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Isoétes changxingensis ( Isoétaceae) , a new
tetraploid quillwort species from China

TONG Ling', SHEN Jiahao’>*, ZHAO Xiao', YAN Yuehong’, ZHU Yufen®,
WU Jianyong', GU Yufeng’* , LIU Xingjian>>*"

(1. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment of the People’ s Republic of China, Nanjing 210042, China;
2. Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing 210014, China; 3. Nanjing Botanical Garden Mem. Sun Yat-
Sen, Nanjing 210014, China; 4. Jiangsu Key Laboratory for the Research and Utilization of Plant Resources, Nanjing 210014, China; 5. Key
Laboratory of National Forestry and Grassland Administration for Orchid Conservation and Utilization, National Orchid Conservation &
Research Center of Shenzhen, Shenzhen 518114, Guangdong, China; 6. Huzhou Ecological Environment Bureau
Changxing Branch, Huzhou 313100, Zhejiang, China )

Abstract ; Iso¢tes changxingensis, a new species from Zhejiang Province, China, is illustrated and described here. The
new species morphologically resembles I. baodongii, but it differs from the latter by 44 chromosomes, megaspore 317 —
411 pm (mean=360 pwm) [vs. 22, 390 — 510 um (mean=450 wm) ]. It is also similar to . longpingii in terms of
megaspore size,, with the difference that I. changxingensis thizome corms 3-lobed, leaves 2 — 3 mm wide at middle, meg-
aspore echinate-cristate (vs. 2-lobed, 1 mm, tuberculate-cristate). This species is distinguished from I. sinensis by its
smaller megaspore, different surface ornamentation, and leaf blade 20 — 60 cm [ vs. 340 — 450 pum (mean=409 pwm) ,
cristate, 15 — 30 cm]. According to Guidlines for Using the IUCN Red List Criteria, the conservation status of /. chan-
gxingensis should be regarded as endangered (EN).

Key words: new taxon, Iso¢tes, lycophytes, endangered, spore ornamentation, key to Isoétes
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# OE:. KR - KAARPR TN B AMEREY, 2R YRR ZKE SR AR, %X
HRIE T AEWVEAE KOGEH L U — A IR A K JE T8 Ja e . B TR 2% R 7 R 20 L 2 G 40 | #5120 F i
£ WA DLIKEE (Isoétes changxingensis) , AR T HIE B FE, K24KAES AR KL (L baodongii) FEAH
PRI 285 S AL~ BUH J7 TR AR (HAR [R] Z AL TE T H e (AR 44 J% , KA FHR I AR 317 ~411 pm (°F-
#1360 wm) (vs. Yetifhk 22 4, KALF M B E AR 390~ 510 pm, ¥ 450 pm) o 560 4 £ 00 B K Ak
(1. longpingii) TEAL T K/N I3 WA R HE , AR Z AR TE T HADIRZE 3 28, i R[] 58 2~ 3 mm, KA 73R 2
TR~ AR B (vs. ARRZE 2 2L 0l P ) B8 1 mm , R 7 R0 BB R - SRt ) % 5 rh Ak
HE (L sinensis) i X 37 T H KM F 48/, RIS AT, A K 20~ 60 em (vs. KT 4% 10 H 4% 340 ~ 450
pm, -2 409 pum , A R IGEE, 7K 15~30 em) o K240KAE HETI A T HA A s — b i 5
P T H A DOpe A AR s BRSO 50 W B PR 52 30 A0, RO AR I TUCN 2L 65 4 SVTA AR, alff
KK AR 2 W e (EN) S5, 2R I i Az 58 B 8 R B A0 N SR RS IRURS: | PR AR A 2 B2 JR 3 i O 47
K EFAMANA S5 A 5 TTAE o 23l T AGE A KR SR PRl 0 4 R 5 3% i e W el ) S 8 R4 T

44 4

Rt T 2%

S TAKEE, KRR, T, W, T, KR R R

Iso¢tes L. ( Isostaceae, Lycopodiopsida) is an
ancient heterosporous genus of lycophytes. It originated
between the Late Devonian and Early Carboniferous
(Yang et al., 2022), occupying a key position in the
evolution of terrestrial plants ( Cui et al., 2022). The
genus contains about 250 species which are widely
distributed from the tropics to the sub-arctic and South
America is considered a center of both morphological
and taxonomical diversity with more than 60 cataloged
species (Pereira et al., 2016; Troia et al., 2016). They
thrive in diverse aquatic or wet soils habitats, including
oligotrophic lakes, higher-altitude wetlands, seasonal
pools, and intermittent streams ( Pereira et al., 2016,
2017). The uncertainty in the assessment of species
diversity of Isoétes mainly comes from the difficulty in
classification, which is related to a series of habitat
conservative  morphology,

adaptation, simple and

convergence and reticular evolution ( Taylor & Hickey,
1992; Choi et al., 2008; Bagella et al., 2011; Freund et
al., 2018; 2023a ). The

characteristics of Isoétes mainly include habitat, leaf

Gu et al., identification

vein, ligule, megaspore size and texture, chromosome
count and DNA sequence ( Kott & Britton, 1983;
Hickey, 1986, Taylor et al., 1993; Troia et al., 2016;
Bolin et al., 2017; Brunton & Troia, 2018). The most
reliable feature is megaspore morphology, but this is often

difficult to achieve under field conditions (Hickey, 1986;

Holmes et al., 2005; Brunton & Troia, 2018).

At present, ten species of Isoétes have been
described from China, including 1. hypsophila Hand.-
Mazz. ( Handel-Mazzetti, 1923 ), I
Palmer ( Palmer, 1927), I taiwanensis De Vol ( De
Vol, 1972), I. yunguiensis Q. F. Wang & W. C. Taylor
(Wang et al., 2002) , I. orientalis H. Liu & Q. F. Wang
(Liu et al., 2005), I. shangrilaensis X. Li, Y. Huang,
X. Dai, & X. Liu (Li et al., 2019), I baodongii
Y. F. Gu, Y. H. Yan, & Yi J. Lu (Lu et al., 2021),
L longpingii Y. H. Yan, Y. F. Gu, & J. P. Shu, and
L. xiangfei Y. H. Yan, Y. F. Gu, & J. P. Shu (Shu et
al., 2022), and newly reported species I. fengii Y.
F. Gu & Y. H. Yan (Gu et al., 2023b). According to
the List of National Key Protected Wild Plants released

stnensis T. C.

in September 2021, all species of Isoétes are list as first-
level protection ( http://www. forestry. gov. cn/main/
5461/20210908/162515850572900. html ). The distribu-
tion scopes of Isoétes species are wide and the altitude
spans are very large. Isoétes hypsophila is located in the
Qinghai-Tibet Plateau (QTP) while I. sinensis grows in
the middle and low reaches of the Yangize River (Li et
al., 2019). In contrast to the United States, which is
geographically at about the same latitude as China and
has similar climatic conditions, there are more than 50
Isoétes species in the United States, while only ten

accepted Iso¢tes species in China ( Troia et al.,
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2016). The relatively sparse number of Isoétes species
reported from China may be due to increased water
pollution and urbanization, similar appearance between
species, less taxonomic research and insufficient field
exploration (Troia et al., 2016; Lu et al., 2021).
During field investigation in Changxing County,
Huzhou City, Zhejiang Province, China, we discovered
one population of Isoétes similar to some populations found
and I
different

such as I baodongii

in eastern China,

stnensts. However, determination  of
morphological traits, cytology and spore ornamentation
evidence that the Changxing

provided convincing

population constituted a new species, as proposed below.

1 Materials and Methods

The megaspores and microspores of the samples
were observed via scanning electron microscopy. Spores
were mounted on doublesided adhesive tape attached to
metal stubs, sputter-coated with platinum, and viewed
under a scanning electron microscope FlexSEM 1000 II
(Hitachi, Japan) at 5 — 7 kV. In our study, a total of
20 megaspores and 30 microspores from three to five
individuals were measured using Image]J2 ( National
Institutes of Health, USA). Terms for describing the
ornamentation of megaspores and microspores were taken
from Hickey (1986).

Root tips of 1 cm in length were taken from the
sporophytes and pretreated in a mixture of 0.1%
colchicine and 0.002 mol + L 8-hydroxyquinoline (1 : 1)
for 3.5 h at room temperature, rinsed with water for three
times, and then fixed in Carnot’s fixative of ethanol and
glacial acetic acid (3 : 1) for 6 h at 4 C. The samples
were rinsed with water for three times, then dissociated
with a mixture of 1 mol « L' HCl and 45% glacial acetic
acid (1 : 1) for 45 min in a thermostatic bath at 37
°C. Finally, the samples were rinsed with water for three
times, and then stained with modified carbonic acid
magenta for 4 h, and then pressed into slices by the
conventional tablet pressing method. The chromosomes of
the samples were counted by Nikon ECLIPSE Ci-S
Biomicroscope (Nikon, Japan) and photographed using a

Digital Sight Ds-Fi2 Camera System (Nikon, Japan).

2 Taxonomic Treatment

Isoétes changxingensis Y. F. Gu & J. H. Shen,
sp. nov. (K2%KAE, Biflh, Fig. 1-Fig. 3)

Type: CHINA, Zhejiang Province, Changxing
($£:2%) County, Xiaopu (/M) Town, in an artificial
ditch, 31.014349° N, 119.779106° E, alt. 50 m, 27
August 2023. Jiahao Shen & Ling Tong 2515 (holotype :
NAS!; isotype: NOCC!).

Diagnosis: Isoétes changxingensis is a tetraploid
that morphologically resembles I. baodongii, but differs
in its 44 chromosomes [ vs. 22 in I baodongii]. It is
also similar to I. longpingii in megaspore size, but
differs in its trilobed rhizome corms, megaspore
echinate-cristate [ vs. bilobed, tuberculate-cristate in
I. longpingii ]. This species is distinguished from I.
sinensis by its smaller megaspore (317 — 411 wm, mean
=360 wm), different surface ornamentation, and leaf
blade 20-60 cm [ vs. megaspore 340 —450 pwm, mean=
409 pm, cristate, 15-30 cm in I sinensis |. (Fig. 1-
Fig. 3, Table 1)

Description; Plants aquatic. Rhizome corms 3-
lobed. Sporophylls white basally, green above, spirally
arranged , widely spreading, 20-60 cm long, 2-3 mm
wide at mid-length, in tufts of 50 to 90, flattened on the
adaxial side, rounded on the abaxial side, base flat and
alate, peripheral fibrous bundles present, central
intrastelar canal 4. Ligule ovate-subtriangular, (3.0 -
3.5) mm X (2.0 = 2.5) mm. Sporangia basal, oblong,
triangular ovate, (7.5 = 10.5) mm X (3.5 - 4.5) mm,
sporangium wall clear. Megaspores rugulate, gray when
wet, white when dry, ca. 317 = 411 pm (mean = 360
pm ), proximal hemisphere echinate-cristate, distal
hemisphere cristate. Microspores gray in mass, elliptic,
vertical axis length 24 - 31 pm (mean = 27 pm),
echinate. Megaspores and microspores in different
sporangia.

Distribution; Isoétes changxingensis is known only
from Changxing County, Huzhou City of Zhejiang

Province, China.
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Table 1  Critical character differences between Isoétes changxingensis and the other ten reported Isoétes species in China
Character L z‘,hangxing- I s_inen- [.. lo.r%g» L a.n:ang» L o_rien- L baz?.» I, fongii L yu.ngu,i- L mliwz.m- L h_ypslo- 1._5hang-
ensis sis * pingii * fei talis * dongii ‘ ensis * ensis * phila * rilaensis
Numl £l . . 2n=4x= 2n=4x= 2n=4x= 2n=4x= 2n=6x= 2n=2x= 2n=6x= 2n=2x= 2n=2x= 2n=2x= Unknow
umber of chromosomes a a a a 66 ” 66 » » » nknown
Rhizome corms 3 3 2 3 3 3 3 3 2-4 2-3 3
Sporophyll Length (¢m) 20-60 15-30 20-60 15-35 10-20 15-45 15-30 10-60 7-25 3-4.5 2.8-17
Width at 2-3 1-2 1 2-3 2 3 2-3 5-10 1-2 1 1
middle (mm)
Megaspore Size (pum) 317-411  340-450  310-410  390-450  350-450 390-510 470-500 360-450  280-340  290-400  207-273
Mean (jpum) 360 409 350 330 420 450 480 390 312 358 245
Ornamen- Echinate-  Cristate Tuberculate- Cristate-  Cristate-  Echinate- Reticulate  Cristate- Tuberculate- Levigate Tuberculate-
tation cristate cristate  reticulate  reticulate  cristate reticulate  cristate rugulate
Microspore Size (pum) 24-31 23-32 27-30 26-28 19-29 22-27 25-35 20-25 20-28 19-25 11-24
Mean (pum) 27 28 29 27 22 25 30 22 24 22 19
Ornamentation Echinate  Echinate  Echinate Tuberculate Echinate- Echinate  Echinate Levigate-  Echinate  Rugulate  Echinate-
tuberculate granulate cristate
Note: * indicates cite from Liu et al. (2008) and Shu et al. (2022). Data of 1. shangrilaensis, I. baodongii and I. fengii are cited from Li et

al. (2019), Lu et al. (2021) and Gu et al. (2023a, b), respectively.

Etymology: The specific epithet is derived from
its type locality, Changxing County.

Cytology : Isoétes changxingensis is a tetraploid
species with a chromosome number of 2n = 4x =
44. (Fig. 3)

Ecology: Ditches beside farmland at an altitude
of 50 m, it has been submerged in the upstream ditch
at a higher water level while standing up in the ditch
at a lower water level. It often blends in with
associated species such as Pteris multifida Poir.
Oenanthe javanica (Blume) DC., Pouzolzia zeylanica

(L)
Gynostemma pentaphyllum ( Thunb.) Makino at the

Benn., Commelina benghalensis 1. and
distribution site.
IUCN Red List category: Isoétes changxingensis

is only found in Changxing County, Huzhou City,

Zhejiang Province. There are about 300 individuals, but
the ditches in which they are distributed are close to
villagers’ farmlands, which poses a risk of pesticide
contamination, vine shading, and farmers’ cutting.
Based on currently available information, we proposed
that I should be considered
‘Endangered (EN)’ [ A2a; B2ab (iii); C2a (i) ]
according to the Red List Categories and Criteria

(TUCN, 2022). This species is confronted with habitat

destruction and wild human mowing, therefore, it is

changxingensis as

necessary to carry out the related conservation work such
as ex situ conservation and field return, etc.

Additional specimen examined ( Paratype ) .
CHINA, Nanjing Botanical Garden Mem. Sun Yat-Sen,
cultivated plant, collected from type locality, 12 January
2024, Jiahao Shen 2707 (NAS!).

3 Updated Key to Isoétes Species in China

Key to Isoétes species from China

1. Small ferns, mostly found at high altitudes (H > 2 000 m)
1. Taller plants, mostly found at low to medium altitudes (H < 2 000 m)

2. Megaspore laevigate, microspore rugulate

2. Megaspore tuberculate-rugulate , microspore echinate to cristate

3. Leaves 1 — 2 mm wide at middle

3. Leaves 2 — 10 mm wide at middle

1. hypsophila

1. shangrilaensis
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A. Seedlings reproduced by spores; B. Plant in situ; C. Roots; D. Three-lobed rhizome corm.

Fig. 1 Morphological characteristics of Isoétes changxingensis Y. F. Gu & J. H. Shen

4. Megaspore cristate-reticulate, microspore echinate-tuberculate — +ovceeeereeeeeeeiieiiiiiiin. L. orientalis
4. Megaspore cristate or tuberculate-cristate, microspore echinate —+«--eseseerereenmiemiiiiii 5
5. Megaspore cristate, 340 — 450 pm (mean=409 pum) in diameter on the proximal face -«---------- L. sinensis
5. Megaspore tuberculate-cristate, 280 — 410 wm in diameter on the proximal face ««+«coeeeeeeeeeieiaeiii.e. 6
6. Individual diploid (2n=22), just distributing in Taiwan «««ceeeeeeereeermmmiainii.. 1. taiwanensts
6. Individual tetraploid (2n=44), just distributing in Hunan —«e«oceeveeeieiniii, L. longpingii
7. Microspore tuberculate or levigate-granulate —«««s«sssseeeereeeeesennimiii I

7. MCTOSPOTE ECHINALE «+++++rrrsrsmsnsnnsnnsnni ittt ettt ettt 9

8. Individual tetraploid (2n=44), just distributing in Hunan —«--eeeeereeeeminnn.. 1. xiangfei



A. Megasporangium; B. Megaspores in megasporangium; C. Microsporangium; D. Proximal view of megaspore ; E. Detail surface ornamentation

of megaspore; F. Distal view of megaspore; G. Proximal view and distal view of microspores.

Fig. 2 Palynological characteristics of Isoétes changxingensis Y. F. Gu & J. H. Shen

8. Individual diploid (2n=22), distributing in Yunnan and Guizhou «:+«+eceeerereeeeeenenees 1. yunguiensis
9. Megaspore ECIINALE-CIISTALE  #c o rsrrerrereeeeteettneiitieieiititiitieittetnteesntoasecaesesecensscacscsnsans 10
9. Megaspore TELICULALE + v v veerereeeneentutuiuttetiettitttietetieueeeesueeetsesesciciensncasaceeesescacncns L fengu

10. Individual diploid (2n=22), megaspore 390 — 510 pm ( mean=450 pwm) in diameter on the proximal
B = ¢+ +e e e emem e e ettt et et et e e e et et e e ettt et ettt e e e e enene 1. baodongii
10. Individual tetraploid (2n=44), megaspore 317-411 pm (mean =360 wm) in diameter on the

PrOXimal face «=+++eeeeserermnntertii 1. changxingensis
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1. ABRRBER /N, 250 A0 TR HEIK (H > 2 000 m) eeeeeeeenseeremnnnereii i 2
1. FRREEE R, 220045 T AT (H < 2 000 m) weeeeesenernsmeneeee e 3
2. RIFRECHT /MO FFREGARLT  coovveeerremeeree i FEKEE 1. hypsophila
2. KHLTFHRHT FRR -SSR S /N T 3 R 245 SR G oo Tkt HUROKE 1. shangrilaensis
3. I I ERERAS  FEEE 1~2 MM ceveeveernnsermnnemt ittt ittt 4
3. I A AR EE TG, DS 2~ 10 N #ve v verer e ee et e et ettt 7
4. KT IE ARG ; /M TF AT ERRBRIRIGRLL - vvevrevreveeveeeeees HIKAE L. orientalis

4. KA F A EA SRR AR B s /INME T2 18 ELBHPR GEEELGLM v vvvvveeeeeeermmmmee oo 5

5. KHLT A ORGSR, FHILH TR 400 jum ---evvvveersevsreesenscninnina HAE KA 1. sinensis

5. KA FE T EIIR A R SRS , IR EAE/NT 400 um weeeeeereeeemenmni 6

6. YL B J 22, 0 A0 T TS coeereee e S KAE L taiwanensis

6. YO IRBUE T 44 3T TIEE  oveeeeemrnemeeee e Pk AE 1 longpingii

7. /NETFE T IR G R S B LR R BT T EHE coeee e 8

7. N TR E TR DL «vvveeeeeeeeeeeeemmmmmmerree e e e e e e st e e e 9

8. YA AR Iy 44 3AT TWIRG veevveeermreermeemnneeenie sttt WKL 1. xiangfei

8. YRR H 22, 0 T B FITEI weveeeeeeeee kAR I yunguiensis

9. FHI T2 EII =25 SORGEELLLI «ooeeeeeeeeemmmmmmmemerire e e e e 10

0. KA T FETTEIHZRARLLIT < vvvremrmmmmmmmeeeeeee e eeiieiee e e FRKAE I fengii

10. Yo ARBH R 22, KA TP EAL N 450 pum ceeveevenernmmennnnnnnn. -4 KAE 1. baodongii

10. JfR B H N 44, KA IR E AR 360 pm eeveveeeeeeeeeenenns K 24KHE 1. changxingensis

Fig. 3 Chromosomes of Isoétes changxingensis

Y. F. Gu & J. H. Shen(2n = 4x = 44)

The authors thank Prof.
WANG Yuhua from Nanjing Agricultural University

Acknowledgments

for scanning the spores.

References:

BAGELLA S, CARIA MC, MOLINS A, et al., 2011. Different
spore structures in sympatric [soetes histrix populations and
their relationship with gross morphology, chromosome
number, and ribosomal nuclear ITS sequences [ J]. Flora,
206(5) ; 451-457.

BOLIN JF, HARTWIG CL, SCHAFRAN P, et al., 2017.
Application of DNA flow cytometry to aid species delimitation
in Isoetes [J]. Cast, 83(1): 38-47.

BRUNTON DF, TROIA A, 2018. Global review of recent
taxonomic research into Isoetes ( Isoetaceae ), with
implications for biogeography and conservation [ J]. Fern
Gaz, 20(8) ; 309-333.

CHOI HK, JUNG J, KIM C, 2008. Two new species of Isoetes
(Tsoetaceae ) from Jeju Island, South Korea [J]. J Plant
Biol, 51(5): 354-358.

CUI J, ZHU Y, DU H, et al., 2022. Chromosome-level
reference genome of tetraploid Isoetes sinensis provides
insights into evolution and adaption of lycophytes [ J].
GigaScience, 12(1); 1-15.

DE VOL CE, 1972. Isoetes found on Taiwan [ J]. Taiwania, 17;
1-7.

FREUND FD, FREYMAN WA, ROTHFELS CJ, 2018.



618 0 MY

44 4

Inferring the evolutionary reduction of corm lobation in Isoétes
using Bayesian model-averaged ancestral state reconstruction
[J]. Am J Bot, 105(2); 275-286.

GU YF, SHU JP, LU Y], et al., 2023a. Insights into cryptic
speciation of quillworts in China [ J]. Plant Divers, 45(3):
284-301.

GU YF, XIANG JY, SHEN H, et al., 2023b. Isoétes fengii
Y. F. Gu & Y. H. Yan, sp. nov., a new hexaploid species of
quillwort from China [ J]. Plant Sci J, 41 (2). 166 -
171, [k, g, PR, 4%, 2023, FHEOKAE,
KAEJE — NG R RD (1], R 224, 41(2) .
166-171.]

HANDEL-MAZZETTI H, 1923. Isoetes hypsophila Hand.-Mazz
[J]. Akad Wiss Wien, 13.95.

HICKEY RJ, 1986. The early evolutionary and morphological
diversity of Isoetes, with descriptions of two new neotropical
species [ J]. Syst Bot, 11(2): 309-321.

HOLMES WC, RUSHING AE, SINGHURST JR, 2005. Taxo-
nomy and identification of Isoetes ( Isoetaceae) in Texas
based on megaspore features [ J]. Lundellia, (8): 1-6.

IUCN Standards and Petitions Committee, 2022. Guidelines for
Using the IUCN Red List Categories and Criteria. Version 16
[EB/OL]. [2022-11-06]. https://www. iucnredlist. org/
documents/RedListGuidelines. pdf.

KOTT L, BRITTON DM, 1983. Spore morphology and taxonomy
of Isoetes in northeastern North America [ J]. J Can Bot,
61(12) . 3140-3163.

LI X, HUANG Y, DAI X, et al., 2019. Isoetes shangrilaensis ,
a new species of Isoetes from Hengduan mountain region of
Shangri-la, Yunnan [J]. Phytotaxa, 397(1) ; 65-73.

LIU H, WANG QF, TAYLOR WC, 2005. Isoetes orientalis
(Tsoetaceae ), a new hexaploid quillwort from China
[J]. Novon, 15(1); 164-167.

LIU X, LIU H, WANG QF, 2008. Spore morphology of Isoétes
(Isoétaceae) from China [ J]. J Syst Evol, 46(4). 479-
489. [ XU, XL, E7EE, 2008. 1 E KL & AEY 1

TIAHHE (1], HAHAEHR, 46(4) : 479-489.]

LU YJ, GU YF, YAN YH, 2021. Isoetes baodongii ( Isoeta-
ceae), a new basic diploid quillwort from China [ J].
Novon, 29(1) : 206-210.

PALMER TC, 1927. A Chinese Isoetes [J]. Am Fern J, 17;
111-113.

PEREIRA JBDS, SALINO A, ARRUDA A, et al., 2016. Two
new species of Isoetes ( Isoetaceae) from northern Brazil
[J]. Phytotaxa, 272(2) . 141-148.

PEREIRA JBDS, LABIAK PH, STUTZEL T, et al., 2017.
Origin and biogeography of the ancient genus Isoétes with
focus on the Neotropics [ J]. Bot J Linn Soc, 185(2):
253-271.

WANG QF, LIU X, TAYLOR WC, et al., 2002. Isoetes
yunguiensis (Isoetaceae) , a new basic diploid quillwort from
China [J]. Novon, 12(4): 587-591.

SHU JP, GU YF, OU ZG, et al., 2022. Two new tetraploid
quillwort species, Isoétes longpingii and I. xiangfei from
China ( Isoétaceae) [J]. Guihaia, 42 (10): 1623 - 1631.
[EPIF, RN, WA, 45, 2022. HrE7KEEE M-
frfdrRl (J30) [T]. ) PEkEYD, 42(10) ; 1623-1631.]

TAYLOR WC, HICKEY RJ, 1992. Habitat, evolution, and
speciation in Isoetes [ J]. Ann Miss Bot Gard, 79(3):
613-622.

TAYLOR WC, LUEBKE NT, BRITTON DM, et al., 1993.
Isoetaceae in: flora of North American editorial committee
[M]. New York: Oxford University Press: 64-75.

TROIA A, PEREIRA J, KIM C, et al., 2016. The genus Isoetes
(Tsoetaceae ) ; a provisional checklist of the accepted and
unresolved taxa [ J]. Phytotaxa, 277(2) : 101-145.

YANG J, HUANG Y, JIANG X, et al., 2022. Potential
geographical distribution of the endangered plant Isoetes
under human activities using MaxEnt and GARP [J]. Glob
Ecol Conserv, 38: e02186.

(RfE%HE = #H IEH)



