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Flavonoid Variation in Fronds of Cyrtomium falcatum Complex
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The genus Cyrtomium consists of ca. 15 species and is mainly distributed from the Himalayas to Japan
(Iwatsuki 1992). Ten species, Cyrtomium hookerianum (C. Presl) C. Chr., C. balansae (Christ) C. Chr., C.
caryotideum (Wall. ex Hook. & Grev.) C. Presl, C. falcatum sensu lato, C. fortunei J. Sm., C. macrophyllum
(Makino) Tagawa, C. atropunctatum Sa. Kurata, C. microindusium Sa. Kurata sensu S. Matsumoto in shed.,
C. tukusicola Tagawa and C. laetevirens (Hiyama) Nakaike, are native to Japan (Nakaike 1992). Of their
species, C. falcatum are widely distributed from Japan, Korea, China, Vietnam, Taiwan, India to Hawaii,
North America, Europe. Matsumoto (2003) divided the species into C. falcatum subsp. falcatum sensu S.
Matsumoto, subsp. australe S. Matsumoto nom. nud. and subsp. littorale S. Matsumoto nom. nud. and C.
devexiscapulae (Koidz.) Ching.

The flavonoids of the genus Cyrfomium have been reported from some species. A common flavonol,
quercetin 3-O-glucoside was found from C. falcatum sensu lato, C. fortunei, C. caryotideum, C. tukusicola
and C. macrophyllum (Kishimoto 1956a). Kaempferol 3-O-glucoside was also detected from their species
except C. macrophyllum. Rare kaempferol 7-0-(6" -succinyl)-glucoside was isolated from C. falcatum
sensu lato and C. fortunei (Hiraoka 1978, Hiraoka and Maeda 1979). The common C-glycosylflavones,
vitexin and orientin were also found from the same taxa (Hiraoka 1978). Two rare C-methylflavanone
glycosides, cyrtopterin and cyrtomin, were isolated from C. falcatum sensu lato (Kishimoto 1956a). Their
aglycones were characterized as 5,7,4"-trihydroxy-6,8-di-C-methylflavanone (farrerol) and 5,73 .4-
tetrahydroxy-6,8-di-C-methylflavanone (cyrtominetin) (Kishimoto 1956b, 1956c¢).

More recently, the flavonoids in nineteen Cyrtomium and the related three Cyrtogonellum and two
Phanerophlebia taxa were surveyed and chemotaxonomically discussed (Iwashina et al. 2006). In this
time, two C-methylflavanone glycosides, cyrtopterin and cyrtomin were completely identified as farrerol 7-
O- f3 -p-glucopyranoside and cyrtominetin 7-O- 3 -D-glucopyranoside, respectively. Flavonoid
composition of C. falcatum subsp. falcatum, subsp. australe and subsp. littorale, and C. devexiscapulae was
also surveyed and pointed out the qualitative difference between C. falcatum sensu stricto and C.
devexiscapulae.

In this paper, flavonoid variation among many individuals and populations of C. falcatum subspecies,
subsp. falcatum, subsp. australe and subsp. littorale, and C. devexiscapulae including C. falcatum sensu

lato are described.
Materials and Methods

Plant materials
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Fourty-five individuals of C. devexiscapulae, 239 of C. falcatum subsp. falcatum, 94 of C. falcatum
subsp. australe, and 74 of C. falcatum subsp. littorale were used as plant materials for flavonoid survey.
The collection sites, accession numbers and flavonoid composition of plant materials are shown in App. 1.
Live plants are grown in Tsukuba Botanical Garden, National Science Museum and voucher specimens

were deposited in National Science Museum, Japan (TNS).

Extraction and isolation of flavonoids

Fresh fronds were extracted with MeOH. The flavonoids were isolated by preparative paper
chromatography using solvent systems: BAW (n-BuOH/HOAc/H,O = 4:1:5, upper phase), 15% HOAc and
then BEW (n-BuOH/EtOH/H,O = 4:1:2.2). The isolated flavonoids were purified by Sephadex LH-20
column chromatography (solvent system: 70% MeOH).

Flavonoid composition

Flavonoid composition was surveyed by two-dimensional paper chromatography (2D-PC) using BAW
(Ist) and 15%HOAc (2nd) and HPLC using Shim-pack CLC-ODS (I.D. 6.0 X150 mm, Shimadzu), at flow-
rate: 1.0 ml/min, injection: 10 x1, detection: 190-400 nm, and eluent: MeCN/H,O/H,PO, (22:78:0.2).

Identification of flavonoids

The isolated flavonoids were identified by UV, 'H and “C NMR, complete and mild acid hydrolysis (in
12% HCI, 100°C, 30 min, and 1.2% HCI:MeOH = 1:1, 100°C, 5-40 min, respectively), and direct PC and
HPLC comparisons with authentic specimens. UV spectral analysis were performed according to Mabry et
al. (1970). 'H and "C NMR spectra were performed in pyridine-ds at 500 MHz (‘"H NMR) and 125 MHz
(*CNMR). PC, UV, and 'H and "C NMR data of the isolated flavonoids were as follows.

Quercetin 3-O-glucoside (Isoquercitrin, 1). PC: Rf 0.58 (BAW), 0.57 (BEW), 0.32 (15%HOACc), 0.17
(5%HOAC); Color UV - dark purple, UV/NH, - yellow. UV A max (nm): MeOH 257, 265sh, 296sh, 357;
+NaOMe 273, 328, 409 (inc.); +AICI; 275, 433; +AICI/HCI 269, 299, 361, 399; +NaOAc 273, 326, 394;
+NaOAc/H;BO; 261, 296, 379.

Kaempferol 3-O-glucoside (Astragalin, 2). PC: Rf 0.72 (BAW), 0.71 (BEW), 0.40 (15%HOAc), 0.24
(5%HOAC); Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 266, 296sh,
349; +NaOMe 275, 325, 399 (inc.); +AICL 274, 304, 352, 395; +AICI/HCI 275, 302, 346, 395; +NaOAc
274,310, 388; +NaOAc/H,BO, 267, 296sh, 353.

Kaempferol 3-O-glucoside-7-O-rhamnoside (3). PC: Rf 0.42 (BAW), 0.43 (BEW), 0.63 (15%HOAc),
0.52 (5%HOAC); Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 266,
342; +NaOMe 273, 387 (inc.); +AICL, 274, 300, 351, 391; +AICL/HCI 276, 299, 343, 394; +NaOAc 267,
376, 394sh; +NaOAc/H,BO; 266, 288, 351. 'H NMR (500 MHz, pyridine-ds): 6 8.45 (2H, d, J = 9.2 Hz,
H-2,6),7.26 (2H, d, J = 8.9 Hz, H-3, 5" ), 6.94 (1H, d, J = 2.1 Hz, H-8), 6.78 (1H, d, J = 2.1 Hz, H-6),
6.42 (1H, d, J = 8.6 Hz, glucosyl H-1), 6.26 (1H, d, J = 1.2 Hz, rhamnosyl H-1), 4.8-4.0 (m, sugar protons),
1.66 3H, d, J = 5.8 Hz, thamnosyl Me). “C NMR (125 MHz, pyridine-ds): (kaempferol) 6 156.9 (C-2),
134.8 (C-3), 178.9 (C-4), 162.3 (C-5), 94.8 (C-6), 162.8 (C-7), 106.9 (C-8), 157.8 (C-9), 103.6 (C-10),
123.0 (C-17), 132.0 (C-2, C-6), 116.2 (C-3, C-5"), 161.9 (C-4); (glucose) & 100.4 (C-1), 76.1 (C-2), 78.5
(C-3), 7T1.5 (C-4), 79.2 (C-5), 62.6 (C-6); (rthamnose) & 100.1 (C-1), 71.6 (C-2), 72.4 (C-3), 73.6 (C-4), 71.5
(C-5), 18.7 (C-6).

Orientin (4). PC: Rf 0.24 (BAW), 0.28 (BEW), 0.14 (15%HOAc), 0.06 (5%HOAc); Color UV - dark
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purple, UV/NH; - greenish yellow. UV A max (nm): MeOH 257, 268, 349; +NaOMe 270, 330sh, 406
(inc.); +AICL, 274, 424; +AICI,/HCI 263sh, 276, 297, 358, 385sh; +NaOAc 277, 325sh, 397,
+NaOAc/H,BO; 265, 375.

Isoorientin (5). PC: Rf 0.42 (BAW), 0.43 (BEW), 0.29 (15%HOAc), 0.15 (5%HOAc); Color UV - dark
purple, UV/NH, - greenish yellow. UV A max (nm): MeOH 257, 268, 349; +NaOMe 270, 335sh, 409
(inc.); +AlCL, 275, 425; +AIC1/HCI 263sh, 277, 296sh, 360, 385sh; +NaOAc 274, 327, 394;
+NaOAc/H;BO; 264, 376.

Orientin 2" -0-glucoside (6). PC: Rf 0.20 (BAW), 0.44 (BEW), 0.58 (15%HOAc), 0.49 (5%HOAc);
Color UV - dark purple, UV/NH; - dark yellow. UV A max (nm): MeOH 257, 269, 348; +NaOMe 273,
337sh, 409 (inc.); +AICl, 274, 422; +AICL/HCI 263sh, 276, 298, 358, 387sh; +NaOAc 268sh, 279, 400;
+NaOAc/H;BO, 264, 375. 'H NMR (500 MHz, pyridine-ds): ¢ 8.38 (2H, d, J=9.5 Hz, H-2',6"),7.90 (1H,
d, J=17.9Hz, H-5), 7.14 (1H, s, H-3), 6.74 (1H, s, H-6), 6.03 (1H, d, J = 10.1 Hz, glucosyl H-1), 5.83 (1H,
d, J = 10.1 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-ds): (luteolin) 0
165.1 (C-2, C-7), 105.3 (C-3), 183.3 (C-4), 162.5 (C-5), 99.2 (C-6), 106.9 (C-8), 155.5 (C-9), 103.6 (C-10),
121.0 (C-1), 114.9 (C-2), 147.5 (C-3"), 150.9 (C-4), 115.6 (C-5"), 120.2 (C-6 ); (O-glucose) 6 103.6 (C-1),
74.3 (C-2), 76.4 (C-3), 64.7 (C-4), 76.1 (C-5), 62.6 (C-6); (C-glucose) 6 71.6 (C-1), 83.5 (C-2), 78.6 (C-3),
71.5 (C-4), 83.4 (C-5), 62.7 (C-6).

Isoorientin 2" -O-glucoside (7). PC: Rf 0.25 (BAW), 0.37 (BEW), 0.61 (15%HOAc), 0.56 (5%HOAC);
Color UV - dark purple, UV/NH, - dark yellow. UV A max (nm): MeOH 257sh, 270, 347; +NaOMe 275,
337sh, 407 (inc.); +AICL 276, 422; +AlICI/HCI 260sh, 279, 296sh, 357, 385sh; +NaOAc 269sh, 279, 399;
+NaOAc/H;BO; 267, 375. 'H NMR (500 MHz, pyridine-ds): ¢ 8.37 (2H, d, J = 8.5 Hz, H-2,6"),7.83 (1H,
dd, J = 2.1 and 8.2 Hz, H-5"), 7.16 (1H, s, H-3), 6.74 (1H, d, J = 2.1 Hz, H-8), 6.03 (1H, d, J/ = 9.5 Hz,
glucosyl H-1), 5.89 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.7-3.9 (m, sugar protons). “C NMR (125 MHz,
pyridine-ds): (luteolin) & 163.8 (C-2, C-7), 104.0 (C-3), 181.8 (C-4), 156.4 (C-5), 108.7 (C-6), 93.5 (C-8),
160.5 (C-9), 102.7 (C-10), 122.6 (C-1), 114.6 (C-2), 146.3 (C-3), 149.2 (C-4), 116.8 (C-5), 119.5(C-6);
(O-glucose) 6 104.0 (C-1), 74.4 (C-2), 78.4 (C-3), 70.5 (C-4), 78.1 (C-5), 62.6 (C-6); (C-glucose) ¢ 71.5 (C-
1), 83.3 (C-2), 78.5 (C-3), 70.5 (C-4), 80.7 (C-5), 62.6 (C-6).

Vitexin 2" -O-glucoside (8). PC: Rf 0.35 (BAW), 0.57 (BEW), 0.64 (15%HOAc), 0.54 (5%HOAc);
Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 270, 333; +NaOMe
280, 331, 396 (inc.); +AICL 277, 304, 348, 382; +AICIL/HCI 278, 303, 342, 382sh; +NaOAc 280, 314, 334,
393; +NaOAc/H;BO; 271, 345. 'H NMR (500 MHz, pyridine-ds): ¢ 8.37 (2H, d, J = 8.5 Hz, H-2,6),7.82
(2H, d, J = 8.5 Hz, H-3, 5", 7.17 (1H, s, H-3), 6.75 (1H, s, H-6), 6.03 (1H, 4, J = 10.1 Hz, glucosyl H-1),
5.83 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-d):
(apigenin) & 164.7 (C-2), 103.6 (C-3), 183.3 (C-4), 162.6 (C-5), 99.3 (C-6), 164.3 (C-7), 106.9 (C-8), 157.9
(C-9), 105.4 (C-10), 122.9 (C-1), 121.6 (C-2, C-6), 116.8 (C-3', C-5), 162.7 (C-4); (O-glucose) & 103.9
(C-1), 73.4 (C-2), 76.1 (C-3, C-5), 71.6 (C-4), 62.6 (C-6); (C-glucose) 0 71.8 (C-1), 80.7 (C-2), 78.5 (C-3),
71.6 (C-4), 80.6 (C-5), 62.6 (C-6).

Isovitexin 2" -O-glucoside (9). PC: Rf 0.35 (BAW), 0.67 (BEW), 0.72 (15%HOAc), 0.64 (5%HOAc);
Color UV - dark purple, UV/NH, - dark greenish yellow. UV A max (nm): MeOH 270, 333; +NaOMe
280, 331, 396 (inc.); +AICL 277, 304, 348, 382; +AICL/HCI 278, 303, 342, 382sh; +NaOAc 280, 314, 334,
393; +NaOAc/H;BO; 271, 345. 'H NMR (500 MHz, pyridine-ds): 0 8.37 (2H, d, J = 8.5 Hz, H-2,6),7.82
(2H, d, J = 8.5 Hz, H-3", 5", 7.17 (1H, s, H-3), 6.93 (1H, s, H-8), 6.03 (1H, d, J = 10.1 Hz, glucosyl H-1),
5.83 (1H, d, J = 9.5 Hz, glucosyl H-1), 4.8-3.9 (m, sugar protons). “C NMR (125 MHz, pyridine-ds):
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(apigenin) 0 164.7 (C-2, C-7), 103.6 (C-3), 183.3 (C-4), 162.6 (C-5), 111.7 (C-6), 94.5 (C-8), 157.9 (C-9),
105.4 (C-10), 122.9 (C-1), 129.6 (C-2, C-6), 116.9 (C-3, C-5"), 162.7 (C-4); (O-glucose) & 103.9 (C-1),
71.8 (C-2, C-5), 73.4 (C-3), 71.6 (C-4), 62.6 (C-6); (C-glucose) 6 71.8 (C-1), 83.1 (C-2), 78.5 (C-3), 71.6
(C-4), 80.7 (C-5), 62.6 (C-6).

Vicenin-2 (10). PC: Rf 0.23 (BAW), 0.25 (BEW), 0.52 (15%HOAc), 0.37 (5%HOAc); Color UV - dark
purple, UV/NH, - dark yellow. UV A max (nm): MeOH 273, 332; +NaOMe 283, 334, 400 (inc.); +AICl,
281, 305, 351, 3806sh; +AICL/HCI 280, 304, 347, 384sh; +NaOAc 282, 315sh, 336, 397; +NaOAc/H;BO,
275sh, 285, 321, 348sh, 414sh.

Farrerol 7-O-glucoside (11). PC: Rf 0.75 (BAW), 0.83 (BEW), 0.54 (15%HOAc), 0.29 (5%HOAc);
Color UV - dark purple, UV/NH, - greenish dark purple. UV A max (nm): MeOH 283, 361; +NaOMe
244sh, 287, 392 (inc.); +AICl; 287, 312sh, 362; +AICI,/HCI1 285, 311sh, 363; +NaOAc 284, 363;
+NaOAc/H,BO; 285, 363. 'H NMR (500 MHz, pyridine-ds): 6 12.59 (1H, s, 5-OH), 7.55 2H, d, J = 7.9
Hz, H-2,6), 7.09 (2H, dd, J = 1.8 and 9.8 Hz, H-3', 5), 5.3-5.5 (Obsc. with H-2 and glucosyl H-1), 4.6-4.0
(m, sugar protons), 3.25 (1H, dd, J = 10.4 and 17.1 Hz, H-3,y), 2.91 (1H, dd, J = 3.4 and 6.7 Hz, H-3¢q), 2.65
(3H, s, 6 or 8-Me), 2.55 (3H, s, 6 or 8-Me). "“C NMR (125 MHz, pyridine-ds): (farrerol) & 79.1 (C-2), 43.6
(C-3), 198.6 (C-4), 159.5 (C-5, C-9), 112.1 (C-6), 162.7 (C-7), 111.2 (C-8), 105.9 (C-10), 130.9 (C-1"),
128.6 (C-2', C-6), 116.5 (C-3', C-5), 158.4 (C-4"), 10.0 (6 or 8-Me), 9.5 (6 or 8-Me); (glucose) & 105.8 (C-
1), 75.8 (C-2), 78.5 (C-3), 71.6 (C-4), 78.8 (C-5), 62.7 (C-6).

Cyrtominetin 7-O-glucoside (Cyrtomin, 12). PC: Rf 0.66 (BAW), 0.72 (BEW), 0.45 (15%HOAc), 0.25
(5%HOAC); Color UV - dark purple, UV/NH,; - dark purple. UV A max (nm): MeOH 2835, 350; +NaOMe
244sh, 289, 390 (inc.); +AICI, 289, 310sh, 357; +AICI,/HCI1 288, 307sh, 360; +NaOAc 286, 350;
+NaOAc/H,BO; 286, 351. 'H NMR (500 MHz, pyridine-ds): ¢ 12.59 (1H, s, 5-OH), 7.30 (2H, d, J = 8.2
Hz, H-2', 6), 7.06 (1H. d, J = 1.8 Hz, H-5", 5.3-5.5 (Obsc. with H-2 and glucosyl H-1), 4.6-4.0 (m, sugar
protons), 3.25 (1H, dd, J = 10.4 and 17.1 Hz, H-3,y), 2.91 (1H, dd, J = 3.4 and 6.7 Hz, H-3eq), 2.64 (3H, s, 6
or 8-Me), 2.52 (3H, s, 6 or 8-Me). *C NMR (125 MHz, pyridine-ds): (cyrtominetin) & 79.3 (C-2), 43.6 (C-
3), 198.7 (C-4), 159.5 (C-5, C-9), 112.1 (C-6), 162.8 (C-7), 111.2 (C-8), 105.9 (C-10), 130.9 (C-1"),
115.1(C-2"), 147.6 (C-3"), 147.9 (C-4"), 116.6 (C-5"), 118.3 (C-6"), 10.1 (6 or 8-Me), 9.4 (6 or 8-Me);

glucose) ¢ 105.8 (C-1), 75.8 (C-2), 78.5 (C-3), 71.6 (C-4), 78.8 (C-5), 62.7 (C-6).

Farrerol (13). PC: Rf 0.86 (BAW), 0.88 (BEW), 0.90 (Forestal: HOAc:HCI/H,0 = 30:3:10), 0.14
(15%HOAc); Color UV - dark purple, UV/NH; - dark purple. UV A max (nm): MeOH 294, 348; +NaOMe
243sh, 338 (inc.); +AlCl; 316, 361, 407sh; +AlIC1,/HC1 315, 364sh, 400; +NaOAc 290, 338:
+NaOAc/H;BO; 296, 348. 'H NMR (500 MHz, pyridine-ds): & 13.06 (1H, s, 5-OH), 7.60 (1H, d, J = 1.8
Hz, H-6), 7.58 (1H, d, J = 2.1 Hz, H-2"), 7.28 (1H, d, J = 1.8 Hz, H-5", 7.25 (1H, d, J = 2.1 Hz, H-3), 5.52
(IH, dd, J = 3.1 and 12.5 Hz, H-2), 3.29 (1H, dd, J = 12.5 and 17.1 Hz, H-3a), 2.97 (1H, dd, J = 3.2 and
16.9 Hz, H-3cq), 2.44 (3H, s, 6 or 8-Me), 2.34 (3H, s, 6 or 8-Me). "“C NMR (125 MHz, pyridine-d;): & 79.1
(C-2), 43.4 (C-3), 197.2 (C-4), 159.4 (C-5), 104.6 (C-6), 160.1 (C-7), 103.6 (C-8), 164.3 (C-9), 102.9 (C-
10), 130.3 (C-17), 128.6 (C-2", C-6), 116.5 (C-3", C-5), 158.5 (C-4%, 9.0 (6 or 8-Me), 8.5 (6 or 8-Me).

Cyrtominetin (14). PC: Rf 0.86 (BAW), 0.88 (BEW), 0.85 (Forestal), 0.14 (15%HOAc); Color UV -
dark purple, UV/NH; - dark purple. UV A max (nm): MeOH 294, 345; +NaOMe 243sh, 337 (inc.); +AlCl,
315, 360, 405sh; +AICL/HCI 315, 370, 405sh; +NaOAc 290, 338; +NaOAc/H,BO; 295, 346. 'H NMR
(500 MHz, pyridine-ds): 6 13.01 (1H, s, 5-OH), 7.33 (1H, d, J = 1.2 Hz, H-6), 7.30 (1H, d, J =1.2 Hz, H-2),
7.10 (1H, d, J = 1.5 Hz, H-5)), 5.52 (1H, dd, J = 2.8 and 12.2 Hz, H-2), 3.29 (1H, dd, J = 12.4 and 16.9 Hz,
H-3a1), 3.02 (1H, dd, J = 3.1 and 10.1 Hz, H-3¢q), 2.42 (3H, s, 6 or 8-Me), 2.30 (3H, s, 6 or 8-Me). "C
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NMR (125 MHz, pyridine-ds): 6 79.1 (C-2), 43.5 (C-3), 197.2 (C-4), 159.4 (C-5), 104.4 (C-6), 160.0 (C-7),
103.7 (C-8), 164.2 (C-9), 102.9 (C-10), 131.2 (C-1), 115.1 (C-2"), 147.6 (C-3"), 147.8 (C-4), 116.6 (C-5),
118.3 (C-6'), 9.0 (6 or 8-Me), 8.4 (6 or 8-Me).

Results and Discussion

Three flavonols (1 - 3), seven C-glycosylflavones (4 - 10) and four C-methylflavanones (11 - 14) were
isolated from C. falcatum subsp. falcatum, subsp. australe and subsp. littorale, and C. devexiscapulae. Of
their flavonoids, characterization of four C-methylflavanones have already been described by Iwashina et al.
(2006). Two flavonols, quercetin 3-O-glucoside (1) and kaempferol 3-O-glucoside (2), and three C-
glycosylflavones, orientin (4), isoorientin (5) and vicenin-2 (10) were identified by UV spectral properties
and direct PC and HPLC comparisons with authentic specimens. Another flavonol, kaempferol 3-O-
glucoside-7-O-rhamnoside (3), and four C-glycosylflavone O-glycosides, orientin 2 -O-glucoside (6),
isoorientin 2" -O-glucoside (7), vitexin 2" -O-glucoside (8) and isovitexin 2" -O-glucoside (9) were
identified based on UV, 'H and "C NMR spectral data (see Materials and Methods).

Among three C. falcatum subspecies and C. devexiscapulae, four C-methylflavanones, farrerol and
cyrtominetin, and their 7-O-glucosides were only detected from C. devexiscapulae (Table 1), showing that
the presence of flavanones is a chemical character of C. devexiscapulae but not C. falcatum sensu lato. On
the other hand, other flavonols and C-glycosylflavones were not detectable except a few individuals, e.g.,
417: Oura, Shimoda, Shizuoka Pref.; 437: Fukue Is., Nagasaki Pref. (presence of flavonoid 3), 444-446:
Hou-ji temple, Putuo-shan, Zhoushan Qundao Isls., Zhejiang Prov. China (presence of flavonoid 10) and so
on (App. 1).

Flavonols and C-glycosylflavones can commonly detect in three C. falcatum subspecies. The

appearance of C-glycosylflavones was apparently the same among three subspecies, i.e., major 2" -O-

Table 1. Distribution of the flavonoids in Cyrtomium falcatum subsp. falcatum, subsp.
australe and subsp. littorale, and C. devexiscapulae including C. falcatum sensu lato

Taxa Flavonols C-Glycosylflavones Flavanones
1 2 3 4 5 6 7 8 9 10 11 12 13 14
C. falcatum subsp. 36 36 168 8 6 153 105 119 118 17 0 0 0 0
falcatum (239) 15% 15% 70% | 3% 3% 64% 44% 50% 49% 7%
C. falcatum subsp. 85 85 78 | 11 8§ 64 62 52 51 23 0 0 0 0
australe (94) |90% 90% 83% |12% 9% 68% 66% 55% 54% 24%
C. falcatum subsp. 74 74 0 7 6 37 38 17 17 0 0 0 0 0
littorale (74)  |100% 100% 9% 8% 50% 51% 23% 23%
C. devexiscapulae (45)| 0 0 2 0 0 0 0 0 0 6 45 45 38 38
4% 13% 1100% 100% 90% 90%

() =No. of individuals examined.

1 = Quercetin 3-O-glucoside, 2 = Kaempferol 3-O-glucoside, 3 = Kaempferol 3-O-glucoside-7-O-rhamnoside, 4 =
Orientin, 5 = Isoorientin, 6 = Orientin 2”-O-glucoside, 7 = Isoorientin 2”-O-glucoside, 8 = Vitexin 2 -O-glucoside, 9 =
Isovitexin 2" -O-glucoside, 10 = Vicenin-2, 11 = Farrerol 7-O-glucoside, 12 = Cyrtominetin 7-O-glucoside. 13 = Farrerol
and 14 = Cyrtominetin.
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Ry

OH

OR3
OH O

Ri=OH, R2 = H, R3 = glucosyl: Quercetin 3-O-glucoside (Isoquercitrin, 1)
Ri =Rz =H, Rs = glucosyl: Kaempferol 3-O-glucoside (Astragalin, 2)
Ri = H, R2 =rhamnosyl, R3 = glucosyl: Kaempferol 3-O-glucoside-7-O-rhamnoside (3)

R3

HO O

Ry

OH o}

Ri =H, R2 = C-glucosyl, R3 = OH: Orientin (4)

Ri = C-glucosyl, R2 = H, R3 = OH: Isoorientin (5)

Ri = H, R2 = 2"-0-gluco-C-glucosyl, Rs = OH: Orientin 2 -0-glucoside (6)
Ri = 2"-0-gluco-C-glucosyl, R2 = H, Rs = OH: Isoorientin 2 -O-glucoside (7)
Ri=Rs=H, R2 =2 -0-gluco-C-glucosyl: Vitexin 2" -O-glucoside (8)

Ri = 2"-0-gluco-C-glucosyl, R2= Rs = H: Isovitexin 2" -O-glucoside (9)
Ri=R2 = C-glucosyl, R3s = H: Vicenin-2 (10)

OH

HC
OH O

Ri=H, R2 = glucosyl: Farrerol 7-O-glucoside (11)

Ri = OH, Rz = glucosyl: Cyrtominetin 7-O-glucoside (12)
Ri =Rz = H: Farrerol (13)

Ri = OH, Rz = H: Cyrtominetin (14)

Fig. 1. Chemical structures of flavonoids isolated from Cyrtomium falcatum complex.
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glucosides (6, 7, 8 and 9) and minor orientin (4), isoorientin (5) and vicenin-2 (10). However, major
flavonols were different among three subspecies. Major flavonol of subsp. falcatum is kaempferol 3-O-
glucoside-7-O-rhamnoside (3), but those of subsp. litforale are quercetin 3-O-glucoside (1) and kaempferol
3-0O-glucoside (2). Three flavonols appear in subsp. australe as major compounds.

Of the individuals of C. falcatum sensu lato used as plant materials in this experiment, flavonols and C-
glycosylflavones were not found or small amount from some individuals, e.g., 29: Ohse, Minami-Izu,
Shizuoka Pref.; 52: Tajiri-hama, Hitachi, Ibaraki Pref.; 128-130: Senkaku-wan, Aikawa, (Sado Is.), Niigata
Pref.; 132-133: Nagasaki-hana, Yamakawa, Kagoshima Pref. (App. 1). As the reason, since many
individuals are cultivated in the greenhouse, the flavonoid biosynthesis may be controlled. On the other
hand, it is noteworthy that the C-methylflavanones were abundantly synthesized with or without the

cultivation of the plants in the greenhouse.
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Summary

Fourty-two individuals of Cyrtomium devexiscapulae, 239 of C. falcatum subsp. falcatum, 97 of C.
falcatum subsp. australe, 74 of C. falcatum subsp. littorale, which are included in C. falcatum sensu lato,
were analysed for flavonoid compounds. Three flavonols, quercetin 3-O-glucoside (1), kaempferol 3-O-
glucoside (2) and kaempferol 3-O-glucoside-7-O-rhamnoside (3), seven C-glycosylflavones, orientin (4),
isoorientin (5), orientin 2" -O-glucoside (6), isoorientin 2" -O-glucoside (7), vitexin 2" -O-glucoside (8),
isovitexin 2" -O-glucoside (9) and vicenin-2 (10), and four C-methylflavanones, farrerol 7-O-glucoside (11),
cyrtominetin 7-O-glucoside (12), farrerol (13) and cyrtominetin (14), were isolated from the fronds. ~Of
their flavonoids, occurrence of four flavanones was restricted to C. devexiscapulae, showing that the
presence of them is a chemical character of C. devexiscapulae alone. The appearance of C-
glycosylflavones was apparently the same among three C. falcarum subspecies. However, occurrence of
the flavonols were quantitatively different among three C. falcatum subspecies, i.e., major compound of
subsp. falcatum is 3, but those of subsp. littorale are 1 and 2. In subsp. australe, all three flavonols 1, 2 and

3 were present as major compounds.

i =

KO =Y TV F VBT B4 =Y 7Y 7Y (k%) 239flfk, TOHMTHEL XA =YT
U F YR E A=V A =X TV T Yotk X SIZBIE & B FHNYTY T VASEKD T
IR 4 FRURAHPLCA EIC & - T &tz 3TMHD 7 74 / —J)b. Quercetin 3-0-
glucoside (1), Kaempferol 3-O-glucoside (2)% & U'Kaempferol 3-O-glucoside-7-O-rhamnoside (3). 7 Tl
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JHDC-7") A LT 75K Y| Orientin (4), Isoorientin (5), Orientin 2" -O-glucoside (6), Isoorientin 2" -O-
glucoside (7), Vitexin 2”-O-glucoside (8), Isovitexin 2”-0-glucoside (9)F & U'Vicenin-2 (10), % L T 4
FEREDC-2F)v7 T3/ | Farrerol 7-O-glucoside (11), Cyrtominetin 7-O-glucoside (12), Farrerol (13)
¥ &L UCyrtominetin A D HHEFE iz, ThEDT IR/ A FDI B, JAFEDF =Y TV 7V
CHET L EINTVBEC-AFILT I VG FHNRY T FI»6DRBH S, A=Y TV
TV (JAF) DILZENRR T AL, FHY TV FYDADBMTH S Z L HHL 7=, —F.
FEXTVTY () LZD2HMDT IR /4 FET IR —LLCHVAVLT IRV TH
27 INHEDIB, C-VAVNLT IR VOMBMEERIHMTIZLALEEDLL Lh 57208,
T IR =ZONTEBA =Y T Y 7Y (Bk38) TKaempferol 3-O-glucoside-7-O-rhamnoside (3)%33:
TRATHZDIZN LT, A=Y T Y 7Y TidQuercetin 3-O-glucoside (1)& Kaempferol 3-0-
glucoside Q)N FEEK T TH -7z, EHIZLZ VANV TV FYTIE, TONTRENFET 54
JAREVTHELR, BB, THNY TV TFYDNGRE TSR/ — sV a7 R
FeA LS -72,
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App. 1. Collection sites, acc. no. and flavonoid composition () of Cyrtomium falcatum subsp. falcatum,
subsp. australe and subsp. littorale, and C. devexiscapulae

Cyrtomium falcatum subsp. falcatum

1: Funaura, Taketomi (Iriomote Is.), Okinawa Pref. (PR IEATENTANE) (ITEE) ; TBG54814
(1,2,3,6,8,9), 2, 3: Sumiyoshi, Taketomi (Iriomote Is.), Okinawa Pref. (MfREATEIIER) (ITEE) ;
SM880330-5, SM880330-6 (3), 4, 5: Gyokusen-do, Gushikami, Okinawa Pref. (¥l BT £ 5%
i) : TBG54774, TBG54773 (3,6,8,9), 6-8: White-beach, Katsuren, Okinawa Pref. (I IR/P5E#M] & 7
4 b ¥ —F) ; TBG54777, TBG54775, TBG54776 (1,2,3,6,7,8,9), 9: Syurei-no-mon, Naha, Okinawa
Pref. (VPBIEIREH<FALFT) ; SM880330-1 (3,6,8,9), 10-12: Yaku (Yaku Is.), Kagoshima Pref. (FEJZ
BIERAN) (BAE) ; SM861011-28, SM861011-29, SM861011-32 (3,6,7,8,9), 13-15: Kawachi,
Kumamoto Pref. (REAEJIIAN]) ; TBG27913, TBG27914, TBG27916 (3,6,8,9), 16: Shikimi,
Nagasaki, Nagasaki Pref. (Rl R 7N) (3,6,8,9), 17: Hiwasa, Tokushima Pref. (f8/&SLHA
YeMT) - TBGS53945 (1,2,3,6,7,8,9), 18: Kawano, Aki, Kochi Pref. (FAIREZZETMEF) ; TBG53949 (3),
19: Arisaki, Tosa-shimizu, Kochi Pref. (A1 L yEKTiigIN) ; TBG53962 (3), 20: Onigasaki,
Kumano, Mie Pref. (= FEAETF 750 %) ; SM840210-1 (6,7,8,9,10), 21-23: Mikura Is., Tokyo (%
HEEEE) ;. SM810707, SM810707-12, SM810709-8 (5,6,7), 24: Kaeshi-hama, Kozu Is., Tokyo (3
FE S RIE)  SM810711-27 (6,8,9), 25-28: Usuki, Miyake Is., Tokyo (HIR&E=EBEHEA) ;
SM801010-6, SM801010-7, SM801010-8, SM801010-9 (1,2,3,6,7,8,9), 29, 30: Ohse, Minami-Izu,
Shizuoka Pref. ([ ELEG A+ HM] KHE) 5 SM760516-26, 760516-27 (none), 35-37: Sotoura, Shimoda,
Shizuoka Pref. (H#[IE- M) ; SM800211-5, SM800211-7, SM800515-8 (1,2,3,6,7,8,9,10), 38-
40: Jogasaki, Ito, Shizuoka Pref. (i FHFHHidK ~ liF) ; SM800615-3, SM800615-4, SM800615-22
(1,2,3,6,7.8,9), 41, 42: Oura-kaigan, Shimoda, Shizuoka Pref. (&R T H i KJHRE) ; SM811004-
14, SM811004-15 (3,6,7,8,9), 43: Sotoura-iriguchi, Shimoda, Shizuoka Pref. (&I THHisHHA
1) ; SM811009-7 (none), 44: Suzaki, Shimoda, Shizuoka Pref. (&I THTiZElE) ; SM811011-20
(3,6,7.8,9), 45-50: Kisami, Shimoda, Shizuoka Pref. (##[I THMi#E3E) ; SM820315-10,
SM820315-11, SM820315-12, SM820315-13, SM820315-16, SM820315-22 (1,2,3,6,7.8,9,10), 51:
Mochimune, Shizuoka, Shizuoka Pref. (iR FLE#RA T %) ; SM730902-4 (3,6,7,8,9), 52: Tajirihama,
Hitachi, Ibaraki Pref. (StH%ULH i HHFLER) ; SM8301120-10 (none), 53-57: Ajigaura, Nakaminato,
Ibaraki Pref. (KIRELARITZE P =23H) ; SM820509-1, SM820509-2, SM820509-3, SM820509-4,
SM820509-5 (3,4,5,6,7,8,9,10), 58: Umiyama, Mikata, Fukui Pref. ({85 = FHT L) ; SM870328-1
(1,2,3,6,7,8,9.10), 59: Sugao, Fukui, Fukui Pref. ({&@JFIRAEH T E) ; TBG33273 (3,6,7,8,9), 31-34,
60: Nanaura-kaigan, Monzen, Ishikawa Pref. (f1)I[EFIRiIH] L) ; SM770502-30, SM770502-31-
1, SM770502-31-2, SM770502-31, SM770502-23 (1,2.3.4,5,6,7,8,9,10), 61-63: Kinkazan Is., Oshika,
Miyagi Pref. (EVIRUEVFEEENT &3ELS) ; SM730923-1, SM730923-8, SM730923-9 (none), 64, 65:
Onoaida, Yaku (Yaku Is.), Kagoshima Pref. (FEVRSEEANEZM) (BAK) ; SM861011-30,
SM861011-33 (3), 66-70, 72-74: Daio-saki, Daio, Mie Pref. ( = EEI K FH] K M) ; SM370401-2,
SM870401-3, SM870401-4, SM870401-7, SM870401-8, SM870401-3, SM870401-10, SM870401-12
(3,6,7,8.9), 71: Kakizaki, Shimoda, Shizuoka Pref. (& TH i) (3,6,7), 75, 76: Borawazawa-
kaigan, Hachijo (Hachijo Is.), Tokyo (HUAU#ER/CCHTRERIRGES) (JULE) ; SM890127-3, SM890127-
19 (1,2,6), 77: Borawazawa, Hachijo (Hachijo Is.), Tokyo (HEHE/UXATERR) OWXLE) ;
SM890127-20 (1,2,6), 78: Sueyoshi, Hachijo (Hachijo Is.), Tokyo (HAE#HR/ULHTAKT) OULE) ;
SMS890127-17 (1,2,6), 79, 81: Nakanogo, Hachijo (Hachijo Is.), Tokyo (HUETHE/\LHTHZHE) (UL

— (continued) —
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App. 1. — (continued) —

5) 5 SM890128-14, SM890130-5 (1,2,6), 80: Kashitate, Hachijo (Hachijo Is.), Tokyo (% 5 #5 ) U]
) (JULE) ; SM890129-1 (none), 82-84: Itsu-ura-kaigan, Kita-ibaraki, Tbaraki Pref. (Z%%IEILIcIR
T LHWER) ; SM890425-2, SM890425-4, SM890425-6 (3,6,7,8,9), 85-87: Tassha, Aikawa (Sado Is.),
Niigata Pref. CHrEWEMHIIIM]3EE) (%) ; SM890327-8, SM890327-9, SM890327-10 (3,6,7.8,9), 88-
90: Suzaki-Tsumekisaki, Shimoda, Shizuoka Pref. (ff [l b T HH i 2EI% TUAIE) ; SM890625-1,
SM890625-2, SM890625-3 (6,7,8,9), 91, 92: Kosaitsuno-kaigan, Otsuki, Kochi Pref. (&% A F W]/
FAaMERF) (3,6,7.8,9), 93, 94: Tatsugame, Tosa-shimizu, Kochi Pref. (B4R LA TER) (3),
95: Ashizuri-misaki, Kochi Pref. (FE%IEE M) (3), 96-98: Nishinohama, Aki, Kochi Pref. ({%1IE.
LA 7 ¥%) (1,2,3,6,7), 99, 100: Oka-no-nishi-kaigan, Kosedo, Nagasaki, Nagasaki Pref. (1415
Wi v/ NHE T e O PaYER) (3,6,7,8,9), 101: Kihachi, Nagasaki, Nagasaki Pref. (J20 LS IR Tl A SR MT)
(3,6,7,8,9), 102-106: Fukuda-honmachi, Nagasaki, Nagasaki Pref. (Eli I EGHEHAN) (3,6,7,8,9),
107, 108: Nomosaki, Nagasaki Pref. (i[5 55 BN ¥ BHE) (3,6,7,8,9), 109: Nomo, Nomosaki,
Nagasaki Pref. (Rl R27BHEHTERE) (3,6,7,8,9), 110, 111: Kabashima-Tojinse, Nomosaki, Nagasaki
Pref. (il UL BF Rhli H] A 55 55 A E) (1,2,3,6,7.8,9), 112-115: Kosedo, Nagasaki, Nagasaki Pref. (i
W Rl i /NHEF) (3,6,7), 116: Tmazato, Amami-Oshima Is., Kagoshima Pref. (BE'R&H 452 KES
H) (3), 117: Kuninao, Amami-Oshima Is., Kagoshima Pref. (FE'REEEXEAEEE) (3,6,8,9,10),
118: Nittan, Amami-Oshima Is., Kagoshima Pref. (FEVREREEKEHFT) (1,2,3,10), 119: Nishi-
Komi, Amami-Oshima Is., Kagoshima Pref. (FEULERAZEKEPEEH ) (3,6,8,9,10), 120: Fushiko,
Amami-Oshima Is., Kagoshima Pref. (JEVLERAEREHT-) (1,2,3,6,8,9,10), 121: Kasari-zaki,
Amami-Oshima Is., Kagoshima Pref. (BEYLSIRASSEKESHIF) (3), 122: Kominato, Amami-Oshima
Is., Kagoshima Pref. (FEYd /5 R4E35KE/NE) (1,2,3,6,8,9,10), 123: Imai-saki, Amami-Oshima Is.,
Kagoshima Pref. (FELISRATE KRS 5 IFIE) (3,6,8,9,10), 124: Ushuku, Amami-Oshima Is.,
Kagoshima Pref. (JEJL5 0495 KE51E) (3,6,8,9,10), 125, 126: Sumiyo, Amami-Oshima Is.,
Kagoshima Pref. (FEUES WAL S RIS(EAM)  (3,6,8,9,10), 127: Hiryu Is., Ariake, Kumamoto Pref.
(REA LA PINTIRALSS) (3,6), 128-130: Senkaku-wan, Aikawa (Sado Is.), Niigata Pref. (/& EfHS[H]
REE) (FEF) ; SM890327-10, SM890327-9, SM890327-8 (none), 131: Jogasaki, Ito, Shizuoka Pref.
(R L SR o W) 5 SMIBBOS 11 (3,6), 132, 133: Nagasaki-hana, Yamakawa, Kagoshima Pref. (&
YL LT Rl &) 5 SM901209-15, SM901209-16 (nome), 134: Yamakawa-ko, Yamakawa,
Kagoshima Pref. (BEYZS W LIINT (LJI) ; SM901210-1 (3,6.8.9), 135: Nejime-ko, Nejime,
Kagoshima Pref. (FEYLEIRARGITHR 59%) ; SM901210-2 (6,7,8,9), 136: Izashiki, Sata, Kagoshima
Pref. (FEULEIRMELWTHHER) 5 SM901210-3 (1,2,3,6,7), 137, 138: Shimadomari, Sata, Kagoshima
Pref. (BEVLR IR ZMTEI) ; SM901210-5, SM901210-6 (3,6,7,8,9), 139-142: Udo-saki, Nichinan,
Miyazaki Pref. (Bl HEFHi#E 1) ; SM901210-30, SM901210-31, SM901210-32, SM901210-33
(3,6,7.8,9), 143: Kansho-hama, Shimoda, Shizuoka Pref. (F#IE FHMFFTE) (1,2,3,6,7,8,9), 144,
145: Takamatsu beach, Kushima, Miyazaki Pref. (a5 5 S~ EAG ) : SMO11112-4,
SM911112-5 (1,2,3,6,7,8,9), 146-151: Inohana-saki, Nichinan, Miyazaki Pref. (Wil H 555 5u) -
SMO11112-10, SM9O11112-11, SM911112-12, SM911112-13, SM9O11112-14, SM9O11112-15
(1,2,3,6,7,8,9), 152, 153: Kouchiumi, Miyazaki, Miyazaki Pref. (/W% L%/ NAME) ; SMO11112-
18, SM911112-19 (1,2,3,6,7,8,9), 154-156: Gyokusen-do, Tamagusuku, Okinawa Pref. (I F %A F
SR 5 SM911201-1, SM911201-2, SM911201-4 (1,2,3,6,7,8,9), 157: Yasumiya, Aogashima Is., Tokyo
(RRUERE o B IRER) 5 SMO11207 (1,2,3,6,8,9), 158-160: Hino-misaki, Mihama, Wakayama Pref. (Il
sk SEEENT H O fi) 5 SM920919-2, SM920919-3, SM920919-5 (3,6,7,8,9), 161: Shiono-misaki,
Kushimoto, Wakayama Pref. (FIEKLLIEER AN S ; SM920920 (3,7), 162: Koza, Wakayama Pref.

— (continued) —
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App. L. — (continued) —

(R R JERT) 5 SM920920-12 (3), 163: Kantori-saki, Taiji, Wakayama Pref. (Rl L BT 2
HUE) : SM920920 (3,6,7,8,9), 164-173: Shimosu Is., Ushibuka, Kumamoto Pref. (F&AIELZ-VET 28
) . SM921116-1, SM921116-2, SM921116-3, SM921116-4, SM921116-5, SM921116-6, SM921116-7,
SM921116-8, SM921116-9, SM921116-10 (3,6,7,8,9), 174: Richo, Yoron (Yoron Is.), Kagoshima Pref.
(BN L GERIT 7 ) (5365) ; SM940223-1 (1,2), 175: Tsujimiya, Yoron (Yoron Is.), Kagoshima
Pref. (BB RGN E) (S5m5) ; SM940223-2 (3,6,7,8,9), 176: Yoron-ko, Yoron (Yoron Is.),
Kagoshima Pref. (FL'LER-5-5ul] 5-aads) (5-amS) ; SM940223-3 (3,6,7,8,9), 177, 178: Kanami-
saki, Amagi (Tokunoshima Is.), Kagoshima Pref. (FEJLE U RIKAT 4 7ig) (f2 &) ; SM940225-1,
SM940225-4-2 (3,6), 179-181: Yagi Is., Naze, Kagoshima Pref. (FEVLIEEZ T 112EE) : SM940225-
5, SM940225-6, SM940225-7 (3), 182, 183: Oasato, Kikai (Kikaiga-jima Is.), Kagoshima Pref. (BRI
LR AT R ) (CRAE) ; SM940227-1-2 (3,6,7.8,9), 184-186: Onotsu, Kikai (Kikaiga-jima Is.),
Kagoshima Pref. (FEULEIFRANIAEA) CRAE) ; SM940227-3, SM940227-4, SM940227-5-1
(3,6,7.8,9), 187: Urahara, Kikai (Kikaiga-jima Is.), Kagoshima Pref. (FEUL5 R SMANTHIE) (CGRA
B SM940227-7 (3,6,7,8,9), 188: Shito-oke, Kikai (Kikaiga-jima Is.), Kagoshima Pref. (F&!2 /&5
RETEFR) CRAE) ; SM940227-10 (3,6,7,8,9), 189, 190: Chi-na, Chi-na (Okinoerabu Is.),
Kagoshima Pref. (FEVLEEAIZNIEI%) (MR BREE) ; SM940227-3, SM940227-4 (3,4,5,6,7.8,9),
191: Saozu, Chi-na (Okinoerabu Is.), Kagoshima Pref. (FEWLSEAIZNTSER) (WA BEE) |
SM940227-7 (3.4,5), 192: Takada, Fukue (Fukue Is.), Nagasaki Pref. (FWFEAETHER) ((ELS) ;
SM940323-1 (3,6,8,9), 193: Kokuzo, Fukue (Fukue Is.), Nagasaki Pref. (SMFEAEVLTEE) (L
E) ; SM940323-2-2 (1,2,3,6,8,9), 194-196: Tao, Tomie (Fukue Is.), Nagasaki Pref. (Fli =T HE)
(f&7LE) ; SM940323-3, SM940323-4-1, SM940323-4-2 (1,2,3,6,7,8,9), 197, 198: Tanoe, Tomie (Fukue
Is.), Nagasaki Pref. (RAGUELEVLHTH /L) (\RLE) ; SM940323-5, SM940323-6 (6,7,8,9), 199
Take, Tomie (Fukue Is.), Nagasaki Pref. (EIFEEVLNE) (FEVLE) ; SM940323-8 (3), 200:
Yamashita, Tomie (Fukue Is.), Nagasaki Pref. (Rl EZVLATILIT) (FELS) ; SM940323-9 (3,6.8,9),
201, 202: Kami-Ozu, Fukue (Fukue Is.), Nagasaki Pref. (RIFEARVLH _LJod) (FVLE) ; SM940323-
11, SM940323-13 (3,6,7,8,9), 203, 204: Nagate, Fukue (Fukue Is.), Nagasaki Pref. (Rl@IEAELTET)
(fEVLE) ;SM940323-14-1, SM940323-14-2 (3,6,7,8,9), 205, 211, 212: Kami-sakiyama, Fukue (Fukue
Is.), Nagasaki Pref. (R _LIEL) (FEVLE) ; SM940323-18-2, SM940323-29-1, SM940323-
29-2 (3,6,7.8,9), 206: Abunze-kami, Fukue (Fukue Is.), Nagasaki Pref. (FMifWELAEVLEEME ) (&L
B) : SM940323-20 (3), 207, 208: Shimo-sakiyama, Fukue (Fukue Is.), Nagasaki Pref. (FliflAGVLT
TG (FEVLE) ; SM940323-21, SM940323-17 (3,6,7,8,9), 209, 210: Sakiyama-ko, Fukue (Fukue
Is.), Nagasaki Pref. (FWEARVLHIR L) (FBVLES) ; SM940323-22-1, SM940323-22-2 (3,6.7.8.9),
213: Toraku, Fukue (Fukue Is.), Nagasaki Pref. (EMFEAELH A %) (FEVLE) ; SM940323-31 (none),
214, 215: Minami-kawahara, Fukue (Fukue Is.), Nagasaki Pref. (fIFEEVLHFEME) (ELE) ;
SM940323-34-2, SM940323-35 (3.,6,7,8,9), 216, 217: Kashino-ura, Fukue (Fukue Is.), Nagasaki Pref. (&
I ELAEVI TR 3 (VLK) SM940323-36-1, SM940323-36-2 (3,6,7,8,9), 218-221: Sekizaki,
Saganoseki, Oita Pref. (K77 {4 & BARTBYIR) ; SM940214-15, SM940214-16, SM940214-17,
SM940214-22 (3,6,8,9), 222, 223: Tsuru-misaki, Tsurumi, Oita Pref. (J<7%5 5 R ESEA) |
SM940215-7, SM940215-21 (3,6), 224-227: Nagasaki-hana, Kakaji, Oita Pref. (K453 W7 5 HiM] il
) . SM940216-1, SM940216-3, SM940216-5, SM940216-8 (6,7.8.9), 228-230: Konpira-hana, Kunimi,
Oita Pref. (K4 EL[E RN 4 BEEEEL) © SM940216-12, SM940216-13, SM940216-14 (3), 231: Narahara,
Kunimi, Oita Pref. (Jk7FWLE I ZSELE) ; SM940216-15 (6,7.8.9), 232, 233: Nagamaku-ganpeki,
Kita-daito Is., Okinawa Pref. (¥l LATE RFESEE) ; SM970325-1, SM970325-2 (3.4,5,6,8,9),
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234, 235: Suzaki, Susami, Wakayama Pref. (I3 & AMTZAIG) (1,2,3,6,8,9), 236, 237: Inage-
kaigan, Chiba, Chiba Pref. (TFHERTHEHFELIFE) (6,7,8,9), 238, 239: Ohama, Tadori, Obama,
Fukui Pref. (fFH IR/ NETTTHS X KME) 3 TBG123232, TBG123233 (6).

Cyrtomium falcatum subsp. australe

240, 241: Mt. Mikazuki, Chichi-jima Is., Ogasawara Isls., Tokyo (B EEVNFEALE=ZHHL) ©
FHEES) ; TBG13612, TBG13613 (1,2,3,6,7), 242: Mt. Takayama, Chichi-jima Is., Ogasawara Isls.,
Tokyo (CRIFEE/NEFEMNCEEIL) (NFFEES) ; TBG13615 (1,2,3), 243: Tatsumi-dani, Chichi-
jima Is., Ogasawara Isls., Tokyo (RR#E/NEEMNCETER) (NEEGES) ; TBGI3616 (1,2,3), 244:
Nagahama-minami, Haha-jima Is., Ogasawara Isls., Tokyo (BUR#&R/INGEABEREER) (NTEEE
%) ; TBG13629 (1,2,3), 245: Minamisaki-Omoto-hama, Haha-jima Is., Ogasawara Isls., Tokyo (B 5#F
ANEIRA RS EEE TR E) (NEREEES) ; TBG13630 (1,2,3), 246: Hatsune, Chichi-jima Is.,
Ogasawara Isls., Tokyo (CRIEE/NTFEAMCEWIE) (NFEHES) ; TBG54202 (1,2,3,6,7,8,9), 247:
Kopepe-kaigan, Chichi-jima Is., Ogasawara Isls., Tokyo (HL#EINGFAACE I ~N~GE) (UNFEE
%) ; TBG54203 (1,2,3), 248-250: Okinawa Pref. (7F#fl) ; TBG54783, TBG54784, TBG54785
(1,2,4,5,6,7,8,9,10), 251: Sata-misaki, Sata, Kagoshima Pref. (FEVLEIL{EZN{ELIH) . TBG54845
(1,2,3,6,7), 252, 255: Sakai-ura, Chichi-jima Is., Ogasawara Isls., Tokyo (HEERING R AL B TH)
UNFIRGES)  (1,2,3,8,9), 253, 254: Hatsune, Chichi-jima Is., Ogasawara Isls., Tokyo (HET#E/NG 5
MR UNEEFES) (1,2,3), 256: Mt. Mikazuki, Chichi-jima Is., Ogasawara Isls., Tokyo (H5
NG JE*‘TQ.% —HAIL) UNFEEEE) (1,2,3,6,7.89), 257,258: Okuzure, Kasasa, Kagoshima Pref.
(BE'R SR N ) ; SM901208-6, SM901208-8 (1,2,3,6,7,8,9,10), 259: Taniyama, Kasasa,
Kagoshima Pref. (FESLIEWLAGYRIT A1) SM901208-10 (6,7,8,9), 260, 261: Noma-hanto, Kasasa,
Kagoshima Pref. (J», ST YRIT PRI ) 5 SM901208-19, SM901208-20 (1,2,3,6,7,8,9,10), 262-
266: Yama-tatsugami, Makurazaki, Kagoshima Pref. (FEVEE Bl 72 4H) ; SM901209-1,
SM901209-2, SM901209-5, SM901209-6, SM901209-8 (1,2,3,6,7.8,9,10), 267-269: Sata-misaki, Sata,
Kagoshima Pref. (JEYLIS WAL N4 20 5 SM901210-8, SM901210-9, SM901210-10 (1,2,3,6,7.8,9),
270-273: Awa, Nago, Okinawa Pref. (PSR4 G# i 2ef1) ; SMO11126-4, SM911126-5, SM911126-6,
SM911126-7 (1,2,3,4,5,6,7,8,9,10), 274, 275: Kushibaru, Nago, Okinawa Pref. (3l Z#EHHEH) ;
SMO11127-1, SMO11127-2 (1,2,3,6,7,8,9), 276, 277: Kitamuki-kaigan, Miyagi-shima, Ogimi, Okinawa
Pref. (MPREIR KT EIRSACEMEF) ; SM911127-10, SM911127-11 (1,2,3.4,6,7.8,9), 278, 279:
Nerome, Ogimi, Okinawa Pref. (JF# IR K E LA EEEE) ; SMO11127-25, SM911127-26
(1,2,3,6,7,8,9,10), 280, 281: Iji, Kunigami, Okinawa Pref. (Jsff L[ EIGEAS +1) ; SMO11127-29,
SM911127-30 (1,2,3,6,7,8,9), 282: Uga, Kunigami, Okinawa Pref. (JPBUELEISEFF3E) ; SMO11127-
39 (1,2,6,7,8,9,10), 283, 284: Ginama, Kunigami, Okinawa Pref. (JP{#BILETEA T4 E) ; SM9O11127-
53, SM911127-54 (1,2,3,6,7,8,9,10), 285, 286: Oku, Kunigami, Okinawa Pref. (3B EFEAT ) .
SM911127-65, SM911127-66 (1,2,3,6,7,8,9,10), 287: Awa, Kunigami, Okinawa Pref. (3L EI5EAf %
) 3 SMO11127-69 (1,2,4,6,7,8,9,10), 288, 289: Izena, Higashi, Okinawa Pref. (VIR HAHES) |
SM911127-70, SM911127-71 (1,2,3,6,7,8,9,10), 290: Kopepe-kaigan, Chichi-jima Is., Ogasawara Isls.,
Tokyo (HURENINFRAACE 3 ~X~4EE) (NFFHES) (1,2,3), 291, 292: Yashihama - Koshin-
zuka, Haha-jima Is., Ogasawara Isls., Tokyo (P IUER/ING AT REEMP I —BeHR) (NS FHEEE)
(1,2,3), 293: Mt. Kuwanoki, Haha-jima Is., Ogasawara Isls., Tokyo (HE#&R/INZIFEABEEZ: 7 K1)
UNFIRFEE) (1,23), 294: Inokuma-tani, Haha-jima Is., Ogasawara Isls., Tokyo (S RTEE/NSG JEARE S,
JEREAILD) CNAFIREAE) (1,2,3), 295: East side of Mt. Sekimon, Haha-jima Is., Ogasawara Isls., Tokyo
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(NG EAT B S AT MA)  ChNEEFER) (1,2,3), 296-298: Omoto-hama, Haha-jima Is.,
Ogasawara Isls., Tokyo (BRHEVNGFA RS HHEHER) (MNEEGES) (1,2,3), 299: Omoto-hama -
Horai-kaigan, Haha-jima Is., Ogasawara Isls., Tokyo (HURCER/INGFABES 7 E-F i —E30mAE) ()
SREEE) (1,2,3), 300: East side of Ten-no-ura-one, Chichi-jima Is., Ogasawara Isls., Tokyo (HIT#R/]N
FEMNCER 2 HEAREREM) (NEEREEES) (1,2,3), 301, 302: Near Nishi-kaigan-one, Chichi-jima Is.,
Ogasawara Isls., Tokyo (HURCER/INTFATSCE PG RARME) (NEEGEE) (1,2,3), 303: Gusuku,
Yoron (Yoron Is.), Kagoshima Pref. (BB 5EITIR) (555) ; SM940224-1-2 (1,2,3,6,7,8,9.10),
304-306: Imae, Yoron (Yoron Is.), Kagoshima Pref.; (BEVLE RGN0 1) (580E) ; SM940224-2,
SM940224-3, SM940224-5 (1,2,3,6,7,8,9,10), 307: Tamina-saki, Chi-na (Okinoerabu Is.), Kagoshima
Pref. (FEIREEANANTHEAR) (Mhk BEE) . SM940228-5 (3,6,7,8,9.10), 308, 313-315, 317, 318:
Sakiyama-hana, Fukue (Fukue Is.), Nagasaki Pref. (JRIGEARLHELE) (FLE) ; SM940323-24-3,
SM940323-18-1, SM940323-19-1, SM940323-19-2, SM940323-24-1, SM940323-24-2
(1,2,3,4,5,6,7,8,9.10), 309, 321: Usudake - Shiotsu, Fukue (Fukue Is.), Nagasaki Pref. (Eilfa I &L
Ge—5) (FFVLE) ; SM940323-28-2, SM940323-28-1 (1,2,3,6,7,8,9.10), 310, 311: Kindahana,
Yonaguni (Yonaguni Is.), Okinawa Pref. (JRILSAREN] > %) (GHRES) ; SM940322-1,
SM940322-2 (1,2,3,6,7), 312: Kukurabari, Yonaguni (Yonaguni Is.), Okinawa Pref. (il 5IREN] 2~
2753)) (GHBEE) ; SM940322-3 (3,6,7,8,9), 316: Mukai-machi, Fukue (Fukue Is.), Nagasaki Pref.
(B EAEVTTRAAT) (FEVLE) ; SM940323-23 (1,2,6,7,8,9,10), 319, 320: Minodake - Usudake, Fukue
(Fukue Is.), Nagasaki Pref. (BMEASIHES—FHE) (ELS) ; SM940323-27-1, SM940323-27-2
(1,2,3,6,7,8,9), 322: Abunze, Fukue (Fukue Is.), Nagasaki Pref. (EIFEMEVLHEN) (ELE) ;
SM940323-30 (1,2,3,6,7.8,9), 323: Nagamine, Tomie (Fukue Is.), Nagasaki Pref. (FilfF IR 7TH] i)
(fBVTEE) ; SM940323-37 (1,2,3,6,7,8,9), 324-326: Ose-zaki, Tamanoura (Fukue Is.), Nagasaki Pref. (&
IR 2 BT KW ) (FEYLES) 5 SM940323-38, SM940323-39, SM940323-40 (1,2,3,6,7,8,9), 327:
Arakawa, Tamanoura (Fukue Is.), Nagasaki Pref. (WK / ¥l 5%)1) (F@VLE) ; SM940323-41
(1,2,3.6,7), 328-330: Awa, Nago, Okinawa Pref. (JPf#fEIR 478 220%) ; SM911126-1, SM911126-2,
SM911126-3 (1,2,3,4,5,6,7), 331, 332: Sirahama-ura, Fukue (Fukue Is.), Nagasaki Pref. (Feli BLARVLT
FEH) (FEVLE) 5 SM941207-51, SM941207-52 (1,2,3,6,8,9), 336: Zhongai bridge, Lanyu Isl.,
Taiwan (FHILE - H32KE, KB18) ; Matsumotol21 (none), 337: Lanyu Isl., Taiwan (FliLS, H1) ;

Matsumoto122 (none).

Cyrtomium falcatum subsp. littorale

338-341: Murasato, Mikura Is., Tokyo (HHEHEREFTH) ; SM810709-13, SM810709-7, SM&10709-
10, SM810709-12 (1,2,6,7), 342: Kaeshi-hama, Kozu Is., Tokyo (HURHEAEREE) ; SM810711-30
(1,2), 343-345: Usuki, Miyake (Miyake Is.), Tokyo (HUR#E =AW AR) (=5E) :TBG13479,
TBG13480, TBG13481 (1,2,6,7.8,9), 346, 347, 365: Suzaki-Tsumekisaki, Shimoda, Shizuoka Pref. (i
ISR P AEIRTURIR) 5 SM730527-31, SM730708-2, SM730527-15 (1,2,3,6,7,8,9), 348: Jogasaki, Ito,
Shizuoka Pref. (LB il » &) ; SM760515-43 (1,6,7.8,9), 349: Nanaura-kaigan, Monzen,
Ishikawa Pref. CGJIIELPIRTIT-E3iEE) ; SM770502-25 (1,2,6,7), 350: Oshima-ga-ne, Jogasaki, Ito,
Shizuoka Pref. (F#E-GHH IR » I3 K 7 M) ; SM800615-2 (1,2,6,7), 351, 352: Kobai, Jogasaki,
Ito, Shizuoka Pref. (EELMHTHIE 7 lif =734 ) ; SM800615-13, SM800615-14 (1.2,4,5.6,7.8.9),
353: Mizugasaki, Jogasaki, Ito, Shizuoka Pref. (FE-GHHITIIR o~ I o I37)  SM811003-1 (1,2,6,7),
354-359: Nichiren-saki, Jogasaki, Ito, Shizuoka Pref. (Ff UG 0% o i H #lE) ; SM811003-3,
MS811003-9, SM811003-12, SM811003-13, SM811003-14, SM811003-19 (1,2,6,7), 360-362: Futo-ko,
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Jogasaki, Tto, Shizuoka Pref. (il IFLFFHU IR o IRFE; 5 i) ; SM820316-28, SM820316-29, SM820316-
36 (1,2,4,5,6,7,8,9), 363: Tajiri-hama, Hitachi, Ibaraki Pref. (Zk¥kUL H 57 FHFLEE) ; SM831120-8 (1,2),
364: Daio-saki, Daio, Mie Pref. (ZEEIR K FMT-KkFEIF) ; SM870401-5 (1,2), 366, 367, 372: Near
Senkaku-wan, Aikawa (Sado Is.), Niigata Pref. (HT¥#ULAHIIINT 2B RE) (F3%) ; SM890327-1,
SM890327-2, SM890327-5 (1,2,6,7), 368-370: Itsuura-kaigan, Kita-ibaraki, Ibaraki Pref. (ZRIKILALIIK
i A RE) ; SM890425-1, SM890425-3, SM890425-5 (1,2,6,7,8,9), 371: Ashizuri-misaki, Tosa-
shimizu, Kochi Pref. (S50 7K 2 f0f) ; SM891121-1 (1,2,6,7), 373-376: Sandan-beki,
Shirahama, Wakayama Pref. (FIRciLI0EElT = B2EE) 5 SM920919-12, SM920919-13, SM920919-14,
SM920919-15 (1,2,6,7), 377, 378: Shiono-misaki, Kushimoto, Wakayama Pref. (FIciL I 5 A<M )
i) 5 SM920920-4, SM920920-9 (1,2), 379-382: Kantori-saki, Taiji, Wakayama Pref. (FIZKLLI LA HiiH]
BEHRIR) 3 SM920920-19, SM920920-20, SM920920-21, SM920920-24 (1,2), 383-385: Choshi-zaki,
Todo-hokke, Oshima, Hokkaido (ALIE3E % /5 32 BB BN §F 1 17%F) ; SM921022-1, SM92102-2,
SM921022-3 (1,2,6,7), 386: Motomura, Todo-hokke, Oshima, Hokkaido (L3 I8 5 37 Pt i o
), SM921022-6 (1,2), 387-389: Esan-misaki, Todo-hokke, Oshima, Hokkaido (L3t i 5 ¢ Frads vk
FEATRE L) SM921022-14, SM921022-19, SM921022-21 (1,2), 390, 391, 393: Tachimachi-saki,
Hakodate, Hokkaido (ALVEEEKEE TR SZAA0M) 5 SM921023-4, SM921023-5, SM94082 (1,2,6,7), 392:
Hoya-ishi, Okushiri Is., Hokkaido (ACUBE LIS & Y A) ; SM921025-1 (1,2,6,7), 394, 395: Senda-ga-
iwa, Choshi, Chiba Pref. (TEERSKFHT5L» %) ; SM951020-1, SM951020-2 (1,2), 396-400:
Fukaura, Aomori Pref. (F#EHEHNT) ; SM991008-1, SM991008-2, SM991008-3, SM991008-4,
SM991008-5 (1,2,6,7), 401-404, 407, 408, 410: Borawazawa-kaigan, Hachijo (Hachijo Is.), Tokyo (H&{
RO s Ry ) (LK)  SM890127-1, SM890127-4, SM890127-5, SM890127-18, SM890127-
7, SM890127-10, SM890127-18 (1,2,4,5,6,7,8,9), 405: Nakanogo, Hachijo (Hachijo Is.), Tokyo (%K
JUKHT iz 98)  (JULES) 5 SM890128-16 (1,2,6,7,8,9), 406, 409: Kashitate, Hachijo (Hachijo Is.),
Tokyo (HERJCLMTPEN)  (JULES) ; SM890129-3, SM890127-16 (1,2,6,7,8,9), 411: Kashitate,
Hachijo (Hachijo Is.), Tokyo (HU&(#E/ULITREN) (JULE) ; SM890129-2 (1,2.4,5,6,7,8,9).

Cyrtomium devexiscapulae

333: Wulu, Taitung Prov., Taiwan (FI&EPHEE AMSTERE, B7) ; Matsumoto84 (11,12), 334, 335:
Xhiaoguihu, Taitung Prov., Taiwan (NI - B3, &) ; Matsumotol27, Matsumoto129 (11,12),
412, 440, 441: Cheju Is., Korea (EME, K#RE) ; TBG123105, TBG123105, TBG123106
(10,11,12,13,14), 413: Nagate, Fukue (Fukue Is.), Nagasaki Pref. (EILGLTHET) (EILE) ;
SM940323-14-3 (11,12,13,14), 414: Sotoura, Shimoda, Shizuoka Pref. (#ff LT FH T #HE)
SM810425 (11,12), 415, 416: Kisami, Shimoda, Shizuoka Pref. (&R UL T &{63%) ; SM820315-27
(11,12,13,14), 417-422: Oura, Shimoda, Shizuoka Pref. (& E THTEkHE) ; SM820314-12,
SM820314-13, SM820314-15, SM820314-18, SM820314-19, SM820314-25 (3,10,11,12,13,14), 423:
Onabe, Kawazu, Shizuoka Pref. (FFdEEHMk4f) ; SM820317-4 (11,12,13,14), 424: Shikine,
Shimoda, Shizuoka Pref. (&fhfilE FHTEAR) (11,12,13,14), 425: Kakizaki, Shimoda, Shizuoka Pref.
(R L FETRARIRE)  (11,12,13,14), 426, 443: Tkeshiro - Mt. Tyokuro, Matsuzaki, Shizuoka Pref. (i
WLAR I W] 3 C — R JUERIL) 5 TBG74657, SM990419-15 (11,12,13,14), 427: Kosedo, Nagasaki,
Nagasaki Pref. (Rl RAaTi/NMEF) (11,12,13,14), 428: Kabashima, Nomosaki, Nagasaki Pref (5
ey VL R T A6 /5 ) (11,12,13,14), 429: Sekibe, Shizuoka, Shizuoka Pref. (&R LR A EE)
SM730902-2 (11,12,13,14), 430: Ujina Is., Hiroshima, Hiroshima Pref. (JAE LS TTIFNE) |
SM900107 (11,12,13,14), 431, 432: Ueno park, Taito-ku, Tokyo (M HE#EHHEX FEFAE) ;
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SM921001-2, SM921001-3 (11,12,13,14), 433, 434: Onagara limestone cave, Honjo, Oita Pref. (KA IE
ARIEFTNESEFLIE) . SM940215-23, SM940215-25 (11,12,13,14), 435, 436: Kami-osawaguchi,
Shimoda, Shizuoka Pref. (FfE N _EXRO) ; SM950604-1, SM950604-15 (11,12,13,14), 437:
Fukue Is., Nagasaki Pref. (RIGFEAZILE) ; SM941207-114 (3,10,11,12,13,14), 438: Chikushi-yabakei,
Nakagawa, Fukuoka Pref. (f&[FdWARETJIIM]SEKERG32) 5 SM961013-13 (11,12,13,14), 439: Jochu,
Fukuoka, Fukuoka Pref. (FZif AR Tk F) ; SM961013-15 (11,12,13,14), 442: Jinggang-shan, Jangsi
Prov., China (VLVE&FL, g ARILAIE) ; SM1101 (11,12,13,14), 444-446: Hou-ji temple,
Putuo-shan, Zhoushan Qundao Isls., Zhejiang Prov., China (#F{L%& AT FE LA SF —(ATHIL,
i A RAEFIE) ; S. Matsumoto & J.-H. Gu3, S. Matsumoto & J.-H. Gul2, S. Matsumoto & J.-H. Gul5
(10,11,12,13,14), 447: Xiaogui-hu, Taitung Prov., Taiwan (Ffiliil - B3, HE) ; Matsumoto 00-129
(11,12,13,14), 448-451: Seto, Kanazawa-ku, Yokohama, Kanagawa Pref. (2 ) 1 IR 1 v <R X
) ; SM0005-01, SM0005-02, SM0005-11, SM0005-17 (11,12,13,14), 452, 453: Kawayo, Choyo,
Kumamoto Pref. (REARILEFGATES) ; SMO1-6, SMO1-8 (11,12,13,14).

* Plant materials, of which the country names are not recorded, were collected in Japan.




