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Abstract

A new species of Carex (Cyperaceae), Carex xueyingiana, from section Radicales, is described and illustrated from Hainan
Island, China. We analyzed 35 morphological characters using Cluster Analysis and Principal Components Analysis to eval-
uate the relationships between the new species and the 15 species from the same section occurring in China. The new species
is similar to C. chlorocephalula, displaying pubescent rhizomes, leaves densely hispidulous on both surfaces, and slender
tufted culms. Carex xueyingiana differs from C. chlorocephalula by the leaves distinctly longer than culms (not equaling
these), stems 4—6 mm wide (instead 1-3 mm), bracts sheath-like, 5-6 mm long (instead leaf-like and 2—-3.5 cm long), spikes
7—10 mm long (instead 10—15 mm), and perigynium beakless (instead beaked). The new species is only known from Hainan
Island and is assessed as Vulnerable (VU DD).
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Introduction

Cyperaceae is a worldwide distributed family with 106 genera and ca. 5,400 species. Carex Linnaeus (1753: 972)
is the largest genus in the family and one of the largest genera among the Angiosperms (Frodin 2004), comprising
approximately 2,000 species (Global Carex Group 2016). Carex has a cosmopolitan distribution, but the majority of
the species are distributed in the north and south temperate regions and the montane tropics (Reznicek 1990). The most
recently revision of the genus from China was made by Dai et al. (2010), recognizing 527 species. Since then, more
than twenty new species of Carex have been described from China (Deng 2014, Yang et al. 2014, 2015a, 2015b, 2016,
Zhou & Jin 2014, Chen & Jin 2015, Jin et al. 2015a, 2015b, Jiménez-Mejias & Roalson 2017), six of which were found
in Hainan Island (Wang et al. 2012, Deng 2014, Yang et al. 2014, 2015a, 2015b, 2016).

In the course of a botanical survey in Jianfengling National Nature Reserve on Hainan Island, China, a population
of plants belonging to Carex sect. Radicales (Kiikenthal) Nelmes (1951: 389) was found. The plants did not seem to
match any known species. In order to formally describe this putative new taxon, we performed a detailed morphological
study comparing it with the other 15 Chinese species from section Radicales. We studied 35 morphological characters
(Table 1) and used numerical taxonomic methods, including Cluster Analysis and Principal Components Analysis. Our
data confirm that the newly discovered population is a new species and we describe it as Carex xueyingiana.

Material and Methods

Morphological observations and numerical analyses

According to our first classification attempts, the new species was identified as a member of Carex sect. Radicales,
a group of mainly Pan-Himalayan distribution. We followed a consensus treatment between the treatment in Flora of
China (Dai et al., 2010) and the recent revision of the group by Jin et al. (2015), considering a total of 15 species in
China.
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TABLE 1. Coding of the 35 characters studied in the 18 studied species of the genus Carex from sections Clandestinae and

Radicales.
Characters Status and coding Type of characters
1. Rhizome short (0), elongate (1), long (2) ordered multistate
2. Culms tufted status loosely (0), densely (1) binary
3. Minimum culm height value (measured directly) continuous
4. Maximum culm height value (measured directly) continuous
5. Culm shape triquetrous (0), compressed triquetrous (1) binary
6. Minimum culm thick value (measured directly) continuous
7. Maximum culm thick value (measured directly) continuous
8. Culm surface smooth (0), scabrous (1), hairy (2) ordered multistate
9. Culm flexibility soft (0), stiff (1) binary
10. Relative length of leaves and culms leaves shorter than culms (0), shorter to longer (1), longer (2) ordered multistate
11. Minimum leaf width value (measured directly) continuous
12. Maximum leaf width value (measured directly) continuous
13. Leaf trichomes absent (0), present (1) binary
14. Relative length of lowermost bract and bract shorter than inflorescence (0), equal (1), longer (2) ordered multistate
inflorescence
15. Lowermost bract shape sheathlike (0), leaflike (1), spathelike (2) ordered multistate
16. Blade shape of lowermost bract setiform (0), scalelike (1), leaflike (2) ordered multistate
17. Lowermost bract trichomes absent (0), present (1) binary
18. Minimum spike number value (measured directly) continuous
19. Maximum spike number value (measured directly) continuous
20. Minimum spike length value (measured directly) continuous
21. Maximum spike length value (measured directly) continuous
22. Minimum spike width value (measured directly) continuous
23. Maximum spike width value (measured directly) continuous

24. Relative length of male and female parts male part shorter than female part (0), shorter to equal (1); ordered multistate
of spike longer (2)

25. Pistillate scale color green or yellow laterally (0), purple-brown laterally (1) binary

26. Minimum length of pistillate scales value (measured directly) continuous

27. Maximum length of pistillate scales value (measured directly) continuous

28. Scale texture of female part membranous (0), papery (1), subcoriaceous (2) ordered multistate
29. Minimum perigynium length value (measured directly) continuous

30. Maximum perigynium length value (measured directly) continuous

31. Perigynium texture membranous (0), papery (1), subcoriaceous (2) ordered multistate
32. Perigynium trichome without (0), sparsely (1), densely (2) ordered multistate
33. Perigynium orifice obliquely truncate (0), emarginate (1), bidentate (2) ordered multistate
34. Style base not thickened (0), thickened (1) binary

35. Spike sex distribution unisexual (0), bisexual (1) binary

Two specimens of the new species were collected from the only known wild population. 35 morphological
characters (Table 1) were measured. Plant height, culm height and leaf length were measured using a ruler. The
remaining morphological characters were measured using image measuring technology. Images were obtained by
micro photography using a stereomicroscope (ZEISS Stemi 2000-C) with a photometrics CoolSNAP CCD camera,
and measurements were taken with the software Motic Image-Pro Plus 5.1. The morphological data of 15 related
species were taken from Flora of China (Dai et al. 2010), and the additional works of Li (1990), Jin et al. (2015),
and Zhou & Jin (2014). Since section Radicales is related to section Clandestinae G. Don (Sweet 1830: 376) (Dai et
al. 2010, Jin et al. 2015, Global Carex Group 2016), two species of this section (C. lancifolia C.B. Clarke (Forbes &
Hemsley 1903: 293) and C. lanceolata Boott (Gray 1857: 326)) were selected as accurate outgroups for comparison.

Cluster Analysis (CA) and Principal Components Analysis (PCA) were carried out on the standardized data matrix
(Table 2). The coding strategy of these characters followed Sneath & Sokal (1973) and Xu (1999). The 35 characters
were coded as three types: sixteen continuous characters, eight binary characters, and eleven ordered multistate
characters. Binary characters were scored as 0—1. Ordered multistate characters were scored with ordinal numbers
(Table 1). CA and PCA were carried out with the software package NTSYS-pc (Rohlf 1990). In CA, Euclidean distance
coefficient and UPGMA clustering methods were used to obtain a dendrogram (Sokal and Michener 1958). In PCA,
the correlation coefficient was used to compute a correlation matrix among the 35 characters. According, the studied
samples were plotted using the two first components on a 2-dimensional scatter-plot.
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Results and discussion

Relationships:—The new species C. xueyingiana was initially evaluated to belong to Carex sect. Radicales, a group
characterized by having 1-6 androgynous spikes, the remote lateral ones arising from the middle or at the base of the
culms, compressed trigonous perigynia that are contracted at apex into a short beak, and styles frequently thickened
at the base (Dai et al. 2010, Jin et al. 2015a). It consists of about twenty species, mainly distributed in the Himalayas,
extending to south China and Indochina to Malaysia. 15 species and two varieties have been recognized from China
(Dai et al. 2010, Jin et al. 2015a).

On the basis of our CA analysis, the 18 studied taxa clustered into two main clades (Fig. 1). One clade was formed
by the two outgroup species from section Clandestinae, while C. xueyingiana and the 15 species of the sect. Radicales
formed together the second clade. The distance between the two clades was 1.5612. The analysis also revealed that the
new species C. xueyingiana formed a small subclade (Radicales-B) with C. chlorocephalula F.T. Wang & Tang ex Li
(1990: 143), C. planiscapa Chun & How (1958: 82) and C. tsoi Merrill & Chun (1935: 207). The rest of the studied
species form section Radicales formed another subclade (Radicales-A).

C. courtallensis

C. speciosa

[C. daxinensis

C. caudispicata

—C. anningensis

C. tsaiana .
| Sect.Radicales-A

—C. funhuangshanica

C. radicalis

C. delavayi

C. cylindrostachys

C. pseudomitrata

C. pterocaulos

|—C. 1soi

|—C. planiscapa

Sect.Radicales-B

C. chlorocephalula

C. xueyingianq <«

C. lancifolia Sect.Clandestinae
(outgroup)

C. lanceolata

T I T T l
1.62 1.37 1.12 0.87 0.62

Distance coefficient

FIGURE 1. Dendrogram of the 18 studied species of the genus Carex from sections Clandestinae and Radicales. The position of the new

species C. xueyingiana is indicated with a purple arrow.
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A similar result was obtained from PCA analysis (Fig. 2). The first three principal components (PCs) accounted
for 55.7595% of the total variation (Table 2). The scatterplot of PC1 vs. PC2 (Fig. 2) revealed that C. xueyingiana and
the other species in Radicales-B formed a cluster distinct from section Clandestinae and Radicales-A.

According to the above multivariate analyses, C. xueyingiana is morphologically most closely related to C.
chlorocephalula, C. planiscapa and C. tsoi. Carex chlorocephalula has a pubescent thizome and slender tufted culms,
but this can be distinguished from C. xueyingiana by the much narrower leaves equaling culms, involucral bracts
leaflike, larger and laxer spikes, and perigynium almost twice in size with the apex abruptly contracted into a short
beak. On the other hand, C. planiscapa and C. tsoi are endemic to Hainan Island, but they differ from the new species
by being glabrous, the culms densely tufted, and perigynium apex attenuated into an indistinct short beak. Our data
support the independence of C. xueyingiana and accordingly, we proceed to formally describe it as a new species.

1.00 T

°C. lanceolata
. ‘\ 'C/ lancifolia
i Sect Clandestinae
- (outgroup)
0.50- Sect -Radicales-A
| C pseudomztmta C. co‘urtallenszs
PC2 | Sect.Radicales-B C speciosas & cylindrostachyﬁ\
- .~ /I \\
0.004 C. chlorocephalulas. ', ||
| Vo C. pterocgulos
IC. J‘Gueymglana " ‘\ C. anningensis ,
| ‘?\ C %orC plan;Scapa \C. radicalis C. caudispicata //l
| IREE g C. tsa(ana *C. daxinensis ot
0.50 C funhuangshamcao °C. delavayl 7
-0. S — . ——
-1.20 -0.65 -0. 10 \‘-—-(')’4'5 1.00

PC1

FIGURE 2. Scatterplot of the two first components of the PCA performed over the 18 studied species of the genus Carex from sections

Clandestinae and Radicales. The new species C. xueyingiana is indicated with a purple dot.

Key to the four species in Carex sect. Radicales-B group

1. Leaves densely hispidulous or pubescent on both surfaces; perigynium attenuate at base and stipitate; style smooth or hairy ..... 2
1’ Leaves glabrous on both surfaces; perigynium base cuneate or subrounded, indistinctly stipitate; style densely brown granular-

PUNCEALE ..ttt ettt et e h ettt et e et eat e st e eat e eb et eh e e eb e e se s e bt et e e bt e at e oot e e a et eet e eh et eh s e ehe e eh e e bt ekt e bt et e e bt et e en b e et e eiteeatenarens 3
2 Culms densely tufted, longer than or equaling leaves; lowermost bract leaf-like; perigynium 3.5-6.5 mm ...... C. chlorocephalula
2’ Culms loosely tufted, distinctly shorter than leaves; lowermost bract sheath-like, sometimes with a very short setaceous blade;

PETiZYNIUM 2.3—2.5 MM ..ottt ettt a ettt a ettt bttt a ekttt ekt ettt C. xueyingiana
3 Culms not exceeding 0.5 mm thick; lowermost bract setaceous; spikes ovate or ovate-oblong, 2—5 mm long; style flat ..... C. tsoi
3 Culms ca. 1 mm thick; lowermost bract leaf scalelike; spikes cylindric, 5—10 mm long; style cylindric ................... C. planiscapa
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FIGURE 3. Carex xueyingiana. A. Habit of a living flowering plant; B. Inflorescence with two androgynous spikes; C. Female flower
inside perigynium; D. Male flower and scale.
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; B. Female part of spike; C. Pistillate scale, abaxial view; D. Pistillate scale, adaxial

]

FIGURE 4. Carex xueyingiana. A. Flowering plant

view; E. Leave, adaxial surface; F-G. Leave, abaxial surface; H. Male flower; 1. Involucral bract; J. Pistil; K. Perigynium with pistil inside;

L. Apex of perigynium.
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Taxonomic treatment

Carex xueyingiana H. J. Yang & Han Xu, sp. nov. (Figs. 3, 4) B EE

Diagnosis:—The new species is similar to C. chlorocephalula, but it differs from it by 1-leaves much longer than culms vs equaling these,
densely long-pubescent on both sides vs hispidulous; 2-involucral bracts sheath-like, 5-6 mm long vs leaf-like and 8-10 cm long;
3- inflorescence with 1-2 dense spikes vs 2—-3 laxer spikes; 4-spikes 7-10 mm long vs 10 —15 mm; and 5-perigynium apex beakless
vs shortly beaked.

Type:—CHINA. Hainan: Ledong County, Jianfengling Nature Reserve, 920 m, 18°46°56.0”N, 108°59°42.7”E, 13 April 2012, Han Xu
JFL001525 (holotype, IBSC; isotype, CANT).

Perennial herb, 20-30 cm tall; rhizomes long. Culms loosely tufted, 6—12 cm tall, 0.3—0.8 mm thick, lateral, ascending
to erect, trigonous, with up to three closed sheaths at base. Leaves basal, significantly longer than culms, 2540
cm long, 4-6 mm wide, papery, flat, comprising a linear blade and an short sheath, densely long pubescent on both
sides. Some fibrous sheaths persistent at the base of shoots. Inflorescence racemose, comprising 1-2 spikes. Bracts
sheath-like, sometimes with a very short setaceous blade, 5-6 mm long, much shorter than inflorescence, adaxially
glabrous, abaxially pubescent. Spikes 1-2, androgynous, 7-10 x 2-2.5 mm, oblong, the male part shorter or equaling
the female part, both densely flowered; male part cylindric, 3-—5 x 1-1.5 mm; female part obovate-lanceolate, 4-5 x
2-2.5 mm. Staminate scales broadly ovate, 2-2.3 x 1.2—1.6 mm, pale yellowish green, glabrous, blunt at apex. Stamens
3, 1 mm long; the anther remarkably longer than the filament. Pistillate scales 3.5-3.8 x 3-3.2 mm including awn,
triangular-ovate, green, abaxially pubescent, 3-veined, the middle-nerve extending at apex into a 1mm long awn. Style
hairy, thickened at base, stigmas 2 or 3. Perigynium 2.3-2.5 x 1.2—1.5 mm, broadly elliptic, compressed-trigonous,
membranous, shorter than the pistillate scales, beakless, the orifice obliquely truncate. Ovary 0.7-0.8 x 0.3—0.4 mm,
elliptic, glabrous, ripe achenes not known.

Distribution and habitat:—The species has been found so far in Jianfengling National Nature Reserve on
Hainan Island, China. It grows in tropical monsoon rainforest at an elevation of about 920 m. Accompanying species
include trees of Cryptocarya chinensis (Lauraceae), Alseodaphne hainanensis (Lauraceae), Lithocarpus fenzelianus
(Fagaceae), Prismatomeris tetrandra (Rubiaceae), Livistona saribus (Palmae) (Zeng et al. 1995). In recent years,
several new species have been found from Jianfengling Natural Reserve (Xu et al. 2011, Xu et al. 2012, Yang et al.
2015a). The finding of C. xueyingiana remarks the need of additional taxonomic studies for a better understanding of
the diversity of Hainan Island.

Phenology:—It flowers in the period from middle spring to early summer between March and May.

Etymology:—The species is named in honor of Professor Xueying Zhuang (1961-2016), botanist at South China
Agricultural University. She contributed greatly to the botanical research in South China.

Conservation status:—Since 1993, logging has been prohibited and the habitats have been protected within the
nature reserve. Base on the current field survey, only one population with about ten individuals was found. Taking into
account the ability to reproduce of Carex, more populations may be found in the future. Therefore, the new species can
be assigned as Vulnerable (VU DD) according to [IUCN Red List criteria (IUCN, 2010), indicating a population data
deficient when there is inadequate information to make a direct, or indirect, assessment of its risk of extinction based
on its distribution and/or population status.

TABLE 3. Eigenvalue, percentage of variation, and cumulative variation of the first five principal components of the PCA
performed on the 18 studied species of the genus Carex from sections Clandestinae and Radicales.

Principal component Eigenvalue Proportion / % Cumulative proportion / %
1 9.4358 26.9594 26.9594
2 6.4169 18.3341 45.2935
3 3.6631 10.4660 55.7595
4 3.0913 8.8322 64.5917
5 2.8134 8.0383 72.6300
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