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Table 1. Morphological characters used in the cladistic analysis

Characters

Character state
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—_ =
= w2

DD = = = e
o W o =3 Oy Ol

Spouting of found from rhizome
Stipe length

Scale margin
Pinnation of leaf blade

Shape of leaf blade

Ratio of width/length in leaf blade
Stalk of pinnae

Ratio of width/length in pinnae
Apex of pinnae

Stalk in pinnule

Ratio of width/length in pinnule

Width of pinnule segment
Apex of pinnule segment
Margin of pinnule segment

Overlapping pinnules
Auricle in pinnae or pinnule
Margin of indusium

Shape of indusium

Shape of sori

Shape of stipe in cross-section

fascicled(2), adjacent(1), sparse(0)
less than 30cm(0), more than 30cm(l)
entire(0), toothed(1)

simple to simple pinnatifid(0), 2-3 pinnatifid(1),
3 pinnated — 4 pinnatifid(2)

linear or lanceolate(0), deltoid or ovate(1)

less than 1(0), almost 1(1)

no pinnae(0), less than 3cm(1), more than 3cm(2)
no pinnae(0), less than 1/3(1), 1/3 to 1/2(2)

no pinnae(0), shollowly acuminate(1), long acute(2)
no pinnule(0), 0 to 1Imm(1), more than lmm(2)

), more than 1/3(2)

no pinnule segment(0), less than 5mm(1),
more than Smm(2)

no pinnule(0), less than 1/3(1

no pinnule segment(0), acuminate(1), round(2)

no pinnule segment(0), crenate or lobed(1),
pinnatifid(2)

no pinnule(0), never overlap(l), overlap(2)
no pinnae or pinnule(0), absent(1), present(2)
entire(0), toothed(1)

hooked or horseshoe—shaped(0), linear(1)
almost round(Q), linear(1)

V-shaped(0), U-shaped(1)

Hook. & Grev.) Tagawal$t

13 ©x4del #A(FA 7, 8 162 BAFow BAHANFg. 2). 334 (Diplazium

== Al [(D. wichurae (Mett.) Diels]&= o] @4, =&

nipponicum Tagawa)$} S+3AE[Diplazium chinense (Bak.) C. Chr]7l 81% BEAEY
oz wAETS FAsketh Neighbor-joining tree ®2ZAzelA  AAW S AHI(D.
1571 AX - tivh WMEY gAdA=d BEFIE D
taiwanense Tagawa®t 7V& 7WA95, 1 9] d¥ E244% D yakumontanum Tagawa, Y
B, S35 @, 1&mAkely, E]r‘é Ao RE3E D, dilatatum Blumedt 7HEA A
f19ch. WATAED. squamigerum (Mett) Matsum.]& 12709 /¥ 4= 4, A,

virescens Kunze)< THEAZ

o] U¥o| 22X D doederleinii(Luerss.) Makino9t 7H7hith. Fwll LA (D, sibiricum
(Turz. ex Kunze) Sa Kuratal® 11718 ¥H¥E2 JE SA4E D amamianum
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Fig. 1. Scale (S), indusium (I), leaf blade (P1), pinnae (P2) and pinnules (P3-P9) of nine
taxa of Diplazium distributed in Korea. A: A type; B: B type; 1. D. subsinuatum, 2. D.
wichurae; 3. D. sibiricum; 4. D. virescens; 5. D. mesosorum, 6. D. nipponicurm; 7. D.
chinense; 8. D. hachijoense; 9. D. squamigerum.
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Table 2. Matrix of morphological data for nine taxa of Diplazium distributed in Korea

(bold characters) and twenty taxa in eastern Asia (character numbers are presented in

Table 1), and 3 taxa of Athyrium as outgroup.

1 2 3 45 6 7 8 91011121314 151617 18 19 20

Taxa

1
1

200 0000O0O0O0O0O0O0O0CO0O0O01

D. subsinuatum

1

12000000201

1

2 00 0 00
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2 11
2 22 2 21 2 21201
2 2 2 21 21

2 2 2

2

D. sibiricum

1

1

1
1
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0

D. mesosorum

1
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1
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1

1 011

1

1

2 2 2
12 000000

1
1
1

1

1

0

D. hachijoense

0
2 0
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D. chinense

1

1

1

1

D. squamigerum

1
1
1

1

1
20 0000011

1
1

0
1 0001 01

0

1

D. donianum

1
1
1
1

1
1
1

1
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D. crassiusculum

1 00000010
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1 000000 201
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101 00 01

D. pullingeri
D. okudairae

1
1

1

1
1

000
0 000
1 00 01

1
1

0
1

1
1

2 00 0000 2 01

1
1
1

D. longicarpum

1

20 0000010

1

1

D. yaoshanense

1

1
1
1
2

2 0 0 0

1
1

1

0 0

1

D. mettenianum

1 2 1 06 00
2 000

1
1

D. petri

0

1

2 1
2

1

1100

0

D. incomptum
D. dilatatum

2 2

D. yakumontanum

12 2 111111

1

1 21
1 2 21
1

1

D. doederleinii

1?2 2 10
0 2

1
1

2
1
1

D. amamianum

111 01

1 2
1

1 0 2 2

D. subtripinnatum

D. kawakamii

D. esculentum

0 1 11

1
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1 2 1
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100000 01
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1
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D. cavalerianum

1

1
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1 0 00
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Table 3. Number of steps (NS) and consistency (CD, retension (RI), and rescaled
consistency (RC) indices of 17 morphological characters estimated by mapping these

chatacters.
Characters NS CI RI RC
7 Stalk of pinnae 2 1.000 1.000 1.000
14 Margin of pinnule segment 2 1.000 1.000 1.000
18 Shape of indusium 1 1.000 1.000 1.000
19 Shape of sori 1 1.000 1.000 1.000
20 Shape of stipe in cross-section 1 1.000 1.000 1.000
10 Stalk in pinnule 3 0.667 0.929 0.619
13 Apex of pinnule segment 3 0.667 0917 0.611
4 Pinnation of leaf blade 4 0.500 0.867 0.433
8 Ratio of width/length in pinnae 4 0.500 0.714 0.357
12 Width of pinnule segment 5 0.400 0.769 0.308
15 Overlapping pinnules 6 0.333 0.733 0.244
11 Ratio of width/length in pinnule 4 0.286 0.688 0.196
1 Spouting of found from rhizome 7 0.286 0.545 0.156
16 Auricle in pinnae or pinnule 7 0.286 0.375 0.107
5 Shape of leaf blade 4 0.250 0.667 0.167
Scale margin 5 0.200 0.692 0.138
Ratio of width/length in leaf blade b 0.200 0.692 0.138
17 Margin of indusium 5 0.200 0.692 0.138
Stipe length 5 0.200 0.600 0.120
Apex of pinnae 5 0.200 0.429 0.086

Tagawa®t 7HgA EAEAS. SHIAND. mesosorum  Koidzumi)e A 7uAlal(D.
hachijoense Nakai)e} &% %= tHFig. 2). A olg 25L& dA59] Zo|7} 30em o] 22w
), dEel mgol AW ¥d), $8 2o o)t 3em o)A TH &)l Hog

S42E D subtripinnatum®r 43} fjuie] Bxsl= kawakamii®} EL+E A

el FA 3 THSLES A7), 4D Aate)), 189 (2ol mak) 199 (FEAg

FRCIAS] )] Clgha} Rigto]l 1.0000.2 714 714, B 4 o
AR Bl @ 9 AT FR)S Clghol 0.200, RIZke] 0.4290) 31, 211
BAEERZ Zbgae)) e CIghel 0.200, RIgto] 060002 7174 wo} thstold 20749 o
Z Ao det umal #28 Clgtel o] 034501903, RI
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Fig. 2. Two maximum parsimony trees and one neighbor—joining tree using distance for

9 taxa of the genus Diplazium in Korea with 20 taxa in eastern Asia, and 3 taxa of

Athyrium as outgroup by using 20 morphological characters. A. One of 39,200 maximum

B. Strict

Neighbor-joining tree.

parsimony trees; consensus  tree
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e, g & So02 Athyrium, Asplenium, Depariat 2 2 FF371= &ttt (Ohwi
1956; Sano et al., 2000; Nakato and Mitui, 1979). &3 32AEl | Al Tagawaol 23] 19333
Diplazium nipponicum® 8 R ¥t Z28ivd Ohwi(1956)& 33 AM7F 712 218}t

Mge] ¥ gGizv)e] HExzZbe atgox We 9v|o] Athyrium%ol EZEA|A
Athyrium nipponicola Ohwig A3l th 28y Kato(1977)5 At el xuke] eje}
g&E719 veE71Y 5AS AEsste jaxtelsoen Ry O FHlaAEES e
Tagawa®] EFAAE A 8A}; =3 Oh and Won(1982)2 EA}F9] 53] (perine)d] &4
AolA MIALE &2 71 FRGS FAsHA i BlE s wheto] LAl s FI &
3k 11 FReolete HolA Tagawael &7 AAE A A8

oA E BEE7|A 25 GFATY AEHZA D, 29el AR st
F(HEA 170] duatelet 42058 JAsY, £ treetfol A 714 FASI ok T S733A)
= g4 3lexze 7D, g2 12(d9 e Y], 931 14(dHe] Akl o 3]
FaApeel FEREAT 19 EA Y FARERToEE T FZl $H AR
3 cm o]l A, W] Fo] mAHF AA WES o)At of A

DA (D, hachizoense Nakai)7b 71 th&o 2 #4135 23

= (3=

=3

)

b
:?é
R
‘U\r
s
moﬂ‘,’
el
< e
ﬁg%

L ¥ A8UA Adgos duol vuleh Zdojol Hlgo] 01 - 0.5°]th
2. AAAE g o $Ho| udslx] &) D. subsinuatum
2. A 18 AR o] wddt D. wichurae
1 95 Aagor luel yulek Zojeo] ujgo] 09 - lojtt
3. FHe| Hol of7t wERs A AY B KTt
4. AT Aole 30 em oA, ¥ yHlet Zolo HlE 1/30]8tolal, A%H
ol tiFE HAUA e
5. el AF= 3 cm ool xdke] spbezh ofzh mhAiste, Aol Wt
o2Ebx] et D. virescens
5 %#He AFE 3 cm oldteola, el shAE st BlRlEke, d¥e] dd
Eia=s D. squamigerum
4. YAF2 del= 30 ecm oldt, el uvnlgr ZHele] HE 1/3 WA 1/20]1, &%
HEo| Yid FAvrt D. sibiricum
3. FHe] Fo] mElA 2 mEsjict

182



September 2005 st 4 FHl DAl S(REEZEDHY EF

6, @A ol T, FAAE FEFET]NA FAT
7. QEo] 2-33 Aoz ZEAw, A<$He] yu|el Qo ulE 1/3 o]Ato]a,
&9 AFE 1 mm 4

oldom dAwel spgAEst A Bk
- D. mesosorum
7. B0l 343 ez A, Kgwe yulel dolg wzt 13Kt A

3, A29HY AFE= 1 mm olstelH, d¥He A w2 AY,

D. hachizoense

8 MEZZe AgAE FUsb 9o, @He dulE 5 mm oldelw,
gue  23AAY BUt fov, af@zel FHAA  ged

D. nipponicum
8 wlEzzel gAEE AAee, AR U 5 mm olstelw, 4
A

2 ZA ZEAY, A9-HEe] AAZH D. chinense

e K =
W, Aol Aea 0§84 W

1B
=] o
2R AAE gelFA BAAAT

Mo
ok

Copeland, E. E. 1947. Genera Filicum. Chronica Bot. Co. Waltham. Mass. Pp. 206-250.

Farris, J. S. 1989. The retention index and the rescaled consistency index. Cladistics 5:
417-419.

Iwatsuki, K. 1992. Ferns and Fern Allies of Japan. Heibonsha, Tokyo. Pp. 311 (in Japan).

T. Yamazak, D. E. Boufford, and H, Ohba. 1995. Pteridophyta and

Gymnospermae. In  Flora of Japan. Vol. 1. Kodansha, Ltd., Tokyo. Pp. 302.

Kato, M. 1977. Classification of Athyrium and allied genera of Japan. Bot. Mag., Tokyo
90: 23-40.
. 1995, Woodsiaceae. In Flora of Japan. Vol. 1. Pteridophyta and Gymnospermae.
Twatsuki K., T. Yamazak, D. E. Boufford, and H. Ohba (eds.) Kodansha. Ltd.,
Tokyo. Pp 195-231.

]

183



Korean J. Pl Taxon. Vol. 35 No. 3

Kluge, A. G. and J. S. Farris. 1969. Quantitative phyletics and the evolution of anurans.
Systematic Zoology 18: 1-32.

Lee, T. B. 1980. Illustrated flora of Korea. Hyangmoonsa, Korea. Pp. 19-46 (in Korean).

Lee, W. T. 1996. Lineamenta Florae Koreae. Academic Press, Korea. Pp. 36-92 (in
Korean).

Lellinger, D. B. 1985. A Field Manual of the Ferns & Fern-Allies of the United States &
Canada, Smithsonian Institution Press, Washington, D. C. Pp. 3%9.

Li, H, T. Liu, T. Huang, T. Koyama and C. E. DeVol. 1975. Flora of Taiwan. Epoch
Publishing Co., Ltd, Taipei. Pp. 461-469.

Nakaike, T. 1975. Enumeratio Pteridophytarum Japonicarum Filicales, Univ., Tokyo press.
Pp. 375.

Nakato, N. and M. Mitui. 1979. Intraspecific polyploid in Diplaziumn subsinuatum. J. Jap.
Bot.: 129-136.

Ohwi, J. 1956. Notes on some plants from Japan and its neighbours. Bull. Nat. Sci. Mus.
Tokyo 3: 98-101.

. 1984. Flora of Japan. Smith. Inst., Washington, D. C. Pp. 50-89.

Oh, Y. C. and C. S. Lee. 2002. Enumeration of Plant nomina: Korean Pteridophyta &
Monocotyledoneae. Sungshin Women's University Press, Seoul. Pp. 452 (in Korean).
and H. S. Won. 1982. A taxonomic study on the Korean Aspidiaceae. Korean
J. Pl Taxon. 12! 29-42 (in Korean).

Park, M. K. 1975. Illustrated Encyclopedia of Fauna and Flora of Korea Vol. 16.
Pteridophyta. Ministry of Education, Korea. Pp. 192-315 (in Korean).

Sano, R, M. Takamiya, S. Kurita and M. Ito. 2000. Diplazium subsinuatum and D.
tomitaroanum should be moved to Deparia according to molecular, morphological,
and cytological characters. J. PL. Res. 113: 157-163.

Swofford, D. L. 2002. PAUP*. Phylogenetic analysis using parsimony (* and other
methods). Version 4.01b10. Sunderland: Sinauer Associates, MA, USA.

Tagawa, M. 1959. Colored Ilustrations of The Japanese Pteridophyta. Hoikusha Pub. Co.
Pp. 71-141.

Takamiya, M. 1996. Index to chromosomes of Japanese Pteridophyta (1910-1996).
Japan Pteridological Society. Pp. 119.

Wagner, W. H. Jr. 1973, In the phylogeny and classifications of the ferns. Bot. J. Linn.
Soc. 67 243-256.

Wang, J. A and S. S. Li. 1995, Clavis Plantarum Chinae Boreali-Orientalis editio
secunda, Pteridophyta. Fu, P. Y. (ed.). Science Press, Beijing, China. Pp. 18-56

(in Chinese).

184



AT
u

September 2005 statdh el nale| K EE1He

Appendix: Herbarium specimens examined in this study.

1. D. subsinuatum (Hook. & Grev.) Tagawa: Jejudo, Donneko (June 22, 2001, C. S.
Lee s. n., SWU); Seondol (May 29, 2004, C. S. Lee s. n., EWU)

2. D. wichurae (Mett.) Diels: Jejudo, Manjanggul (Nov. 28, 2001, C. S. Lee s. n., SWU);
Seopseom (Oct. 22, 2003, Y. S. Kim s. n, KPR)

3. D. virescens Kunze: Jejudo, Seopseom (Dec. 11 2004, Y. S. Kim s. n., KPR)

4. D. sibiricum (Turcz. ex Kunze) Sa Kurata: China, Baekdusan (Aug. 5, 2004, Y. S.
Kim s. n, KPR)

5. D. mesosorum Koidzumi: Jeollabukdo, Naejangsan (Aug. 21, 2003, C. S. Lee s. n,
EWU)

6. D. nipponicum Tagawa: Jejudo, Gyoraeri (Nov. 16, 2003, Y. S. Kim s. n, KPR; July
21, 2004, C. S. Lee s. n., EWU), Cheonjiveon (Sep. 21, 2004, Nov. 6, 2003, Y. S. Kim s.
n., KPR)

7. D. hachijoense Nakai: Jejudo, Seopseom (Oct. 22, 2003, Y. S. Kim s. n, KPR)

8. D. chinense (Bak.) C. Chr.: Jejudo, Bijarim (Oct. 22, 2003, Nov. 6, 2003, Y. S. Kim s.
n., KPR)

9. D. squamigerum (Mett.) Matsum.: Jeollabukdo, Naejangsan (Aug. 21, 2003, C. S. Lee
s. n., EWU)
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Taxonomic study of the genus Diplazium

(Woodsiaceae) in Korea

Chang Shook Lee
Department of Life Science, Ewha Womans’ University, Seoul, 120-750, Korea

Cladistic analysis was performed to reveal the interspecific relationship of nine taxa of
Korean Diplazium (Woodsiaceae). A total of 29 taxa with 20 taxa of eastern asiatic
species as ingroup and three taxa of Athyrium as outgroup, were analyzed with 17
morphological characters. Diplazium nipponicum, recently found from Jeju Island, was
most closely related to D. chinense by having the acuminate apex of pinnule segment and
fascicled fronds. Diplazium nipponicum was distinguished from D. chinense by having
scales and pinnule segments of serrated margin, and non-overlapped pinnules. Diplazium
nipponicum and D. chinense were closely related to D. mesosorum and D. hgjizoense in
sequence, by having long acute apex in pinnae. These species formed same clade with D.
subtripinnatum, which is endemic to Japan and D. kawakamii, which is distributed in

Japan and Taiwan.

Key words: D. nipponicum, Korean Diplazium, morphology, Woodsiaceae
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