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A study on Hymenophyllum polyanthos sensu lato in the Tokai region, Central Japan
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F—O—R AKXV RNaFv T (L), Rk, FESX, LHHIEE

Abstract

An epiphytic fern Hymenophyllum polyanthos (Sw.) Sw. sensu lato (Hymenophyllaceae) grows on outcrops and rocks in
mountain streams where shading and high stable aerial humidity are retained; these environmental conditions are essential
for its growth. This taxon has recently been identified as a species complex consisting of three cryptic species, H. fujisanense
Nakai, H. parallelocarpum Hayata, and H. punctisorum Rosenst, which exhibit very similar morphology. In this study, we
collected individuals that could be identified as H. polyanthos sensu lato based on its external morphology in the Tokai
region of Central Japan, and performed molecular phylogenetic analysis to identify three cryptic species and to determine
their morphological characteristics and distribution. All three cryptic species were found in this study sites growing on
natural rocks in mountainous streams and riparian forests, but not on concrete slopes and stone walls where bryophytes grew.
Civil engineering and construction to prevent landslides and floods in mountainous stream areas is one of the factors causing
decline and loss of endemic plant communities in Japan. We therefore consider it necessary to conduct detailed surveys and
conservation actions to prevent local extinctions of small native plant species, such as H. polyanthos sensu lato, which grow

in the vicinity of mountainous streams and are difficult to identify the taxon precisely.
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ZC&HIC

AR O LRI I, 7 O HUSR A O EEREAR S 5 i il
WIBRE RS LTV D (B - B, 1990), LR i O
ARPRIFIEAEATIT BRI LT 2 RIS N TARDORIEIC X - T
EH RS ()R, 2000), ZOHKIZLE LS
T SR TV T WA T (BKIL, 1992), &4 ZHby
e > TEHEREBTME R ->TWD, —FT, Algp iz
Tl LA RSO L HE - KESPHEICRAET D729,
TR DR - R, TEKkEBNE LicEn s bivsd  (k
B - 8K, 1997). T DX 5 et E - KEEZBIET 5
TeH>OTEHL, (LR O B OIS O BRI - 1HK
ZHlEREIT—REAR->TWD (KR - 8K, 1997),

IWHIR G Z R R A B T2 8EvF0ary 7 7F
(Hymenophyllaceae) 1%, A2 REXTHEZLVF ]| & LML
n, —~Raricihz s X5/ oA FEYTHS G
ZJE, 2010). AFOLZ < ORI, EMIES 1E L7 WEE
FRIRTERED T ® Filmy fern (BIRT %) LFEEHMTWS (Nitta
etal ,2021), —MLIHEMIIZIER D& DKDEFEES 7 T2

TRENDDLBAFHIZNE RN TNDLDT, EFREOWE
{RIZ & DD THT MY & Wbl T (Nitta ef al., 2021) .
FDicH, AROAFHEREX, BEHBASESNAT, BV
TR ERBASFMETH D, EEOLRINETICHEETEL
HEH T DIRIRIBIC W CABI M AE B R T & I lmIE, v
TG BEEPOEMMAAN D BRE T, BEEPEFTLTWD
Xokar s ) — NMERSAE CTho THABTNHRTE R
Pole (M1), 2D, ERAEFHO LHRREICBIT
DFMEER, TRKTEREDANBHELL, BICBELZ &
DY IRNEROAEBREDHIL - BRO—K LD LEEZEZD
b,

ABDO—FETH DR N2y )T (JLF5) Hymenophyllum
polyanthos (Sw.) Sw. sensu lato 1%, TH L O B 2 & B2 IR
CAML T LIRS HFETH Y, BARENTIEAM

POBERIIEE CTIES AMALTWD (HEER, 2016a). i
B, BRI T DR Y Nary 7 (JK5%) 1%, HEkk
K rbeL BAR T3 X O rpsdiB a1 & trnS i85 T D5 T[]
TEIK & N T2 3 SRR ATIC XV H. fujisanense Nakai,
H. parallelocarpum Hayata 33 X (N H. punctisorum Rosenst 73 &

N

X1, AFAEHILNO R Y "al v 77 (Jh$E) Hymenophyllum polyanthos sensu
lato D HTUAY 72 H AR (BRB2 B © 20234E11H8H). la: H. fujisanense O H A
(BREEH ID @ HP13). A 7 M oL MERmn o ZE (GEf 0
FAREN) (CEA. 1b: H. fujisanense O H A2 HIT, FE A SKRHNOFEIED
BT, BEAMOa 7 Y — MREMFRIICITEEL TV RP o7, e H

fujisanense DEFAIRPL. 1b) D EFRANICHE L LT B EIRREE.

Figure 1. A typical habitat of Hymenophyllum polyanthos sensu lato in the study area
(photographed on November 8, 2023). la: A habitat of H. fijisanense on an outcrop
along a mountain stream (dotted circle) in Shimoyoshida, Shinshiro, Aichi Prefecture,

Japan (collecting site ID: HP13). 1b: H. fujisanense grew only on the outcrop (within
the dotted circle) but not on the concrete-sprayed slope seen on the right side of the
photo. Ic: Close-up photo of H. fujisanense shown with the dotted circle in Figure 1b.
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WiEh T DR Y N3y )T (JRFE) Hymenophyllum polyanthos sensu lato |2V T DA A

M E L THNEINTWND Z ERHEINTWD (Vasques
et al., 2019; Vasques and Ebihara, 2022), Z 4L 5 O # &2 X
LHE, ZngEcThRyRNary /)7 () LS TERZA
fujisanense, H. parallelocarpum 3 X. N H. punctisorum /%, 3
W 512 b 945 LT\ 5 (Vasques and Ebihara, 2022), L 22
L, ZOofmisklE, —HofigzRywtEICRES N
U EREAR O RBRIRHE D HREEFE STV % (Vasques and
Ebihara, 2022) . H. punctisorum It O2f&E & b /N, fa
FRAUBEDTR A ST R WIER DO E 72 ETERERIRHE A HFE
[FIFEFIHETH D & LTV 5 (Vasques and Ebihara, 2022) ., —5,
H. fujisanense & H. parallelocarpum |3FE S T REHIR #3 EE
HWLTRY, PHEOWE LT 2EERH 25 (Vasques and
Ebihara, 2022) . % D72, AMESEHE T IR E 25 W EE e 7o
W, IEERFEFREICIZ DNA RS SETHS (Vasques and
Ebihara, 2022) .

AFED L O TAFEPIC A L, MEEOMERERW &b
WD EYREDR, EBRICIIRR D NEROEAEKTDHY, 20
5 H—IBHDTHDH, MRITHE L TWD RIS, k472
EFE T ST WD (Frankham et al., 2002) . HHEHJ5 D
(R C b, BBICRAET 2 L KE - KEEH LD
OOl - FEI, TaKkEHBE LSO TERTD
NTWD, 2O, DARWHBFEL <D0 > TR A
Sfujisanense, H. parallelocarpum ¥ X O H. punctisorum 1%, A
FINTIHE LTS ATREMER H D, £ 2 C, B 7 (—#6,
EBEZET) OLHBERERICBW TINSEEIr LR Y N2
sy 7 (JRFR) LRETEIEEEZEREL, DNABH%Z
HWTHIRELRIE L, 10 OFRBRIRHK & HAmaiko—E
ZH LT LT,

AWFIE T, WG 2R E T E Th RV, R YA
a7 (JRFE) O X9 72 IHRFIEIC E A o LR
REIR IR DRHAE TE D/NHOFEEY ZITDOWT
AL TEAT D E T LRI LR, KREEZTH 2
Lz Lz,

HEAB S LUV EE

on
on

BREH R

BEM T, ENVESREEIEET LY v —F
(https://jpsearch.go.jp/) % FH W T, WBEDFEHFESE L LT
BIE L7, ABFIE TH20214ETH 2> 520224F 11 A 221 T,
TN, I RIE AL L LIRS (35, EFREE
tp) (K1) T, WEHKR (2016b) (K2) ICHEVHED I
Bhrory Nayy )7 (JRF) LRETERITF V7L
L IR OT Y NI V—TE Licayxary )T H
barbatum (Bosch) Baker (19> 7)V) ZEEL, #HERRE L
Lic, &TOY 7ML, #LEREA L L TR A
W R A R R R R R R IR LTV D,

19

DF RAFFHBRAT

ARICHHAT DR Y Nary )7 (RFE) ICEENDEE
D9 B, H punctisorum (A O2FE & b ~C/NITC, o128
BIEDFARSS BNLIZ 72 WEER DI e E 0 HHREFIEFTRE & S
TW5 S, H. fujisanense & H. parallelocarpum [IFE [ THED
TERERIRF M ZIZERE LT % (Vasques and Ebihara, 2022) .
FDT, SFORMFE (H. fujisanense, H. parallelocarpum, H.
punctisorum) X, SNFEROATHRET L2ORKRELEZZ S
W5, AP TIX Vasques and Ebihara (2022) I1ZHEVy, HERE
K rbeL M@ AnFHEIE (LA, rbcl) 3 X O\ rpsd-trnS i Ax 18
BEIR (DABE, rpsd-trnS) D5 F R FRIMITIC X - TEEWE
Z[FE Lz,

BELES Y Nary 7 (EF) G1Hr7n) 245
TREMOT T NI N—=T L Lcayyvary 7 (Y
v V) O fEEEE D> B DNeasy Plant Mini Kit (QIAGEN,
Hilden, Germany) Z=MHWT, fHEOEHET v ka2 — LiTHE
W4 DNA ZHitH L, rbcl 38 X O rpsd-trnS O §E% DNA &
L7z, PCR i% MightyAmp ™ DNA Polymerase Ver.3 (Takara,
Shiga, Japan) ZHW T, fIED 7w h a—icftvy, %
7T A4~ —10uM % & Lo ] Ji #R25uL & FH L 7z, PCR
H~77A4<—%& LT, rbcLid Forward 7 7 A ~ — 5
-ATGTCACCACAAACAGAGACTAAAGC-3" (Pryer et al., 2001),
Reverse 77 A ~— :5 -CTTTCCAWAYTTCACAAGCAGCAG-3’
(Pryer et al., 2001), rps4-trnS X Forward 7 7 A ~ — :5’
-GCCGCTAGACAATTAGTCAATC-3’ (Hennequin ef al., 2003),
Reverse 7 7 A ~ — :5 -TACCGAGGGTTCGAATC-3’ (Souza-
Chies et al., 1997) % Fi v 7z, PCR Id i fH ¥ & & DNA ¥ —
~ )V % A4 27 F — (Gene Amp PCR System 9700, Applied
Biosystems, Beverly, USA) % FH\\\ T, BV PE98°C243 % 10T -
Totk, BEMRTCI0R, T =—1Y v /58CISH, R
68°C30f & 1% 7 v & L T304 A 7 V{T > 7. PCR EMIZ
15%7 1 e —2 7 VESKIKE) (1X TBE, 100V, 3053f#) T
BNV RNTHDZ LML, RSO INTPs K451
DNA % 79 % 72 % NucleoMag NGS Clean-up and Size Select
(MACHEREY-NAGEL, Diiren, Germany) % i\ TR L 7z,
v — ¥ A it i3 BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems) ZHWTfEDERE T v fa—
IZ%HE > TAT VY, 3500 Genetic Analyzer (Applied Biosystems)
PRAWTHEA VI by—r o AETHEERS 2RE LTI, £
DOFR, rbeL iEHTFL L7 PCR 7 Z A ~— (Pryer et al., 2001)
B LW Pryereral (2001) NG LIy —F VAT T4 ~—
:5" -CGTATGTCTGGTGGAGATC-3", & BT # b M8 rbcL
D DNA BN B BICEFEER LIy = V27 T4 = —
:5" -ACCCAATTTTGGTTTGATTGTAC-3’ % H \ 7z, rpsd-
trnS {22 \WTIX PCR 1 7 F A ~ — (Hennequin e al., 2003;
Souza-Chies et al., 1997) % ATz, ARHFZE THE L 7z rbcL
B L O rpsd-rnS OEL 1T, National Center for Biotechnology
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F1. Ktk Lich Yy "ary )7 (JhFE) Hymenophyllum polyanthos sensu lato DFZiHE H. fujisanense, H. parallelocarpum 3 X O H.
punctisorum OFFEM S, £ 2 7NV OIERFAR rbcl BAR T3 L OIEREIE rpsd-trnS B in - EEEK O NT v 7 4 7,

Table 1. Collecting site details for each sample of Hymenophyllum polyanthos sensu lato (Cryptic species: H. fujisanense, H. parallelocarpum, and H.
punctisorum) and the haplotypes of rbcL gene and rpsd-trnS intergenic spacer region for chloroplast DNA.

it " B D BRAEH S g Fedis EEE () NTRBA T
Scientific name '’ Collecting site ID Collecting site Latitude Longitude  Altitude (m) Haplotype ”
rbcL rps4-trnS
H. fujisanense HP1 g B BN SRR - 52 iy 35.577567  137.122147 263 RC1 RSI
HP2 Hichiso-cho, Kamo-gun, Gifu Prefecture 35.577628  137.122192 260 RC1 RS1
HP3 35.579367  137.128367 276 RC1 RSI1
HP4 35.580006  137.129081 286 RCI RS1
HP6 35.580939  137.131239 299 RC1 RSI
HP7 35.580608  137.131244 299 RC1 RSI
HP12 TN TR T N 34.945361  137.644119 246 RC1 RSI1
HP13 Shimoyoshida, Shinshiro, Aich Prefecture 34.945839  137.644281 252 RC1 RS1
HP14 34.945822  137.644386 257 RC1 RSI
HPI15 34.946883  137.644289 277 RC1 RSI
HP16 34950797  137.645203 294 RC1 RSI1
HP17 34949814 137.643428 288 RCI RS1
HP34 T IR )1 & 35.020302  137.663513 226 RC1 RSI
HP35 Kawai, Shinshiro, Aich Prefecture 35.020969  137.663339 217 RC1 RS1
HP36 35.020624  137.663631 218 RC1 RSI
HP37 35.021350  137.663669 220 RCI RS1
HP38 35.021342  137.663683 221 RC1 RSI
HP39 35.021334  137.663510 215 RC1 RSI
HP40 35.021362  137.663312 219 RC1 RSI
HP41 35.021409  137.664324 252 RCI RS1
HP42 35.021562  137.663404 218 RC1 RSI
HP43 35.021445  137.663492 217 RC1 RSI
HP44 35.021601  137.663591 222 RC1 RSI
HP45 35.021703  137.663808 236 RCI RS1
HP46 35.021801  137.663754 235 RCI RS1
HP47 35.021545  137.663639 225 RC1 RSI
H. parallelocarpum HP5 7 B W PR AR - s T 35579853 137.129536 299 RC2 RS2
Hichiso-cho, Kamo-gun, Gifu Prefecture
HP9 el B I (L VR T ol 35.637133  136.696031 251 RC2 RS2
Kanzaki, Yamagata, Gifu Prefecture
HP10 UL LSRR FR BT 35.076430  137.532766 525 RC2 RS2
HP11 Sitara-cho, Kitashitara-gun, Aichi Prefecture 35.076430  137.532766 525
HP21 el B L 1 W7 P i 35372825  136.740242 388 RC2 RS2
Embara, Yamagata, Gifu Prefecture
HP23 I B LR F T SEERT 35.639703  136.926394 288 RC2 RS2
Minami-cho, Gujo, Gifu Prefecture
HP24 et B IR R 7 R B 35435608  137.492575 778 RC2 RS2
HP25 Higashino, Ena, Gifu Prefecture 35.639703 136.926394 288
H. punctisorum HPI8 g B WL v e 1 7 AR 4T 35.477039  137.614914 1156 RC3 RS3
Misaka, Nakatsugawa, Gifu Prefecture
HP22 TN AL R SRR RR BT 35.160375  137.574486 898 RC3 RS3
Sitara-cho, Kitashitara-gun, Aichi Prefecture
HP33 EFIRAGER LAART 35761911  137.707665 684 RC4 RS3
Agematsu, Kiso-gun, Nagano Prefecture
H. barbatum outgroup e B RIS RS -E A= T 35.580556  137.130833 297 RC5 RS4

Hichiso-cho, Kamo-gun, Gifu Prefecture

1) FEREIRIE 1, Vasques and Ebihara (2022) IZHEVY, FERRR rbcL AR T8 L OIERKK rpsdiB a1 & onS BART O (5 7 HEIR & W T2 59 1R ¥ #0
FRATEE TIT o T2,

2) TRTDO/NT 1 # A 7% DNA Data Bank of Japan [Z 8§k L7z (77 &> ¥ =2 &%, RCI:LC789032, RC2 : LC789033, RC3 :LC789034, RC4 :
LC789035, RC5 : LC789036, RSI1 : LC789037, RS2 : LC789038, RS3 : LC789039, RS4 : LC789040).

1) Cryptic species were identified by molecular phylogenetic analysis according to Vasques and Ebihara (2022) using the rbcL gene and the rpsd-trnS intergenic
spacer region for chloroplast DNA.

2) All haplotypes were registered in DNA Data Bank of Japan (Accession nos, RC1: LC789032, RC2: LC789033, RC3: LC789034, RC4: LC789035, RC5: LC789036,
RS1: LC789037, RS2: LC789038, RS3: LC789039, RS4: LC789040).
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WU T DR Y a7 (JRFE) Hymenophyllum polyanthos sensu lato |22V T DFFAIRA

#2. AWgecHh Y oNary )7 (JKF%) Hymenophyllum polyanthos sensu lato Z 4 58S % & LI EDEIEY I,
2016b) .

Table 2. Morphological characteristics of the leaves used in collecting Hymenophyllum polyanthos sensu lato (Ebihara, 2016b).
Sy,

e HEHE  EHE  EWE 155 PR AR DR  WTEHRO RFEC BTEQR la7rEaR
ROMB e em) em) P ) Com) e em) FPOR e Tgpi & i
Physiognomy of Lamina  Lamina  Petiole Angle between  Pinnae Pignae l?innae Petiole chfation of ) Sori ) Sori ) Sori
lamina length (cm) width (cm) length (cm) costa aond length width distance wing sori involucre involucre  involucre involucre
pinnae(° ) (cm) (em) (cm) position shape  length (mm) width (mm)
01152 SR I I T Tl
0 MY ' & TR g
3.0~99 1.5~49 13~52 45~70 0.5~32 0.3~19 . . PP 06~1.6 0.6~1.7
Lamina triangular Topmost Edge of vein Triangular
g Undocumented 07 on ultimate  oval to
oval to oval only

segment oval

FUEHRIZOWTHE, K2R Lie. &Y ary 7 (K3 OREOBEMFEICOVWTIE, H#ER (016b) X VEIH. 2k, REDCSELT LD
BT EREZ S L.

Morphometric details are shown in Figure 2. Descriptions of leaf characteristics of Hymenophyllum polyanthos sensu lato are quoted from Ebihara (2016b). Ranges of actual
measurement values are shown for identification convenience.

Information (NCBI) (https:/www.ncbi.nlm.nih.gov/) 7551/ L
T-laWitE (H. fujisanense, H. parallelocarpum, H. punctisorum)
O rbcL 3 X U rpsd-trnS O DNA B FN &N Z T, 45 R
MHAOT =42ty M& Lk, DFREITHOT —2 17> b
X MEGA7 (Kumar et al., 2016) @ ClustalW T7 7 A A > kL,
ayyalyy /) 7%7 U hJN—7 L L TRaxML-ng (Kozlov
et al, 2019) THRARMEE 2 LTc, HALRMM 2 HE
THKE, AEEOREREEERE T VL, ModelTest-NG
v0.1.7 (https://github.com/ddarriba/modeltest) (Darriba et al.,
2019) % A\ T rbcL 151 1% GTR € T )V, rpsd-trnS AR
FHBEEIETVM E7 V2 @R LT, RLRFHOEOE
L, 1000 EIC K~ THhoNlT7— AT v 7l
(Felsenstein, 1985) X VW HE L7z, 5 OV T2 i LR O
[T VX FigTree (versionl.4.4) (http://tree.bio.ed.ac.uk/software/
figtree/) Z Tz,

TSP G

B I 2. KBFZECRIE Lick Y "z )7 (IK3) Hymenophyllum
RHFZE TEREE S NT237H 7V DS REIC DWW T, polyanthos sensu lato DIETEREENL. 2a: D EHE, @ EHiE, O
Vasques and Ebihara (2022) %‘i}%‘cz, %@ﬁgﬁ?\ ZHIE LTz ( FEWRE, @ APAE, © WEAE, © W03 )7 R, © i

SN . . KA T A, 2b: @ ERORE, O EROFE. 2¢: O fa+
2), tj: L, Va‘squei and Ebihara (20?2) %iﬂ@%%/ (a3 BAE, ) MR © T EaEORE (T3
DHLIE) OHPEHRE LTO0L85, ARETRELLY i/ o 735£ 8 FOUTFIROHE). FERER, Vasques
VMR, BTN RRE (PO WEE) Ao and Ebihara (2022) 124 Ule, JIETALO AAICH WY > 7 VIR,
. . TR 2 S X2a & [X2c 3 H. punctisorum (%> 7"V ID : HP18-1), [X2b % H.
FeTNb Bl AR TIRIMBIVIRERE LI RO arum (3270 1D < H24-1).
punctisorum VI O2FE & Lt ~/NT, faFEAREOIRS H Figure 2. Morphometric descriptions of Hymenophyllum polyanthos sensu
SE TR IR WNEERR D B 7y PTG EE YR s S TRFEIEFTRE T H B A8, lato leaves; 2a: (D lamina length, @ lamina width, @ petiole length,
.. A PN @ pinna length, B pinna width, ® pinnae distance, (7) angle between
H. fujisanense & H. parallelocarpum ﬁ@ﬁﬂi(ﬁ/ SRR costa and pinna. 2b: ® petiole wing length, @ petiole wing width. 2c:
ML TWOTOHRERETHD Z LERAETHZ & THD sori involucre length, @ sori involucre width, @ constriction index of
(Vasques and Ebihara, 2022) ., % ¢ 72 %, Vasques and Ebihara sori involucre (width of sori basis / width of pinnae below sori insertion
. e - region). The morphometrics conform to Vasques and Ebihara (2022).
(2922) £ 0 AHRER E PROME~RAREESIBL, AHE Samples used for the morphometrics were H. punctisorum (sample ID:
THIE L7 F RO A REE B O ME~F Rl L ik L7e HP18-1) in Figs. 2a and 2c, and H. parallelocarpum (sample 1D: H24-
(#3). %&EHORELKIL, Vasques and Ebihara (2022) %% 1) inFigure 2b.
BN T NVIRBIERIMCRIR LT (72720, EDO—HAR
HLTWD I OMBIR T E WAL, 280 & L) 723,
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OF432149+0P432212
OF432055-0P43 2158
W24

HS
OPA32034+0P432157

OP432009+0P432162
re

U
OF432156+0P432219
HFE3

)

rurasa: H. parallelocarpum

OP432100=0P432163
OP43036-0P432154
HP1

OP432129+0P432192
OP432128-0P432191
OF432142-0P432205
OP432087+0P432160

H punctisorum

HP4
OP437141+0P432204
OP432108+0P432171
HP1Z

HF15

HP4Z

HF2

HFT

HF23

HP24

HFP23

HP4D

100[: .
e e [ H fujisanense

OP432140+0P432203

HP45
OP432106+0P432169
OP432151+0P432214
OP432146+0P432209
OP432107+0P432170
HFE:
OP432105+0P432168
OP432111+0P432174
HF17
OP432147+0P432210
OP432102+0P432165

HP36

OP432101+0P432164

HP47

HP13

OP432144+0P432207
P14

OP437143+0P43 2206
OP432104+0P432167
HP1E
OP432103+0P432166
HFZ

OP432150+0P432213

HP1
OPA32108H0PAB 2172 e

Hymesafy! fum bsriatam

0.003

3. R Y2y 77 (JRF%) Hymenophyllum polyanthos sensu lato DOFZGEFE H. fujisanense, H. parallelocarpum 38 X O H. punctisorum
DEEFKAR rbeL BART-36 K OFERKA rpsd-ornS SR RIFHIC X o TS S IVC B bR, AR EWRE 7 UL, BERA rbcl 5T
13 GTR 7 /v, FERKAR rpsd-trnS AR TFFIFERIIE TVM T 7 V2 e, B EOEFIZI000M D7 — k2 b T v ZHEH60% LA LD 2
R LT, MR OR 7 —VSEREESEL (0.003/ Hi) ZRd. AN THERK L7 BREEM ID 12 HP & (5 T/R L7c. National Center
for Biotechnology Information (Z %k S 41TV % 2 FRHKFE D JERRAK rbcL AR 138 L OVIERRAR rpsd-irnS BAR T [F 51K > DNA Bl 411,
=S 7nDbDE5IHL, TNENDT 7k vy a &5 EIERFIE rbel BT + ZEREK rpsd-trnS Bz FIEONEICFEH# L7z,
T NI N—T L UCRIIZE CHEE LT H. barbatum % i\ e (DDBIIZEE LT 7y v a V&L, (81 258).

Figure 3. Maximum-likelihood tree for the rbcL gene and the rps4-trnS intergenic spacer region for chloroplast DNA of Hymenophyllum
polyanthos sensu lato (Cryptic species: H. fujisanense, H. parallelocarpum, and H. punctisorum). Nucleotide substitution models used were the
GTR model for the rbcL gene and the TVM model for the rps4-trnS intergenic spacer region. Numbers on the branches show bootstrap probability
based on 1000 replicates; only values exceeding 60% are shown. The scale bar indicates 0.003 substitutions per site. Collecting site ID is indicated
by adding HP before individual number. The DNA sequences of rbcL gene and rps4-trnS intergenic spacer region, confirmed from the same
sample as the rbcL gene, is cited in this order by the accession number of each cryptic species registered in the National Center for Biotechnology
Information. H. barbatum collected in the present study (DDBJ accession nos. are shown in Appendix 1) was used as the outgroup.
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4. AWFgECHRA LTcA Y Nary ) 7 (kF%) QMBI 2REEWFE Hymenophyllum fijisanense, H. parallelocarpum 33 3. ON H. punctisorum.
FEE L, Vasques and Ebihara (2022) IZ9EVy, FERRIAR rbeL AR T 36 L ONTERRK rpsdiB {51 & 1rnS AR T OB F B Z AW e+ 5%
RN IE TIT o 72, H. fujisanense (%> 7V 1D : HP3-1) : 4a HEWIASME, 4b @K, 4c W DOE, H. parallelocarpum (> 7V 1D :
HP24-1) : 4d HEMRSMEL, de BUE, 4F3ERROE, H. punctisorum (> 7V 1D : HP18-1) : 4g KEMARSME], 4h AU, 4i BERROHE,

Figure 4. Photographs of Hymenophyllum polyanthos sensu lato (Typical cryptic species: H. fujisanense, H. parallelocarpum, and H. punctisorum).
Cryptic species were identified by molecular phylogenetic analysis using the 7bcL gene and the rps4-trnS intergenic spacer region for chloroplast DNA
according to Vasques and Ebihara (2022). H. fujisanense (sample ID : HP3-1): 4a, plant body; 4b, sori involucre; 4c, petiole wing. H. parallelocarpum

(sample ID : HP24-1): 4d, plant body; 4e, sori involucre; 4f petiole wing. H. punctisorum (sample ID : HP18-1): 4g, plant body; 4h, sori involucre;
4i, petiole wing.
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WiEh T DR Y N3y )T (JRFE) Hymenophyllum polyanthos sensu lato |2V T DA A

FREL U TEQBEICHET L2EA DS OHREEBIZOWTD
SEDTD, FEICEHEH LTz,

DF RIFRF R

PN EWE LTckh Yy Nary )7 (KF) 37907
N7y N IN—=TL LEREBDayYasy ) T
NV DEF38Y AN D rbel B XN rpsa-trnS DI EEFF 75
TETE o, RHFFETHER L7238% 7LD rbeL 1IX5D2D N
v % A 7 (RC1~RC5) T, rpsd-trnS 1X4>D N7 v 7 A 7 (RS]
~RS4) KX T&E (R, £/, &NTw A T7D
DNA 2 #1122\ Ti%, DNA Data Bank of Japan {2 &k L 72
(7 7ty arFE, RCI:LCT89032, RC2 : LCT789033,
RC3 : LC789034, RC4 : LC789035, RC5 : LC789036,
RST © LC789037, RS2 : LC789038, RS3 : LC789039, RS4 :
LC789040)

ARBFFE TR L 72383 v 7L & NCBLICE S S TW 5
H. fujisanense, H. parallelocarpum, H. punctisorum @ rbcL ¥3
L O rpsa-trnS DT DNA ELHI 2 50T, HE LRk
R (1X3) 1%, Vasques and Ebihara (2022) O & Rk,
H. fujisanense, H. parallelocarpum, H. punctisorum D3>0 7
L— NiZapidc, AR THE LY v 7 vidnThso
7 L— RIZEEN, ZTOWNRIT H. fujisanense 263 > 7 )\, H.
parallelocarpum 8% > 7 )V, H. punctisorum 3% > 7 )V T -
Tzo U EDZ Lint, AL THRES N, FEINTFREL D
EINTeHR Y Nary )7 (JRFR) X, Vasques and Ebihara
(2022) DHAE & FIREIT, H. fujisanense, H. parallelocarpum, H.
punctisorum DFEEEETHDHZ LBHLNP LR -T2,

EHERRE

AR L RIERENT D> & H. fujisanense, H. parallelocarpum,
H. punctisorum & [RIE & L 7c 34 > 7 O ZESN R #E D
FREHEIRTE, XEELLICHERITTRL, BTFE
D F Vasques and Ebihara (2022) & @ g D 72 & fe /Ml ~
BARMEZRITR LTz, E7z, AW H fujisanense, H.
parallelocarpum, H. punctisorum % X427~ L7z,

AW CEE SN T3FOIEDIEIE, H. fujisanense 111
DRI LR KA THEL R 2313 1em (K SEME b B S,
H. parallelocarpum \FEEMREBAXTICE < 72V, KREFIEIC
BT Vasques and Ebihara (2022) DA & [FER D7) 23
Wb, LA L, H. fujisanense & H. parallelocarpum O
WL, T, RTFEBEQECEMBEEIZEEL TWe, —7,
H. punctisorm I¥, Vasques and Ebihara (2022) D& & [AlEE
\Z, M2 & AR TH B ANT/INIT, TR
PEERREN RO (M4h), LaL, EHEDMNE, H
punctisorm [ZMO2FE L L, TEW, RO REY

25

BEELTWD T, HEOTERBIRIEA b3 & B (R
THZLIETE ol

EBRE
R CTEREE ST 3FED EFHS OIS X H. punctisorum
2391271193 m (V-8 = FEHE(R 72, DLRERIER) & &b &
508 C, K\ T H. parallelocarpum 73417.8£169.3 m, H.
fujisanense 13233.8£37.2 m & 72 V), Vasques and Ebihara (2022)
DOEFEARFAEIC X DA & —F Lz, B 5 IX B ABIEO®
I 2 D E TORERERZAE L, FRITIG U EEER
HANBRBE A BET DM TH v (BREEAE it 5 B 58 S5 5 i,
2008), AAFIEITHIT 5 —K B REY R 2 EWHR - FEE
EETLHGTHD (R, 1989), HEHIGICAEFERER
R B3O T R CTHER L TWD O, LR
REOZEEEZSZHBLTND b N2 D, —F, RIFFETH
U7z (UHEFIR T, LW OiTE - 8, Kk EEE L
TERBEMIIE N B3R T, Zhbistoary T
FHEY OEE bR TE R olc, ary ) TRO XS %
A FHELNCED THE <, BELRITH LWMERTES EE 5
5D TH D (Watkins ef al., 2007), [LIHIEGTIKIC 81T 5
MBSV LFIC L D A B RE OGO ELT, 3
BEAR DM 2R BRBEICHEIG Lic 27 v ) TRET T < o
MEY OFIR - HRO—K b LifEiiand (EH,
1994),

TEDH

RADE Y Nayy 77 (RF) 2T %3 O Rk
i, FEPERINIZZLEERILSEETHY, HIHE
REEL ~OV COREMIAR B IZRIZAT b T, ARFSE
THAAE Lo ik <k, LW oty - R, JBkE E
B & L& W 21X H figisanense, H. parallelocarpum, H.
punctisorum 7217 T2 <, TS0 ary ) TEOAEEFE
LERTE o, RWFFEXtS & LTz H. fujisanense, H.
parallelocarpum, H. punctisorum [X/NITH DD BIZHE E
L LB T, EOBETRRETERVO
TDNAN—a =7 VI EATOMBERD D, DI, [
EMESEL, X MRIT TR, FHRERESLEITRY, 7
HTFIT TR TETERNWZ ELAENG LT DROKE
R L2 D, FrEMBOEREENEIR - HET L Z LI,
ROFOFEOMMZ | Z T rRERH D (B - LA,
2023), Vasques and Ebihara (2022) 2 L3, 8% 5 < A
parallelocarpum 1LY N2y ) 7 (JR38) ZRERRT 535
DFARFE DT Theb KI5 LRESh TS, AR
BECEHME T L ICREINTZY > TNV KR ERFEY B3 H 5
7o b, LT T O3FEDFEM 22 S AEIFR 2 B 6 2§ D 7z
DITIE, SRIIS BICRHFAOREPLETH D,
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WiEh T DR Y N3y )T (JRFE) Hymenophyllum polyanthos sensu lato |2V T DA A

8kl A TR T E Lickh Yy Nar v ) 7 (Jk5F%) Hymenophyllum polyanthos sensu lato @ B2 ik f& H. fujisanense, H.
parallelocarpum 33 Y. O° H. punctisorum DIEFLFET — 4 .
Appendix 1. The data of morphological characteristics of Hymenophyllum polyanthos sensu lato (Cryptic species: H. fujisanense, H.

parallelocarpum, and H. punctisorum) used in this study.

D PN AEER Y
E% ID measurement items >’
FEHNTHT 4

BT, EIR LY AR PR AR QPR DA EMORE: BN ORE o7 IO a7 TR fa 7 FE R

S = (cm) (cm) (cm) (cm) (em)  HEEE (cm) & () (mm) (mm) 3 7] (2YSEizE 3
Fertile frond . . . . . Pinnae Angle Petiole Petiole . Sori . Sori Constriction
Scientific name ” Sample ID  / Sterile Lamina .Lamma Petiole Pinnac »Pmnac distance between wing length wing width involucre mv?lucrc index of sori
frond® length (cm) width (em) length (em) length (cm) width (cm) (em) costa and m) (mm) length width involucre
pinnae( (mm) (mm)

H. fujisanense. HPI1-1 F 10.8 1.7 23 1.2 0.6 0.4 70 0 0 0.95 0.75 1.10
HP1-2 F 74 1.9 24 1.6 0.5 0.4 60 0 0 1.11 0.84 1.11
HP1-3 F 72 1.7 1.9 1.2 0.6 0.4 50 0 0 0.90 0.74 1.36
HP2-1 S 6.0 1.2 1.9 0.8 0.4 0.4 65 0 0 - - -
HP2-2 S 6.0 1.1 1.8 0.9 0.4 0.5 70 0 0 - - -
HP2-3 S 6.5 13 35 1.1 0.5 0.2 60 0 0 - - -
HP3-1 F 59 23 1.4 13 1.0 0.4 75 10.03 0.51 0.98 0.90 1.02
HP3-2 F 4.2 1.6 0.4 0.8 0.7 0.3 60 429 0.50 0.81 0.63 1.21
HP3-3 F 52 23 2.0 1.0 1.0 0.4 70 20.33 0.36 0.69 0.74 0.62
HP4-1 F 34 1.9 0.6 0.8 0.7 0.3 70 5.66 0.69 0.96 0.81 1.20
HP4-2 S 24 1.4 0.5 0.6 0.6 0.3 70 4.68 0.53 - - -
HP4-3 S 32 1.7 0.6 0.8 0.8 0.3 80 5.77 0.38 - - -
HP6-1 F 6.5 3.0 45 1.6 1.1 0.4 65 39.76 0.75 1.35 0.90 1.04
HP6-2 F 7.0 35 3.6 2.7 1.0 0.4 55 29.54 0.69 1.28 1.02 1.12
HP6-3 F 6.8 23 34 1.2 0.6 0.4 60 19.08 0.65 1.26 0.93 1.25
HP7-1 F 11.4 2.1 2.3 1.1 0.8 0.4 50 4.80 0.30 1.17 0.69 1.03
HP7-2 S 9.1 1.9 1.4 1.1 0.7 0.5 55 0 0 - - -
HP7-3 S 13.7 2.1 24 1.5 0.7 0.4 65 0 0 - - -
HP12-1 S 6.1 13 3.0 0.9 0.6 0.5 50 26.48 0.38 - - -
HP12-2 S 32 1.8 0.8 0.8 0.6 0.3 60 7.62 0.38 - - -
HP12-3 S 34 1.0 1.1 0.5 0.4 0.4 50 10.51 0.53 - - -
HPI13-1 S 37 1.7 1.0 1.0 0.6 0.4 40 9.64 0.77 - - -
HP13-2 S 2.9 1.5 1.1 0.8 0.6 0.3 55 8.90 0.38 - - -
HP13-3 S 22 1.3 0.3 0.6 0.4 0.3 50 3.21 0.59 - - -
HP14-1 F 55 1.7 1.2 1.2 0.6 0.3 55 10.24 0.59 0.95 0.68 0.76
HP14-2 F 4.4 15 1.2 0.9 0.7 0.4 45 10.97 0.47 0.90 0.74 0.73
HP14-3 F 4.7 1.9 0.8 13 0.8 0.2 50 8.43 0.60 1.11 0.92 0.89
HP15-1 S 10.5 4.8 3.7 3.6 1.1 0.4 60 30.95 0.59 - - -
HP15-2 S 6.6 32 1.9 23 1.1 0.5 60 16.32 0.59 - - -
HPI15-3 F 9.2 35 34 2.8 0.9 0.5 60 32.63 0.45 1.14 1.20 0.79
HP16-1 F 4.5 1.4 2.5 0.8 0.5 0.4 55 23.61 0.45 0.56 0.60 0.70
HP16-2 F 7.6 23 1.7 1.3 1.0 0.4 50 14.72 0.36 1.02 0.90 1.19
HP16-3 F 6.8 2.1 22 1.1 0.9 04 60 22.26 0.48 0.69 0.51 0.62
HP17-1 S 5.6 1.4 0.6 1.0 0.5 0.3 50 595 0.47 - - -
HP17-2 S 4.5 2.5 1.0 1.6 0.7 0.4 60 7.77 0.39 - - -
HP17-3 S 59 1.5 1.7 1.4 0.8 0.4 50 16.48 0.57 - - -
HP34-1 S 4.4 22 1.5 1.4 1.0 0.3 65 14.64 0.51 - - -
HP34-2 S 53 2.0 1.7 1.1 0.6 0.3 65 17.41 0.39 - - -
HP34-3 S 54 2.5 1.1 1.4 0.7 0.4 70 10.73 0.45 - - -
HP35-1 F 38 2.0 0.7 1.0 0.5 0.3 70 6.85 0.60 0.75 0.69 1.12
HP35-2 F 3.6 2.0 0.7 1.0 0.5 0.3 60 0 0 0.84 0.66 1.13
HP35-3 F 39 1.9 0.7 1.1 0.7 0.3 75 6.65 0.44 0.84 0.69 1.03
HP36-1 S 3.6 2.1 13 1.0 0.6 0.2 65 13.05 0.39 - - -
HP36-2 S 2.8 1.8 1.2 0.9 0.6 0.3 75 11.87 0.38 - - -
HP36-3 S 2.8 1.5 1.0 0.9 0.6 0.2 60 10.04 0.63 - - -
HP37-1 S 4.1 1.9 13 1.0 0.7 0.3 60 12.70 0.48 - - -
HP37-2 S 3.8 1.6 1.2 0.9 0.6 0.3 70 11.91 0.42 - - -
HP37-3 S 39 1.9 1.0 1.1 0.7 0.2 70 10.29 0.45 - - -
HP38-1 S 4.8 1.1 1.2 0.8 0.5 0.3 60 11.49 0.45 - - -
HP38-2 S 4.0 1.7 1.5 1.0 0.5 0.3 65 15.36 0.42 - - -
HP38-3 S 2.5 1.4 0.7 0.8 0.6 0.2 75 6.73 0.39 - - -
HP39-1 F 5.1 42 25 22 1.1 0.5 70 25.23 0.66 0.98 0.63 1.06
HP39-2 F 52 2.7 2.7 1.6 0.9 0.5 60 27.38 0.81 1.07 0.75 0.75
HP39-3 S 4.8 2.5 2.5 13 0.8 0.4 80 24.83 0.57 - - -
HP40-1 S 6.2 2.2 1.4 1.1 0.7 0.4 75 13.77 0.69 - - -
HP40-2 S 29 1.0 0.2 0.6 0.4 0.2 45 232 0.47 - - -
HP40-3 S 34 13 0.5 0.7 0.4 0.2 60 4.77 0.42 - - -
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Scientific name n Sample ID  / Sterile Lamina L amina Petiole Pinnae .Pmnae distance between wing length wing width involucre mV(?lucre index of sori
frond® length (em) width (cm) length (cm) length (cm) width (em) (em) costa e{nd (mm) (mm) length width involucre
pinnae(° ) (mm) (mm)
HP41-1 S 5.7 1.6 0.8 1.0 0.7 0.2 55 4.67 0.30 - - -
HP41-2 F 4.5 2.0 1.3 1.1 0.7 0.2 55 12.53 0.38 0.59 0.65 0.93
HP41-3 S 5.0 1.7 1.0 1.1 0.8 0.3 55 6.07 0.59 - - -
HP42-1 F 6.5 2.7 2.0 1.7 0.7 0.4 70 20.00 0.42 0.90 0.59 0.67
HP42-2 S 4.8 1.5 1.1 0.8 0.6 0.3 70 10.76 0.33 - - -
HP42-3 F 6.9 2.8 1.4 1.6 0.8 0.4 60 6.15 0.54 0.96 0.69 0.76
HP43-1 F 4.6 2.1 1.4 1.2 0.8 0.3 70 14.41 0.50 1.10 0.87 1.13
HP43-2 F 8.0 2.1 2.6 1.1 0.8 0.4 70 0 0 0.68 0.59 0.94
HP43-3 S 59 1.9 1.9 1.3 0.7 0.3 60 18.66 0.45 - - -
HP44-1 S 58 25 1.6 1.5 0.8 0.4 75 7.60 0.42 - - -
HP44-2 F 6.6 39 2.0 22 0.7 0.4 70 20.21 0.45 1.43 0.84 1.00
HP44-3 S 4.6 2.5 2.4 1.7 0.7 0.3 70 24.02 0.39 - - -
HP45-1 F 12.1 4.4 5.1 3.0 1.4 0.6 60 51.37 0.60 1.26 0.78 0.97
HP45-2 F 13.1 55 4.1 2.8 1.3 0.6 70 37.53 0.57 1.26 0.78 0.86
HP46-1 F 5.6 1.7 23 1.0 0.7 0.3 75 23.39 0.57 0.72 0.57 0.91
HP46-2 F 4.4 1.6 1.5 0.8 0.5 0.2 70 4.01 0.30 0.77 0.65 0.92
HP46-3 F 49 24 22 1.3 0.8 0.4 70 15.93 0.39 0.96 0.77 0.91
HP47-1 S 3.6 15 0.7 0.8 0.4 0.2 70 297 0.30 - - -
HP47-2 S 3.0 1.1 0.7 0.7 0.4 0.3 70 4.66 0.36 - - -
HP47-3 S 2.3 1.6 0.4 0.8 0.7 0.2 70 391 0.57 - - -
H. parallelocarpum HP5-1 S 3.7 1.9 2.7 1.0 0.5 0.2 80 19.04 0.90 - - -
HP5-2 S 4.5 2.1 23 1.1 0.5 0.2 80 15.68 0.89 - - -
HP5-3 S 2.8 13 1.0 0.8 0.6 0.2 80 7.15 0.69 - - -
HP9-1 S 3.1 2.2 22 1.0 0.8 0.3 80 20.54 0.51 - - -
HP9-2 S 5.1 25 1.6 1.5 0.7 0.4 75 13.27 0.54 - - -
HP9-3 S 6.0 1.6 15 1.3 0.7 0.3 60 8.21 0.48 - - -
HP10-1 S 4.8 1.6 29 1.0 0.7 0.4 70 21.95 0.39 - - -
HP10-2 S 3.4 13 3.0 0.7 0.7 0.4 70 25.54 0.44 - - -
HP10-3 S 34 23 42 0.9 0.9 0.4 60 40.99 0.53 - - -
HPI11-1 S 72 3.0 49 1.9 1.1 0.4 60 0 0 - - -
HPI1-2 S 8.0 3.0 5.1 1.7 1.2 0.4 60 0 0 - - -
HP11-3 S 57 1.7 4.7 1.0 0.8 0.5 60 0 0 - - -
HP21-1 S 29 1.6 0.8 0.9 0.6 0.3 70 543 0.72 - - -
HP21-2 S 32 1.7 12 0.9 0.6 0.3 65 11.95 0.68 - - -
HP21-3 S 29 1.4 0.7 0.9 0.6 0.3 80 5.87 0.51 - - -
HP23-1 F 79 38 4.9 22 1.2 0.4 65 0 0 0.65 0.66 0.88
HP23-2 S 53 3.0 4.7 1.6 0.8 0.4 75 20.49 0.53 - - -
HP24-1 F 54 3.7 5.1 22 1.0 0.4 90 0 0 0.59 0.62 0.77
HP24-2 F 6.2 32 4.7 1.6 1.1 0.4 70 0 0 0.69 0.74 0.65
HP24-3 S 4.4 3.1 4.0 1.6 1.1 0.4 85 21.52 0.42 - - -
HP25-1 S 52 23 1.9 1.2 0.6 0.3 65 14.50 0.48 - - -
HP25-2 S 35 1.8 1.0 1.0 0.7 0.2 70 523 0.42 - - -
HP25-3 S 3.1 1.4 0.8 0.8 0.7 0.2 60 7.50 0.60 - - -
H. punctisorum HP18-1 F 2.7 1.4 0.6 0.8 0.6 0.2 60 0 0 1.11 1.04 0.67
HP18-2 F 24 1.4 0.9 0.7 0.5 0.3 60 0 0 0.59 0.68 0.65
HP18-3 S 1.8 1.2 0.4 0.6 0.4 0.1 50 0 0 - - -
HP22-1 F 3.1 1.7 1.1 0.9 0.6 0.3 75 0 0 1.38 1.16 0.93
HP22-2 F 2.5 1.7 1.0 0.9 0.6 0.3 70 0 0 1.46 1.11 0.55
HP22-3 F 1.7 0.9 0.5 0.5 0.3 0.2 70 0 0 1.25 0.75 0.67
HP33-1 F 2.7 2.0 0.9 0.7 0.5 0.2 80 1.35 0.36 0.92 0.90 0.55
HP33-2 F 29 1.9 1.0 0.9 0.7 0.3 75 1.80 0.29 0.68 0.69 0.78
HP33-3 F 2.8 19 0.7 1.1 0.9 0.2 85 1.38 0.35 0.83 0.63 0.60

— CRBEOLDRTEOT SR L.

1) FE[FE L, Vasques and Ebihara (2022) IZ7EVY, HERR(K rbcL 15136 K OFERRR rpsd i85 & 1rnS TBAR 1 DIEAR1- MBI ZE VN2 53 1 R0 2 AT
HETITo T2,

2) FREHEHIZOWTIE, K21TmRLk.

3)F: lF2E, S RIE

— : No data on sori involucre because measured samples were sterile fronds.

1) Identification of cryptic species was performed by molecular phylogenetic analysis according to Vasques and Ebihara (2022) using the rbcL gene and the rps4-trnS
intergenic spacer region for chloroplast DNA.

2) The descriptions of the morphometrics are shown in Figure 2.

3) F: Fertile frond, S: Sterile frond.
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