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ABSTRACT

A new species, Neottia wuyishanensis (Neottieae, Orchidaceae), is described and illustrated from
Wuyishan, Fujian, eastern China, based on morphological characters and molecular data. Molecular
phylogenetics indicate that N. wuyishanensis is nested within the clade formed by Neottia fugongensis and
Neottia nujiangensis. Morphologically, N. wuyishanensis is similar to N. fugongensis and
N. pseudonipponica, but differs from them by having indistinct auricles at the base, and in the shape and
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size of lobelets.
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1. Introduction

Neottia Guettard consists of small terrestrial orchids and in-
cludes both autotrophic and mycoheterotrophic species. There are
approximately 60 species in Neottia widely distributed in northern
temperate regions, with a few species extending into alpine areas of
Asian subtropical regions (Chen, 1981, 1999; Dressler, 1981; Pearce
and Cribb, 2002; Pridgeon et al., 2005; Chen et al., 2009; Raskoti
et al., 2012; Jin, 2014; Jin and Pang, 2016; Zhou and Jin, 2018;
Govaerts et al., 2019; Mu et al., 2020). Morphologically, Neottia is
characterized by resupinate flowers, a more or less curved column,
retrorse-inclined anthers, and sectile and naked pollinia.

During our fieldwork in Wuyishan, Fujian, eastern China, we
discovered an unknown species of Neottia. Previous specimens,
which lacked complete flowers, were identified as Listera puberula
Maxim. However, our morphological and molecular analysis indi-
cate that this is a new species.

* Corresponding author. College of Life Sciences, Fujian Normal University, Fuz-
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2. Material and methods
2.1. Morphological description

The morphological description is based on plants growing in situ.
Bracts, sepals, petals, the lip, column and seeds were examined
under stereoscopic zoom microscope (Axio zoom. v.16, ZEISS, Ger-
many) and measured with a digital caliper. Habitats and phenology
of the new species are based on field observations. Plants were
collected from Wuyishan Mountains, Wuyishan City, Fujian, China.

2.2. Molecular systematics

We used the Plant Genomic DNA Kit (Beijing Biomed Co., LTD,
Beijing, China) to isolate total genomic DNA from silica-gel-dried
materials. Three markers (plastid matK and rbcL; nrITS) were
used to infer the phylogenetic position of Neottia wuyishanensis.
PCR and sequencing primers for matK, rbcL and nriITS followed Zhou
and Jin (2018). The sequences of N. wuyishanensis were added to
each corresponding data matrix from Zhou and Jin (2018). In total,
66 members from Neottia, Cephalanthera, Aphyllorchis, Epipactis and
Holopogon were included in our analysis (Table S1). Three species of
Ophrys and Serapias were used as outgroup (Table S1). Each
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individual sequence was aligned using MAFFT 7.310 (Katoh and
Standley, 2013) with default settings. A concatenated supermatrix
of the three sequences was generated using PhyloSuite v.1.1.15
(Zhang et al., 2018) for the phylogenetic analysis. All missing data
were treated as gaps. Gblocks 0.91b (Castresana, 2000) was applied
to eliminate poorly aligned regions of the concatenated super-
matrix with gaps set as no different than other positions. The best
nucleotide substitution model according to Bayesian Information
Criterion (BIC) was GTR + F + G4, which was selected by Model-
Finder (Kalyaanamoorthy et al., 2017) implemented in IQ-TREE
v.1.6.8. Bayesian Inference (BI) were inferred using MrBayes 3.2.6
(Ronquist et al., 2012) under GTR + G + F model (2 parallel runs,
2,000,000 generations), in which the initial 25% of sampled data
were discarded as burn-in. Phylograms were visualized in iTOL v.5
(Letunic and Bork, 2021).

3. Results
3.1. Molecular phylogenetics

Phylograms from Bayesian Inference (BI) and maximum likeli-
hood (ML) agree with each other. Our analysis indicates that Neottia
wuyishanensis is sister to Neottia fugongensis with middle support
(PP = 0.94; BP = 99) (Fig. 1). These two species nested within the
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Fig. 1. Phylogram of Neottieae based on Bayesian Inference of nriITS, rbcL and matK.
Numbers above branch, posterior probabilities (PP)/bootstrap support (BP). *, BS = 100
or PP = 1.00.
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species group formed by alpine species from Pan-Himalayan re-
gions, including Neottia divaricata, N. nujiangensis, N. bicalla and
N. karoana with medium support (PP = 0.72; BP = 86).

3.2. Taxonomic treatment

Neottia wuyishanensis B.H. Chen & X.H. Jin, sp. nov. (Figs. 2 and 3).

Type—China. Fujian: Wuyishan City, Wuyishan Mountains,
mixed forest of conifer tree and evergreen broadleaf tree of Faga-
ceae, 117°45'E, 27°50'N, 1831 m, 29 July 2020, B.H. Chen 04012
(Holotype, FNU!, barcode FNU0040736; isotypes FNU!, Barcode
FNUO0039789).

Diagnosis—Neottia wuyishanensis is morphologically similar to
N. fugongensis (Fig. 4) and N. pseudonipponica (Table 1), but differs
from them by having a Y-shaped lip 7.0—9.0 mm long, auricles
indistinct into teeth at the base, and lanceolate to oblong lobelets
3.7—4.4 mm long and 0.8—1.1 mm wide.

Description—Terrestrial. Plants 18.5—28 c¢m long, slender, usu-
ally with one white sheath at base. Roots elongate and filiform.
Leaves 2, opposite, borne in one fourth to half of plant, broadly
ovate, ca. 1.8—1.9 cm long, 1.7—1.9 cm wide, apex acute. Peduncle
pubescent, ca. 5 cm long, with 5 bracts; rachis 4—9 cm long, laxly
5—19-flowered; floral bracts ovate-lanceolate, 3—4 mm long,
1.6 mm wide, apex acute to acuminate. Flowers resupinate, whitish
green; pedicel 4—6 mm long, pubescent; ovary 2.7—3.0 mm long,
glabrous; sepals and petals spreading widely. Dorsal sepal elliptic to
oblong, 1-veined, 2.6 mm long, 1.2 mm wide; lateral sepals slightly
oblique, lanceolate, ca. 2.8 mm long, 1.3 mm wide, apex obtuse;
petals linear to narrowly oblong, 2.2 mm long, 0.5 mm wide; lip Y-
shaped, bilobed at apex to the middle of lip, clawed at base,
7.8—9.0 mm long, 1.6—2.7 mm wide at middle, disk with a thick-
ened central ridge extending from base to the sinus with small
tooth between lobes; auricles indistinct into teeth at base,
approximately 0.3 mm long; lobelets lanceolate to oblong,
3.7—4.4 mm long, 0.8—1.1 mm wide, apex obtuse, margins sparsely
dentate and ciliate. Column arcuate, 1.7—1.9 mm long, anther in-
clined toward rostellum, apex with dilated hood; rostellum
spreading forward.

Distribution and habitat—Neottia wuyishanensis grows un-
der Oligostachyum oedogonatum (Z.P. Wang et G.H. Ye) Q.F. Zhang
et K.F. Huang (Poaceae), on the edge of mixed forest of Tsuga
chinensis (Franch.) E. Pritz (Pinaceae) and Cyclobalanopsis multi-
nervis Cheng et T. Hong (Fagaceae) at an elevation of approxi-
mately 1831 m. Pogonatum inflexum (Lindb.) Sande Lac.
(Polytrichaceae), Leucobryum juniperoideum Miill. Hal. (Leuco-
bryaceae) and other mosses were found growing together with
this new species. Many other plants grow in the surrounding
habitat, whose tree layer includes Stewartia sinensis Rehd. et E.H.
Wilson (Theaceae), lllicium jiadifengpi B.N. Chang (Schisan-
draceae), Lindera obtusiloba Bl. (Lauraceae), Euonymus hamil-
tonianus Wall. (Celastraceae) and others; the shrub layer includes
Eurya saxicola H.T. Chang (Pentaphylacaceae), Euonymus eusca-
phis Hand.-Mazz. (Celastraceae), Hydrangea chinensis Maxim.
(Hydrangeaceae), Clethra delavayi Franch. and more; the vege-
tation layer includes Pentarhizidium orientale (Hook.) Hyata.
(Onocleaceae), Huperzia chinensis (Christ) Ching (Lycopodiaceae),
Viola davidii Franch. (Violaceae), Swertia bimaculata (Sieb. et
Zucc.) Hook. f. et Thoms. ex C.B. Clarke (Gentianaceae), Hemi-
phragma heterophyllum Wall. (Plantaginaceae), Arisaema eru-
bescens (Wall.) Schott (Araceae), Carex mollicula Boott
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Fig. 2. Neottia wuyishanensis B.H. Chen & X.H. Jin, sp. nov. Photographed by B.H. Chen. (A) Leaves; (B) Roots; (C) Habit; (D) Flower; (E) Mature fruits; (F) Bract, dorsal sepal, lateral
sepal, petal; (G) Lip, claw with a pair of auricles (indicated by arrow); (H) Gynostemium, enlarged at apex (indicated by arrow); (I) Seeds.

(Cyperaceae), Liriope spicata (Thunb.) Lour. (Asparagaceae), Neo-
ttianthe cucullata (L.) Schitr. (Orchidaceae) and others.

Conservation status—Our fieldwork has discovered only one
population of approximately 100 individuals of this species in
Wuyishan National Park (713 km?). For the time being, the popu-
lation is far from any direct threats; therefore, this new species is
here preliminarily considered as a status of Least Concern (LC) ac-
cording to IUCN Red List Categories and Criteria (IUCN Standards
and Petitions Subcommittee 2019).

Relationships—Neottia wuyishanensis is closely related to
N. fugongensis and N. pseudonipponica by sharing pubescent
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inflorescence, a long pedicel and ovary of flower, a Y-shaped lip,
and gynostemium structure. All three species have a dilated hood
on the apex of the column, and the stigma area is especially
enlarged (Jin and Li, 2007; Chen et al., 2009; Lin, 2019). However, it
is readily distinguished from these species by the auricles at the
base of lip, and the shape and size of lobelets of lip (Table 1). N.
wuyishanensis readily differs from N. puberula (= Listea puberula)
by having a Y-shaped lip with a pair of auricles at the base (versus
elliptic lip without auricles), and ciliate lip margins (versus entire).

Phenology—Flowering from July to August; fruits from August
to September.
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Fig. 3. Illustration of Neottia wuyishanensis B.H. Chen & X.H. Jin, sp. nov. Drawn by D. L. Cai. (A) Habit; (B) Overview of flower; (C) Lateral view of flowers and front view of column;
(D) Fruit; (E) Dorsal sepal, petal, lateral sepal and lip.
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Fig. 4. Close-up of flowers of Neottia fugongensis and its visitor. Photographed by
Xiaohua Jin in Fugong County, Yunnan, China, elevation about 3300 m.

Table 1
Morphological comparisons of Neottia wuyishanensis, N. fugongensis and
N. pseudonipponica.

N. wuyishanensis N. fugongensis N. pseudonipponica

Lip Y-shaped,7.8—9 mm Y-shaped, 8—9 mm Y-shaped, 8.5-9 mm
long; auricles long; auricles long; auricles
indistinct 1.5 mm long, ca. 0.5 mm long

Lobelets 3.7—4.4 mm long, 5 mm long, 4 mm long, 2.5 mm wide

0.8—1.1 mm wide 3 mm wide

Chinese name—Wau Yi Shan Diii Ye Lan (3 IL3IH ).

Additional specimens examined—CHINA. Nanping: Chongan
County, Wuyi Mountain, elev. 1770 m, 11 August 1964, Wuyi
Mountain Expedition team 400617 (PE 00522617).

4. Note

The name ‘Neottia himalaica X.H. Jin’ has been proposed for an
undescribed entity from Zayu, Xizang. Both morphological char-
acters and molecular systematics indicate that N. himalaica is a
distinctive species (Figs. 1, 5 and 6). However, the only known
population, which had approximately 30 individuals, was
completely destroyed due to road construction about five years ago.
To date, there are only two collections kept in PE. Thus, we retain N.
himalaica as an unresolved name until further field observation can
confirm its taxonomic status.

Fig. 6. Illustration of Neottia himalaica. Drawn by Yuxi Zhu. (A) Plant; (B) Overview of
flower; (C) Dorsal sepal, petals, lateral sepals and lip; (D) Floral bract; (E) Lateral view
of column; (F) Overview of anther cap.
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