/26 683 GTR+G
Combined chloroplast 2127 2,234 GTR+I+G
regions (cp; ndhF + rps16)
cp +ITS 2/27 2,917 GTR+I+G

201 bp (29.43 %)
386 bp (17.28 %)

0.67/0.66/0.44/0.33
0.74/0.78/0.58/0.26

587 bp (20.12 %)  0.72/0.74/0.53/0.28

recombination occurred in the Scleria plastomes, we
concatenated the two chloroplast alignments (ndhF and
rps16) into one (cp alignment; Table 3) for the following
analyses. Moreover, combining multiple DNA
alignments to provide higher tree perception and
resolution has been successfully applied in many earlier
studies focusing on various plant groups (ex. Bauters et
al., 2016; Liu et al., 2017; Phillips and Bytebier, 2020).
We then concatenated the ITS and cp alignments into one
alignment (cp + ITS alignment; Table 3) for our
phylogenetic reconstructions. The alignment
characteristics are given in Table 3.

The maximum likelihood (ML) and Bayesian
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inference (BI) algorithms were conducted to reconstruct
the phylogenetic trees using RAXML 8.2.12 (Stamatakis,
2014) and MrBayes 3.2.6 (Huelsenbeck and Ronquist,
2001; Ronquist et al., 2012), respectively, on the CIPRES
Science Gateway (Miller et al., 2010) based on the
combined alignment (cp + ITS alignment; Table 3). The
best-fit nucleotide substitution models were estimated
using jModeltest 2.1.8 (Darriba ef al., 2012). A ML tree
was generated for each alignment in the RAXML v.8.2.12
(Stamatakis, 2014) on the CIPRES Science Gateway
(Miller et al., 2010) with 1,000 rapid bootstrap procedures
(bs) and the alignment’s best-fit nucleotide substitution
model. The consistency index (CI) and retention index (RI)
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Table 4. Morphological comparison between Scleria scrobiculata and S. sumatrensis.

Taxa Scleria scrobiculata

Scleria sumatrensis

Leaves-arrangement
Contraligule

pseudo-whorls

Inflorescence paniculate
Spikelet unisexual
Hypogynium disk-like
Achene white to grayish

membranous at the margin, ciliate at the base

pseudo-whorls
margin ciliate
paniculate
unisexual

cup-like

dark reddish brown

were then estimated by applying Mesquite v.3.61
(Maddison and Maddison, 2016) to understand the degree
of homoplasy of the phylogenies. The rescaled
consistency (RC) and homoplasy index (HI) were also
calculated (Table 3). Moreover, a 50% consensus BI tree
was reconstructed based on the cp + ITS alignment (Table
3) in MrBayes 3.2.6 (Huelsenbeck and Ronquist, 2001;
Ronquist ef al., 2012) on the CIPRES Science Gateway
(Miller et al., 2010). Two independent Markov chain
Monte Carlo (MCMC) runs with 5,000,000 searches in
each run were performed with the best-fit nucleotide
substitution model, and the posterior probability (pp) at
each branch was then computed by sampling every
1,000t search with 25% burn-in. Finally, both the ML
and BI trees were imagined in FigTree 1.4.4 (Rambaut,
2014).

Conservation assessment

The conservation status of S. sumatrensis was
assessed by following the IUCN v.3.1 and v.4.0, the Red
List of Vascular Plants of Taiwan 2017, and the ITUCN
Standards and Petitions Subcommittee 2019 (IUCN,
2012a,b; Editorial Committee of the Red List of Taiwan
Plants, 2017; IUCN Standards and Petitions
Subcommittee, 2019). Criteria B was applied, and both
the extent of occurrence (EOQO) and the area of occupancy
(AOO) of the species were estimated.

RESULTS AND DISCUSSION

Authentications for S. sumatrensis and comparison
among Taiwanese Scleria

The morphological data of the studied plants were
obtained from both the ESRI research greenhouse and the
field. To identify the studied plant, regional floras and
related studies on Scleria (Bergius, 1765; Koyama, 1978;
Koyama et al., 2000; Leong and Kuoh, 2000; Zhang et al.,
2010) were reviewed. Our morphological data strongly
suggested that the studied plant is S. sumatrensis, which
is characterized by its pseudo-whorl leaves, cup-
likehypogynium, and dark reddish-brown achene. The
specimens of the studied plant were also compared with
the type specimens of S. sumatrensis (in the HAST, KYO,
and LD herbaria) and the allied Taiwanese Scleria species
S. scrobiculata Nees & Mey. ex Nees (in the MO
herbarium). Both S. sumatrensis and S. scrobiculata have
pseudo-whorls leaves while other Taiwanese Scleria

species have alternate leaves (Koyama, 1978; Koyama et
al., 2000; Leong and Kuoh, 2000). Additional herbarium
specimens of these two species collected in Taiwan and
nearby countries were also examined by visiting the
HAST, TAIF and TAIE herbaria. The examined
specimens are listed at the end of the TAXONOMIC
TREATMENT. Details of the morphological and
phenological information of S. sumatrensis are provided
in the TAXONOMIC TREATMENT and Figures 1 & 2.

Moreover, our DNA alignments indicate that the five
individuals of the putative S. sumatrensis have
completely the same sequences in the ITS and ndhF
regions and have only six variant characters in the rpsi6
region (see the alignment in Appendix 1). Each individual
has its own haplotype in 7ps6 region. The highly similar
sequences among individuals suggest very low genetic
diversity within the rediscovered population. The ML and
BI trees based on the cp + ITS alignment show exactly
the same topology. The tree files are available in
Appendix 1. Hence, only the ML tree is shown here
(Figure 3). Our trees suggest that the putative plants are
grouped with S. sumatrensis with strong support (bs =
100; pp = 1.00; Figure 3). Therefore, the putative plants
are very likely S. sumatrensis.

In summary, both our molecular and morphological
data strongly support that the studied plant is S.
sumatrensis. Specimens and relevant literature of all
Taiwanese Scleria species examined are listed
immediately after the TAXONOMIC TREATMENT.
Scleria sumatrensis is closely related to S. scrobiculata.
A morphological comparison between S. sumatrensis and
S. scrobiculata is available in Table 4. A key to the nine
Scleria species in Taiwan is also provided.

Conservation status of S. sumatrensis

The distribution of S. sumatrensis is very restricted in
Taiwan. Currently, only one population has been reported
(this study). The AOO of S. sumatrensis is less than 10
km?, and its grassland habitat shows extremely
fluctuations and is threatened because of human activities.
Based on the criteria B2(c) it+ii, we reassigned the
conservation status of S. sumatrensis to the Critically
Endangered (CR) category (IUCN, 2012a; b; Editorial
Committee of the Red List of Taiwan Plants, 2017; IUCN
Standards and Petitions Subcommittee, 2019).
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Fig. 1. Scleria sumatrensis Retz. A, habit; B, base of the plant; C, middle part of the culm, showing pseudo-whorled leaves and ciliate
contraligule; D. cross-section of the culm; E, inflorescence; F, fruiting shoot; G, androgynous spikelet, including one pistillate spikelet
and one staminate spikelet; H, bractlet of an androgynous spikelet; I-M, scales of pistillate spikelet (left to right: outside to inside); N,
pistil with hypogynium; O—T, staminate scales and stamens (left to right: outside to inside); U, spikelet with fruit; V, disc with scales; W,
early fruiting spikelet, with two outside scales removed; and X, achene with hypogynium. lllustration by C.-K. Liao.
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Fig. 2. Scleria sumatrensis Retz. A, habit; B, part of the culm, showing the pseudo-whorled leaves and ciliate contraligule (arrowed); C, part
of the inflorescence, showing pistillate and staminate spikelets; and D, achenes supported on hypogyniums. Photos taken by C.-K. Liao.

Suggestions for further conservation efforts and
future studies

Following the rediscovery of S. sumatrensis, its
conservation status reassignment, and the almost identical
sequences among the sampled individuals, we here
highlight the urgent needs for both in-situ and ex-situ
conservation for this species. Mature seeds of S.
sumatrensis collected in 2020 have been preserved in the
seed bank of the Endemic Species Research Institute
(ESRI), Nantou, Taiwan, for ex-situ conservation, and a
few living individuals are maintained in the research
greenhouse at ESRI. Seed bank storage and living
material maintaince for S. sumatrensis in additional
research institutions should be performed. Unfortunately,
the rediscovered population of S. sumatrensis is located
in an area with frequent human activities, which hinders
ex situ conservation. Currently, specific laws have not been
enacted to protect the threatened species in the Red List in
Taiwan nowadays. The only laws to limit human activities and
land uses in this area are the Catchment Area Regulation
(https://www.wrasb.gov.tw/en/KeyOperations/AreaRegul
ation.aspx) and Soil and Water Conservation Law
(https://law.moj.gov.tw/eng/LawClass/LawAll.aspx?pcod

e=M0110001) in Taiwan. To reduce the possible artificial
disturbances stirring up by this rediscovery, we here reveal
no locality details for the rediscovered population.
Incorporating our data with limited information from
earlier studies on S. sumatrensis (Ohwi, 1932; Koyama,
1978; Koyama et al., 2000; Zhang et al., 2010), we are
still not able to tell whether the rediscovered population
is the same population Faurie collected from in 1914,
which represents an undiscovered population that has
been persisted for a long time, or a population newly
recolonized after the species went extinct in Taiwan
(Carlquist, 1967; Blake et al., 2012; Larridon et al., 2021).
The Faurie’s plant hunting itinerary rearranged based on
his collections does not show collection locations
further south beyond Bankinsing (Wanjin Villages,
Wanluan Township, Pingtung County, Taiwan at
present) and Raisha (Laiyi Villages, Laiyi Township,
Pingtung County, Taiwan at present) (Kakuta, 1992). It
is likely that Faurie assigned all his collections from the
southern part of Taiwan to these two localities.
Therefore, although the rediscovered S. sumatrensis
population is approximately 50-km linear distance away
from Bankinsing, which is where the locality Faurie’s S.
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Fig. 3. Molecular identification of Scleria sumatrensis Retz. based on the phylogenetic analyses applying the combined nuclear and
chloroplast regions (ITS + ndhF + rps16). Numbers at nodes indicate the branch supports when the bootstrap percentages are greater
than 70% and Bayesian posterior probabilities are greater than 0.95. The arrow denotes the crown node of sect. Elatae. Numbers after

S. sumatrensis refer to the voucher information shown in Table 2.

sumatrensis collection was assigned, the possibility that
the rediscovered population is the one Faurie or his
helpers visited in 1914 cannot be eliminated. Moreover,
due to the lack of earlier comprehensive
vegetationinvestigations in the surrounding area of the
rediscovered population, how long this population has
been extant is difficult to determine. Further seed bank
analyses based on soil samples might fill this gap (e.g.
Jacquemyn et al., 2011; Stroh et al., 2012; Saatkamp et
al., 2018). Additional DNA samples of S. sumatrensis
from Faurie’s collections from Taiwan, other earlier
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herbarium collections, and current populations from other
countries might be also helpful to determine whether or
not the rediscovered population has recolonized (e.g. Ge
etal., 2012; Stewart et al., 2017; Bieker and Martin, 2018;
Sugita et al., 2020).

CONCLUSIONS

In conclusion, with both of molecular and
morphological authentications, we affirm the rediscovery
of S. sumatrensis in Taiwan. Description, photos, and
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illustrations of S. sumatrensis are provided. A
morphological comparison among all Taiwanese Scleria is

also given to facilitate further relevant studies on this genus.

The conservation status of S. sumatrensis is reassigned to
the Critically Endangered (CR) category. Additionally,
here, we call attention to the need for both in-situ and ex-
situ conservation efforts for S. sumatrensis in Taiwan.

TAXONOMIC TREATMENT

Key to Scleria of Taiwan
la. Inflorescence loosely narrow panicles; hypogynium reduced ........
................................................................ S. lithosperma
1b. Inflorescence paniculate; hypogynium well developed ............. 2
2a. Leaves crowded in pseudo-whorls of 3-5 in the middle part of the
CUIMS Lot 3
3a. Contraligules with ciliate margin; hypogynium cup-like; achenes
dark reddish-brown ... S. sumatrensis
3b. Contraligules with membranous margins; hypogynium 3-lobed disk-
like; achenes white to slightly grayish .................. 8. scrobiculata
2b. Leaves distinctly alternate ...............oooviiiiiiiiiininininnennn 4
4a. Slender annual, rhizomes inconspicuous; culms 10-70 cm tall .... 5
Sa. Hypogynium deeply 3-lobed, lobes lanceolate, acute at apex ..........
...................................................................... S. biflora
Sb. Hypogynium shallowly 3-lobed, lobes orbicular, obtuse at apex ... 6
6a. Culms 10-35 cm tall, achenes globose, 1.25-1.75 mm long, without
darker brown marking ...............ooi S. rugosa
6b. Culms 25-45 cm tall, achenes ellipsoid to oblong-ellipsoid, 2.25—
2.75 mm long, with darker brown marking ...... S. novae-hollandiae
4b. Perennial, rhizomes woody; culms 30-200 cm tall .................. 7
7a. Hypogynium deeply 3-lobed, lobes ovate to lanceolate, acute at
apex; culms 30-90 cmtall ... S. levis
7b. Hypogynium shallowly 3-lobed, lobes round to ovate, obtuse at
apex; culms 60-200 cm tall ..........coooiiiiiiiii 8
8a. Leaves pale green, pubescent, apex acute, not elongated; spikelets
greenish to olivaceous brown ....................... S. laeviformis
8b. Leaves dark green, glabrous, apex acuminate to attenuate, elongated;
spikelets purplish to dark brown ....................c. S. terrestris

Scleria sumatrensis Retz., Oberv. Bot. 5:19, pl. 2. 1789.
T. Koyama, Fl. Taiwan 5: 195. 1978. T. Koyama, C. S.
Kuoh & W. C. Leong, Fl. Taiwan 2ed 5: 313. 2000.

R IEF Figs. 1 & 2

Scleria fauriei Ohwi, Acta Phytotax. Geobot. 1(1): 78-79. 1932.

Perennial. Rhizomes woody, short creeping, oblique,
stout. Culms erect and robust, loosely caespitose, 1-4 m
tall, 6-8 mm thick, trigonous, glabrous or scabrous on the
ridges, leafy. Leaves cauline, crowded in pseudo-whorls
of 3-5 in the middle parts of the culms, linear, 30—100 cm
long, 7-15 mm wide, herbaceous to coriaceous, glabrous,
margins scabrous, apex acuminate to apiculate ; sheaths
trigonous, scabrous on ridges, 10-16 cm long, brown
toward base, the middle sheaths winged occasionally, the
lower sheaths fuscous or purple-brown, slightly
disintegrating into reticulate fibers; contraligules ciliate
margin, ca. 0.5 mm. Inflorescences consisting of 2—4
compound panicles, elliptical to oblong, 10-35 c¢m long,
3-10 cm wide, branched; lateral branches single, elliptic
to oblong, 3-6 x 2-4 cm; peduncles of inflorescence
branches rigid, triquetrous; bractlets glumelike, ovate,

awned, only basal one with short sheath, others sheathless.
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Pistillate and staminate spikelets solitary, brown to
reddish brown; pistillate spikelets ovoid, ca. 4 mm long,
sessile; staminate spikelets lanceolate, ca. 4 mm long,
sessile or short pedunclled; stamens 3, filaments short,
basifixed, ca. 0.5 mm long, anthers short linear, ca. 2 mm
long; pistil globose, ca. 1 mm in diameters, hypogynium
cup-like, irregular crenate in the upper edges, stigmas 3.
Achenes depressed globose, 2—2.5 mm in diameters, dark
reddish brown, shining, sparsely puberulent; hypogynium
cup-like, crenate in upper edges, dark reddish brown.
Flowering and fruiting for the whole year. Wet forest
margins and marshes at low altitudes in Taiwan.

Geographical distribution: Japan (Ryukyu), Taiwan,
southern China, southeastern Asia, Australia, and western
Carolines.

Note: Scleria sumatrensis is morphologically similar to
S. scrobiculata in their arrangement and shape of leaves,
height of culm, and composition of inflorescence. However,
the former can be distinguished from the latter by its
contraligules ciliated (vs. contraligules with membranous
margin and ciliate at the base), cup-like hypogynium (vs.
3-lobed disk-like hypogynium), and dark reddish brown
achenes (vs. white to slightly grayish achenes).

Specimens examined:

Scleria sumatrensis Retz. INDONESIA: E Sumatra, Wennerberg
s.n. (Holotype: LD). PHILIPPINES: Negros Oriental, Sibulan, Lake
Balinsasayao, Hsu 6977 (TAIF). TAIWAN: Pingtung County: Mudan,
Huang 201 (TAL TAIE, TAIF).

Scleria fauriei Ohwi. TAIWAN: Pingtung County: Bankinsing,
Faurie 5 (Holotype: KYO, Isotype: HAST).

Scleria scrobiculata Nees & Mey. ex Nees. JAPAN: Okinawa:
Iriomote Island, Shirahama, Wang, Hsu, Moore, Liu 11807 (TAIE),
Kuira-gawa river, Weng 2327 (HAST). PHILIPPINES: Luzon:
Cagayan, Rubite 109 (HAST); Manilla: Mertens s.n. (Syntype: MO).
TAIWAN: Kaohsiung County: Liouguei District: Hsinliao Village, Hsu
953 (TAIF), Mt. Shibaluohan, Yang 200 (TAIE); Pingtung County:
Manzhou Township, Nanjenshan Working Station, Hsu 1747 (TAIF),
Nanren Lake, Yang 268 (TAIE), Mudan Township, Xuhai, Yang 169
(TAIE); Taipei City: Hokuto, Y. Simada 3271 (HAST); Taitung County:
Changbin Township, Shuimuting, Hsu 10506 (TAIF), Lanyu Township,
Chiou 11164 (TAIF), Hsiaotienchih, Chiu & Chen 04110 (TAIF),
Tienchi, Leong 2265 (HAST), Huang 2429 (HAST), Mt. Huoshao,
Chen 6319 (TAIE), Lyudao Township, Leong 3296 (HAST),

Haisenping Peng 7584 (HAST), Kuoshan Ancient Trail, Hsu & Su s.n.
(TAIF); Taoyuan County: Daman, K. Takiya s.n. (TAIF).
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