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Abstract

Hemipilia zhuxiensis (Orchidaceae), is a new species discovered in the Shibali
Long Canyon National Nature Reserve, Zhuxi County, Hubei Province, China. It is
morphologically similar to Hemipilia henryi and Hemipilia crassicalcarata, but differs in
having an oblong, simple labellum with a slightly involute margin, an upcurved apex, and
a spur shorter than the ovary. Molecular phylogenetic analyses, using nuclear (nrITS)
and plastid (combined matK, psaB, psbA-trnH, rbcL and trnL-F) DNA sequences, confirm
that H. zhuxiensis is closely related to Hemipilia henryi and Hemipilia crassicalcarata,
supporting its recognition as a new species in the H. section Hemipilia as defined by
Tang et al. (2015).
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Introduction

The genus Hemipilia Lindley sensu stricto (subtribe Orchidinae, Orchidaceae)
comprises c. 13 species (Chase et al. 2015). Hemipilia s.s. is characterized
by distinct morphological features, such as protruding and tongue-like rostel-
lum, separate stigma and rostellum, basal and single leaves (Luo and Chen
2000; Chen et al. 2009). Nevertheless, the phylogenetic relationships between
Hemipilia and other genera within the subtribe Orchidinae remain controver-
sial (Jin et al. 2014, 2017; Tang et al. 2015). The monophyletic Hemipilia s.s.
is clustered with Ponerorchis brevicalcarata (Finet 1901: 420) von Soé (1966:
353) and Hemipiliopsis purpureopunctata (Lang in Lang and Ji 1978: 127) Luo
and Chen (2003: 450) in a strongly supported clade (Luo 1999; Bateman et
al. 2003; Jin et al. 2014).Tang et al. (2015) further proposed a broad circum-
scription of Hemipilia sensu latissimo, lumping Neottianthe Schltr., Ponerorchis,
Tsaiorchis Tang & Wang and Hemipiliopsis into a single monophyletic genus.
Most recently, Jin et al. (2017) updated the phylogeny with samples from the
subtribe Orchidinae and recognized Hemipilia, Ponerorchis, and Tsaiorchis as
distinct genera. Therefore, the circumscription of Hemipilia still requires refine-
ment with additional data.
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In recent years, many new species of Hemipilia have been discovered (Tang
et al. 2016; Wang et al. 2022; Yang et al. 2022). During our 2020 field investi-
gation in the Wuling Mountains of Hubei Province, we found numerous small,
purple-flowered Hemipilia species. However, the literature shows no such char-
acteristics in any of Hemipilia species studied before. The oblong and simple
labellum with a slightly involute margin and a shorter spur distinguishes it from
all the known species of Hemipilia. Morphological and phylogenetic analyses
suggest that H. zhuxiensis is closely related to H. henryi and H. crassicalcarata.
Consequently, we describe it as a new species in H. sect. Hemipilia as defined
by Tang et al. (2015).

Materials and methods
Morphological observations

The morphological characterization and description of the new species are
based on the comprehensive examination of both living plants and the herbar-
ium specimens. The voucher specimens of Hemipilia zhuxiensis and Hemipilia
henryi, collected from Zhuxi County in Hubei Province, have been deposited in
the Herbarium of Wuhan Botanical Garden, CAS (HIB). The list of all herbarium
specimens examined for this study is provided in Appendix 1.

Phylogenetic reconstruction

Molecular analysis was performed using 89 samples (including 2 newly se-
quenced) and 6 DNA sequence makers (nrITS, matK, psaB, psbA-trnH, rbcL,
trnL-F) to explore the phylogenetic placement of the new species within Orchid-
inae following the phylogenetic study of Jin et al. (2017) and Yang et al. (2022).
Three species (Corycium ingeanum, Corycium nigrescens, and Ceratandra gran-
diflora) were considered as outgroups following Yang et al. (2022).

DNA of Hemipilia zhuxiensis and Hemipilia henryi was extracted from sili-
ca-dried leaf fragments using the modified 2xCTAB procedure of Doyle and
Doyle (1987). All sequences were obtained from the genome skimming data.
DNA extraction, library preparation, and sequencing were performed at Major-
Bio Company (Shanghai, China). The nrDNA regions (18S-ITS1-5.8S-ITS2-26S)
and complete chloroplast genome were assembled using GetOrganelle v1.7.4
with default parameters (Jin et al. 2020). Chloroplast genome annotation was
performed with Geseq (Tillich et al. 2017). Annotation results were checked,
adjusted and used to extract DNA sequence makers accordingly (nrITS, matkK,
psaB, psbA-trnH, rbcL, trnL-F) in Geneious 11.0.4 (Kearse et al. 2012). The final
nrlTS and plastome sequences of Hemipilia zhuxiensis and Hemipilia henryi
have been submitted to GenBank, and their accession numbers are provided
in Table 1.

Phylogenetic analyses were conducted using Maximum likelihood (ML) and
Bayesian Inference (BI). All DNA sequence markers were aligned individually
using MAFFT (Katoh and Standley 2013). Subsequently, the aligned sequences
were manually adjusted and modified using trimAl (Capella-Gutiérrez etal. 2009).
The concatenation of five plastid DNA sequences and the construction of a phy-
logenetic tree were eventually completed using PhyloSuite (Zhang et al. 2020).
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Table 1. GenBank accession numbers of taxa included in phylogenetic reconstruction. Sequences generated in this study

are marked with asterisks (*). Missing data are indicated with

Species
Hemipilia zhuxiensis
Hemipilia henryi
Hemipilia alpestris
Hemipilia amplexifolia
Hemipilia basifoliata
Hemipilia capitata
Hemipilia cf. faberi
Hemipilia faberi
Hemipilia farreri
Hemipilia gonggashanica
Hemipilia gracilis
Hemipilia hemipilioides
Hemipilia keiskei
Hemipilia keiskeoides
Hemipilia kinoshitai
Hemipilia lepida
Hemipilia monantha
Hemipilia physoceras
Hemipilia parceflora
Hemipilia physoceras
Hemipilia thailandica
Hemipilia trifurcata
Hemipilia wenshanensis
Anacamptis laxiflora
Anacamptis pyramidalis
Benthamia perularioides
Brachycorythis henryi
Brachycorythis obcordata
Ceratandra grandiflora
Chamorchis alpina
Corycium ingeanum
Corycium nigrescens
Dactylorhiza fuchsii
Dactylorhiza viridis
Galearis roborowskyi
Galearis spathulata
Galearis tschiliensis
Galearis wardii
Hemipilia calophylla
Hemipilia cordifolia
Hemipilia crassicalcarata
Hemipilia cruciata
Hemipilia flabellata
Hemipilia forrestii

Hemipilia galeata

ITS
PP988699
PP988698
KJ460093
KM651222
KM651223
KM651224
KM651226
KM651230
KJ460047
KM651233
KJ460036
KM651238
KM651239
KM651240
KM651241
KM651242
KJ460037
KM651246
KJ460052
KM651247
KM651256
KJ460055
KM651258
AM711747
AY364870
MT500652
MF944262
MF944263
EU687530
EU301446
EU301461
MF944265
JN696446
KM651265
KJ460094
KJ460057
MF944274
KJ460095
MF944329
KM651270
MF944330
KM651271
KJ460049
KT183499

matK

PP999314
PP999315
KJ452849
KM651386
KM651387
KM651388
KM651395
KM651389
KJ452803
KM651394
JN696435
KM651400
KM651401
KM651402
KM651403
KM651404
JN696436
KM651408
KJ452808
KM651409
KM651419
KJ452811

KM651422
KF997312
JN894348
MT533554
MF945438
MF945500
EU687535
FR832740
EU301499
EU301514
MF945400
KJ452797
KM651429
KJ452850
KJ452813
MF945417
KJ452852
MF945454
KM651434
MF945462
KJ452806
KJ452805
KT183498
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psaB
PP999314
PP999315
MF944593

MF944558

MF944434
MF944552

MF944443

MF944562
MF944565

MF944465
MF944533

MF944423
MF944555
MF944594
MF944566
MF944442
MF944596
MF944481

MF944490

MF944559

psbA_trnH
PP999314
PP999315
MF944800
KM651467
KM651468
KM651469
KM651471
KM651475
MF944765
KM651478
MF944644
KM651483
KM651484
KM651485
KM651486
MF944653
KM651490
MF944769
KM651492
KM651501
MF944772
KM651504
AM711707

MF944675
MF944742

MF944633
MF944762
KM651511
MF944801
MF944773
MF944652
MF944803
MF944691

MF944700

MF944766

rbel
PP999314
PP999315
KJ451547

KJ451501

JN696420

JN696421

KJ451506
KJ451509
KF997401

JN891189
MT506429
MF944873
MF944936
FN870786

MF944836
KJ451495
KJ451548
KJ451511

MF944853
KJ451550
MF944888
MF944896
KJ451504
KJ451503

trnL_F
PP999314
PP999315
MF945360
KM651546
KM651547
KM651548
KM651550
KM651554
MF945325
KM651557
MF945203
KM651562
KM651563
KM651564
KM651565
KM651566
MF945212
KM651570
MF945329
KM651572
KM651581
MF945332
KM651584
KU931755
MT507741
MF945234
MF945301
EU687540
EU301552
EU301567
MF945192
MF945322
KM651591
MF945361
MF945333
MF945211
MF945363
MF945250
KM651596
MF945259
KM651597
MF945326
KT183500
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http://www.ncbi.nlm.nih.gov/nuccore/PP988699
http://www.ncbi.nlm.nih.gov/nuccore/PP999314
http://www.ncbi.nlm.nih.gov/nuccore/PP999314
http://www.ncbi.nlm.nih.gov/nuccore/PP999314
http://www.ncbi.nlm.nih.gov/nuccore/PP999314
http://www.ncbi.nlm.nih.gov/nuccore/PP999314
http://www.ncbi.nlm.nih.gov/nuccore/PP988698
http://www.ncbi.nlm.nih.gov/nuccore/PP999315
http://www.ncbi.nlm.nih.gov/nuccore/PP999315
http://www.ncbi.nlm.nih.gov/nuccore/PP999315
http://www.ncbi.nlm.nih.gov/nuccore/PP999315
http://www.ncbi.nlm.nih.gov/nuccore/PP999315
http://www.ncbi.nlm.nih.gov/nuccore/KJ460093
http://www.ncbi.nlm.nih.gov/nuccore/KJ452849
http://www.ncbi.nlm.nih.gov/nuccore/MF944593
http://www.ncbi.nlm.nih.gov/nuccore/MF944800
http://www.ncbi.nlm.nih.gov/nuccore/KJ451547
http://www.ncbi.nlm.nih.gov/nuccore/MF945360
http://www.ncbi.nlm.nih.gov/nuccore/KM651222
http://www.ncbi.nlm.nih.gov/nuccore/KM651386
http://www.ncbi.nlm.nih.gov/nuccore/KM651467
http://www.ncbi.nlm.nih.gov/nuccore/KM651546
http://www.ncbi.nlm.nih.gov/nuccore/KM651223
http://www.ncbi.nlm.nih.gov/nuccore/KM651387
http://www.ncbi.nlm.nih.gov/nuccore/KM651468
http://www.ncbi.nlm.nih.gov/nuccore/KM651547
http://www.ncbi.nlm.nih.gov/nuccore/KM651224
http://www.ncbi.nlm.nih.gov/nuccore/KM651388
http://www.ncbi.nlm.nih.gov/nuccore/KM651469
http://www.ncbi.nlm.nih.gov/nuccore/KM651548
http://www.ncbi.nlm.nih.gov/nuccore/KM651226
http://www.ncbi.nlm.nih.gov/nuccore/KM651395
http://www.ncbi.nlm.nih.gov/nuccore/KM651471
http://www.ncbi.nlm.nih.gov/nuccore/KM651550
http://www.ncbi.nlm.nih.gov/nuccore/KM651230
http://www.ncbi.nlm.nih.gov/nuccore/KM651389
http://www.ncbi.nlm.nih.gov/nuccore/KM651475
http://www.ncbi.nlm.nih.gov/nuccore/KM651554
http://www.ncbi.nlm.nih.gov/nuccore/KJ460047
http://www.ncbi.nlm.nih.gov/nuccore/KJ452803
http://www.ncbi.nlm.nih.gov/nuccore/MF944558
http://www.ncbi.nlm.nih.gov/nuccore/MF944765
http://www.ncbi.nlm.nih.gov/nuccore/KJ451501
http://www.ncbi.nlm.nih.gov/nuccore/MF945325
http://www.ncbi.nlm.nih.gov/nuccore/KM651233
http://www.ncbi.nlm.nih.gov/nuccore/KM651394
http://www.ncbi.nlm.nih.gov/nuccore/KM651478
http://www.ncbi.nlm.nih.gov/nuccore/KM651557
http://www.ncbi.nlm.nih.gov/nuccore/KJ460036
http://www.ncbi.nlm.nih.gov/nuccore/JN696435
http://www.ncbi.nlm.nih.gov/nuccore/MF944434
http://www.ncbi.nlm.nih.gov/nuccore/MF944644
http://www.ncbi.nlm.nih.gov/nuccore/JN696420
http://www.ncbi.nlm.nih.gov/nuccore/MF945203
http://www.ncbi.nlm.nih.gov/nuccore/KM651238
http://www.ncbi.nlm.nih.gov/nuccore/KM651400
http://www.ncbi.nlm.nih.gov/nuccore/KM651483
http://www.ncbi.nlm.nih.gov/nuccore/KM651562
http://www.ncbi.nlm.nih.gov/nuccore/KM651239
http://www.ncbi.nlm.nih.gov/nuccore/KM651401
http://www.ncbi.nlm.nih.gov/nuccore/KM651563
http://www.ncbi.nlm.nih.gov/nuccore/KM651240
http://www.ncbi.nlm.nih.gov/nuccore/KM651402
http://www.ncbi.nlm.nih.gov/nuccore/MF944552
http://www.ncbi.nlm.nih.gov/nuccore/KM651484
http://www.ncbi.nlm.nih.gov/nuccore/KM651564
http://www.ncbi.nlm.nih.gov/nuccore/KM651241
http://www.ncbi.nlm.nih.gov/nuccore/KM651403
http://www.ncbi.nlm.nih.gov/nuccore/KM651485
http://www.ncbi.nlm.nih.gov/nuccore/KM651565
http://www.ncbi.nlm.nih.gov/nuccore/KM651242
http://www.ncbi.nlm.nih.gov/nuccore/KM651404
http://www.ncbi.nlm.nih.gov/nuccore/KM651486
http://www.ncbi.nlm.nih.gov/nuccore/KM651566
http://www.ncbi.nlm.nih.gov/nuccore/KJ460037
http://www.ncbi.nlm.nih.gov/nuccore/JN696436
http://www.ncbi.nlm.nih.gov/nuccore/MF944443
http://www.ncbi.nlm.nih.gov/nuccore/MF944653
http://www.ncbi.nlm.nih.gov/nuccore/JN696421
http://www.ncbi.nlm.nih.gov/nuccore/MF945212
http://www.ncbi.nlm.nih.gov/nuccore/KM651246
http://www.ncbi.nlm.nih.gov/nuccore/KM651408
http://www.ncbi.nlm.nih.gov/nuccore/KM651490
http://www.ncbi.nlm.nih.gov/nuccore/KM651570
http://www.ncbi.nlm.nih.gov/nuccore/KJ460052
http://www.ncbi.nlm.nih.gov/nuccore/KJ452808
http://www.ncbi.nlm.nih.gov/nuccore/MF944562
http://www.ncbi.nlm.nih.gov/nuccore/MF944769
http://www.ncbi.nlm.nih.gov/nuccore/KJ451506
http://www.ncbi.nlm.nih.gov/nuccore/MF945329
http://www.ncbi.nlm.nih.gov/nuccore/KM651247
http://www.ncbi.nlm.nih.gov/nuccore/KM651409
http://www.ncbi.nlm.nih.gov/nuccore/KM651492
http://www.ncbi.nlm.nih.gov/nuccore/KM651572
http://www.ncbi.nlm.nih.gov/nuccore/KM651256
http://www.ncbi.nlm.nih.gov/nuccore/KM651419
http://www.ncbi.nlm.nih.gov/nuccore/KM651501
http://www.ncbi.nlm.nih.gov/nuccore/KM651581
http://www.ncbi.nlm.nih.gov/nuccore/KJ460055
http://www.ncbi.nlm.nih.gov/nuccore/KJ452811
http://www.ncbi.nlm.nih.gov/nuccore/MF944565
http://www.ncbi.nlm.nih.gov/nuccore/MF944772
http://www.ncbi.nlm.nih.gov/nuccore/KJ451509
http://www.ncbi.nlm.nih.gov/nuccore/MF945332
http://www.ncbi.nlm.nih.gov/nuccore/KM651258
http://www.ncbi.nlm.nih.gov/nuccore/KM651422
http://www.ncbi.nlm.nih.gov/nuccore/KM651504
http://www.ncbi.nlm.nih.gov/nuccore/KM651584
http://www.ncbi.nlm.nih.gov/nuccore/AM711747
http://www.ncbi.nlm.nih.gov/nuccore/KF997312
http://www.ncbi.nlm.nih.gov/nuccore/AM711707
http://www.ncbi.nlm.nih.gov/nuccore/KF997401
http://www.ncbi.nlm.nih.gov/nuccore/AY364870
http://www.ncbi.nlm.nih.gov/nuccore/JN894348
http://www.ncbi.nlm.nih.gov/nuccore/JN891189
http://www.ncbi.nlm.nih.gov/nuccore/KU931755
http://www.ncbi.nlm.nih.gov/nuccore/MT500652
http://www.ncbi.nlm.nih.gov/nuccore/MT533554
http://www.ncbi.nlm.nih.gov/nuccore/MT506429
http://www.ncbi.nlm.nih.gov/nuccore/MT507741
http://www.ncbi.nlm.nih.gov/nuccore/MF944262
http://www.ncbi.nlm.nih.gov/nuccore/MF945438
http://www.ncbi.nlm.nih.gov/nuccore/MF944465
http://www.ncbi.nlm.nih.gov/nuccore/MF944675
http://www.ncbi.nlm.nih.gov/nuccore/MF944873
http://www.ncbi.nlm.nih.gov/nuccore/MF945234
http://www.ncbi.nlm.nih.gov/nuccore/MF944263
http://www.ncbi.nlm.nih.gov/nuccore/MF945500
http://www.ncbi.nlm.nih.gov/nuccore/MF944533
http://www.ncbi.nlm.nih.gov/nuccore/MF944742
http://www.ncbi.nlm.nih.gov/nuccore/MF944936
http://www.ncbi.nlm.nih.gov/nuccore/MF945301
http://www.ncbi.nlm.nih.gov/nuccore/EU687530
http://www.ncbi.nlm.nih.gov/nuccore/EU687535
http://www.ncbi.nlm.nih.gov/nuccore/EU687540
http://www.ncbi.nlm.nih.gov/nuccore/FR832740
http://www.ncbi.nlm.nih.gov/nuccore/FN870786
http://www.ncbi.nlm.nih.gov/nuccore/EU301446
http://www.ncbi.nlm.nih.gov/nuccore/EU301499
http://www.ncbi.nlm.nih.gov/nuccore/EU301552
http://www.ncbi.nlm.nih.gov/nuccore/EU301461
http://www.ncbi.nlm.nih.gov/nuccore/EU301514
http://www.ncbi.nlm.nih.gov/nuccore/EU301567
http://www.ncbi.nlm.nih.gov/nuccore/MF944265
http://www.ncbi.nlm.nih.gov/nuccore/MF945400
http://www.ncbi.nlm.nih.gov/nuccore/MF944423
http://www.ncbi.nlm.nih.gov/nuccore/MF944633
http://www.ncbi.nlm.nih.gov/nuccore/MF944836
http://www.ncbi.nlm.nih.gov/nuccore/MF945192
http://www.ncbi.nlm.nih.gov/nuccore/JN696446
http://www.ncbi.nlm.nih.gov/nuccore/KJ452797
http://www.ncbi.nlm.nih.gov/nuccore/MF944555
http://www.ncbi.nlm.nih.gov/nuccore/MF944762
http://www.ncbi.nlm.nih.gov/nuccore/KJ451495
http://www.ncbi.nlm.nih.gov/nuccore/MF945322
http://www.ncbi.nlm.nih.gov/nuccore/KM651265
http://www.ncbi.nlm.nih.gov/nuccore/KM651429
http://www.ncbi.nlm.nih.gov/nuccore/KM651511
http://www.ncbi.nlm.nih.gov/nuccore/KM651591
http://www.ncbi.nlm.nih.gov/nuccore/KJ460094
http://www.ncbi.nlm.nih.gov/nuccore/KJ452850
http://www.ncbi.nlm.nih.gov/nuccore/MF944594
http://www.ncbi.nlm.nih.gov/nuccore/MF944801
http://www.ncbi.nlm.nih.gov/nuccore/KJ451548
http://www.ncbi.nlm.nih.gov/nuccore/MF945361
http://www.ncbi.nlm.nih.gov/nuccore/KJ460057
http://www.ncbi.nlm.nih.gov/nuccore/KJ452813
http://www.ncbi.nlm.nih.gov/nuccore/MF944566
http://www.ncbi.nlm.nih.gov/nuccore/MF944773
http://www.ncbi.nlm.nih.gov/nuccore/KJ451511
http://www.ncbi.nlm.nih.gov/nuccore/MF945333
http://www.ncbi.nlm.nih.gov/nuccore/MF944274
http://www.ncbi.nlm.nih.gov/nuccore/MF945417
http://www.ncbi.nlm.nih.gov/nuccore/MF944442
http://www.ncbi.nlm.nih.gov/nuccore/MF944652
http://www.ncbi.nlm.nih.gov/nuccore/MF944853
http://www.ncbi.nlm.nih.gov/nuccore/MF945211
http://www.ncbi.nlm.nih.gov/nuccore/KJ460095
http://www.ncbi.nlm.nih.gov/nuccore/KJ452852
http://www.ncbi.nlm.nih.gov/nuccore/MF944596
http://www.ncbi.nlm.nih.gov/nuccore/MF944803
http://www.ncbi.nlm.nih.gov/nuccore/KJ451550
http://www.ncbi.nlm.nih.gov/nuccore/MF945363
http://www.ncbi.nlm.nih.gov/nuccore/MF944329
http://www.ncbi.nlm.nih.gov/nuccore/MF945454
http://www.ncbi.nlm.nih.gov/nuccore/MF944481
http://www.ncbi.nlm.nih.gov/nuccore/MF944691
http://www.ncbi.nlm.nih.gov/nuccore/MF944888
http://www.ncbi.nlm.nih.gov/nuccore/MF945250
http://www.ncbi.nlm.nih.gov/nuccore/KM651270
http://www.ncbi.nlm.nih.gov/nuccore/KM651434
http://www.ncbi.nlm.nih.gov/nuccore/KM651596
http://www.ncbi.nlm.nih.gov/nuccore/MF944330
http://www.ncbi.nlm.nih.gov/nuccore/MF945462
http://www.ncbi.nlm.nih.gov/nuccore/MF944490
http://www.ncbi.nlm.nih.gov/nuccore/MF944700
http://www.ncbi.nlm.nih.gov/nuccore/MF944896
http://www.ncbi.nlm.nih.gov/nuccore/MF945259
http://www.ncbi.nlm.nih.gov/nuccore/KM651271
http://www.ncbi.nlm.nih.gov/nuccore/KJ452806
http://www.ncbi.nlm.nih.gov/nuccore/KJ451504
http://www.ncbi.nlm.nih.gov/nuccore/KM651597
http://www.ncbi.nlm.nih.gov/nuccore/KJ460049
http://www.ncbi.nlm.nih.gov/nuccore/KJ452805
http://www.ncbi.nlm.nih.gov/nuccore/MF944559
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Species ITS matK psaB psbA_trnH rbelL trnL_F

Hemipilia kwangsiensis KM651272 KJ452851 MF944595 MF944802 KJ451549 MF945362
Hemipilia yajiangensis OM009240 0M009241 0M009241 0M009241 0OM009241 0M009241
Hemipilia avisoides 0P597820 OP595696 OP595697
Hemipilia purpureopunctata KJ460051 KJ452807 MF944561 MF944768 KJ451505 MF945328
Herminium esquirolii KR350147 KR350183 KR350222 KR350277 KR350328 KR350367
Himantoglossum hircinum AY351385 KF997261 - - KF997440 -

Neolindleya camtschatica KT338754 KF262003 - KF262121 KF296612 -

Neotinea maculata AM711744 - - AM711706 FN870882 KU931823
Hemipilia compacta JN696455 KJ452796 MF944554 MF944761 KJ451494 MF945321
Hemipilia cucullata JN696456 KJ452792 MF944550 KM651522 KJ451490 MF945317
Hemipilia fujisanensis KM651280 KM651444 - KM651524 - KM651606
Hemipilia cucullata JN696454 KJ452791 MF944549 MF944756 KJ451489 MF945316
Ophrys apifera AJ539529 AJ543953 AY381047 AM711642 AF074202 AJ409432
Ophrys insectifera MF944348 MF945396 MF944525 MF944734 MF944928 MF945293
Orchis anthropophora AY364869 - - - KF997307 EU294186
Orchis mascula AY351379 JN895683 - HG800547 MK925129 KU931823
Orchis militaris AY014548 KF997352 - - KF997273 AY014586
Orchis purpurea AY364882 - - - KF997502 -

Platanthera bakeriana KJ460061 KJ452817 MF944569 MF944776 KJ451515 MF945336
Hemipilia basifoliata MF944399 MF945455 MF944482 MF944692 MF944889 MF945251
Hemipilia brevicalcarata KJ460041 KJ452793 MF944551 MF944758 KJ451491 MF945318
Hemipilia camptoceras MF944400 MF945409 MF944433 MF944643 MF944845 MF945202
Hemipilia cf. hui KM651296 KM651462 - KM651539 - KM651621
Hemipilia chidori KM651286 KM651450 - KM651531 - KM651613
Hemipilia chusua MF944401 MF945460 MF944488 MF944698 MF944894 MF945257
Hemipilia cucullata MF944402 MF945451 MF944477 MF944687 MF944885 MF945246
Hemipilia graminifolia KM651292 KM651456 - KM651538 - KM651620
Hemipilia kiraishiensis MF944403 MF945445 MF944472 - MF944879 MF945241
Hemipilia hui MF944398 MF945425 MF944451 MF944661 MF944861 MF945220
Hemipilia chusua MF944404 MF945475 MF944504 MF944713 MF944908 MF945273
Hemipilia oblonga MF944405 MF945472 MF944501 MF944710 MF944906 MF945270
Hemipilia omeishanica KM651299 KM651464 - KM651542 - KM651624
Hemipilia compacta MF944406 MF945458 MF944485 MF944695 MF944892 MF945254
Hemipilia sichuanica KJ460059 KJ452815 MF944567 MF944774 KJ451513 MF945334
Hemipilia simplex MF944407 MF945427 MF944453 MF944663 MF944863 MF945222
Hemipilia graminifolia var. suzukiana KM651300 KM651459 - KM651543 - KM651625
Hemipilia tetraloba MF944411 MF945440 MF944467 MF944677 MF944875 MF945236
Hemipilia tibetica MF944412 MF945449 MF944476 MF944685 MF944883 MF945245
Pseudorchis albida KU974068 - - - KF997412 GQ245349
Pseudorchis straminea DQ022894 - - - FN870908 -

Schizochilus flexuosus MT500598 FR832831 - - FN870929 MT507689
Hemipilia pinguicula MF944417 MF945495 MF944528 MF944737 MF944931 MF945296
Sirindhornia pulchella KJ460045 KJ452801 MF944557 MF944764 KJ451499 MF945324
Steveniella satyrioides AM711746 FR832840 - - - KU931833
Traunsteinera globosa KT318279 - - HG800585 HG417055 -

“~"indicates lacking data.
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Nuclear and plastid data were analyzed separately following Tang et al. (2015).
The best-fit DNA substitution model was estimated for nrITS using ModelFind-
er (Kalyaanamoorthy et al. 2017) and for the concatenated 5 plastid DNA se-
quences using PartitionFinder2 (Lanfear et al. 2016). The ML phylogenetic tree
was obtained using IQ-TREE with ultrafast bootstrap support of 1000 replicates
(Nguyen et al. 2015). The Bl tree was constructed using MrBayes version 3.2.6
(Ronquist et al. 2012) with the Markov Chain Monte Carlo (MCMC) method
and sampled every 1000 generations of a total of 2 million. Once the average
standard deviation of split frequencies fell below 0.01, the first 25% of gener-
ated trees were discarded as a burn-in process, and the runs were considered
to have reached a stable state. The phylogenetic trees were edited and visually
optimized using TreeGraph2 (Stover and Muller 2010).

Results
Morphological comparison

In Hemipilia sect. Hemipilia, many species exhibit morphological similarity,
characterized by relatively small purplish-red flowers, tongue-like rostellum,
and ovate leaves with purple spots. We have selected H. henryi and H. crassical-
carata for morphological comparison with H. zhuxiensis, as they share general
attributes, and also have the closest phylogenetic relationship. Morphological
comparisons of H. zhuxiensis, such as leaf and flower characteristics, with the
similar taxa H. henryi and H. crassicalcarata, are provided in Table 2. Morpho-
logical data are summarized from the literature (Chen et al. 2009) and recent
observations of herbarium specimens (see Appendix 1).

Table 2. Morphological comparison of H. zhuxiensis, H. henryi, H. crassicalcarata.

Characters
Numbers of leaves
Leaf shape
Leaf color (adaxial)
Inflorescence length
pedicel plus ovary long
Petal shape

Labellum shape

Labellum size
Labellum margin
Spur shape

Spur shape

Spur length

green with purple spots

H. zhuxiensis H. henryi H. crassicalcarata
1 1 1
Ovate ovate ovate to ovate-cordate

uniformly green
13-30cm
12-18 mm

green with purple spots
17-30 cm
16-24 mm

14-23 cm
13-21 mm
oblong-ovate, oblique

obliquely ovate obliquely rhombic-ovate

oblong, margin slightly involute,
apex upcurved

10x 3-5mm
Simple
short and infundibuliform, apex
hooked

narrowly conic

4-6 mm, significantly shorter than
ovary
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broadly obovate-cuneate

12x 10 mm
3-lobed

straight and horizontal or slightly
curved downward

narrowly conic, gradually
attenuate

14-18 mm, slightly shorter than
ovary

suboblong, margin irregularly
crenate, apex truncate

13x9-10 mm
simple

straight and horizontal or
sometimes slightly curved
downward

cylindric, uniformly thick (not
attenuate)

10-12 mm, slightly shorter than
ovary
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Phylogenetic reconstruction

The phylogenetic relationship reconstructed based on nrITS and combined
plastid datasets in this study, show minor differences (Figs 1, 2). Phylogenetic
analyses based on nrITS data demonstrated that H. zhuxiensis does not cluster
well with H. crassicalcarata and H. henryi into a clade. However, the plastid tree
demonstrated that H. zhuxiensis is clustered with H. crassicalcarata and H. hen-
ryi into a clade with strong support (94.6/100/1, 83.6/100/1). These results
indicate that H. zhuxiensis possibly has a close phylogenetic relationship with
H. crassicalcarata and H. henryi, and analysis of data from nrITS and plastid
trees consistently support H. zhuxiensis as a member of H. sect. Hemipilia.
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Figure 1. Phylogenetic placement of H. zhuxiensis (bold representation) using the maximum likelihood (ML) method
based on nrITS. The maximum likelihood SH-aLRT supports and UFBoot supports (SH-aLRT,, /UFboot,, ) are displayed
above the branches, and Bayesian posterior probabilities (PP, are displayed below the branches. Only SH-aLRT >= 80%
and UFboot >= 95%, PP = 0.95 are considered as strong supports.
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Figure 2. Phylogenetic placement of H. zhuxiensis (bold representation) using the maximum likelihood (ML) method
based on the combined plastid DNA (matK, psaB, psbA-trnH, rbcL, trnL-F). The maximum likelihood SH-aLRT sup-
ports and UFBoot supports (SH-aLRT,, /UFboot,, ) are displayed above the branches, and Bayesian posterior proba-
bilities (PP,) are displayed below the branches. Only SH-aLRT >= 80% and UFboot >= 95%, PP = 0.95 are considered

as strong supports.

Taxonomic treatment

Hemipilia zhuxiensis Hong Liu, sp. nov.
urn:Isid:ipni.org:names:77350375-1
Figs 3-5

Type. CHINA. « Hubei: Zhuxi County, Shibali Long Canyon National Nature
Reserve; 733 m; 18 June 2020; HSN13099 (holotype: HSN). To protect this
species, the exact latitude and longitude are not published.
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1cm

Tcm

1cm

Figure 3. Hemipilia zhuxiensis A habit B flower (front view) C flower (top view) D flower (side view) E labellum and column
F spur G dorsal sepal H lateral sepals | petals. Drawn by Ta-Li Cai.

Diagnosis. Though apparently similar to H. henryi Rolfe and H. crassical-
carata S.S.Chien, H. zhuxiensis shows certain differences in having ovate, pur-
ple-spotted leaf; 10 x 3—5 mm, oblong, simple labellum; slightly involute label-
lum margin; upcurved labellum apex; and a significantly shorter spur compared
with the ovary (Table 2).
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Figure 4. Hemipilia zhuxiensis A habit B flower and spur (side view) C morphological contrast of H. zhuxiensis (left) and
H. henryi (right) D flowering whole plant E column and labellum F tubers and roots G leaves (adaxial and abaxial view).

Description. Terrestrial herbs, 17-25 cm tall. Tubers ellipsoid, 4-11
x 3-5 mm. Stem slender with 1 tubular cataphyll at the base, 1- or rare-
ly 2-leaved. Leaf solitary, ovate, 6-12 x 5-8 cm, apex subacute, base cor-
date or contracted into amplexicaul sheath, adaxially green with purple
spots, rarely uniformly green, abaxially pale green. Inflorescence terminal,
14-23 cm long with 1-2 sterile bracts; laxly 4-9-flowered; floral bracts lan-
ceolate, to ca. 11 mm, apex acuminate or long acuminate. Flowers purplish
red; pedicel and ovary straight or slightly arcuate, 13-21 mm long. Dorsal
sepal ovate-elliptic, 6—-9 x 3-7 mm, apex obtuse, 1-veined; lateral sepals
broadly ovate, oblique, spreading, 7-10 x 5-8 mm, 1-veined, apex obtuse.
Petals obliquely ovate, 6-7 x 4-5 mm, 1-veined, apex obtuse, purplish red.
Labellum oblong, 10 x 3—5 mm, purplish red, adaxially finely papillate, sim-
ple; margin slightly involute, irregularly crenate; apex upcurved, obtuse to
emarginate; spur short and infundibuliform, slightly curved downwards, nar-
rowly conic, 4-6 mm long, entrance 2-2.5 mm wide. Column ca. 3 mm long;
rostellum tongue-like, purple, ca. 2 mm, apex rounded.

Distribution and habitat. H. zhuxiensis is currently known to have two pop-
ulations in Shibali Long Canyon National Nature Reserve, Zhuxi county, Hubei
Province, China. The two populations are about 500 meters apart along the
rock wall of the canyon. The new species grows on the rock wall together with
H. henryi. The canyon is an arid valley, and many shrubs and mosses grow on
the rock walls on both sides.
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Figure 5. Photograph of the herbarium specimens of H. zhuxiensis Hong Liu (left) and H. henryi Rolfe (right).

Preliminary conservation assessment. Only two populations comprising ap-
proximately 10 mature individuals were found in Shibali Long Canyon National
Nature Reserve, Zhuxi County, Hubei Province, China. The two populations are
about 500 meters apart and growing on the rock wall alongside H. henryi. The
habitat of H. zhuxiensis could be easily disturbed by development as it is close
to roads and villages. Due to the limited population size and restricted distribu-
tion of Hemipilia zhuxiensis, the new species should be preliminarily classified
as Critically Endangered (CR B2ab;C2a(i);D) according to the guidelines of the
International Union for Conservation of Nature (IUCN) Red List Categories and
Criteria (IUCN Standards and Petitions Committee 2022).

Etymology. The specific epithet refers to the name of the type locality in
Zhuxi County.

Vernacular name. The Chinese name is “/Ti& 5% %"

Phenology. Flowering in June.

Discussion

Molecular and morphological evidence demonstrates that Hemipilia zhuxiensis
is @ member of Hemipilia sect. Hemipilia (Tang et al. 2015). Morphologically,
H. zhuxiensis is very similar to H. henryi and H. crassicalcarata, and it is sym-
patric with H. henryi. Therefore, we cannot exclude the possibility that H. zhux-
iensis is a teratological form of H. henryi. However, it is clearly distinguishable
by its distinctive labellum and spur. In addition, H. zhuxiensis has the earliest
anthesis (June) compared to H. henryi (August) and H. crassicalcarata (July).
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The phylogenetic trees based on nuclear and plastid DNA sequences show
slight differences, but both datasets undoubtedly place the new species within the
sect. Hemipilia according to Tang et al. (2015). The ITS-based phylogenetic tree
shows that H. zhuxiensis cannot cluster well with H. crassicalcarata and H. henryi
into a clade, likely due to the short ITS sequence and limited informative sites. In
contrast, the plastid-based phylogenetic tree strongly supports the clustering of H.
zhuxiensis with H. henryi, and further reveals a well-supported clade comprising
these two species and H. crassicalcarata. These results indicate that H. zhuxiensis
is closely related to H. henryi and H. crassicalcarata. In contrast with previous stud-
ies, while our study expands and reconstructs the phylogenetic tree, it also fails to
resolve the weak support for several clades, such as H. sect. Ponerorchis (Tang et
al. 2015), which may be one of the reasons why the affinities of the Hemipilia s. I.
are still controversial (Tang et al. 2015; Jin et al. 2017; Yang et al. 2022). In addi-
tion, the plastid tree constructed in this study shows slight differences from that of
Yang et al. (2022), particularly in the clade comprising H. yajiangensis and H. gale-
ata, which may be attributed to the differences in the partitioning model employed.
H. sect. Hemipilia is a stable clade in phylogenetic analyses, and the discovery of
H. zhuxiensis would prove to be significant in understanding phylogenetic relation-
ships within Hemipilia. Moreover, H. zhuxiensis also provides morphological char-
acteristics for defining the taxonomic boundary of H. sect. Hemipilia.

Acknowledgments

We are grateful to Zhang Y. S. and Huang D. M. for their help during fieldwork.
Special thanks are due to Ta-Li Cai for her line drawing of the new species.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This work was supported by the fund for Academic Innovation Teams of South-Central
Minzu University (Grant Number: XTZ24020 and CZD24002), the fund for Scientific
Research Platforms of South-Central Minzu University (No. PTZ24019). We acknowl-
edge support from the teamwork project funded by the Special Project of Orchid Survey
of National Forestry and Grassland Administration (contract n0.2020070710) and Hubei
Provincial Wildlife Conservation Station.

Author contributions

Data curation: GHL, CS. Formal analysis: CS. Funding acquisition: HL. Investigation:
DQL, GHL, LSY, XTC. Methodology: DQL. Project administration: HL, RQ. Writing - original
draft: CS, GHL. Writing - review and editing: CS, HL.

Author ORCIDs
Cai-quan Shen © https://orcid.org/0009-0009-9091-4650

PhytoKeys 247: 203-217 (2024), DOI: 10.3897/phytokeys.247.131618 213


https://orcid.org/0009-0009-9091-4650

Cai-quan Shen et al.: Hemipilia zhuxiensis, a new species from Hubei Province, China

Xi-Tang Chen © https://orcid.org/0000-0002-5461-7183
De-Qing Lan ® https://orcid.org/0000-0003-3277-357X
Rui Qin ® https://orcid.org/0000-0003-4093-7044
Hong Liu ® https://orcid.org/0000-0001-7227-2476

Data availability

All of the data that support the findings of this study are available in the main text.

References

Bateman RM, Hollingsworth PM, Preston J, Luo LB, Pridgeon AM, Chase MW (2003)
Molecular phylogenetics and evolution of Orchidinae and selected Habenariinae
(Orchidaceae). Botanical Journal of the Linnean Society 142(1): 1-40. https://doi.
org/10.1046/j.1095-8339.2003.00157.x

Capella-Gutiérrez S, Silla-Martinez JM, Gabaldén T (2009) trimAl: A tool for automated
alignment trimming in large-scale phylogenetic analyses. Bioinformatics (Oxford, En-
gland) 25(15): 1972-1973. https://doi.org/10.1093/bioinformatics/btp348

Chase MW, Cameron KM, Freudenstein JV, Pridgeon AM, Salazar G, Van den Berg C,
Schuiteman A (2015) An updated classification of Orchidaceae. Botanical Journal of
the Linnean Society 177(2): 151-174. https://doi.org/10.1111/b0j.12234

Chen XQ, Gale SW, Cribb PJ (2009) Hemipilia. Vol. 25, Science Press & Missouri Botani-
cal Garden Press, Beijing & St. Louis, 98—-100.

Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure from small quantities of fresh
leaf tissues. Phytochemical Bulletin 19(1): 11-15.

Finet MEA (1901) Les Orchidées de LAsie Orientale. Vol. 156, Revue générale de
botanique, 497-534.

IUCN Standards and Petitions Committee (2022) Guidelines for Using the IUCN Red List
Categories and Criteria. Version 15.1. Prepared by the Standards and Petitions Com-
mittee. https:/www.iucnredlist.org/documents/RedListGuidelines.pdf

Jin WT, Jin XH, Schuiteman A, Li DZ, Xiang XG, Huang WC, Li JW, Huang LQ (2014)
Molecular systematics of subtribe Orchidinae and Asian taxa of Habenariinae (Or-
chideae, Orchidaceae) based on plastid matK, rbcL and nuclear ITS. Molecular Phylo-
genetics and Evolution 77: 41-53. https://doi.org/10.1016/j.ympev.2014.04.004

Jin WT, Schuiteman A, Chase MW, Li JW, Chung SW, Hsu TC, Jin XH (2017) Phylogenet-
ics of subtribe Orchidinae s.I. (Orchidaceae; Orchidoideae) based on seven markers
(plastid matK, psaB, rbcL, trnL-F, trnH-psba, and nuclear nrITS, Xdh): Implications for
generic delimitation. BMC Plant Biology 17(1): 222. https://doi.org/10.1186/s12870-
017-1160-x

Jin JJ, Yu WB, Yang JB, Song Y, dePamphilis CW, Yi TS, Li DZ (2020) GetOrganelle: A fast
and versatile toolkit for accurate de novo assembly of organelle genomes. Genome
Biology 21: 241. https://doi.org/10.1186/s13059-020-02154-5

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS (2017) ModelFind-
er: Fast model selection for accurate phylogenetic estimates. Nature Methods 14(6):
587-589. https://doi.org/10.1038/nmeth.4285

Katoh K, Standley DM (2013) MAFFT Multiple Sequence Alignment Software Version 7:
Improvements in Performance and Usability. Molecular Biology and Evolution 30(4):
772-780. https://doi.org/10.1093/molbev/mst010

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, Buxton S, Cooper A,
Markowitz S, Duran C, Thierer T, Ashton B, Meintjes P, Drummond A (2012) Geneious

PhytoKeys 247: 203-217 (2024), DOI: 10.3897/phytokeys.247.131618 214


https://orcid.org/0000-0002-5461-7183
https://orcid.org/0000-0003-3277-357X
https://orcid.org/0000-0003-4093-7044
https://orcid.org/0000-0001-7227-2476
https://doi.org/10.1046/j.1095-8339.2003.00157.x
https://doi.org/10.1046/j.1095-8339.2003.00157.x
https://doi.org/10.1093/bioinformatics/btp348
https://doi.org/10.1111/boj.12234
https://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://doi.org/10.1016/j.ympev.2014.04.004
https://doi.org/10.1186/s12870-017-1160-x
https://doi.org/10.1186/s12870-017-1160-x
https://doi.org/10.1186/s13059-020-02154-5
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1093/molbev/mst010

Cai-quan Shen et al.: Hemipilia zhuxiensis, a new species from Hubei Province, China

Basic: An integrated and extendable desktop software platform for the organization
and analysis of sequence data. Bioinformatics (Oxford, England) 28(12): 1647-1649.
https://doi.org/10.1093/bioinformatics/bts199

Lanfear R, Frandsen PB, Wright AM, Senfeld T, Calcott B (2016) PartitionFinder 2: New
Methods for Selecting Partitioned Models of Evolution for Molecular and Morpho-
logical Phylogenetic Analyses. Molecular Biology and Evolution 34(3): 772-773.
https://doi.org/10.1093/molbev/msw260

Lang KY, Ji ZH (1978) Some new taxa of Orchidaceae from Tibet, China. Acta Phytotax-
onomica Sinica 16: 126-129. https://www.jse.ac.cn/EN/Y1978/V16/14/126

Luo YB (1999) Studies on the orchid genus Hemipilia. PhD Thesis, Institute of Botany,
Chinese Academy of Science, Beijing.

Luo YB, Chen SC (2000) The floral morphology and ontogeny of some Chinese repre-
sentatives of orchid subtribe Orchidinae. Botanical Journal of the Linnean Society
134(4): 529-548. https://doi.org/10.1111/j.1095-8339.2000.tb00549.x

Luo YB, Chen SC (2003) Hemipiliopsis, a new genus of Orchidaceae. Novon 13: 450—
453. https://doi.org/10.2307/3393378

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ (2015) IQ-TREE: A fast and effective
stochastic algorithm for estimating maximum-likelihood phylogenies. Molecular Bi-
ology and Evolution 32(1): 268-274. https://doi.org/10.1093/molbev/msu300

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Hohna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian Phylogenetic
Inference and Model Choice Across a Large Model Space. Systematic Biology 61(3):
539-542. https://doi.org/10.1093/sysbio/sys029

Stover BC, Muller KF (2010) TreeGraph 2: Combining and visualizing evidence
from different phylogenetic analyses. BMC Bioinformatics 11(1): 7. https://doi.
org/10.1186/1471-2105-11-7

Tang Y, Yukawa T, Bateman RM, Jiang H, Peng H (2015) Phylogeny and classification
of the East Asian Amitostigma alliance (Orchidaceae: Orchideae) based on six DNA
markers. BMC Evolutionary Biology 15(1): 96. https://doi.org/10.1186/s12862-015-
0376-3

Tang Y, Zhu XX, Peng H, Ma JS (2016) Hemipilia galeata (Orchideae, Orchidaceae), a new
species from Fujian Province, southeastern China. Phytotaxa 245(4): 271. https://doi.
org/10.11646/phytotaxa.245.4.4

Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R, Greiner S (2017)
GeSeq - versatile and accurate annotation of organelle genomes. Nucleic Acids
Research 45(W1): W6-W11. https://doi.org/10.1093/nar/gkx391

von So6 R (1966) Die Sog. Orchis Arten der Ostasiatisch—Nordamerikanischen Flora.
Acta Botanica Academiae Scientiarum Hungaricae 12: 351-354.

Wang XM, Tang Y, Peng PH, Peng H (2022) Hemipilia avisoides (Orchidaceae), a new spe-
cies from Sichuan Province, China. PhytoKeys 213: 1-18. https://doi.org/10.3897/
phytokeys.213.90377

Yang J, Peng S, Wang J, Wang Y, Ding S, Tian J, Hu G, Wang Q (2022) Hemipilia ya-
jiangensis (Orchidoideae, Orchidaceae), a new species from western Sichuan, Chi-
na, based on molecular and morphological evidence. Kew Bulletin 77(4): 973-982.
https://doi.org/10.1007/s12225-022-10049-w

Zhang D, Gao FL, Jakovlic I, Zou H, Zhang J, Li WX, Wang GT (2020) PhyloSuite: An
integrated and scalable desktop platform for streamlined molecular sequence data
management and evolutionary phylogenetics studies. Molecular Ecology Resources
20(1): 348-355. https://doi.org/10.1111/1755-0998.13096

PhytoKeys 247: 203-217 (2024), DOI: 10.3897/phytokeys.247.131618 215


https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.1093/molbev/msw260
https://www.jse.ac.cn/EN/Y1978/V16/I4/126
https://doi.org/10.1111/j.1095-8339.2000.tb00549.x
https://doi.org/10.2307/3393378
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1186/1471-2105-11-7
https://doi.org/10.1186/1471-2105-11-7
https://doi.org/10.1186/s12862-015-0376-3
https://doi.org/10.1186/s12862-015-0376-3
https://doi.org/10.11646/phytotaxa.245.4.4
https://doi.org/10.11646/phytotaxa.245.4.4
https://doi.org/10.1093/nar/gkx391
https://doi.org/10.3897/phytokeys.213.90377
https://doi.org/10.3897/phytokeys.213.90377
https://doi.org/10.1007/s12225-022-10049-w
https://doi.org/10.1111/1755-0998.13096

Cai-quan Shen et al.: Hemipilia zhuxiensis, a new species from Hubei Province, China

Appendix 1

Table A1. The information of all the herbarium specimens examined in this study. “*” represents self-collected specimens,
“~" represents information loss.

The information of all the herbarium specimens

Herbarium Scientific Name Collection Locality Year
HIB 0256186 Hemipilia zhuxiensis* China, Hubei 2020
HIB 0256188 Hemipilia henryi* China, Hubei 2020
PE 01517112 Hemipilia henryi China, Hubei 1977
PE 01517111 Hemipilia henryi China, Hubei 1977
PE 01517109 Hemipilia henryi China, Hubei 1938
PE 01056970 Hemipilia henryi China, Hubei 1976
PE 01056968 Hemipilia henryi China, Hubei 1976
PE 01056969 Hemipilia henryi China, Hubei 1976
PE 01056967 Hemipilia henryi China, Hubei 1976
PE 00340918 Hemipilia henryi China, Sichuan 1931
PE 00340917 Hemipilia henryi China, Sichuan 1931
PE 00340916 Hemipilia henryi China, Sichuan 1931
PE 00340915 Hemipilia henryi China, Sichuan 1931
PE 00340913 Hemipilia henryi China, Sichuan 1934
PE 00340914 Hemipilia henryi China, Sichuan 1931
PE 00340912 Hemipilia henryi China, Sichuan 1934
PE 00340911 Hemipilia henryi China, Sichuan 1934
PE 00340910 Hemipilia henryi China, Sichuan 1976
PE 00340909 Hemipilia henryi China, Chongging 1958
PE 00340908 Hemipilia henryi China, Chongging 1964
IBSC 0636166 Hemipilia henryi China, Hubei 1985
IBSC 0636169 Hemipilia henryi China, Guangxi 1939
IBSC 0636168 Hemipilia henryi China, Guangxi 1937
IBSC 0636165 Hemipilia henryi China, Sichuan 1979
IBSC 0636167 Hemipilia henryi China, Hubei 1985
KUN 1393999 Hemipilia henryi China, Hubei 2011
KUN 0023146 Hemipilia henryi China, Sichuan 1930
KUN 0023147 Hemipilia henryi China, Sichuan 1934
WUK 0350417 Hemipilia henryi China, Sichuan 1959
WUK 0138378 Hemipilia henryi China, Sichuan 1959
WUK 0239782 Hemipilia henryi China, Sichuan 1964
WUK 0330459 Hemipilia henryi China, Sichuan 1934
NAS NAS00558549 Hemipilia henryi China, Sichuan 1957
NAS NAS00560681 Hemipilia henryi China, Hubei 1978
SZ 00039926 Hemipilia henryi China, Sichuan 1964
SZ 00039927 Hemipilia henryi China, Sichuan 1954
CDBI CDBI0171211 Hemipilia henryi China, Sichuan 1976
CDBI CDBIO171210 Hemipilia henryi China, Sichuan 1976
CDBI CDBI0180069 Hemipilia henryi China, Sichuan 2003
N 050025209 Hemipilia henryi China, Hubei 1922
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Herbarium
SYS SYS00028750
IMC IMC0012888
IMC IMC0012889
HUH GH00100247

NY 00008940
NY 00579391
P P00369342
P P00259950

NAS NAS00633540

PE 02023829
PE 01681710
PE 01527207
PE01517113
PE 00340868
PE 00340867
PE 00340866
PE 00340865
PE 00340864
PE 00340862
PE 00027177
PE 00340863
IBSC 0636150
WUK 0059599
WUK 0327685
HNWP 8224
S7 00039897
BNU 009588
HENU 0450489
HENU 0450490
HENU 0450491
HENU 0450492
HENU 0450493

GNUG GNUG0006147
CDCM CDCMO0003656

E E00162723

“*" repersents self-collected specimen, “~" repersents information loss.
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The information of all the herbarium specimens

Scientific Name

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia henryi

Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata
Hemipilia crassicalcarata

Hemipilia crassicalcarata

“_n

Collection Locality

China, Hubei

China, Guizhou

China, Chongging

China
China
China
China
China
China, Hubei
China, Henan
China, Sichuan
China, Sichuan
China, Shaanxi
China, Sichuan
China, Sichuan
China, Hubei
China, Shaanxi
China, Shaanxi
China, Shanxi
China, Sichuan
China, Henan
China, Hubei
China, Shaanxi
China, Shanxi
China, Shanxi
China, Shaanxi
China, Shanxi
China, Henan
China, Henan
China, Henan
China, Henan
China, Henan
China, Guizhou
China, Sichuan

China, Sichuan
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