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ABSTRACT

Gastrochilus is an orchid genus containing 73 species of mainly epiphytic on trees or rocks in mountain
forests of tropical and subtropical Asia. Previous phylogenetic analyses and morphological assessments
have failed to produce a well-resolved phylogeny at the infrageneric level. In the present study, a new
infrageneric classification of Gastrochilus is proposed based on thoroughly morphological and phyloge-
netic analyses based on 52 species. Our phylogenetic analysis divided the genus into six sections
including three new sections, G. sect. Pseudodistichi, G. sect. Brachycaules and G. sect. Acinacifolii. We also
reinstate G. suavis to the specific rank. Furthermore, two new species, G. armeniacus Jun Y. Zhang, B. Xu &
Yue H. Cheng and G. minjiangensis Jun Y. Zhang, B. Xu & Yue H. Cheng, are described and illustrated. A key
to six sections of the genus is presented.

Copyright © 2023 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-

New species

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Gastrochilus D. Don is an orchid genus that comprises 71
epiphytic species mainly distributed in southern China and the
Southeast Asian Archipelago (Don, 1825; Tsi, 1996; Chen et al.,
2009; Kumar et al., 2014; Pridgeon et al., 2014; Liu et al., 2016,
2019a; Raskoti, 2016; Liu, 2017; Govaerts et al., 2021; Li et al., 2022).
China is the diversity center of the genus and has two-thirds of its
species with over half of them being narrowly endemic to the
country (Li et al., 2021; Zhou et al., 2021a, 2021b; Chen et al., 2022;
Liao et al., 2022; Zhang et al., 2022a). It is also a genus of potentially
high economic and medicinal values due to its morphological
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diversity, colorful labellum, and phytochemical production such as
bioactive alkaloids (Luning, 1967; Pridgeon et al., 2014).

Lindley synonymized Gastrochilus with Saccolabium Blume, and
this treatment had been followed by many orchid taxonomists for
nearly 80 years (Lindley, 1833; Bentham and Hooker, 1883; Hooker,
1890; King and Pantling, 1898; Smith, 1905). When they are united,
the name Gastrochilus is rejected in favour of Saccolabium. Later,
Schlechter (1913) reinstated Gastrochilus as a distinct genus for its
unique labellum being distinctively differentiated into an epichile
and a hypochile (vs. absent in Saccolabium) among other morpho-
logical straits and his treatment was now widely adopted (e.g., Tsi,
1996; Liu, 2017; Liu et al., 2019a; Li et al., 2022).

Various systematic and phylogenetic hypotheses for infrageneric
relationships of Gastrochilus have been proposed based on
morphological and/or molecular data. Based on the morphological
characters of then known 43 species, Tsi (1996) divided the genus
into three sections, i.e., G. sect. Caespitosi Z.H. Tsi, G. sect. Gastro-
chilus, and G. sect. Microphylli (Bentham & Hook. f.) Seidenf. Zou
et al. (2015) firstly analyzed phylogenetic relationships among
nine species based on nuclear and plastid markers (nrITS, atpl-atpH,
matK, psbA-trnH and trnL). As part of his doctoral thesis, Liu et al.
(2019a) revised Gastrochilus taxonomy in China based on a
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combined data set consisting of one nuclear (nrITS) and four plastid
markers (matK, psbA-trnH, psbM-trnD, trnL-F). His study concluded
that the genus was monophyletic and resolved it into five clades,
which were incongruent with the subdivisions of Tsi (1996). In his
thesis, Liu (2017) proposed a new infrageneric classification of the
genus, and established three new sections “G. sect. Acinacifolius Q.
Liu & J.Y. Gao”, “G. sect. Brachycaulis Q. Liu & ].Y. Gao”, and “G. sect.
Viscosae Q. Liu & ].Y. Gao”. These three new sectional names were
not validly published under Art. 30.9 of International Code of
Nomenclature for algae, fungi and plants (Turland et al., 2018).
However, in the most recent phylogenetic studies, based on data of
eight molecular markers (nriITS, atpH-I, matK, psbA-trnH, psbM-trnD,
rbcL, trnL-F and rps19-rpl22) of 34 species, Li et al. (2022) found
different infrageneric relationships from those of Liu et al. (2019a).

In addition to the incongruent results of these major studies
above, a number of studies drew different or conflicting conclu-
sions in terms of infrageneric relationships and taxonomic treat-
ment in Gastrochilus (e.g., Tsi, 1996; Zou et al., 2015; Liu, 2017; Liu
et al.,, 2019a, 2020; Chen et al., 2022; Li et al., 2022; Liao et al.,
2022; Zhang et al., 2022a). An updated phylogeny of the genus
with a large taxon sampling is desperately needed for three rea-
sons. Firstly, some species with similar morphological characters
are difficult to distinguish from one another (Seidenfaden, 1988;
Chen et al., 2009), such as G. somai (Hayata) Hayata and G. japonicus
(Makino) Schltr (Tsi, 1996; Jin et al., 2010). Secondly, some recently
described species of Gastrochilus have a quite restricted distribution
(Tsi, 1996; Xu et al., 2010; Liu et al., 2016; Zhou et al., 2021a, 2021b)
and have been poorly known other than their type materials,
making it difficult to assess their true distributions, e.g., G. inter-
medius (Griff. ex Lindl.) Kuntze, G. xuanenensis Z.H. Tsi, and G.
nanchuanensis Z.H. Tsi. Thirdly, quite a few species have been
described in the past five years, and their systematic relationships
remain unclear (Liu and Gao, 2018; Liu et al. 2019b, 2023; Wu et al.,
2019; Rao et al.,, 2019; Liao et al., 2022; Nguyen et al., 2022; Zhang
et al., 2022a).

In this study, we aim to elucidate the infrageneric classification
of Gastrochilus. For this purpose, we reconstructed the phylogenetic
relationships of 52 species in Gastrochilus using maximum likeli-
hood (ML) and Bayesian inference (BI) methods, and analyzed the
morphological characters in the context of these new evolutionary
relationships. Our results represent the most comprehensively
sampled molecular phylogeny of Gastrochilus to date, with
increased sampling in southeast China and the tropical Asia. In
addition, we also describe and illustrate two newly discovered
species of this genus collected during our recent field surveys in
southwest China from 2021 to 2022.

2. Materials and methods
2.1. Morphological observations

Fresh material was collected from the field (Table S1). Voucher
specimens have been deposited at CDBI (the acronyms of herbaria
follow Thiers (2021)). Morphological information was obtained
from observations and measurements of living plants in the field
and dried herbarium specimens deposited mainly at CDBI, IBSC,
IBK, K, KUN and PE. Detailed morphological characteristics
(including floral color) of the two new species were observed and
photographed based on living material and the terminology
following Beentje (2012).

2.2. DNA extraction and sequencing

New sequences in the present study were obtained by the
following protocols. Total DNA was extracted exclusively from
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silica-gel dried leaves via a Plant DNA Isolation Kit (Cat.No.DE-
06111, Foregene, Chengdu, China). The sequences were amplified
using the same primers (Table S2) as previous studies of Gastro-
chilus (Liu et al., 2019a). The PCR program consisted of an initial
4 min preheating stage at 98 °C, followed by 35 cycles of 30 s at
98 °C (denaturation), 30 s at 48—56 °C (annealing) and 60—100 s at
68 °C (extension), followed by a final 8 min extension at 68 °C. PCR
products were sent to TSINGKE Biotech (Chengdu, China) for
sequencing. The nrITS, matK, psbA, psbM and trnL-F sequences of G.
sororius Schltr. were extracted from the genomic raw reads (un-
specified paired, accession: SRR12339718), which were submitted
to Royal Botanical Gardens, Kew by Johnson et al. (2019), using
Easy353 v.1.5.0 (Zhang et al., 2022b) with default parameters.
Detailed information concerning the sampled taxa, voucher col-
lections and GenBank accession numbers (including the sequences
retrieved from GenBank) are summarized in Table S1.

2.3. Phylogenetic analyses

All sequences were edited via Sequencher v.4.1.4 (Gene Codes,
Ann Arbor, Michigan, USA) and aligned using MAFFT v.7.475 (Katoh
and Standley, 2013) with default parameters. The incongruence
length difference test (ILD) was used to quantify the conflicts be-
tween nuclear DNA and plastid DNA data in PAUP v.4.0a169 (Darlu
and Lecointre, 2002; Swofford, 2002). The nucleotide substitution
models for these data matrices were estimated using jModeltest
v.2.1.6 (Posada, 2008) software and the best fit models were
selected using the corrected Akaike Information Criterion (AICc).
Bayesian inference (BI) and Maximum likelihood (ML) analyses
were performed to infer the phylogenetic relationships within this
genus based on a data set of combined nrITS and plastid sequences
(matK, psbA-trnH, psbM-trnD, trnL-F). Bl analysis was conducted
using MrBayes v.3.2.7a (Ronquist and Huelsenbeck, 2003), with two
separate Markov-chain Monte Carlo (MCMC) Chains (1,000,000
generations and sampled every 1000 generations). The first 25% of
the trees were discarded as burn-in, and the remaining trees were
used to generate a majority-rule consensus tree. ML analyses were
performed using IQ-TREE v.1.4.2 (Nguyen et al., 2014) with branch
support estimated using 2000 replicates of both SH-like approxi-
mate likelihood-ratio test (SH-aLRT) (Guindon et al., 2010) and the
ultrafast bootstrapping algorithm (UFboot) (Minh et al., 2013).

2.4. Character evolution

Four morphological characteristics were selected to study
character evolution in Gastrochilus. The one vegetative trait was leaf
shape and length and was divided into four states: < 5 cm, long
elliptical/5—15 cm, falcate oblong/> 15 cm, and long strips. The
three reproductive characteristics included epichile hairs (papillate
hairs/fimbriate hairs/glabrous epichile), marginal shape of epichile
(fringed/entire or slightly erose), and epichile surface being smooth
or not (a smooth epichile/an epichile with central thickened
cushion or irregular projection). Patterns of character states are
presented in the ML tree without outgroups under the maximum
parsimony criterion using the Mesquite v.3.70 software package
(Maddison and Maddison, 2011) with default parameters. All the
morphological characteristics were coded for further analysis (see
Table 1).

3. Results
3.1. Phylogenetic analysis

The aligned nrITS matrix was 685 nucleotides in length with 195
variable sites and the combined four plastid markers matrix
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Table 1
Morphological characters used for patterns of character states of Gastrochilus in this
study.

Character Character states

Epichile hairs 0: papillate hairs; 1: fimbriate hairs; 2: glabrous
epichile

0: <5 cm, long elliptical; 1: 5—15 cm, falcate oblong;
2: >15 cm, long strips

0: fringed; 1: entire or slightly erose

Leaf shape and length

Margin shape of
epichile
Epichile smooth or not  0: smooth epichile; 1: epichile with central

thickened cushion or irregular projection

included 3601 nucleotides in length with 200 variable sites, con-
sisting of 815 bp for matK, 709 bp for psbA-trnH, 1078 bp for psbM-
trnD, and 999 bp for trnL-F, respectively. The attributes of five
plastid markers are summarized in Table S2. The ILD test (P = 0.19)
showed that the plastid DNA and nrITS were suitable for combined
analysis, which resulted in consistent phylogenetic topologies
(Fig. 1-I) by applying the two algorithmic methods. Our data rein-
forced the monophyly of Gastrochilus as a whole (BI/ML = 0.99/
91%), and its members were further resolved into six monophyletic
clades. Clade A (BI/ML = 1/100%) and Clade B (BI/ML = 1/100%)
were resolved as sister to the rest of Gastrochilus with strong
support (BI/ML = 0.99/91%), followed by Clade C (BI/ML = 1/97%),
Clade D (BI/ML = 1/91%) and a clade including Clade E (BI/
ML = 0.88/91%) and Clade F (BI/ML = 1/99%), which were sister to
each other (BI/ML = 1/92%). It is noted that the generic type, G.
calceolaris (Buch.-Ham. ex Sm.) D. Don, was resolved in Clade C. In
addition, G. tianbaoensis Q. Liu & Y.H. Tan, G. linearifolius Z.H. Tsi and
G. intermedius were clustered into Clade C, while G. pseudodistichus
(King & Pantl.) Schitr. was resolved in a new clade including three
species described quite recently, G. kadooriei Kumar et al., G. wen-
shanensis Q. Liu et al. and G. tsii Q. Liu et al.

3.2. Character evolution

Morphologically, labellum structure and leaf size of Gastro-
chilus species exhibited the most diversity (Fig. 1-1I: 1-52). As
shown in Fig. 2 and illustrated in Fig. 3A—D distinguishable pat-
terns of character states across the phylogeny were revealed for
our four chosen key morphological traits (epichile hairs, leaf
length, margin shape of epichile, and epichile smooth or not). Our
analyses indicate that glabrous epichile hairs (character 1) are the
ancestral in Gastrochilus, epichiles with fimbriate hairs were
derived once and epichiles with dense papillate hairs were
derived twice independently, respectively (Fig. 3A). The ancestral
traits of Clades B and C include leaf length > 15 ¢cm and long
stripes, whereas those of Clades A, D and F are long elliptical
leaves with a length < 5 cm (Fig. 3B). In addition, we found that
the entire or slightly erose marginal shape of epichiles is ancestral
state in Gastrochilus, while the fringed marginal shape of epichiles
was derived one time independently in Clade C (Fig. 3C). In Clades
B—F, smooth epichiles are reconstructed as the ancestral state in
Gastrochilus, whereas an epichile with central thickened cushion
or irregular projection derived one time independently in Clade A
(Fig. 3D).

3.3. Establishment of the new species

The identities of two newly discovered species, Gastrochilus
armeniacus and G. minjiangensis, are supported by this study. They
are closely related species (BI/ML = 1/99%) and form a clade with G.
wolongensis Jun Y. Zhang, B. Xu & Yue H. Cheng (BI/ML = 1/99%).
Moreover, G. nanchuanensis is further supported to be sister to a
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clade containing these three species (BI/ML = 0.85/81%) within
Clade F.

4. Discussion
4.1. Phylogeny of Gastrochilus

Based on our combined plastid and nuclear markers and the
largest sampling (ca. 71% of all species) of Gastrochilus so far, our
phylogenetic results further support the monophyly of Gastrochilus
(Fig. 1-I), which is in agreement with previous studies (Zou et al.,
2015; Liu, 2017; Liu et al., 2019a, 2020; Chen et al., 2022; Li et al.,
2022; Liao et al., 2022; Zhang et al., 2022a). Within Gastrochilus,
our data resolved the genus into six well-supported clades, a phy-
logeny different from what was reported by either Tsi (1999)with
43 species, or Liu et al. (2019a) with 28 species, or Li et al. (2022)
with 34 species. Our phylogenetic analysis supports most species
in G. sects. Brachycaules sensu Q. Liu & J.Y. Gao (2017), Gastrochilus
sensu Q. Liu & J.Y. Gao (2017), Acinacifolii sensu Q. Liu & J.Y. Gao
(2017), Microphylli sensu Q. Liu & ].Y. Gao (2017) and Caespitosi
sensu Tsi (1996), although a few species are incongruent with their
results, such as G. tianbaoensis, G. intermedius, G. pseudodistichus
and G. linearifolius. This result shows that the infrageneric taxon-
omy of this genus can be improved by increasing representative
species in phylogenetic analysis.

4.2. Infrageneric relationships of Gastrochilus

In our study, phylogenetic and molecular evidence were used to
divide the genus Gastrochilus into six clades.

Of the four species in Clade A (Fig. 1-I-A and 2A), three of them,
Gastrochilus kadooriei, G. wenshanensis and G. tsii, were described
quite recently (Kumar et al., 2014; Liu et al., 2023), which explains
why this monophyletic lineage was not detected in previous studies
(e.g., Liu, 2017). Morphologically, this lineage shares short leaves (<
5 cm in length) and labellum with a semilunar epichile being
smooth, glabrous and entire in margin (Figs. 1-3). Although
G. pseudodistichus had been placed in G. sect. Microphylli (corre-
sponding to our Clade E) by Tsi (1996) on the basis of its distichous
leaves, its sister relationship with G. wenshanensis in Clade A is
highly supported in addition to their floral similarity. Phylogenet-
ically, Clade A is more closely related to Clade B than to any other
clades in the genus, while these two groups of species are clearly
differentiated from each other by the size and arrangement of
leaves and the shape and decoration of the epichile, among other
characters. Therefore, this group merits being treated as a separate
section, which we name G. sect. Pseudodistichi.

The species composition of Clade B (Figs. 1-I-B and 2B) partially
agrees with that of Clade I in Liu et al. (2019a), with the exception of
Gastrochilus acaulis (Hook. f.) Kuntze, G. bigibbus (Rchb. f. ex Hook.
f.) Kuntze and G. obliquus var. suavis (Seidenf.) Z.H. Tsi. Species of
Clade B share short and stout stems (to 2 cm in length and ca. 6 mm
in diameter), relatively longer leaves (more than 15 cm in length),
and an epichile with an apical central thickened cushion that is
mostly glabrous and erose on the margin (Figs. 1-3). Both are
obviously distinguishable from species in G. sect. Gastrochilus (most
species of this section corresponding to Tsi, 1996). Thus, it is more
reasonable to treat this group of species as a separate section as
suggested by Liu (2017). It is notable that G. suavis Seidenf. was
treated as a variety of G. obliquus (Lindl.) Kuntze on the basis of
their floral resemblance and then only the color and spot pattern on
sepals and petals being different (Tsi, 1996). However, our molec-
ular data indicate that it is more closely related to G. bigibbus than
to G. obliquus var. obliquus (Fig. 1-1-A). All species in this group are
actually superficially similar to each other and their morphological
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Fig. 1. L Phylogenetic tree of Gastrochilus. Numbers before slash indicate Bayesian posterior probabilities and numbers after slash indicate ML bootstrap supports for major lineages.
Asterisk (*) indicates that a node is not supported in the analysis. Il. Morphological characteristics of 52 sampled Gastrochilus species. 1. G. armeniacus. 2. G. minjiangensis. 3.
G. gongshanensis. 4. G. wolongensis. 5. G. formosanus. 6. G. sp. 7. G. linii. 8. G. ciliaris. 9. G. sinensis. 10. G. xizangensis. 11. G. setosus. 12. G. raraensis. 13. G. platycalcaratus. 14.
G. nanchuanensis. 15. G. rantabunensis. 16. G. yunlongensis. 17. G. xuanenensis. 18. G. matsuran. 19. G. fargesii. 20. G. affinis. 21. G. deminutus. 22. G. heminii. 23. G. alatus. 24. G. distichus.
25. G. prionophyllus. 26. G. fuscopunctatus. 27. G. guangtungensis. 28. G. minutiflorus. 29. G. acutifolius. 30. G. acinacifolius. 31. G. yunnanensis. 32. G. japonicus. 33. G. somai. 34.
G. changjiangensis. 35. G. tianbaoensis. 36. G. bellinus. 37. G. sororius. 38. G. sumatranus. 39. G. malipoensis. 40. G. zhengyuanensis. 41. G. calceolaris. 42. G. linearifolius. 43. G. intermedius.
44. G. obliquus var. obliquus. 45. G. obliquus var. suavis. 46. G. dasypogon. 47. G. acaulis. 48. G. bigibbus. 49. G. tsii. 50. G. kadooriei. 51. G. pseudodistichus. 52. G. wenshanensis. Photo
credits: Yue-Hong Cheng (1, 2); Ming-Feng Long (3, 24, 30); Min Liao (4, 36, 41); Jodyhsieh (5, 15); Jun-Yi Zhang (6, 16, 17, 22, 25, 27, 39); http://www.lhbkw.com/(7, 8, 31, 51); Feng Li
(9); Chen et al. (2022) (10); Li et al. (2022) (11); Chen Shu (12); http://www.orchidspecies.com/(13, 18, 28, 29, 32); Jin et al. (2019) (14); Xiao-Hua Jin (19, 23); Su-Dung Sheng (26);
http://orchids.la.coocan.jp/(33); Liu et al. (2019a) (34, 40); Liu et al. (2016) (35, 47); Philipp Wojtas (37); http://www.epharmacognosy.com/(38); Bhattacharjee et al. (2021) (42); Zi
Wang (43); Xin-Xin Zhu (44, 45); Lynn O'Shaughnessy (46); http://www.bloggang.com/ (48); Liu et al. (2023) (49, 52); Kumar et al. (2014) (50).

demarcations need further clarification. It is therefore here we
maintain the species G. suavis as cited in the following G. sect.

Brachycaules.

Our Clade C (Figs. 1-1-C and 2C) consists of 10 species. In general,
these species have long (more than 15 c¢cm in length) and stout
(6—7 mm in diameter) stems, relatively larger leaves (more than
15 cm in length) with a mostly asymmetrically bilobed apex, and an

epichile in suborbicular-triangular outline, with central thickened
cushion and are elongated fimbriate lacerate (or hairy) on the

margin. The more recently published additional accounts, such as
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Gastrochilus tianbaoensis, G. changjiangensi Q. Liu & M.Z. Huang and
G. zhenyuanensis Q. Liu & D.P. Ye, correspond to G. sect. Gastrochilus
as defined by Tsi (1996). It is worth mentioning that G. tianbaoensis
was resolved in Clade III in Liu et al. (2019a), similar to our G. sect.
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Gastrochilus affinis
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Gastrochilus matsuran
Gastrochilus fargesii
Gastrochilus prionophyllus
Gastrochilus distichus
Gastrochilus xuanenensis
Gastrochilus deminutus
Gastrochilus guangtungensis
Gastrochilus minutiflorus
Gastrochilus acinacifolius
Gastrochilus japonicus
Gastrochilus somai
Gastrochilus acutifolius
Gastrochilus yunnanensis
Gastrochilus calceolaris
Gastrochilus zhenyuanensis
Gastrochilus malipoensis
Gastrochilus changjiangensis
Gastrochilus sumartranus
Gastrochilus bellinus
Gastrochilus tianbaoensis
Gastrochilus intermedius
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Gastrochilus dasypogon
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Fig. 2. Morphological character reconstruction of Gastrochilus on the ML tree. A. G. sect. Pseudodistichi (A-1, 2, type: G. pseudodistichus). B. G. sect. Brachycaules (B-1, 2, type: G.
obliquus). C. G. sect. Gastrochilus (C-1, 2, type: G. calceolaris). D. G. sect. Acinacifolii (D-1, 2, type: G. acinacifolius). E. G. sect. Microphylli (E-1, 2, type: G. distichus). F. G. sect. Caespitosi (F-
1, 2, type: G. rantabunensis). Photo credits: Liu et al. (2023) (A-1, 2); Xin-Xin Zhu (B-1); Bing Liu (B-2); Jun-Yi Zhang (C-1, E-1, F-1); Jun Liu (C-2); Yan Liu (D-1, 2); Hai-Ning Li (E-2);

Jody Hsieh (F-2).

Aacinacifolii. However, our analysis strongly suggests that G. tian-
baoensis should be placed in G. sect. Gastrochilus, and it forms a
sister relationship with a clade containing G. intermedius and
G. sororius.

The seven species in our clade D (Figs. 1-I-D and 2D) mostly have
stem 10—15 cm in length and 4—6 mm in diameter, medium-sized
leaves of 5—15 c¢m in length, and a subtriangular epichile with a
central thickened cushion. These combined characters can differ-
entiate the species ascribed to Gastrochilus sect. Gastrochilus, and
they generally also agree with a separate sectional demarcation
proposed in Liu (2017). G. somai is here considered a different spe-
cies and is resolved as sister to G. japonicus, in contrast to Tsi (1996),
where G. somai was synonymized with G. japonicus on the basis of
its superficial vegetative and floral characters. Its identity has also
been supported by both Jin et al. (2010), based on detailed perusal of
inflorescence and the morphology of labellum (i.e., its umbel like
inflorescence and different width between a hypochile and an epi-
chile, among others) and Liu (2017) based on molecular data.

Clade E (Figs. 1-1-E and 2E) is mostly in accordance to Gastro-
chilus sect. Microphylli sensu Tsi (1996). The clade is characterized
by floral traits such as small flowers (petals and sepals < 6 mm in

length), nearly reniform glabrous epichiles with central irregular
projections, and in some species, hypochiles split into two conical
protrusions (Figs. 1-3). This clade contains 10 species and most of
them are separated from G. sect. Microphylli sensu Tsi (1996). The
exception is G. xuanenensis, which was placed in G. sect Caespitosi
(referring to our Clade F) by Tsi (1996) based on its short and erect
stems and tufted or closely spaced distichous leaves. As shown in
Fig. 1, this species is resolved as sister to the other eight species, and
they together are sister to G. deminutus J.M.H. Shaw. Moreover,
extensive field observations in its type locality have revealed that
its glabrous epichile is quite stable and agrees with the following
morphological range of G. sect. Microphylli.

Most of the 16 species in our Clade F (Figs. 1-I-F and 2F) are
narrowly endemic to specific locations in south China, Japan, and
Vietnam. They are characterized by short stems, alternate or basal
leaves, an epichile with a central thickened cushion and densely
covered with papillate hairs. This group corresponds to the
sectional definition of Gastrochilus sect. Caespitosi by Tsi (1996). Liu
(2017) rejected this section and combined some species that were
ascribed to G. sect. Microphylli to make an unpublished section “as
G. sect. Viscosae” on the basis of the hairy epichile of those species.
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Fig. 3. Maximum parsimony character optimization on the ML tree of Gastrochilus using the software package Mesquite. A. character 1: epichile hairs (0: papillate hairs, 1: fimbriate
hairs, 2: glabrous). B. character 2: leaf length (0: < 5 cm, 1: 5—15 cm, 2: > 15 cm). C. character 3: margin shape of epichile (0: fringed, 1: entire or slightly erose). D. character 4:
epichile smooth or not (0: smooth epichile, 1: epichile with central thickened cushion or irregular projection).

However, Liu (2017) did not include some of the key species in their
phylogenetic analysis, especially G. xuanenensis. Our analysis,
which has increased sampling, strongly supports the monophyly of
Clade F (Fig. 1-I-F), within which the sectional type species of G.
sect. Caespitosi designated by Tsi (1996), G. rantabunensis C. Chow
ex T.P. Lin, is nested. It is reasonable to adopt this section. This
section, which includes our new species G. armeniacus and
G. minjiangensis (described in the following) (Fig. 1-1I: 1-16), re-
quires updated morphological analysis.
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4.3. Morphological character evolution

Evolutionary changes in reproductive structures are of funda-
mental importance to theories about the early evolution and sub-
sequent diversification of flowering plants (Kim and Choi, 2011).
This study provides a robust and well-resolved framework to test
infrageneric classification and to understand morphological char-
acter evolution of Gastrochilus. Thus, we employed four morpho-
logical characters (epichile hairs, leaf length, margin shape of
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epichile, and epichile smooth or not) to indicate the evolutionary
pattens and trends of Gastrochilus clades.

Three types of epichile hairs (Character 1 in Fig. 3A) occur in
Gastrochilus: epichiles with dense papillate, fimbriate hairs and
glabrous epichile. This character was the basis for the infrageneric
classification proposed by Liu et al. (2017) that distinguishes G. sect.
Caespitosi (Clade F) from other sections. In the present study, the
most likely ancestral state was determined to be the labellum that
has an epichile with a glabrous adaxial surface, which then evolved
one time into fimbriate hairs in Clade C and following two inde-
pendent evolutionary changes into dense papillate hairs in Clades E
(only G. deminutus) and F. Notably, the epichile of G. deminutus is
morphologically similar to Clade F, with a central thickened cushion
that is sparsely covered with short papillate hairs adaxially. How-
ever, similar to species in Clade E, the hypochile of species in Clade F
splits into two conical protrusions at the apex. Therefore, our re-
sults suggest this species represents a transitional state between
the two clades.

Three type of leaf length (Character 2 in Fig. 3B) were used to
reconstruct the evolutionary patterns and trends of the Gastrochilus
clades. In the current study, long elliptical leaves shorter than 5 cm
(Clades A, E and F) and falcate oblong leaves between 5 and 10 cm
(Clade D) seem to have evolved from long strips of leaves longer
than 15 cm in length (Clades B and C). Our phylogenetic analysis
indicated that vegetative morphological characters (leaf length) are
homoplasious states, as detected for G. wenshanensis, G. tsii,
G. pseudodistichus and G. kadooriei, where contradictory results
were inferred among different traits.

Margin shape of the epichile (Character 3 in Fig. 3C) has been
used to distinguish G. sect. Gastrochilus (Clade C) from other sec-
tions of Gastrochilus. Our results relating to the evolutionary trend
for margin shape of epichile support the view of Liu et al. (2017)
who separate species from G. sect. Gastrochilus into Clades B and D.

Our ancestral state reconstruction revealed that epichiles with
central thickened cushions or irregular projections are probably a
primitive character state (Character 4 in Fig. 3D). In contrast, the
smooth epichile of G. sect. Pseudodistichi (Clade A) was the most
evolved character state, and is present on plants distributed in S
and SW China, northeastern India, Myanmar, Vietnam, and
Thailand.

In conclusion, our molecular phylogeny strongly indicates that a
labellum with an adaxially epichile entirely or slightly erose at the
margin is the ancestral states in Gastrochilus (Figs. 2, 3A and 3C).
Vegetative ancestral traits of the genus include having strips of
leaves longer than 15 cm in length (Figs. 2 and 3B). We also
detected homoplasies between G. wenshanensis, G. tsii,
G. pseudodistichus and G. kadooriei, where contradictory results
were inferred among different straits. The well-resolved phylogeny
of the entire genus presented here, together with more detailed
phylogenies of particular clades, will permit the reconstruction of a
new infrageneric classification.

5. Taxonomic treatment

5.1. Gastrochilus D. Don in Prodr. Fl. Nepal: 32. 1825

Type: Gastrochilus calceolaris (Buch.-Ham. ex Sm.) D. Don
Aerides calceolaris Buch.-Ham. ex Sm.

Herb epiphytic, prostrate or drooping. Roots long and curved,
vermiform. Stems thick and short or slender, with few to many
nodes. Leaves numerous, slightly fleshy or leathery, usually biseri-
ate and alternate, flattened, apex unlobed or 2—3-lobed, base with
jointed and clasping sheaths. Inflorescences lateral, unbranched or
rarely branched, with stout or slender inflorescence stalk and
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inflorescence axis; racemes or umbels, with few to many flowers.
Flowers small to moderately large, + fleshy; sepals and petals
mostly similar, + extending and usually obovate; labellum divided
into an epichile and a hypochile, epichile extending forward
perpendicular to hypochile; hypochile firmly adnate to both sides
of and nearly parallel to the column, galeate, cup-shaped, hemi-
spherical or subconical; column short and thick, footless; rostellum
short, 2-lobed; anther nearly globose, apex narrowed; pollinia
waxy, 2, subglobose, porate or rarely cleft, attached by a common
narrow stipe to a bilobed viscidium.

The genus comprises 73 species distributed in southern China
and the Southeast Asian Archipelago and can be divided into six
sections.

5.2. Key to sections of Gastrochilus

1a Epichile smooth, without thickened central cushion or pro-

jection; leaf apex usually 3-split with a central long awn

. 1. Sect. Pseudodistichi

1b Eplchrle w1th central thrckened cush1on or irregular projec-

tion; leaf apex undivided or otherwise split without central

long awn .. .. e 2

2a Plants erect stem th1cl< and short leaves clustered at the
base of stem; epichile margin slightly erose . .

. .2, Sect Brachycaules

2b Plant usually prostrate or pendulous or rarely erect, but

generally elongated; leaves alternate along stem; epichile

lacerate to fringe on margin, or glabrous

3a Leaves to 5 cm in length, usually oblong or elliptic; epichile

either glabrous or with papillate hairs ... ... ... ... ... ... ... ...

4a Leaves arranged in distinctly distichous plane; epichile

glabrous .. . 3. Sect. Microphylli

4b Leaves radlally alternate somet1mes rather densely spaced;

epichile densely coved with papillate hairs

. . 4. Sect. Caespttosn

3b Leaves 5 15 cm, or much longer and strlp -shaped; epichile

with lacerate fringe on margin, on some species erose

5a Stem thick and elongated; leaves without awned tip at apex;
epichile with lacerate fr1nge on margin .

5 Sect Gastrochllus

5b Stem slender elongated or rarely short leaves usually with

2—3 awned tips; epichile lacerate or erose on margin
.. 6. Sect. Acinacifolii

5.3. Gastrochilus sect. Gastrochilus. ZE8=40

Plants pendulous or erect. Stem stout and elongated. Leaves long
strips, more than 15 cm in length, apex laterally 2-lobed into
distinctly unequal parts. Epichile suborbicular-triangular, with a
central thickened cushion, adaxially along margin with long
fimbriate hairs, margin itself irregularly fimbriate or erose. Species
assigned to this section clustered together in our Clade C (Fig. 1).

Eleven species are known in this section and are mainly
distributed in S and SW China (Hainan, Xizang and Yunnan), Nepal,
Bhutan, India, Myanmar, Laos, Vietnam, Thailand, Malaysia, the
Philippines, and Indonesia. These species are Gastrochilus bellinus
(Rchb. f.) Kuntze, G. calceolaris (Buch.-Ham. ex J.E. Smith) D. Don, G.
changjiangensis Q. Liu & M.Z. Huang, G. intermedius (Griff. ex Lindl.)
Kuntze, G. linearifolius Z.H. Tsi, G. malipoensis X.H. Jin & S.C. Chen, G.
pseudocalceolaris S. Dey et al., G. sororius Schltr., G. sumatranus J.J.
Sm., G. tianbaoensis Q. Liu & Y.H. Tan, and G. zhenyuanensis Q. Liu &
D.P. Ye.
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5.4. Gastrochilus sect. Pseudodistichi Jun Y. Zhang & H. He, sect.
nov. /NS4

Type: Gastrochilus pseudodistichus (King & Pantl.) Schitr. = Sac-
colabium pseudodistichum King & Pantl.

Plants pendulous. Stems elongated and slender, often about
2 mm thick. Leaves distichous and alternate, ovate-lanceolate, to
5 cm in length, apex acute and usually 2—3-split into short awns
with the central one longest. Flowers small, sepals to 6 mm long,
epichile semilunar and entire, thickly fleshy, smooth and glabrous.
This section corresponds to our Clade A (Fig. 1).

This section consists of six species mainly distributed in S and
SW China (Hong Kong, Xizang and Yunnan), northeastern India,
Myanmar, Vietnam, and Thailand. Four species are sampled in the
present study. These species are Gastrochilus dulongjiangensis Q. Liu
& ].Y. Gao, G. kadooriei Kumar et al., G. pankajkumarii Vuong et al., G.
pseudodistichus (King et Pantl.) Schltr.,, G. tsii Q. Liu et al, and G.
wenshanensis Q. Liu et al.

5.5. Gastrochilus sect. Brachycaules Q. Liu & J.Y. Gao ex Jun Y. Zhang
& H. He, sect. nov. J834.

Type: Gastrochilus obliquus (Lindl.) Kuntze = Saccolabium
obliquum Lindl.

Plants erect. Stem thick and short. Leaves borne at the base of
stem, broad, long strips, usually more than 15 cm in length, undi-
vided or equilaterally bicircularly divided in the apex. Epichile
subtriangular, with a central thickened cushion, adaxially glabrous,
margin lacerate or erose.

This section includes ten species distributed mainly in S and SW
China (Hainan, Sichuan and Yunnan), Nepal, Bhutan, India,
Myanmar, Laos, Vietnam, and Thailand. These species are Gastro-
chilus acaulis (Hook. f.) Kuntze, G. bigibbus (Rchb. f. ex Hook. f.)
Kuntze, G. dasypogon (Lindl.) Kuntze, G. flabelliformis (Blatt. &
McCann) CJ. Saldanha, G. hainanensis Z.H. Tsi, G. obliquus (Lindl.)
Kuntze, G. patinatus (Ridl.) Schltr.,, G. pechei (Rchb. f.) Kuntze, G.
suavis Seidenf., and G. subpapillosus Z.H. Tsi.

5.6. Gastrochilus sect. Acinacifolii Q. Liu & J.Y. Gao ex Jun Y. Zhang &
H. He, sect. nov. &MH-4A.

Type: Gastrochilus acinacifolius Z.H. Tsi.

Plants pendulous or erect. Stems elongated. Leaves falcate
oblong, 5—15 cm in length, apex acute and sometimes awned.
Epichile subtriangular, with a central thickened cushion, adaxially
glabrous and lacerate or erose in margin.

This section consists of 12 species widely distributed in S China
(Chongging, Guangdong, Hong Kong, Hainan, Sichuan, Taiwan,
Yunnan and Xizang), Nepal, Bhutan, India, Myanmar, Laos, Vietnam,
and Thailand. These species are Gastrochilus acinacifolius Z.H. Tsi, G.
acutifolius (Lindl.) Kuntze, G. arunachalensis A.N. Rao, G. fargesii
(Kraenzl.) Schitr., G. guangtungensis Z.H. Tsi, G. japonicus (Makino)
Schltr,, G. labrosus Q. Liu & X.H. Jin, G. menglaensis Q. Liu, Jian W. Li &
X.H. Jin, G. minutiflorus Aver., G. rutilans Seidenf., G. somai (Hayata)
Hayata, and G. yunnanensis Schltr.

5.7. Gastrochilus sect. Microphylli (Benth. & Hook. f.) Seidenf. in
Opera Bot. 95: 285. 1988, “Microphyllae” = Saccolabium sect. Micro-
phylla Benth. & Hook. f., Gen. PL. 3: 579. 1883, “Microphyllae”. = Sac-
colabium sect. Distichophylla Hook. f., Fl. Ind. Brit. 6: 55. 1890,
“Distichophyllae”, nom. illeg. (Art. 52). Fl|H4A.

Type: Gastrochilus distichus (Lindl.) Kuntze.
Plants prostrate, rarely pendulous. Stems elongated and slender,
often about 2 mm thick. Leaves distichous and alternate, blade
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narrow, < 5 cm in length, the apex usually acute with 2—3 awns.
Flowers small, sepals to 6 mm long, epichile subreniform, glabrous,
with central irregular projection, and hypochile sometimes splits
into two conical protrusions at apex.

When the section is transferred from Saccolabium to Gastro-
chilus, the epithet might be corrected as “Microphylli” under Art.
21.2 of Shenzhen Code (Turland et al., 2018).

This section is composed of 12 species distributed mainly in S
and SW China (Taiwan, Sichuan, Xizang and Yunnan), Nepal,
Bhutan, and India. These species are Gastrochilus distichus (Lindl.)
Kuntze, G. heminii M. Liao, B. Xu & Yue H. Cheng, G. affinis (King &
Pantl.) Schitr., G. alatus X.H. Jin & S.C. Chen, G. fuscopunctatus
(Hayata) Hayata, G. matsuran (Makino) Schiltr., G. prionophyllus H.
Jiang, D.P. Ye & Q. Liu, G. xuanenensis Z.H. Tsi, G. deminutus J.M.H.
Shaw, G. minimus Jian W. Li, D.P. Ye & X.H. Jin, G. yei Jian W. Li & X. H.
Jin, and G. nepalensis Raskoti.

5.8. Gastrochilus sect. Caespitosi Z. H. Tsi in Guihaia 16(2): 143.
1996. EE4.

Type: Gastrochilus rantabunensis C. Chow ex T.P. Lin.

Plants prostrate or pendulous. Stems elongated or short. Leaves
radially alternate or quite densely spaced from each other, to 5 cm
in length, apex acute. Epichile with a central thickened cushion, and
adaxially densely covered with papillate hairs.

This section comprises 22 species distributed widely in S and
SW China (Chongqing, Fujian, Guangdong, Guangxi, Guizhou,
Hubei, Jiangsu, Sichuan, Taiwan, Yunnan, Xizang, and Zhejiang),
Japan, and Vietnam. These species are Gastrochilus armeniacus Jun
Y. Zhang, B. Xu & Yue H. Cheng, G. ciliaris F. Maek., G. deltoglossus
T.C. Hsu et al., G. dresslerii Vuong, Aver. & V.S. Dang, G. formosanus
(Hayata) Hayata, G. gongshanensis Z.H. Tsi, G. hoi T.P. Lin, G. linii
Ormerod, G. matsudae Hayata, G. minjiangensis Jun Y. Zhang, B. Xu &
Yue H. Cheng, G. nanchuanensis Z.H. Tsi, G. nanus Z.H. Tsi, G. platy-
calcaratus (Rolfe) Schitr., G. rantabunensis C. Chow ex T.P. Lin, G.
raraensis Fukuyama, G. saccatus Z.H. Tsi, G. setosus Aver. & Vuong, G.
sinensis Z.H. Tsi, G. toramanus (Makino) Schltr., G. wolongensis Jun Y.
Zhang, B. Xu & Yue H. Cheng, G. xizangensis W.S. Chen, M. Lei & X.L.
Wang, G. yehii S.I. Hsieh, C.T. Lee & J.H. Wu, and G. yunlongense W.H.
Rao, LJ. Chen & ZJ. Liu.

5.9. Gastrochilus armeniacus Jun Y. Zhang, B. Xu & Yue H.
Cheng, sp. nov. (B EZEE= xing huang pen ju lan). Figs. 1-1I-1 and 4

Type: CHINA. Sichuan Province: Wenchuan County, Sanjiang
Town, deciduous broadleaf forest, on tree trunk, elev. ca. 1380 m, in
flowering, 30 April 2022, Jun-Yi Zhang, Min Liao & Yue-Hong Cheng
ZJY147 (Holotype CDBI!).

Description. Epiphyte on tree trunk. Roots vermiform. Stems
prostrate and pendulous, 7—15 c¢cm long, ca. 2 mm thick, un-
branched, internodes 4—6 mm long. Leaves dichotomously alter-
nate, green, unspotted, slightly leathery, elongate-elliptic,
1.2-1.8 x 0.4—0.8 cm, apex acute and 3-lobed. Inflorescence
shortly umbellate-like, with 1-2 flowers; peduncle slender,
6—9 mm long, slightly enlarged distally, with 2 alternate in-
volucres; floral bracts small, ovate-triangular, ca. 1 mm long, apex
acute; pedicel and ovary ca. 1.2 cm long; flowers apricot-yellow,
later turning golden yellow, ca. 1.4 x 1.2 cm; dorsal sepal elliptic,
with one red-purple stripe, 4—6 x 3—4 mm, apex obtuse, with 1
vein; lateral sepals obliquely oblong, with one red-purple stripe,
5—7 x 3—4 mm, apex subacute, with 1 vein; petals obovate, with
one red-purple stripe, 4—6 x 2—3 mm, apex rounded, with 1 vein;
epichile reniform or reniform-triangular, recurved outward,
3—4 x 6—9 mm, apex obtuse, margin slightly undulate, sparsely
covered with short papillate hairs, central golden yellow thickened
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tissue with purple-red spots; hypochile helmet-shaped, elongated,
4—5 x 6—7 mm, apex rounded, with 3—5 ridges on the outside
surface, upper side margins almost at the same level as epichile;

stamen column cylindrical, ca. 1.5 mm long; anther cap almost
hemispheric, with two chambers, 1 x 12 mm; pollinia 2,
0.7 x 0.6 mm, yellow, full and nearly spherical, with a depression in

Fig. 4. Gastrochilus armeniacus A. Flowering plant (A1: leaf reverse, A2: leaf front). B. Inflorescence. C-G. Flowers. H. Labellum. I. Dissection of a flower (I1: dorsal sepal; 12—I3:
petals; 14—I5: sepals; 16: labellum). J. Stamen. K. Stigma.
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the central; stigma deeply sunken, inverted V-shaped, ca. 1 mm
long, yellow-green, apically forked into a subtriangular outline.

Distribution and habitat. The new species is currently known
only from Wenchuan County, Sichuan Province, Southwest China. It
is epiphytic, growing on tree trunks at an elevation about 1380 m.

Phenology. It flowers from April to May.

Etymology. The specific epithet ‘armeniacus’ refers to the
apricot-yellow color of its flowers.

Relationships. This new species is similar to Gastrochilus sac-
catus and G. wolongensis (Fig. 1-11-4), but it can be easily distin-
guished from the latter two species by its longer unbranched stems,
lightly lathery leaves, apricot-yellow flowers, 1-veined sepals and
petals with one red-purple stripe, and epichile with purple-red
spotted golden yellow center of thickened tissue. A more detailed
comparison of the three species is presented in Table 2.

Conservation status. From available field observation, its
habitat is remotely located and rarely susceptible to anthropogenic
disturbance. However, owing to the difficulty in accessing similar
habitats, we provisionally assess it as Data Deficient (DD) according
to the categories and criteria of IUCN (2022) pending further
investigation of more extensive inventories.

5.10. Gastrochilus minjiangensis Jun Y. Zhang, B. Xu & Yue H.
Cheng, sp. nov. (ST B8 min jiang pen ju lan). Figs. 1-11-2 and 5

Type. CHINA. Sichuan Province: Wenchuan County, Sanjiang
Town, Xihe, deciduous broadleaf forest, on tree trunk, elev. ca.
1460 m, in flowering, 30 April 2022, Jun-Yi Zhang, Min Liao & Yue-
Hong Cheng ZJY146 (Holotype CDBI!; Isotype CDBI!).

Description. Epiphyte on tree trunks. Roots vermiform. Stems
prostrate, slender, 10—16 cm long, ca. 2 mm thick, often branched,
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internodes 4—6 mm. Leaves green, unspotted, distichously alter-
nate, slightly fleshy, oblong or elliptic, 1-2 x 4—6 mm, apex acute
and 3—lobed. Inflorescence shortly umbellate, with 1-2 flowers;
peduncle slender, smooth and fleshy, 6—9 mm long, slightly infla-
ted distally; floral bracts reduced and usually inconspicuous, ovate-
triangular, ca. 1 mm, apex acute; pedicel and ovary yellowish with
purple-red spots, ca. 8 mm; flowers yellowish with conspicuous
purple-red spots, ca. 1.3 x 1.2 cm; dorsal sepal elliptic, with pur-
plish red spots, 5.4—6.8 x 3.5—4.5 mm, apex obtuse, with 1 vein;
lateral sepals as large as the dorsal sepal, obliquely oblong, with
purplish red spots, apex obtuse, with 1 vein; petals obovate, with
purplish red spots, 4.5—6 x 2.8—3.6 mm, apex rounded, with 1
vein; epichile reniform, spreading, 7—11 x 4—6 mm, apex broadly
notched, margin entire or slightly undulate, sparsely covered with
short papillate hairs, central yellow-green thickened tissue with
conspicuous purplish-red spots; hypochile nearly cupular, ca.
6 x 5 mm, apex rounded, with sparse purplish-red spots, upper oral
margin almost at the same level as the epichile; stamen column
cylindrical, ca. 2 mm long; anther cap almost hemispheric, with
two chambers, 0.8 x 1 mm; pollinia 2, 0.8 x 0.6 mm, yellow, full
and nearly spherical, with a depression in the central; stigma
deeply sunken, ca. 0.8 mm long, white, apically forked into nearly
ellipsoidal outline.

Distribution and habitat. This new species is only known from
the type locality in Southwest China, and detailed information
concerning the location and habitat is the same as the above cited
type specimen.

Phenology. It flowers from April to May.

Etymology. Its specific epithet refers to the Minjiang River, of
which the watershed includes the area of the type locality of this
new orchid.

Table 2

Morphological comparison of Gastrochilus armeniacus, G. minjiangensis, G. wolongensis, G. saccatus and G. formosanus.

Character G. armeniacus G. minjiangensis G. wolongensis G. saccatus G. formosanus
Steams Unbranched, 7—15 cm Branched, 10—16 cm Unbranched, 4—-9 cm Branched, 3—9 cm Branched, 10—40 cm
Leaves Slightly leathery, green Fleshy, green unspotted Fleshy, green with Fleshy, green unspotted Fleshy, green with

Peduncle length
Flowers

Dorsal sepal

Lateral sepals

Petals

Hypochile

Epichile

Flowering period

unspotted

0.6—-0.9 cm
Apricot-yellow; without
spots; ca. 1.4 x 1.2 cm

Elliptic, with one red-
purple stripe, 4—6 x 3

—4 mm, apex obtuse, with
1 vein

Obliquely oblong, with
one red-purple stripe,
apex subacute, with 1 vein
Obovate, with one red-
purple stripe, 4—6 x 2
—3 mm, apex rounded,
with 1 vein
Helmet-shaped,
elongated, 4—5 x 6

—7 mm, apex rounded,
with 4-5 ridges on the
outside

Reniform or reniform-
triangular, recurved
outward, 3—4 x 6—9 mm,
apex obtuse, margin
slightly undulate, sparsely
covered with short
papillate hairs, central
golden yellow thickened
tissue with purple-red
spots

April and May

0.6—-0.9 cm
Yellowish, with purplish
spots; 1.3 x 1.2 cm

Elliptic, with purplish red
spots, 5.4—6.8 x 3.5

—4.5 mm, apex obtuse,
with 1 vein

Obliquely oblong, with
purplish red spots, apex
obtuse, with 1 vein
Obovate, with purplish red
spots, 4.5—6 x 2.8

—3.6 mm, apex rounded,
with 1 vein

Subcupular, ca. 6 x 5 mm,
apex rounded, with sparse
purplish-red spots on the
outside

Reniform, spreading, 7
—11 x 4—6 mm, apex
broadly notched, margin
entire or slightly undulate,
sparsely covered with
short papillate hairs
central yellow-green
thickened tissue with
conspicuous purplish-red
spots

April and May

purplish red spots
0.4—-0.7 cm

Yellowish green, with
purplish red stripes;

1.2 x 1.3 cm
Elliptic-oblong, with three
red-purple stripes, 6.8
—8.9 x 4.2—5.8 mm, apex
slightly pointed, with 1
vein

Obliquely oblong, with
three red-purple stripes,
apex obtuse, with 3 veins
Subobovate, with three
red-purple stripes, 7.1
—8.5 x 4.5—6 mm, apex
subrounded, with 3 veins
Subcupular, 3.7 x 5.8 mm,
apex rounded, with
conspicuous purplish-red
stripes on the outside

Reniform, spreading, 4.5
—5.2 x 10—12.3 mm, apex
broadly emarginate,
margin entire, densely
covered with short
papillate hairs central
yellow-green thickened
tissue with purple-red
spots

March and April

0.5-0.7 cm
Unknown

Elliptic, with purplish red
spots, 4.8 x 2.8 mm, apex
obtuse, with 1 vein

Obliquely oblong, with
purplish red spots, apex
obtuse, with 1 vein
Obovate, with purplish red
spots, 4 x 2.6 mm, apex
rounded, with 1 vein

Subhelmet-shaped or cup-
shaped, 4 x 3 mm, apex
rounded, with 4 ridges on
the outside

Reniform or reniform-
triangular, recurved
outward, 2.7 x 9 mm, apex
obtuse, margin entire,
densely covered with
short papillate hairs,
central yellow thickened
tissue with purplish-red
spots

Unknown

purplish red spots
1.0-1.5 cm

Yellowish, with purplish
spots; 0.8 x 0.9 cm

Elliptic-oblong, with
purplish red spots, 4.2
—5.6 x 2.5—3.5 mm, apex
obtuse, with 3 veins

Obliquely oblong, with
purplish red spots, apex
obtuse, with 3 veins
Oblanceolate, with
purplish red spots, 4

—5 x 2.8—3 mm, apex
rounded, with 3 veins
Subcupular, ca. 3 x 4 mm,
apex rounded, with sparse
purplish-red spots on the
outside

Triangular or suborbicular,
recurved outward, 2.2
—3.2 x 7-9 mm, apex
obtuse or subtruncate,
margin entire, densely
covered with short
papillate hairs, central
yellow thickened tissue
with black spots

Throughout year
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Fig. 5. Gastrochilus minjiangensis A. Flowering plant. B. Leaves (B1: front, B2: reverse). C. Inflorescence. D-E. Flowers. F. Dissection of a flower (F1: dorsal sepal; F2—F3: petals;
F4—F5: sepals; F6: labellum). G-H. Labellum. L. Stamen.

Relationships. It morphologically most resembles Gastrochilus reduced to inconspicuous floral bracts (vs. 2—3 mm), 1-veined
formosanus (Fig. 1-11-5), but can be clearly discerned from the latter petals and sepals (vs. 3-veined), and larger flowers (1.4 x 1.2 cm
in having green unspotted leaves (vs. purplish red spots on both vs. 0.8 x 0.9 cm). More detailed comparison including other species
sides), shorter inflorescence stalk (0.6—0.9 cm vs. 1-1.5 cm), in the same section is summarized in Table 2.
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Conservation status. Similar to that of Gastrochilus armeniacus,
its present conservation status is not clear. Because habitats that we
assume are suitable for the optimal growth of this new species are
quite widespread in the Wolong Nature Reserve, we tentatively
assess it as Data Deficient (DD) based on the Categories and Criteria
[UCN (2022), at least until more thorough investigations have been
completed.
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