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Karyotype Analysis in Four Taxa of Aster (Asteraceae)
Found in the Ryukyu Islands

Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan

Abstract : Chromosomes are observed in four taxa of Aster occurring in the Ryukyu
Islands. They are A. asa-grayi Makino, A. miyagii Koidz., A. taiwanensis Kitam. var. lu-
cens (Kitam.) Kitam. and A. walkeri Kitam. Chromosome number 2n=18 is observed
in all of them, as previously reported by various authors. A pair of largest chromo-
somes possesses a secondary constriction on the short arm in all taxa. The karyo-
type of A. tawanensis var. lucens and A. walkeri can be considered to belong to the
Euaster-type, which Huziwara designated for that of A. asa-grayi. However, A. miy-
agii also has secondary constriction in a pair of small chromosomes and the
karyotype is considered to belong to the Teretiachenium-type. The total chromo-
some length of A. taiwanensis var. lucens is twice longer than those of two taxa in the
Euaster-type. Chromosomes with submedian centromere are 10 in A. taiwanensis
var. lucens, whereas they are 12 in A. miyagii, A. asa-grayi and A. walkeri.

Key words : Aster, chromosome, karyotype, Ryukyu islands, secondary constriction

According to Hatusima (1975), four taxa of Aster are known to occur in the Ryukyu
Islands. They are A. asa-grayi Makino, A. miyagii Koidz., A. taiwanensis Kitam. var. lu-
cens (Kitam.) Kitam. and A. walkeri Kitam. These taxa are all endemic to the Islands
and has been recorded from certain island or islands; A. asa-grayi from Amami-
oshima, Okinoerabu-jima and Okinawa-jima, A. miyagii from Amami-oshima, Tokuno-
shima and Okinawa-jima, A. taiwanensis var. lucens from Iriomote-jima and A. walkeri
from Yonaguni-jima.

Chromosome number 2n=18 has been reported for these four taxa by various
authors (Huziwara 1957, 1965; Matsuda 1970; Miyagi 1973). When he recognized four
groups of karyotype in Aster of Japan, Huziwara (1957) recognized the karyotype of A.
asa-grayi to belong to the Euaster-type. In the present paper, karyotypes of the other
three taxa are discussed.

Materials and Methods

Chromosomes were investigated in four taxa of Aster shown in the Table 1, in
which names follow the taxonomic treatments by Hatusima (1975). These plants were
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originally collected in various islands of the Ryukyu Islands as shown in Table 1 and
have been cultivated in pods in the Botanic Gardens of Toyama. Fresh root tips of 5
mm long were cut and pretreated with 2 mM 8-hydroxyquinoline solution for 4 h at
20°C. The root tips were fixed with Farmer's fluid, a mixture of acetic acid and eth-
anol (1 : 3) for more than 24 h at 5°C and macerated with a mixture of 1N HCl and 45
% acetic acid (1 : 2) for 40 sec at 60°C, and the meristematic region of the root was
stained with 1% aceto-orcein. The chromosome preparation was made by squashing
method.
For karyotype description, typification proposed by Tanaka (1977) is adopted.

Observations

Chromosome number 2n=18 was counted at metaphase of all taxa of Aster collected
in the Ryukyu Island, as shown in the Table 1. Chromosomes observed at metaphase
are shown in Fig.l, being basically arranged in descending order of the length. The
measurements of the somatic chromosomes at metaphase are shown in Tables 2—5.
Results of the observation are as fellows.

1. Aster miyagii Koidz.

Chromosome number at metaphase is 2n=18 (Fig. 1 A). The chromosome length
varied from 7.1 to 3.9 x m. Secondary constrictions were observed on the largest and
a small chromosome pairs. Of 18 chromosomes, ten have centromeres at median posi-
tion and remaining eight at submedian position, thus chromosome formula is desig-
nated as 2n=18=4m*+8m+6sm. Mean chromosome length and total chromosome
length are 5.1 xm and 92.6 .. m, respectively (Table 2).

2. Aster taiwannensis Kitam. var. lucens (Kitam.) Kitam.

Chromosome number at metaphase is 2n=18 (Fig. 1 B). The chromosome length
varied from 7.0 to 4.3 xm. Secondary constrictions were found on the short arms of
the largest chromosome pair. Of 18 chromosomes, eight have centromeres at median
position and remaining ten at submedian position, thus, chromosome formula is desig-
nated as 2n=18=2m*+8m+8sm. Mean chromosome length and total chromosome

Table 1. Chromosome numbers and localities of Aster of the Ryukyu Islands studied.

toon Chromoume
Aster asa-grayi Makino 18 Manzamou, Onna-son, Okinawa-jima. AS001
A. miyagii Koidz. 18 Kawata, Higashi-son, Okinawa-jima. AS002
A. raiwanensis Kitam. . 18 Ufauchi-ggwa, Taketomi-cho, AS003
var. lucens (Kitam.) Kitam. Iriomote-jima.
A. walkeri Kitam. 18 Agarizaki, Yonaguni-cho, Yonaguni- AS004

jima.
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length are 5.6 2 m and 101.6 . m, respectively (Table 3).
3. Aster asa-grayi Makino

Chromosome number at metaphase is 2n=18 (Fig. 1 C). The chromosome length
varied from 4.5 to 3.1 xm. The largest chromosome pair showed secondary constric-
tions in the short arms. Of 18 chromosomes, six have centromeres at median position
and the remaining twelve at submedian position, thus chromosome formula is desig-
nated as 2n=18=2m*+10m+6sm. Mean chromosome length and total chromosome
length are 3.7 xm and 67.4 . m, respectively (Table 4).

4. Aster walkeri Kitam.

Chromosome number at metaphase is 2n=18 (Fig. 1 D). The chromosome length
varied from 4.1 to 2.3 . m. Secondary constrictions were found on the short arm of the
largest two chromosomes. Of 18 chromosomes, six have centromeres at median posi-
tion and the remaining twelve at submedian position, thus chromosome formula is
designated as 2n=18=2m*+12m+4sm. Mean chromosome length and total chromo-
some length are 3.2 . m and 56.8 . m, respectively (Table 5).

Huziwara (1957) considered the karyotype of the present species to belong to the
FEuaster-type.

Discussion

As previously reported by Shimotomai & Huziwara (1940, 1942), Huziwara (1957,
1965), Matsuda (1970), Miyagi (1973), chromosome number 2n=18 was observed in all
taxa in the present study. Since the basic chromosome number was reported to be
x=9 in the genus Aster (Huziwara 1957, 1965), these four taxa are considered to be dip-
loid. Huziwara (1957) recognized the following four types in the karyotype of Aster.
They are Euaster-type; secondary constrictions are present on a pair of largest chro-
mosomes, Teretiachenium-type; secondary constriction are present in pairs of both
the largest and smallest chromosomes, Tripolium-type; secondary constriction are
present on a pair of smallest chromosomes and Erigeron-type; no secondary constric-
tion is present.

As mentioned above, the karyotype of A. walkeri is quite similar to that of A. asa-
grayi and the karyotype of these two taxa can be considered to belong to the Euaster-
type, since secondary constrictions are observed only on a pair of largest chromo-
somes. Thus, Kitamura (1957)’ s taxonomic treatment for the taxon: A. asa-grayi Mak-
ino var. walkeri Kitam. is cytologically acceptable. The karyotype of A. taiwanensis var.
lucens is similar to the Euaster-type, since secondary constrictions are observed on a
pair of largest chromosomes. However, the total length of chromosomes is twice as
long as those of A. asa-grayi and A. walkeri and chromosome formula is slightly differ-
ent. According to Kitamura (1937, 1957), Aster miyagii, A. asa-grayi and A. walkeri (=
A. asa-grayi var. walkeri) are included in Sect. Pseudo-calimeris, while A. taiwanensis
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var. lucens belongs to Sect. Euaster. The above mentioned results agree with the
grouping by Kitamura (1937, 1957) for the most part. However, A. miyagii has secon-
dary constrictions on pairs of the largest and small chromosomes and the karyotype
is referable to the Teretiachenium-type. Thus, karyotypically, A. miyagii differs from
other two taxa in Sect. Pseudo-calimeris.

I wish to express my gratitude to Dr. Syo Kurokawa (the director, Botanic Gardens
of Toyama) and Dr. Masashi Nakata (Botanic Gardens of Toyama) for their kind and

valuable advice.
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New Species and New Records in Hypotrachyna (Parmeliaceae)
Syo Kurokawa!’ & Kwang Hee Moon?’

1) Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyvama 939-2713, Japan
2)The Research Institute for Natural Sciences,
Sookmyung Women’s University, Seoul 140-742, Korea

Abstract : Eleven species of Hypotrachyna (Parmeliaceae) are described as new to
science. They are H. cinerascens, H. congenita, H. corneola, H. dahlii, H. elongata, H.
endosulphurea, H. kashiwadanii, H. neodigitata, H. punoensis, H. stictifera and H.
subsplendens. One of them (H. dahlii) is known only from Australia and two of them
(H. corneola and H. neodigitata) are described on the basis of specimens collected in
Papua New Guinea. The other eight species are known only from Peru, though some
of them may be more widely distributed in paramo and subparamo regions in South
America. Morphological and chemical features are discussed for each species. In ad-
dition, two other species of Hypotrachyna, H. dactylifera and H. pustulifera, are newly
reported from Peru.

Key words : new records, new species, Hypotrachyna
Yy yp )

In course of our study of the genus Hypotrachyna (Parmeliaceae), we found eleven
new species. Two of them (H. corneola and H. neodigitata) are described on the basis of
specimens collected in Papua New Guinea and they seem to have wide distributions
in tropics especially in the southern Pacific area. One of the eleven new species, H.
dahlii, is named in honor of the late Dr. Eilif Dahl, a Norwegian lichenologist, is
known only from New South Wales in Australia. The other eight species are known
only from Peru at present. These species, however, probably have more wide distribu-
tions in paramo and subparamo regions in South America. Morphological and
chemical features are discussed for each species with reference to their affinity to the
related species in the present paper. In addition, two other species of Hypotrachyna
are newly reported from Peru in this paper; H. dactylifera has been known widely from
Mexico, Central and South America (Hale 1975) and India (Awasthi 1976) and H. pustu-
lifera has been considered to be endemic to N. America.

Hypotrachyna cinerascens Kurok. & K.H. Moon, sp. nov. (Fig. 1A)

Hypotrachynae chicitae primo adspectu maxime simile, sed thallo acidum obtusa-
ticum continenti differt. Thallus adnatus ad saxa, albo-cerussatus,3—6 mm dia-
metro, lobis lineariter elongatis, saepe nigricante marginatis, dichotome vel subpal-
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matim divisis, sorediis et isidiis destitutis, 0.5—1.5mm latis, inferne modice
rhizinatis, rhizinis 0.5—1.5 mm longis. Apothecia non visa.

Thallus foliose, growing over mosses on rocks, whitish lead-gray, 3—6cm in
diameter; lobes linear, short, crowded, dichotomously or subpalmately divided, 0.5—
1.5 mm wide: upper surface plane, more or less glossy, emaculate, often black
rimmed, with no soredia and isidia; medulla white; lower surface black, moderately to
densely rhizinate, the rhizines black, shiny, sparingly dichotomously branched, 0.5—
1.5 mm long. Thallus 110—135,.m thick; upper cortex 5 —7.5xm thick, algal layer
22—26 pm thick, medulla 63—86m thick, lower cortex about 15.m thick. Apo-
thecia not seen.

Chemistry. Atranorin, obtusatic acid and norobtusatic acid.

Type. Peru. Dept. Cuzco: Between Abra Hualla Hualla and Marcapata, Prov. Quispi-
canchis, on rocks in ‘Puna’ zone, alt. ca 4300 m, H. Kashiwadani 21257 — holotype
in TNS.

The unusual chemistry of the present species seems to set apart from other species
of Hypotrachyna. However, the saxicolous habitat at high elevation (about 4300 m) and
whitish lead-gray upper surface of lobes with black rim show the close resemblance
with H. chicitae (Hale) Hale, which is known from Costa Rica, Venezuela and Peru
(Hale 1975). However, these two species are readily distinguished by the difference of
medullary chemistry; the medulla is C + red, containing lecanoric and evernic acids
in H. chicitae, but it is C — , containing obtusatic and norobtusatic acids in H. cineras-
cens.

This new species may be confused with H. protenta Hale, which is widely distrib-
uted in paramo and subparamo regions in Central and South America (Hale 1975) and
Africa (Sérusiaux 1984). These two species also have ashy white and black rimmed
lobes in common. However, H. cinerascens contains obtusatic and norobtusatic acids,
while H. protenta alectoronic and a-collatolic acids in the medulla.

The present new species is known only from Peru at present.

Additional specimens examined. Peru. The same as the type, H. Kasiwadani 21544-
b and 21550 (TNS).

Hypotrachyna congenita Kurok. & K.H. Moon, sp. nov. (Fig. 1B)

Species habitu cum Hypotrachyna consimilis optime congruens, sed lobis densiore
isidiatis, isidiis coralloideo ramosis et thallo acidum protocetraricum non continenti
etiam differt. Thalus laxe adnatus, cinerascens, 2—5 cm diametro, lobis dichotome
vel subpalmatim divisis, superne dense isidiatis, isidiis cylindricibus vel coralloidibus,
inferne dense rhizinosis, rhizinis dense dichotome ramosis, 0.3 mm longis. Apotehcia
non visa.

Thallus loosely adnate on rock, mineral gray, 2—5 cm in diameter; lobes linear,
short, crowded, dichotomously or subpalmately divided, 1—2.5 mm wide; upper sur-
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Fig. 1. Habits of Hypotrachyna species. A:H. cinerascens Kurok. & K.H.Moon — holctype.
B: H. congenita Kurok. & K.H.Moon — holotype. C: H. corneola Kurok. & K.H.Moon —
holotype. D:H. dahiii Kurok. & K.H.Moon — isotype. Scales indicate mm.
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face emaculate, often black rimmed, densely isidiate, the isidia cylindrical and often
coralloidly branched; medulla white; lower surface black, densely rhizinate, the rhiz-
ines densely dichotomously branched, very short, less than 0.3 mm long, more or less
projecting beyond the margin of lobes. Thallus 140— 180 ..m thick; upper cortex 12—
18 2m thick, algal layer 33—38 .«m thick, medulla 75—100 . m thick, lower cortex 20
—23 pm thick. Apothecia sessile, about 1 mm in diameter, amphithecium isidiate; no
mature spore found.

Chemistry. Atranorin only.

Type. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo, on rock in
‘Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 22050 — holotype in TNS.

The production of atranorin only in the thallus indicates there are no close rela-
tives but the present new sapecies resembles morphologically very much H. consimilis
(Vain.) Hale, since these two species have similar lobes with isidia. Isidia of H. con-
similis, however, are mostly simple, whereas they are well branched in the present
species. In addition, H. congenita is also clearly distinguished from H. consimilis by
lacking skyrin.

The present new species resembles H. bogotensis (Vain.) Hale, because these two
species are isidiate and form densely branched rather short rhizines. In adition, H.
bogotensis is distributed in Mexico, Central America, West Indies and South America
south to Peru (Hale 1975). However, H. congenita is readily distinguished from H.
bogotensis by the negative color reaction with C in the medulla, since C + substances
such as lecanotic acid and gyrophoric acid are lacking in this species.

The present species may be confused with H. costaricensis (Nyl.) Hale, because these
two species are isidiate and show negative color reaction with C. However, H. con-
genita is much smaller than H. costaricensis and the lobes are 1—2.5 mm wide.

The present species is known only from Dept. Cuzco in Peru.

Addditional specimen examined. The same as the type, H. Kashiwadani 22051
(TNS).

Hypotrachyna corneola Kurok. & K.H. Moon, sp. nov. (Fig. 1C)

Thallus ut in Hypotrachyna brasiliana, sed acidum salazinicum continenti etiam dif-
fert. Thallus corticola, adnatus, corneolus, virido-cinerascens, pallido-bubalinus in
herbario, 3—6 cm diametro, lobis sublineariter elongatis, plus minusve imbricatis, 1.5
—5 mm latis, superne plus minusve nitidis, soresdiis et isidiis destitutis, inferne
dense rhizinatis, rhizinis ad 0.3 mm longis.

Thallus adnate on bark of tree, coriaceous, mineral gray but turning into ochre-buff
in the herbarium, 3—6 cm in diameter; lobes sublinear-elongate, 1.5—5 mm wide,
upper surface plane, more or less glossy, emaculate, often black rimmed only near the
apices, lacking soredia, isidia and pustules; medulla white; lower surface black, rather
densely rhizinate, rhizines moderately to densely dichotomously branched, less than



March 2000 Kurokawa & Moon: Hyporrachyna 13

0.3 mm long. Thallus 400—550/m thick; upper cortex 25—30m thick, algal layer
subcontinuous, 88— 100 2 m thick, medulla 350 —380 . m thick, lower cortex 37—42 x
m thick. Apothecia subsessile, 1—2 mm in diameter, hymenium about 36 m high,
ascl 8 X20 2 m, spores colorless, 5X6—7.5 ;. m.

Chemistry. Atranorin, salazinic acid, consalazinic acid (trace), connorstictic acid
(trace).

Type. Papua New Guinea. Morobe District: Kaisinik, about 30 km south-east of
Wau, on bark of tree, elevation 1900—2000 m, H. Kashiwadani 10765 — holotype in
TNS.

The present new species resembles H. brasiliana (Nyl.) Hale, which is known from
south-eastern Brasil. These two species have rather broad divaricate lobes, which do
not form any asexual propagules. The present new species can be clearly distin-
guished from H. brasiliana by the chemistry: H. corneola contains atranorin and salaz-
inic acid and the associated substances, whereas lichexanthone and protocetraric
acid are demonstrated in H. brasiliana.

This species may be also confused with H. boquetensis (Hale) Hale, which also pro-
duces atranorin and salazinic acid and lacks asexual propagules (Hale 1974). However,
it forms coriaceous lobes with dense rhizines on the lower surface and produces
smaller spores (5X6—7.5 . m), while H. boquetensis forms membranaceous lobes with
sparse to moderate rhizines and produces spores of medium size (6X 12 zm). In addi-
tion, the new species is known from Papua New Guinea, whereas H. boquetensis is
known only from Panama in Central America (Hale 1974, 1975).

The present species is known only from the type locality in Papua New Guinea at
present.

Hypotrachyna dactylifera (Vain.) Hale

Even though Hale (1975) noted that pustules are opened apically without formation
of soredia in this species, the pustules seem to form abundent granular soredia in
some specimens. This fact indicates that the species is very variable in production of
soredia on apices of pustules and sometimes appear to be sordiate on the upper sur-
face of lobes. This species has been reported from Mexico, Central and South
America (Hale 1975) and India (Awasthi 1976). New to Peru.

Specimens examined. Peru. Dept. Cuzco: Between Marcapata and Achubamba,
along the road from Marcapata to Quincemille, Prov. Quispicanchis, on rock in wet
forest in ‘Ceja de Selva’ zone, alt. 2600 —2800 m, H. Kashiwadani 21792 (TNS). Uru-
guay. Department of Canelones: Carrasco (Franklin Roosevelt) National Park, on
trunk of Pinus sp., S. Kurokawa 8461 and 8474 (TNS).

Hypotrachyna dahlii Kurok. & K.H.Moon, sp. nov. (Fig. 1D)
Thallus ut in Hypotrachyna physcioides, sed lobis pustulatis et acidum barbaticum
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non continenti etiam differt. Thallus adnatus, cinerascens, 2.5—7.0 cm diametro,
lobis sublineariter elongatis, saepe imbricatis, 1. 5—4 mm latis, superne plus minusve
nitidis, leviter maculatis, aliquando nigricante marginatis, pustulatis, inferne nigris,
sparsim vel modice rhizinatis, rhizinis dichotome ramosis, 0. 2—0.5 mm longis. Apo-
thecia non visa.

Thallus growing over mosses together with Cladia sp., mineral gray, 2.5—7.0cm
broad; lobes sublinear, short, dichotomously or subpalmately branched, 1.5—4 mm
wide; upper surface more or less glossy, weakly maculate, sometimes black rimmed,
pustulate on subterminal area of lobes; upper cortex more or less fragile and some-
times exposing the pale yellow medulla; medulla usually pale yellow; lower surface
black, sparsely to moderately rhizinate, the rhizines black, moderately and dichoto-
mously branched, 0.2—0.5 mm long. Thallus 160—300 xm thick; upper cortex 17—
22 pm thick, algal layer continuous, 112—125 gz m thick, medulla 150—250 gz m thick,
lower cortex pale brown, about 20 zm thick. Apothecia not seen.

Chemistry. Atranorin, secalonic acdid A, colensoic acid, norcolensoic acid, echino-
carpic acid and its related substance (trace).

Type. Australia. New South Wales: Tianjara Falls, between Nerriga and Nowra in
the gorge, E. Dahl s. n. — holotype in O and isotype in TNS.

This new species is named in honor of the late Dr. Eilif Dahl, a Norwegian licheno-
logist, who collected a number of lichen specimens in Australia.

Hypoptrachyna dahlii resembles H. physcioides (Nyl.) Hale, since these species have
similar sublinear glossy lobes. However, it is easily separated from the latter by the
pale yellow medulla and pustules.

This species may be easily confused with H. endochlora (Leight.) Hale, because
these two species have similar lobes with pale yellow medulla, containing secalonic
acid A. However, it is separated from the latter species by the chemistry; H. dahlii pro-
duces colensoic and norcolensoic acids along with secalonic acid A in the medulla,
whereas H. endochlora contains barbatic, obtusatic and norobtusatic acids. Morpho-
logically, H. dahlii can be distinguished from H. endochlora by the shorter (less than
0.5 mm long) and modeately branched rhizines. While H. encochlora is known from
Europe, Africa, Mexico, C. and S. America, West Indies, and Hawaii (Hale 1975), H.
dahlii is known only from the type locality in Australia at present.

Three other species of Hypotrachyna, H. chlorina Miill. Arg.) Hale, H. isidiocera
(Nyl.) Hale and H. peruviana (Nyl.) Hale, producing atranorin and secalonic acid A are
knwon at present. However, they are readily distinguished from the present species
by the morphology; H. chlorina is lobulate, H. isidiocera is isidiate and H. peruviana
forms no asexual propagules.

Hypotrachyna elongata Kurok. & K.H. Moon, sp. nov. (Fig. 2A)
Thallus ut in Hypotrachyna lineariloba et H. longiloba, sed acidum barbaticum conti-
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nenti differt. Thallus laxe adnatus ad saxa, cinerascens, 5—8 cm diametro, lobis line-
ariter elongatis, dichotome divisis, subdivaricatis, 1 —3 mm latis, superne emaculatis,
sorediis et isidiis destitutis, inferne nigris, modice vel dense rhizinatis, rhizinis
leviter tenacibus, simplicibus vel sparsim dichotme ramosis, 1—1.2 mm longis. Apo-
thecia non visa.

Thallus loosely adnate on rocks, 5—8 cm broad, mineral gray; lobes linear-elongate
(0.3—2.5 cm long), dichotomously branched, subdivaricate, 1—3 mm wide; upper sur-
face plane, emaculate, continuous, lacking soredia and isidia; medulla white; lower
surface jet black, moderately to densely rhizinate, the rhizines black, rather thick and
tough, simple or sparingly dichotomously branched, 1.0—1.2mm long, usualy
beyond the lobe margin. Thallus about 210 zm thick; upper cortex 7—10xm thick,
algal layer continuous, 60—65,.m thick, medulla 100—112 . m thick, lower cortex
brownish, ca 30 zm thick. Apothecia not seen.

Chemistry. Atranorin, barbaric acid, 4-O-demethylbarbatic acid, echinocarpic acid
and unknown substance related to echinocarpic acid (trace).

Type. Peru. Dept. Cuzco: Between Marcapata and Achubamba, along the road from
Marcapata to Quincemille, Prov. Quinspicanchis, on rock in wet forest in ‘Ceja de
Selva’ zone, alt. 2600— 2800 m, H. Kashiwadani 21658 — holotype in TNS.

Although degree of lobe adnation and width seem to be rather variable, this new
species is characterized by the often loosely adnate thalli composed of linear-elon-
gate, imbricate and divaricate lobes and resembles very much H. lineariloba (Kurok.)
Hale or H. longiloba (H. Magn.) Hale. However, the present species is biogenetically
unrelated to the latter two species, because it produces barbatic acid rather than alec-
toronic and a-collatolic acids in the medulla. The only other species with linear-
divaricate lobes containing barbatic acid is H. monilifera (Kurok.) Hale, which is char-
acterized by peculiar moniliform rhizines (Hale & Kurokawa 1964).

This species is known only from the type locality in Peru at present.

Hypotrachyna endosulphurea Kurok. & K.H. Moon, sp. nov. (Fig. 2B)

Species habitu cum Hypotrachyna endochlora optime congruens, sed fiffert soraliis
farinosis et acidum colensoicum continenti. Thallus laxe adnatus, virido-cinerascens,
ca 4.5 cm diametro, lobis lineariter elongatis, dichotome divisis, plerumque nigri-
cante marginatis, 1—2.5 mm latis, superne plus minusve nitidis, leviter maculatis,
cum solariis capitatis, soredils farinosis, inferne modice vel dense rhizinosis, rhizinis
dense ramosis, 1 mm longis. Apothecia non visa.

Thallus adnate on twigs, greenish mineral gray, about 4.5 cm broad; lobes linear-
elongate, more or less divaricate, dichotomously divided, 1 —2. 5 mm wide; upper sur-
face plane and smooth, more or less glossy and maculate, commonly black rimmed,
soralia subterminal, capitate, orbicular to diffuse, soredia farinose; medulla pale
yellow in part; lower surface black, densely rhizinate, the rhizines black, densely
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Fig. 2. Habits of Hypotrachyna species. A: H. elongata Kurok, & K.H.Moon — holotype. B: H.
endosulphurea Kurck. & K.H.Moon — holotype. C: H. kashiwadanii Kurok. & K.H.Moon —
holotype. D:H. neodigitata Kurok, & K.H.Moon — holotype. Scales indicate mm.
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dichotomously branched, to 1 mm long, often projecting beyond the lobe margin.
Thallus 140—170 xm thick; upper cortex about 12.m thick, algal layer subcon-
tinuous, 25—30 . m thick, medulla 88 —100 m thick, lower cortex 17—20 m thick.
Apothecia not seen.

Chemistry. Atranorin, secalonic acid A, colensoic acid and norcolensoic acid.

Type. Peru. Dept. Cuzco:; Between Marcapata and Achubamba, along the road from
Marcapata to Quincemille, Prov. Quispicanchis, on twigs of tree in wet forest in ‘Ceja
de Selva’ zone, alt. 2600 —2800 m, H. Kashiwadani 21834—— holotype in TNS.

This new species is characterized by the capitate-diffuse soralia, pale yellow
medulla and the roduction of colensoic and norcolensoic acids. Morphologically it
resembles H. endochiora. However, soralia are capitate and soredia are farinose in the
present new species, whereas the latter species is pustulate, though pustules soon
becoming granular soredia.

It also resembles H. exsplendens (Hale) Hale and H. pseudosinuosa (Asahina) Hale,
which both have a white medulla, lacking socalonic acid A. Other secondary products
are also different in these three species; H. exsplendens contains alectoronic and a-col-
latolic acids and H. pseudosinuosa protocetraric acid, while the present new species
colensoic and norcolensoic acids.

Mainly on account of the chemistry, this new species apparently forms a species
pair with H. dahlii, a pustulate species, though the common ancestral species with no
asexual propagule is not known.

This new species is known only from the type locality in Peru at present.

Hypotrachyna kashiwadanii Kurok. & K.H. Moon, sp. nov. (Fig. 2C)

Thallus similis ut in H. chlorina, sed acidum colensoicum et acidum norcolensoicum
continenti differt. Thallus adnatus ad saxa, friabilis, virido-cinerascens, 2—6 cm dia-
metro, lobis subirregulariter divisis, 2—6 mm latis, superne plus minusve nitidis, raro
nigricante marginatis, lobulatis, lobulis numerosis, laminalibus et marginalibus, saepe
divisis, aegre ciliatis, inferne nigris, rhizinatis, rhizinis ca 1 mm longis.

Thallus adnate on rocks, fragile, greenish mineral gray but pale ochre-yellow in the
herbarium, 2—6 cm broad; lobes sublinear-elongate, short, subirregularly divided, 2—
6 mm wide, upper surface more or less glossy, emaculate, rarely black rimmed, lob-
ules often dense, marginal and laminal, often elongate, simple or dichotomously
branched, scarcely ciliate; medulla pale yellow; lower surface black, sparsely or moder-
ately rhizinate, the rhizines black, dichotomously branched, about 1 mm long. Apo-
thecia sessile, to 2 mm in diameter, no mature spore seen.

Chemistry. Atranorin, secalonic acid A, colensoic acid and norcolensoic acid.

Type. Peru. Dept. Cuzco: Machupicchu (around Aguas Calientes), Prov. Urubamba,
on rocks in mixed forest in lower part of ‘Ceja de Selva’ zone, alt. 2100—2200 m, H.
Kashiwadani 22129 — holotype in TNS.
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The pale vellow medulla and the production of dense lobules are characteristic of
this species. The chemistry strongly indicates the present species to be closely
related to H. dahlii and H. endosulphurea and may be considered to be the lobulate con-
terpart of them.

The present species may be confused with H. chlorina, because these two species
have a similar pale yellow medulla and dense lobules on the upper surface and mar-
gins of lobes. It contains colensoic and norcolensoic acids, while the latter seems to
be related to the H. physcioides group (Kurokawa 1986) and produces barbatic acid and
the related substances.

This species might be misidentified as H. isidiocera (Nyl.) Hale, a clearly isidiate spe-
cies with yellow medulla. However, H. isidiocera is also related to the H. physcioides
group.

Although the holotype is unfortunately sterile, a few apothecia were found in the
specimen cited below. However, no mature spore is found. At present, H. kashiwadanii
1s known only from Machupicchu area in Peru.

Additional specimen examined. Peru. The same as the type, H. Kashiwadani 22130
(TNS).

Hypotrachyna neodigitata Kurok. & K.H. Moon, sp. nov. (Fig. 2D)

Thallus ut in Hypotrachyna physcioides, sed lobis dense lobulatis differt. Thallus corti-
cola, adnatus, friabilis, cinerascens, 2.5—5cm diametro, lobis sublineariter elon-
gatis, 1—3 mm latis, superne plus minusve nitidis, emaculatis, desnse lobulatis,
lobulis laminalibus et marginalibus, saepe divisis, plerumque ciliatis, inferne dense
rhizinatis, rhizinis ca 0.5 mm longis. Apothecia non visa.

Thallus adnate to barks of trees, fragile, mineral gray, 2.5—5 cm broad; lobes sub-
linear elongate, subirregularly divided, 1—3 mm wide; upper surface more or less
glossy, emaculate, continuous, becoming densely lobulate on the surface as well as
along the margin, lobules dichotomously branched, usually ciliate, less than 1.0 mm
wide; medulla white; lower surface black, densly rhizinate, the rhizines forming a mat
on lower surface as well as along the margin, densely dichotomously branched, up to
0.5mm long. Thallus 100—130 ,m thick; upper cortex 5.0—7.5 xm thick, algal
layer 17—25 pm thick, medulla 62—75 xm thick, lower cortex 17—20 xm thick.
Apothecia not seen.

Type. Papua New Guinea. Central District: Around Woitape, on bark of trees, eleva-
tion about 1550 m, S. Kurokawa 9210 — holotype in TNS.

Chemistry. Atranorin, barbatic acid, 4-O-demethylbarbatic acid, obtusatic acid and
norobtusatic acid.

The present new species apparently belongs to the H. physcioides group (Kurokawa
1986), which is characterized by the production of barbatic acid and its related sub-
stances and the adante to loosely adnate thallus. However, it is distinguished from the
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other species of the group by having dense lobules on the surface and along the mar-
gins of lobes.

Morphologically it resembles H. ensifolia (Kurok.) Hale, from which it is easily distin-
guished by the adnate thallus and by the production of barbatic acid rather than alec-
toronic acid.

The present new species could be easily misidentified as H. sreyermarkii (Hale) Hale,
a rare species endemic to Venezuela. Even though these two species have procum-
bent dorsiventral lobules, the lobules of H. steyermarkii seem to have initiated from
cylindrical isidia mostly formed on the upper surface of lobes. In contrast, lobules in
this species are formed mainly along the margin of lobes and no cylindrical isidia are
found.

The present species may be also confused with H. chlorina, from which it is readily
distinguished by the white medulla lacking secalonic acid A.

This new species is known from the Phillipines and Papua New Guinea at present,
but it seems to be widely distributed in southern Pacific areas.

Other specimens examined. The Philippines. Luzon: Heald Lumber Co. logging area
No. 9, about 10 km north of Mt. Data, Mountain Prov., virgin pine forest, elev.
about 1800 m, M. E. Hale (26092) and J. Banaag (TNS). Papua New Guinea. Central
District: The same as the type, S. Kurokawa 9209 (TNS); About 2 km north of Woitape
Airstrip, elevation 1200— 1350, H. Kashiwadani 12035 (TNS).

Hypotrachyna punoensis Kurok. & K.H.Moon, sp. nov. (Fig. 3A)

Thallus ut in H. costaricensis, sed differt lobis pustulato-sorediatis. Thallus corti-
cola, adnatus, cerussatus, 2.5—5cm diametro, lobis irregulariter elongatis, saepe
imbricatis, 2—5 mm latis, superne emaculatis, pustulato-sorediatis, inferne sparsim
rhizinatis, rhizinis simplicibus vel dichotome ramosis. Apothecia non visa.

Thallus adnate to barks of trees, lead gray to dark gray, 2.5—5 cm broad; lobes
irregular, often imbricate, 2—5 mm wide; upper surface plane, emaculate, minutely
pustulate near the apices of lobes, the pustules soon opened and sorediate at the top;
medulla white; lower surface black, distinctly wrinkled, sparsely to moderately rhizi-
nate, the rhizines black, rather coarse, simple or rarely dichotomously branched, 1—
1.5 mm long. Thallus 150—170 m thick; upper cortex 12—15 . m thick, algal layer
continuous, about 63 xm thick, medulla 62—85,.m thick, lower cortex 13—15xm
thick. Apothecia not seen.

Chemistry. Atranoirn and an unidentified fatty acid.

Type. Peru. Dept. Puno: Cara Cara, near Pucara, Prov. Lampa, on bark of Polylepis
racemosa in Polylepis racemosa forest, alt. 3900—4000 m, H. Kashiwadani 22318 —
holotype in TNS.

The present new species seems to be related to H. costaricensis, because they both
have similar irregular rather wide lobes. However, it is clearly distinguished from the
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Fig. 3. Habits of Hypotrachyna species. A: H. punoensis Kurok. & K.H.Moon — holotype. B: H.
pustulifera (Hale) Skorepa — Kashiwadani 21906. C: H. stictifera Kurck. & K.H. Moon —
holotype. D: H. subsplendens Kurck. &. K.H.Moon — holotype. Scales indicate mm.
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latter by having pustules opened and sorediate at the top at terminal and subterminal
zones of lobes. These two species also produces fatty acid. Crystals similar to those
yielded by caperatic acid are usually demonstrated in GE (glycerin + acetic acid, 1 : 3)
in H. costaricensis. In contrast, acetone recidue of the present species yields crystals
similar to those of protolichesterinic acid in GE, though the substance has not been
positively identified with protolichesterinic acid. Even though this new species mor-
phologically resembles very much H. costaricensis, these two species can not be consid-
ered to form a species pair mainly because they set apart chemically each other.

Hypotrachyna pustulifera (Hale) Skorepa (Fig. 3B)

The present species was first recognized as fluorescent negative indivisuals among
specimens of Parmelia formosana (= Hypotrachyna osseoalbida (Vain.) Park & Hale) by
Hale (1972a). Morphologically it closely resembles the latter species, but cortical sub-
stance lichexanthone in H. osseoalbida seems to be completely replaced by atranorin
in H. pustulifera.

This species has been reported from West Virginia, Tennessee, Georgia, Alabama,
Mississippi, Arkansas, Oklahoma and Texas in the United States. In other words, it
has been considered to be endemic to North America (Hale 1972a, Skorepa 1983). The
range is now extended to Peru in South America.

Specimen examined. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo,
on bark of Alnus in ‘Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 21906 (TNS).

Hypotrachyna stictifera Kurok. & K.H.Moon, sp. nov. (Fig. 3C)

Quoad habitum et fabricam internam loborum ad Hypotrachyna crenata accedit, sed
ab ea differt thallo sorediato. Thallus corticola, adnatus, cinerascens, ca 3.5 cm dia-
metro, lobis subirregularibus, 1—3 mm latis, superne leviter maculatis, sorediatis,
sorediis farinosis vel granularibus, inferne sparsim rhizinosis, rhizinis modice
dichotomeque divisis. Apothecia non visa.

Thallus adnate on barks of trees, mineral gray, about 3.5 c¢m broad; lobes irregular,
1—3 mm wide; upper surface plane, faintly maculate, continuous, sorediate especially
near the top of lobes, soredia farinose to granular; medulla white; lower surface black,
sparsely rhizinate, but blackish brown and naked in rather broad zone near the top of
lobes, the rhizines moderately dichotomously branched, less than 0.5 mm long.
Thallus 80— 110, m thick; upper cortex about 10xm thick, algal layer 12—15,m
thick, medulla 50— 70 . m thick, lower cortex about 10« m thick. Apothecia not seen.

Chemistry. Atranorin, stictic acid and norstictic acid (minor).

Type. Peru. Dept. Cuzco: Machupicchu (around Aguas Calientes), Prov. Urubamba,
on bark of tree in mixed forest in lower part of ‘Ceja de Selva’ zone, alt. 2100—2200
m, H. Kashiwadani 22272 holotype in TNS.

This new species is characterized by the presence of soredia and the production of
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stictic acid. Stictic acid is one of the rare secondary products in Hypotrachyna and has
been reported in only three other species; H. crenata (Kurok.) Hale (Hale & Kurokawa
1964), H. lopezii Hale (Hale 1975) and H. thryptica (Hale) Hale (Hale 1972b). Among
them, H. lopezii belongs to the H. caraccensis (Taylor) Hale group with linear-elongate
divaricate lobes producing usnic acid. H. thryptica, an Indian species, might be con-
fused with the present new species but it is pustulate and the pustules do not seem to
produce soredia as Hale (1972b) mentioned as “pustulis crassis, apice eruptis sed non
sorediantibus” in the original description. H. crenata may be most closely related to
the present species, since they have similar thalli. However, H. crenata is isidiate
rather than sorediate.

This species is known only from Dept. Cuzco and Dept. Pasco in Peru at present.
However, it appears to be more widely distributed in forests distributed 1500 —2200 m
above the sea level.

Additional specimen examined. Peru. Dept. Pasco: Nagazu, about 13 km E of Pau-
cartambo Bridge near Villarrica, on bark of tree in forest in ‘Selva Alta’ zone, alt. ca
1500 m, H. Kashiwadani 22455 (TNS).

Hypotrachyna subsplendens Kurok. & K.H.Moon, sp. nov. (Fig. 3D)

Thallus ut in Hypotrachyna densirhizinata, sed acidum protocetraricum continenti dif-
fert. Thallus corticola, laxe adnatus, cinerascens, 5—8 cm diametro, lobis lineariter
elongatis, utiliter divaricatis, imbricatis, superne emaculatis, sorediato-pustulatis, 2—
4 mm latis, inferne dense rhizinatis, rhizinis dense dichotome ramosis. Apothecia non
visa.

Thallus loosely adnate on bark of trees, whitish mineral gray, 5—8 c¢cm broad, lobes
linear elongate, usually divaricate, imbricate but often separate at the periphery, 2—4
mm wide; upper surface plane or more or less convex, continuous, emaculate,
sorediate-pustulate near the tips, soralia sometimes capitate; medulla white; lower
surface black, densely rhizinate, the rhizines sometimes projecting beyond the mar-
gins, densely dichotomously branched, rather short, often less than 0.5 mm. Thallus
210—240 ;2 m thick; upper cortex about 26 »m thick, algal layer continuous, 62 —75 ;1
m thick, medulla 110—130 . m thick, lower cortex 12—15,m thick. Apothecia not
seen.

Chemistry. Atranorin and protocetraric acid.

Type. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo, on bark of
Alnus sp. in ‘Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 21872 —— holotype in
TNS.

Morphologically this new species resembles H. densirhizinata (Kurok.) Hale, since it
has loosely adnate thalli composed of linear elongate lobes. However, it is clearly dis-
tinguished from the latter by producing protocetraric acid rather than alectoronic
acid in the medulla.
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This species may be confused with H. pseudosinuosa, since these two species pro-
duce atranorin and protocetraric acid. However, the lobes are linear elongate and
have densely branched dense rhizines on the lower surface in H. subsplendens, whilest
the thallus is rather tightly adnate and composed of short lobes with sparingly

branched rhizines in H. pseudosinuosa.

The present species is known only from Dept. Cuzco in Peru at present.
Additional specimen examined. Peru. The same as the type, H. Kashiwadani 21873

(TNS).

We express our sincere thanks to the late Dr. Eilif Dahl of the Herbarium of the
Botanical Garden and Museum in Oslo, Norway, who placed his interesting lichen col-

lections at our disposal.
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Notes on the Epiphytic Lichens on Fagus crenata
in Mt. Tateyama, Toyama Prefecture, Central Japan
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1) 5 Kakinuma, Kumagaya, Saitama 360-0803, Japan
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1417-1 Nagatoro, Chichibu-gun, Saitama 369-1305, Japan

Abstract ; Seventy four species of lichens are recognized as epiphytes on trunk of Fa-
gus crenata in Buna-zaka, Mt. Tateyama, Toyama Prefecture, Central Japan. Twenty
two of them are newly recorded for Toyama Prefecture. Although they are mostly
common also on trunk of beech in other areas of Japan, lichens containg blue green
algae as phycobionts were found rather frequently among the epiphytic foliose li-
chen species. They seem to be adapted to a snowy wet condition in winter for about

five months a year in this area.

Key words : epiphytic lichens, Fugus crenara, Mt. Tateyama
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FHE HIZ1998F1L ], e E S 7 )
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W L5 [ 37 25 [ 37 LB e o0 57 1) A R kE
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0 COMED D7 ) DRBO 7 AR O
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Fig. 1. Beech forest investigated through
the present study.
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{Fig. 2)

Fig. 2. Investigation of vertical distribu-
tion of lichens on the trunk of Fagus cre-
nata.
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1 Sulcaria sulcata (Lév.) Bystr. ex Brodo & D. Hawksw. /N2 44 % /1)
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2 Anziaceae T ¥ FIrF}
2 Anzia colpotaVain. T FITEFF
*3  Anzia hypoleucoides Mull. Arg. ©AT T F Iy
*4  Anzia japonica (Tuck.) Miill. Arg. HEF> 7 FI%
5 Anzia opuntiella Mull. Arg. 7> F I

3 Brigantiaceae WA KT
6 Brigantiaea ferruginea (Miill. Arg.) Kashiw. & Kurok. # ¥4 KT

4 Cladoniaceae N+ I 7 #t
7  Cladonia ochrochlora Florke 2V %34
8 Cladonia ramulosa (With.) J. R. Laundon & AL >4 T4
9  Cladonia squamosa (Scop.) Hoffm. var. squamosa 7703 3/\F I

5 Coccocarpiaceae 77 I 7k}
*10  Coccocarpia erythroxyli (Spreng.) Swinscow et Krog ¥ 7F ¥ A7 7347
11 Coccocarpia palmicola (Spreng.) Arv. et D.J. Galloway JI+4 7737

6 Collemataceae 1 7./ J#
12 Collema leptaleum Tuck. var. leptaleum A X# 7K1 T4
*13  Collema rugosum Kremp. "7 A 75 I
*14 Leptogium asiaticum M. Jorg.
15  Leptogium burnetiae C. W. Dodge
16 Leptogium cyanescens (Ach.) Korb. FFL 74+ %/)
17 Leptogium pedicellatum M. Jorg. TH AT X/ Y
18 Leptogium pichneum (Ach.) Nyl. 2+ 74 %/
19 Leptogium saturninum (Ach.) Nyl.

7 Graphidaceae £V T4 %t
*20 Graphina deserpens (Vain.) Zahlbr. *+~231) €I IT7
21 Graphis rikuzensis (Vain.) M. Nakan. 35/ 7 €Y 37

8 Gyalectaceae ¥ T4 %
*22  Dimerella pineti (Ach.) Ve zda

9 Lecanoraceae F v 7 I 7
*23  Lecanora cinereofusca H. Magn. Y=< bFx 7 I7
24 Lecanora yasudae Zahlbr. EIFAKIT)
*25  Tephromela atra {Huds.) Hafellner 2 0 A KT

27



28

10

11

12

13

14

15

16

17
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Lobariaceae

*26  Lobaria fuscotomentosa Yoshim. 777 0LEZIT)

27 Lobaria isidiophora Yoshim. FFL A7 sT5

28 Lobaria orientalis (Asahina) Yoshim. +X*Z A7 hIY

29 Lobaria retigera (Bory) Trevis. FFL AT hIrEFF
30 Lobaria spathulata (Inumaru) Yoshim, NI H & AH 7 h T4
31 Sticta nylanderiana Zahlor. 7')/x3 0 A I

Megalosporaceae 2 0 a4 Kkt
32 Megalospora tuberculosa (F ée) Sipman #*#* 234K I

Mycoblastaceae 27 27 % T4 %
33 Mycoblastus japonicus Mill. Arg. 797 h I

Nephromatacea 77 I I 7%k
34 Nephroma helveticum Ach. W7 IIrENF

Pannariaceae /F+ ¥ 7 T 7§f

*35  Fuscopanna riachineri (M. Jorg.) M. Jprg. I 7 Xk ANFETTH
36  Fuscopannaria leucosticta (Tuck.) M. Jorg. B ANF Y5 IT4
37 Pannaria conoplea (Ach.) Bory 2 7%+ ¥ 5 IT4

Parmeliaceae 7 £ / & T §l
*38 Cetrelia braunsiana (MUll. Arg.) W. L. Culb.et C.F.Culb. +# Fa7s a4
39 Menegazzia terebrata (Hoffm.) A. Massal. > ¥ 3%
*40 Mpyelochroa galbina (Ach.) Elix et Hale Fau¥w 2./ &3I4

41  Myelochroa irrugans (Nyl.) Elix et Hale =—twFxw X/ 5I5

42 Parmelia fertilis Mull. Arg. "7+ A7 Tr

43 Parmelia laevior Nyl. ) /NI
*44  Parmelia marmariza Nyl. ®> 0I5 E F%

45  Parmelia praesquarrosa Kurok. +T A 755 7474

Peltigeraceae 7 X I7 £l
46  Peltigera polydactyla (Necker) Hoffm. €3IV ATH

Pertusariaceae Y N& T4 F

47 Ochrolechia akagiensis Yasuda 7 HF= 7 A4 KIT4
*48 Ochrolechia pallescens (L.) A. Massal. =2 4 K4
*49  Ochrolechia tartarea (L.) A. Massal,

50 Ochrolechia trochophora (Vain.) Oshio 7% ¥ 5 I4

No.5
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51 Pertusaria commutata Mull, Arg. ¥ X M NgTr
*52  Pertusaria glauca Zahlbr.

53 Pertusaria laeviganda Nyl. I 7 b )Ny T

*54  Pertusaria mendax MIll, Arg.

55  Pertusaria multipuncta (Turner) Nyl. A4+ % /a3
56  Pertusaria pertusa (L.) Tuck.

57 Pertusaria quartans Nyl. 4 I3 M )N T

58 Pertusaria subfallens Vain. 7/ 23714

59  Pertusaria sublaeviganda Vain. A / A T7

60 Pertusaria subobductans Nyl. & X237 M Ny T
*61 Pertusaria velata (Turner) Nyl. I M) NF T

18 Physciaceae 2 H 7T #
*62  Buellia disciformis (Fr.) Mudd A I 4RI
63 Anaptychia isidiza (Kurok.) Kurok. M7 x4 Y45y T4
64 Anaptychia palmulata (Michx.) Vain, k& A5 5VTr
*65  Heterodermia hypoleuca (Muhl.) Trevis. w72 u#J4 Y a7

66 Heterodermia microphylla (Kurok.) Swinscow & Krog FFL w7 a5 o7/ v oy

*67 Phaeophyscia hispidula (Ach.) Moberg
68 Phaeophyscia imbricata (Vain.) Essl. #7754 773
69 Physconia grumosa Kashiw. et Poelt /27 7 > 14

19 Pyrenulaceae
70 Pyrenula japonica Kurok. 74/ A4 A T4

20 Ramalinaceae #» 7 % FI 7%t
71 Ramalina conduplicans Vain. #1575 537

21 Teloschistaceae 71T AF R ¥ F|
72 Caloplaca flavorubescens (Huds.) J. R. Laundon %A ¥4 T4

22 Trypetheliaceae F1 719 T#
73 Pseudopyrenula cinereoglaucescens Vain. 7./ Y L¥ A IT5

23 Imperfect lichenized fungi AR5E4HbK¥
74 Normandina pulchella (Borrer) Nyl. /W< I

29

U EOT4H % - F T 5 & BEIRb 4] WK S (6.8%) &% b, BiEkAcE LT
Fi (55.4%) . itk 4<28%% (37.8%) . HHR WBEICRT LI, N FIrEo3HE (Y
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FTH L ALYATy, vaantdy)k
INFAX) ), B9 FTrO5HHI»HT
ISHB L2721 Ch 5, IR AT R
B AETERLDETTH28FITE L,
BOTHY= I ARTTE, PINYITrRE
D IINTTrEDE G, @i (1989) 1ZRLA
K ARG ERERILA) O 2T i
(1970) RNEOAIITENRENEH D 7
TIHEET ALK EZRARTV 5, 7HUHD
BT IS (1966) 13 REFIREE IO T 2
Y I (Tsuga diversifolia) & N r D H T =<
7 (Larix kaempferi) 12-2T /MR (1985) 1
BNKD I X+ T (Quercus crispula), I A
YAZDVTHRTN B, F72, FHH (1988)
I ER ORI L R - FILTA
<Y, T HY (Pinus densiflora), b7
(Picea jezoensis var. hondoensis). ¥ 7 ¥/
(Abies veitchii) Tz EIZDOWTHANRTW S, =
NSDERELET 5 & Table 1 (2R Fa0<

7 F TIEHAR K AT { KR ATD 4
WA ARSI bz I<y,. 3
A0 WO HRTIIBBARHADE o
T, BT L 254 KOEC T E O
B OPEMLEME L ShE &) AR
EEMT55DTHS I,

F7/:.Tablel # 25 L BERMEKDOHTT ~
B LA b DK (Cyanolichens) 7%
VDIZRT L, S NORETIZERRK (41
) D4 %82 BITHLS T VERKTH
bo CNZHIADFH, FHMEDOT— ¥
(Tablel) &It daE, IXFFatY
H. AT VHEIINRTTFTIET K
PEDBILEITEL ko TWb, WEMTD
57 FWAE TIREMOBEHIMIES 7 A,
HBHWIEFNDEIGET S &) QRILES
PRFEE > 7 —INEIGER) . RS WM (RS %
) POBIIREIEEHKICHET DT
EA/HR- I (1989) biRfEL TV B, BLH

Table 1. Number of species of epiphytic lichens and ratios of foliose, fruticose and crustose
lichens on trunks of various trees in montane and subalpine areas of Central Japan.

Number of
species [Cyanolichens (%) ]

; 0
Foliose (%) Fruticose(%) Crustose(%)

Tree Locality Author
Fagus crenata Nikko,Tochigi Takaoka (1989)
” Mt.Hakusan, Ishikawa  Nakanishi(1970)
” Mt.Tateyama, Toyama
Quercus crispula - Nikko, Tochigi Ozawa (1985)
Tsuga diversifolia Mt.Ontake, Nagano Nakanishi (1966)
” Nikko, Tochigi Ozawa (1985)

Larix kaempferi  Mt.Yatsugatake, Nagano

” Chichibu, Saitama Yoshida (1988)
Mt.Yatsugatake, Nagano
Pinus densiflora ” ”
Picea jezoensis 4 ”
V. hondoensis
Abies veitchii ” ”

Nakanishi (1966)

46 27 (58.7) 4(8.7) 15(32.6)
[ 5(18.5)]

61 34 (55.7) 5(8.2) 22(36.1)
[ 8(23.5)]

74 41 (55.4) 5(6.8) 28(37.8)
[17(41.5)]

5 4 (80.0) 0 1(20.0)
[0]

23 14 (60.9) 7(30.4) 2(8.7)
[(7.1)

12 6_(50.0) 5(41.7) 1(8.3)
[0

30 13 (43.3) 8(26.7) 9(30.0)
[0]

83 50 (60.2) 33(39.8) -
[ 3(6.0)]

19 15 (78.9) 4(21.1) -
(0]

32 23 (71.9) 9(28.1) -
[ 1(4.3)]

49 39 (79.6) 10(20.4) -

[ 6(15.4)]
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MRS W I L, SR GRIBHIED @
FEwnzkiztabkEBhbhs,

EEDH

HFEmL VEEE TORmSIZE->T, HE
TAEENROMEN ED L HITELL S
W R R ORI AR A T A T, B
e 2 | RITN IR DREAR IO W T E
LD ZmBERTHEL < ToREZRF
KL, W L#F7-64FE % Table 2 1278 L7z,

EEAMEMERTAHALE, HE2m BT
O OIETRCOM LR b Ah (., Wil LT
3m~10mEP DL D, &5
FER A THE L L 20 m PLEK THU%
ClraTwh, —H. i (1989) (2#H517m
AT o el b oo A 2 RS, B RS
2mTORE, 12m TREGO26MEIEL & -
HOITm TAFEHREL T, ZNEEH
FORmBTEMIIHRT A LETERY
DY, BRI S R AT THAREEOH
HEHOE— 7 FHoN 58T 5T 5,

2m DT R THAmmRIZ A% (ko T
W EIOWTIIEELOMELEZ 5D
p(EINEERAOBE2EEIITLE,
WA EOEE wIE3mAifE L A b
B) B ORATZ TREE R T I L%
72Vag

THREO T, LHETEELT, £
NENOENHT AP A5 &, HES
BIEL L% RS178O ) B13fEIEv= b F v &
7 I (Lecanora cinereofusca), =27 A R
r (Ochrolechia pallescens), 7 ¥ 5 o4
(0. rochophora) & A I 7 R ) NF T4 (Per-
tusaria subobductans). T # 7 A I G I
(Pyrenula japonica) 7 & O HAC T, TEK
AT BT T v F 2 (Anzia japonica)
T v F T (Al opuntieila) . © ¥ v T (Me-
negazzia terebrata) . 7 1) 23T (Parmelia lae-

vior) 7o E@ 4 FEIZE E v, T D OffEEHIT

Mgp— - FH: 7HEEICEET 5K 31

EENZEFHHIIANZ L EZRL TV,
DL HMEENZEILO 7 F (RPE1970) |2
T2 L9 7555 WASED 75 (#F51989)
THINS 4O, IcFFLysiusyy
Y 3 (Anaptychia microphylla) . + 7 8 A
IV Ir (Al isidiza), NSN3 T Ty
(Cetrelia braunsiana) , * F 7 0K 2 I/
(Pyxine limbata) %504 { IR L T 4, &
EOWETIEFFLYZIRrIyIyarid
DT 2REMEMULZTTHY, P AS
Al sl e o e i o e i N D
DT FIEFENRAELNLD, I 7 0R T
TFidEd Aol
Table 2 & )  HESHEE AL < FEl 55406 L0
Dasdbhfle LT, 7FT7E K+ (An-
zia colpota). F 7 H 7 R T 4 (Collema
rugosum), I 7 F L ANFET I (Fusco-
pannaria leucosticta) . 7 7 XA r Y E Y I
(Heterodermia hypoleuca) . Leptogium asiati-
cum, B ¥ B I7E F¥ (Parmelia marmari-
za), 7 N3 0 A T4 (Sticta nylanderiana)
BEDLHI20m U EXDRIZEFTNAL
MboE, WICART ) E YT (Graphina
deserpens). F 2 UF 7 A/ FIT7 (Myelo-
chroa galbina), 77 3 I7 % ¥ (Nephroma
helveticum) 7 &0 L 5 1R & 2 AT
WTLb0ihs, EFREFENUT2LO
EFEZ LTV A UBOHRATEERIZIA
CAHLTHEEONHL—FT, GATHEHO

Fig. 3. Abranch (about 50 mm in diame-
ter), showing small paches of various
crustose lichens.
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Table 2. Vertical distribution of lichens on trunk of Fagus crenata.

Heights(m)

T T T T T T

18- 10&10—12312-14514»16516~18E18~205 20« | Freauency

Species <2
pecies (n/11)

e
-
-~
o
o2}
oc

Anzia opuntiella
Lecanora cinereofusca
Ochrolechia pallescens
Ochrolechia trochophora
Pertusaria subobductans +
Pyrenula japonica

Brigantiaeu ferruginea

Menegazzia terebrata
Pseudopyrenula cinereoglaucescens
Caloplaca flavorubescens
Ochrolechia akagiensis

Parmelia laevior

Pertusaria multipuncta

Anzia japonica

Buellia disciformis

Pertusaria quartans

Tephromela atra +
Graphis rikuzensis
Heterodermia microphylla
Megalospora tuberculosa
Parmelia praesquarrosa
Pertusaria glauca
Pertusaria laeviganda
Pertusaria pertusa +
Lobaria isidiophora
Parmelia fertilis
Pertusaria mendax
Pertusaria subfallens
Lobaria spathulata
Ochrolechia yasudae
Pertusaria commutata
Ramalina conduplicans
Lobaria fuscotomentosa
Collema leptaleum
Anaprychia palmulata
Normandina pulchella
Leptogium saturninum
Leptogium cyanescens
Lecanora yasudae
Mvelochroa irrugans
Anaptychia isidiza
Pannaria conoplea
Mycoblasius japonicus
Pertusaria velata +
Anzia colpota

Collema rugosum
Fuscopannaria leucosticta
Heterodermia hypoleuca
Leptogium asiaticum
Puarmelia marmariza
Sticta nylanderiana
Sulcaria sulcata

Cladonia ochrochlora
Cladonia ramulosa
Coccocarpia erythroxyli
Leptogium pedicellatum
Coccocarpia palmicola
Leptogium burnetive
Fuscopannaria alineri
Phaeophyscia hispidula
Leptogium pichneum
Pertusaria sublaeviganda
Dimerella pineti
Phaeophyscia limbata
Physconia grumosa
Myclochrou galbina
Nephroma helveticum
Graphina deserpeny +

Total 68 9
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BnfliAF HTAHALNDL Z EiZFEH T
B Ld L. SEARMEH O w4 o
EIFTiEFERf T o, 0, 2084 —
MV O S B X RS0 mm T OIS
LIFEKHIF v 778 (R, N
M) ITIE (R PINYITTIE, A RT
718 (Bacidea) 75 & OHRRI K DG HEH RS
N3 (Fig.3) TN d R/ S VibK
FEDOLDOTH > THENATRETH o720 L
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In Vitro Culture for Preservation of Triploid Senno
(Lychnis senno Siebold et Zucc., 2n=36),
a Valuable and Rare Ornamental Plant
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Abstract : A protocol for preservation of Lychnis senno Siebold et Zucc. was estab-
lished by aseptic plantlet cultures. However, it was revealed that preservation of
germplasm as a callus was not suitable because of the loss of regeneration ability as-
sociated with polyploidization of the callus. The chromosome number of L. senno was
determined to be 2n=36, which is triploid level of basic number, x=12, for the genus.

Key words : Lychnis senno, preservation, triploid

Lychnis senno Siebold et Zucc. (=Lychnis bungeana (D. Don) Fisch.), Caryophyllaceae,
Japanese name: Senno, is native to China and has been cultivated in Japan as an orna-
mental plant. Although this species still has a high ornamental value, it is now culti-
vated commercially only in Shimane prefecture for ornamental use and not much at-
tention is payed on this plant among Japanese botanists and horticulturists. One of
the main reasons why it has not been cultivated widely is its difficulty in seed propa-
gation, because of the sterility with little or no viable seed production. Therefore, L.
senno is usually propagated by division or cutting, and thus all the plants distributed
in Japan at present are considered to be the same clone. Rare and clonally propagated
plants is potentially endangered to extinction by harmful insects, pathogens and vari-
ous climatic hazards owing to its genetic uniformity. Therefore, it is necessary to es-
tablish an in vitro culture system which is the most useful method for preservation of
sterile plants such as L. senno.

In Lychnis, in vitro propagation by multiple shoots has been reported for L. coronata
Thunb., L. kiusiana Makino and L. sieboldii Van Houtte (Furuya 1997). In this report,
we describe in vitro culture of L. senno, a valuable and rare ornamental plant, for con-
tinuous preservation. Moreover, we also clarified the chromosome number of L.
senno; 2n=36 which is presumed to be triploid.
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Materials and Methods
Plant material
A plant of Lychnis senno {(accession no. 38279, Fig. 1) grown in pot in the greenhouse
of Botanic Gardens of Toyama was used as the material. Originally, the plant was in-
troduced from Kashima, Shimane prefecture, Japan in October, 1997.

Callus induction and maintenance

Fig. 1. The material plant, Lychnis senno Siebold et Zucc.
(accession no. 38279) cultured in the greenhouse of
Botanic Gardens of Toyama.

Two young (immediately after full expansion) and two old (one more week after full
expansion) leaves were removed from the plant grown in the greenhouse. They were
surface-sterilized with 1% sodium hypochloride solution for 10 min, washed twice
with sterile distilled water, and cut into about 5X5 mm segments. Then they were
placed on 2 g/l gellan gum (Phytagel; Sigma Chemical Co., St. Louis, USA) -solidified
MS (Murashige and Skoog 1962) medium containing 1 mg/1 BA (6-benzylamino pu-
rine), 1 mg/l NAA (e-naphthaleneacetic acid) and 30 g/l sucrose, and cultured at 25°C
under 16 hr light at 55 gmol m~25-1, The medium was adjusted to pH 5.8 before ster-
ilized by autoclaving at 120TC for 15 min. After 6 months of culture, initiated calli
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were subcultured for propagation and preservation on fresh medium of the same com-
position as callus induction.
Organ Differentiation

All cultures were incubated at 25°C under 16 hr light at 95 ymol m=2S-1,

Hard-type calli 10 months after induction were transferred to MS medium contain-
ing NAA (0.1, 1 mg/1) and BA (0.1, 1, 10 mg/1) for differentiation of organs. Hard-type
calli were also transferred 20 months after induction to MS medium containing 0.1
mg/l of NAA and 1 or 10 mg/] of three commercial products of zeatin (trans-zeatin;
Nacalai Tesque Inc., Kyoto, Japan, zeatin trans isomer; Sigma Chemical Co. and zea-
tin mixed isomer; Sigma Chemical Co.).

Similarly, soft-type calli 20 months after induction were transferred to MS medium
containing 0.1 mg/l of NAA and 1, 5 or 10 mg/l of trans-zeatin, zeatin trans isomer or
zeatin mixed isomer.

Establishment and preservation of in vitro plants

For establishment of in vitro plant cultures, two stems were excised from a green-
house plant, and sterilized for 10 min with NaOCl solution (1% active chlorine) with a
few drops of Tween 20 after removing the leaves, rinsed with 100 ml sterilized water
in 200 ml Erlenmyer flasks, and shoot apex and axillary bud were cut off from stems.
And these were placed on 1/2 MS medium (half strength of MS mineral salts, full
strength of MS organic acids, 20 g/1 sucrose and 2 g/l gellan gum) with or without 0.2
mg/l BA. These cultures were incubated at 25°C under 16 hr light at 110 gmol
m~2S-1. For propagation and preservation, nodes which has a pair of axillary buds of
in vitro plants were transferred to fresh 1/2 MS medium without phytohormones
(single-node method: Pierik 1997).

Chromosome observation

For chromosome observation of mother plant and in vitro plants, fresh root tips of 5
mm long were cut and pretreated with 2 mM 8-hydroxyquinoline solution for 4 hr at
17°C, and fixed with the Farmer’s fluid ( 1:3 mixture of glacial acetic acid and etha-
nol) for over 24hr at 5 “C. The fixed root tips were macerated in a mixture of 1 N HCI
and 45% acetic acid (1:1) for 15 sec at 60°C, and the meristematic region of the root
was stained with 1 % aceto-orcein. The chromosome preparation was made by squash-
ing method.

Flow cytometric analysis

Nuclear DNA contents of the hard-type or the soft-type callus and a leaf tissue of
in vitro plant as a control were measured by flow cytometry. Each tissue sample was
chopped with a scalpel in a plastic Petri dish containing 1 ml of a high resolution DNA
staining kit type P: solution A (Partec GmbH, Munster, Germany) and added with
DAPI staining solution (Table 1). The suspension was filtered through a 40 xm nylon
mesh to remove large tissue and incubated for 10 min at 25°C. All samples were ana-
lyzed with a Partec PA (Partec) flow cytometer.
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Table 1. Composition of DAPI staining
solution for flow cytometric analysis.

Tris 10 mM
Sodium citrate 50 mM
MgClz 2 mM
PVP K-30 1% (wiv)
Triton X-100 0.1 % (w/iv)
DAPI 2.5 mg/l
pH 7.5
Results

Induction of callus
All of the young leaf segments induced hard-type calli occasionally with roots (Ta-

ble 2). Although 37.5% of the old leaf segments also induced hard-type calli, a half of
the segments died because of fungus contamination (Table 2). These calli showed con-
tinuous growth on the same medium as that for callus induction. After one year of
subculture, soft-type calli showing more vigorous growth were induced around the
hard-type calli.
Differentiation experiment

Adventitious roots were differentiated from 10-month old calli on all media except
for that containing 10 mg/l BA and 0.1 mg/l NAA (Table 3). The highest root regen-
eration rate (76.2%) was recorded on medium supplemented with 0.1 mg/l BA and 1
mg/l NAA. However, shoot regeneration was not observed at all. In contrast, both
hard and soft 20-month old calli never produced any organs in all the media tested.
Establishment and preservation of in vitro plants

Seven out of 10 buds grew into plantlets after 1 month of culture on plant growth
regulator-free 1/2 MS medium, whereas, only three out of ten buds cultured on 1/2
MS medium supplemented with 0.2 mg/l BA grew into plantlets. The plantlets initi-
ated on plant growth regulator-free 1/2 MS medium were subsequently propagated by

Table 2. Callus induction from leaf segments of Lychnis senno after one month of culture.

only callus callus with roots browning contamination
No. of explants (%) (%) (%) (%)
young leaf 16 62.5 375 0 0

old leaf 16 37.5 0 12.5 50
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Table 3. Concentration of plant growth regulators on the differentiation of
hard-type callus of Lychnis senno.

Plant growth regulator
(mg/l) Shoot Root
regeneration (%)  Tegeneration (%)
BA NAA
0.1 0.1 0 14.3
1 0.1 0 14.3
10 0.1 0 0
0.1 1 0 76.2
1 1 0 143
10 1 0 95

The data were recorded after 2 months of culture.
Values are mcan average of three dish.

single-node method. Since most plantlets readily rooted on this medium, a clonal line
of Lychnis senno was established by in vitro method (Fig. 2).
Chromosome number and flow cytometric analysis

Chromosome number of the plant of Lychnis senno (No. 38279) grown in the green-
house was determined to be 2n=36 (Fig. 3a). Chromosome numbers of in vitro initi-
ated plants as well as in vitro propagated plants were also counted to be 2n=36 (Figs.
3b, c). Thus, in vitro propagation by the single-node method used in present study
gave no effect on chromosome number of the species. Flow cytometric analysis re-
vealed that nuclear DNA contents of the hand and soft-type callus were twice (Fig. 4b)
and 4 and 8 times (Fig. 4c) of that of the original plant, respectively.

Discussion

In vitro culture technique is important for preservation of valuable endangered
plants. Generally, callus cultures has several disadvantages for germplasm preserva-
tion such as a change of chromosome number and loss of plant regeneration ability.
Nakano & Mii (1993) reported that calli of Dianthus and Gypsophila, both of which be-
long to the same family, Caryophyllaceae as Lychnis, lost shoot regeneration ability
during the culture. In the present study, the calli of L. senno were shown to be highly
ploidied level during the culture and they had already lost shoot regeneration ability
on media with various cytokinins 10 months after callus induction. In lily, it has been
reported that callus cultures maintained both original diploid level and a high poten-
tial for shoot regeneration for more than 4 years (Godo er al. 1998). However, callus
culture was revealed to be useless for in vitro preservation of L. senno.
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Fig. 3. Mitotic metaphase chromosomes of Lychnis senno. a)Mother plant, 2n=36. b)In
vitro initiated plants, 2n=36. c¢) In vitro propagated plants, 2n=36. Bar indicates
5 pm,
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Fig. 4. Frequency distribution of relative nuclear DNA contents of Lychnis senno by flow
cytometric analysis. a) Leaf tissue of material plant as control. b) Hard-type calli and
leaf tissue of material plant. ¢) Soft-type calli and leaf tissue of material plant.
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In vitro preservation of plants has several advantages such as saving space and free
from diseases. For example, using glass tubes of 20X 100 mm, a space of 30 cm X 30
cm is enough for preservation of 100 plants. Although long-term in vitro preservation
of Lychnis senno may be possible through routine subcultures by the single-node
method, the possibility of accidental loss of the preserved plants by the contamination
of microorganisms during the subculture should be always keep in mind as a major
problem. Therefore, establishment of slow-growth storage method such as the use of
low temperature and modification of culture medium composition are important in
the future.

The chromosome number of L. senno has been reported to be n=12 (Kihara er ai.
1931) and 2n=24 (Yang & Zhu, in Hsu & Huang 1985), both without information of the
source of materials. The present observation, however, determined 2n=36 for the spe-
cies originally cultivated in Shimane prefecture, Japan. In Lychnis, chromosome num-
bers have been reported to be 2n=24, 48 and 72 (cf. Fedorov 1974). Thus the basic
chromosome number for Lychnis is considered to be x=12. The material used for the
present study is presumed to be triploid with 2n=36. This result may well explain the
sterility of the plant of L. senno obtained from Shimane prefecture because triploid
plants usually give little or no seeds owing to irregular meiosis. Despite our efforts,
the plant of L. senno collected from Okayama prefecture has the same phenotype as
that used in the present study and were all revealed to be triploid by flow cytometric
analysis and chromosome observation. Therefore, it can be considered that they are
derived from one clone. Consequently, asexual in vitro preservation and propagation
of this particular clone might be essential for conservation of the species L. senno.

We wish to thank Ms. Ayako Hasegawa, Mr. Masayuki Miyazako, Mrs. Minako Mi-
yazako, Mr. Gen Murata, Ms. Yuriko Sugihara, Mr. Kogoro Suzuki and Ms. Thoe
Tsunoda for kindly gift and useful information of Lychnis.
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A Chromosome Observation on Panax japonicus (Araliaceae)
Using Conventional Orcein Staining and
Fluorescent Chromosome Banding with CMA and DAPI
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Abstract : Karyotype analysis and observation of fluorescent chromosome banding
using CMA and DAPI were made on Panax japonicus. At mitotic metaphase 2n=48
chromosomes were counted confirming previous reports. Among the 2n=48 chromo-
somes, 20 were median centromeric and the rest 28 were submedian or subterminal
centromeric. The largest two chromosomes had secondary constrictions in the
proximal regions of short arms, and CMA+t/DAPI- -band were observed at the
chromosome segments adjacent to the secondary constriction.

Key words : CMA, DAPI, fluorescent chromosome banding, karyotype, Panax japoni-

cus

The genus Panax (Araliaceae) is well known as an element of Eastern Asian — East-
ern North American disjunction. Taxonomic treatment of Asian Panax widely differs
by botanists because they show considerable variability in morphology of leaflets and
underground parts (rhizomes and roots). Japanese plants have been referred to P. ja-
ponicus by Yunnan Institute of Botany (1975) and Ohwi & Kitagawa (1983), while they
have been treated as P. pseudo-ginseng by Hara (1970) and Hoo & Tseng (1978).

According to Ohwi & Kitagawa (1983), Panax japonicus C. A. Mayer is endemic to Ja-
pan occurring in Hokkaido, Honshu, Shikoku and Kyushu. The rhizome of P. japoni-
cus is well known as an oriental traditional plant drug, which is called "chikusetsu-
ninjin" in Japanese. Since external morphology of P. japonicus, especially in leaflets,
also expresses considerable variability and certain races have been described (cf.
Kohda et al. 1986). It is also notable that a Panax plant having carrot-like root, thus it
closely resembles Chinese species P. ginseng, has been found in central Japan (Kohda
et al. 1986).

The chromosome number of Panax japonicus of Japan has been reported to be 2n=44
(Sugiura 1936) or 2n=48 (Matsuura & Suto 1935, Kurosawa 1966). Yang (1981) re-
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ported 2n=24 chromosomes for P. japonicus (sensu Yunnan Institute of Botany 1975),
however, the materials had been collected in China. Although the karyomorphology
of Chinese and American species of Panax has been well studied (Blair 1975, Li. et al.
1985, Kondo er al. 1990, Ren er al. 1994), that of P. japonicus is poorly known. As a pre-
liminary study of the cytotaxonomy of Japanese Panax, we describe here karyomor-
phology of P. japonicus, especially on the heterochromatic nature of the chromosomes
detected by fluorescent banding with CMA and DAPI.

Material and Methods

A plant of Panax japonicus having been cultivated in the Botanic Gardens of Toyama
was used for the material. Originally, the plant (accession number : 34014) was col-
lected in Arimine (ca. 1,200 m alt), Ooyama-cho, Nakaniikawa-gun, Toyama Prefec-
ture on May 31, 1995. The plant represented typical form of P. japonicus. We thank
Prefectural Government of Toyama for giving permissions for collecting material.
Voucher is deposited in the herbarium of the Botanic Gardens of Toyama (TYM).

Freshly growing root tips were used for chromosome study. They were pretreated
with 2mM 8-hydroxyquinoline solution for 5h at 16°C, then fixed with the Farmer’s
fixative (1 : 3 mixture of glacial acetic acid and 99. 5% ethanol, w/w) for over 20 h at
5C. For conventional karyotype study, the fixed root tips were macerated in a mix-
ture of 1 N HCl and 45 % acetic acid (1 ; 2, w/w) for 10 sec at 60°C, stained with 1 %
aceto-orcein for 10 min at room temperature, and then squashed on a glass slide. For
fluorescent chromosome banding, enzymatic maceration—flame drying method was
applied for chromosome preparation. Methods of the preparation and following se-
quential staining with Giemsa, CMA (chromomycine As) and DAPI (4',6-diamidino-2-
phenylindole) have been presented elsewhere (Nakata 1996).

Results and Discussion

Chromosome number and karyotype

Chromosomes of Panax japonicus were counted 2n=48 at mitotic metaphase (Fig.
1A). The chromosome numbers of P. japonicus of Japan have been reported as 2n=44
(Sugiura 1936), 2n=48=2411 (Matsuura & Suto 1935; originally described as n=24) and
2n=48 (Kurosawa 1966), thus we confirmed the latter two. Since basic chromosome
number of Panax is presumed to be x=12 (cf. Yang 1981), P. japonicus observed here is
a tetraploid. Yang (1981) counted 2n=24 chromosomes in P. japonicus (sensu Yunnan
Institute of Botany 1975) from Jiangxi Prov., China, and he considered that P. japoni-
cus of Japan had been derived from the diploid growing in China.

Figure 1B shows the chromosome complement of Panax japonicus at mitotic meta-
phase. The chromosomes were relatively small and showed a gradient in length from
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Fig. 1. A: Somatic metaphase chromosomes of Panax japonicus, 2n=48. B: Chromo-
some complement arranged in the decreasing order of the length. Arrowheads

show detached chromosome segments spaced by secondary constriction. Bars in-
dicate 5,m for A and 2 .m for B, respectively.

2.3 to 1.0 xm. Among the 48 chromosomes of the complement, 20 had centromeres in
the median position and the remaining 28 had centromeres in the submedian or sub-
terminal position according to the nomenclature system by Levan ez al. (1964). Compo-
sition of the chromosome complement concerning centromeric position well agreed
with that of American species P. quinquefolius (2n=48) reported by Ren er al. (1994),
and also resembled that of Chinese species P. ginseng (2n=48) reported by Li et al.
(1985). Kondo et al. (1990) reported karyotype of a diploid species P. notoginseng as
2n=24=20m+4sm, where "m" means median and "sm" means submedian centromeric.

Thus, P. notoginseng has more symmetric karyotype than the three species mentioned
above concerning centromeric position.

47
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The largest two chromosomes had secondary constrictions (=nucleolar organizing
region: NOR) in the proximal region of the short arm. Thus, in view of karyotype,
Panax japonicus showed diploid nature with regard to nucleolar chromosome. Fre-
quently, one of the secondary constrictions was observed as wide space between chro-
mosome segments, measuring 2 ¢ m or more apart (Figs. 1 A & B). Therefore, the dis-
tal chromosome segments being detached by the secondary constriction could be
observed as a large satellite. Among the karyotype studies on Panax (Blair 1975, Li et
al. 1985, Kondo et al. 1990, Ren et al. 1994), only Li et al. (1985) has mentioned satel-
lites. They observed two chromosomes with satellites in P. ginseng (2n=48) as in P. ja-
ponicus, however, the satellite chromosomes of P. ginseng were medium in size among
the 48 chromosomes. It is noteworthy that diploid Himalayan species P. pseudo-gin-
seng (2n=24), a species closely related to P. japonicus, seems to have two satellite chro-
mosomes judging from the photomicrographs of the chromosomes (Plate 22a in Kuro-
sawa 1971).

Fluorescent banding with CMA and DAPI

Sequential staining with Giemsa, CMA and DAPI was made on chromosomes pre-
pared by enzymatic maceration — flame drying method. Thus, the relationship be-
tween chromosome morphology and heterochromatic nature of the chromosome seg-
ments can be comparable on the same chromosome.

At prometaphase, "fifty chromosomes" were seemingly observed (Fig. 2A1), how-
ever, two of them (indicated by arrowheads) are false chromosomes and are chromo-
some segments detached by secondary constrictions located in the short arms of the
largest chromosomes. All chromosomes had condensed segments in the proximal re-
gion and had dispersed parts at the chromosome ends, while the two chromosome
segments had no dispersed ends. The NOR-side of the two chromosome segments
showed bright fluorescence by CMA and had negative fluorescence by DAPI (in the
following we express the fluorescent pattern as CMA**+/DAPI - ), while the other all
chromosomes showed positive fluorescent by both CMA and DAPI (CMA*/DAPI*)
(Figs. 2A2 & Az3).

At metaphase, one of the two largest chromosomes had detached chromosome seg-
ments spaced by secondary constriction at the proximal region of the short arm, in
the same way as in orcein-squashing method (Fig. B1). A large CMA++/DAPI ~-band
was observed in the NOR-side of the chromosome segment of the longest chromo-
some (Figs. 2B2 & B3). The CMA*+*+/DAPI —-band was also observed in the proximal
region of the short arm of another longest chromosome (Figs. 2Bz & B3). The rest
chromosomes showed CMA+/DAPI* fluorescence homogeneously.

The DNA base-specific fluorochromes CMA and DAPI have been used for detecting
heterochromatic segments of the chromosomes (cf. Sumner 1990). Chromosomal re-
gions containing G+C-rich DNA show bright fluorescence by CMA and negative fluo-
rescence by DAPI (Deumling & Gleilhuber 1982). As NORs contain G+C-rich rDNA
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Fig. 2. A:Somatic prometaphase chromosomes of Panax japonicus, 2n=48, spread by
the enzymatic maceration — flame drying method and sequentially stained with
Giemsa (A1), CMA (Az) and DAPT (A3). B: Metaphase chromosomes prepared and
stained in the same manner; Giemsa (B1), CMA (B2) and DAPI (B3). Arrowheads
indicate chromosome segments showing CMA+Tt/DAPI —-bands. Bar indicates
o pm.
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sequence, they can be detected as CMA+*+/DAPI~-bands (Schweizer 1976). Corre-
spondence between CMA*++/DAPI ~ regions and rDNA sites have been directly dem-
onstrated by in situ hybridization (eg. Hizume 1992, 1993; Nakata er al. 1997). Thus,
fluorescent chromosome banding with CMA and DAPI can disclose rDNA regions of
the chromosomes which are invisible by the conventional orcein staining. In the pre-
sent study, CMA+*+/DAPI ~-bands were observed only in the largest two chromo-
somes by fluorescent chromosome banding. The results suggest that Panax japonicus
has exactly two NOR-chromosomes as observed in conventional chromosome stain-
ing.

Judging from the basic number (x=12) in the genus Panax, P. japonicus (2n=48) is a
tetraploid as previously reported. However, genetically, the species can be considered
a diploid at least in view of the rDNA sites. Diploidization following polyploidization
may have occurred in the karyotype evolution in P. japonicus. Further observations
based on the same methodology on Panax japonicus of Japan as well as on closely re-
lated taxon P. pseudo-ginseng of China should be needed.
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Initiation and Proliferation of Embryogenic Callus Cultures
from Buds in Bulbs of Tulipa praestans Hoog.

Toshinari Godo

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan

Abstract : Yellow nodular callus was initiated from small buds in juvenile stage of Tu-
lipa praestans on MS medium supplemented with 10 mg/l picloram alone. Fresh
weight of the callus increased about 2-fold during 2 months of culture under the dark
or light (44 ymol m~2s~1) conditions at 15°C or 25°C. Embryo-like structures were oc-
casionally induced from these calli.

Key words : callus, embryo-like structure, proliferation, Tulipa praestans

Tulip, belonging to the Liliaceae, is most important bulbous plant as lily. Over 2300
names were listed in “Classified List and International Register of Tulip Names” (The
Royal General Bulbgrowers’ Association 1987).

Propagation rate of tulip bulbs by the conventional method in the field is very slow,
and it takes more than 20 years before a new cultivar can be commercially available
(Kuijpers & Langens-Gerrits 1997). To overcome this problem, establishment of in vi-
tro propagation method has been desired for a long time. The method of adventitious
shoot formation on bulb scale explants has already been reported (Nishiuchi er al.
1976), although the propagation rate is low. Recently, several researchers reported in
vitro propagation of tulip using callus cultures (Famelaer er al. 1996, Gude and
Dijkema 1997). Gude & Dijkema (1997) described that a mass propagation of tulip
could be achieved by utilizing callus culture. In the present study, I tried to induce
and proliferate the callus of T. praestans Hoog. for in vitro propagation and preserva-
tion.

Bulbs of Tulipa praestans were purchased from a local market in Toyama prefecture
in October, and stored at 25C for one month. After removing the outer scales with
hand, the bulbs were washed with a synthetic detergent, sterilized with 70 % ethyl al-
cohol for 10 sec and twice with 3 % sodium hypochlorite solution for 12 min, and
washed twice with sterile distilled water. Then a small bud, which includes part of
stem, in juvenile stage of about 7X7X7 mm in size were excised from each bulbs and
each bud segment was placed on 10 ml of 2 g/l gellan gum (Phytagel; Sigma Chemical
Co., St. Louis, USA) solidified MS (Murashige and Skoog 1962) medium containing 0,
0.1, 1 or 10 mg/1 picloram (4-amino-3, 5, 6-trichloro-picolinic acid) and 30 g/] sucrose
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Table 1. Fresh weight of callus and embryo-like structure formation of Tulipa praestans under
several culture conditions.

consentration

% 1 ¢ -vo-like )
AU g i Fhye o ebaolien
25 D) 10 1.8 +£ 0.3 -
25 D 1 2.2 £ 0.2 +
15 D 10 2.1 £ 0.3 -
15 D 1 1.9 £ 0.2 +
15 Lb) 10 2.09 +
15 L 1 1.7 £ 0.2 +

a) D:culture in the dark. b) L: culture under 16th light at 44« mol m=2s~1. ¢) The values represent the
mean ( & SD) of more than 3 independent experiments, The data were measured after 2 months of culture.
d) The value represents the mean of only one experiment. e) The embryo-like structure foemation 4 months
after transfer.

in a glass tube (20 mm X 100 mm), and cultured at 25T in the dark. All medium was
adjusted to pH 5.8 and sterilized by autoclaving at 120°C for 15 min. For each piclo-
ram treatment, two bud segments were used.

After 3 months of culture, bud segments showed enlarged on medium containing
high concentration ( 1 or 10 mg/l) of picloram, and nodular callus was initiated at the
basal part of the enlarged bud segments on medium supplemented with 10 mg/! piclo-
ram. In contrast, the flower-stalk segments cultured on medium with 0.1 mg/I piclo-
ram showed abnormal growth and those cultured on medium without picloram
showed normal growth of leaves. Famelaer er al. (1996) reported that callus was in-
duced from embryo of T. gesneriana irrespective of the concentration of picloram.
However, callus initiation of T. praestans in the present study was observed only on
MS medium supplemented with 10 mg/l picloram. These calli were transferred to
fresh medium of the same composition used for callus initiation and cultured for one
year at 25°C in the dark for proliferation. Subsequently, these calli were subcultured
at 2 -month intervals by transferring 1 g F.W. onto 40 ml fresh medium in a glass tube
(40 mm X130 mm) with a polypropylene cap. Thus the stable-growing callus cultures
of T. praestans were established in two years after callus initiation. Then, these calli
were transferred to medium containing 1 or 10 mg/l picloram and cultured under sev-
eral conditions (Table 1) with varied light and temperature regimes. They were sub-
cultured at 2 -month intervals by transferring 1 g F.W. to fresh medium and the fresh
weight of calli was determined at every transfer. As the results, the fresh weight of
calli increased about 2 -fold during the 2 months of subculture irrespective of the con-
centration of picloram, temperature and light conditions (Table 1, Figs. la—d), ex-
cept for the color of callus which turned deep yellow under the illuminated condition
(Fig. 1d).
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Fig. 1. The calli of Tulipa praestans cultured on MS medium 2 months after subculture.
a) 10 mg /1 picloram at 257 in the dark. b) 10 mg/l picloram at 15 in the dark.
¢) 1 mg/l picloram at 157 in the dark. d) 1 mg/l picloram at 15C under light condi-
tion. Bar=1cm.

Generally, in vitro propagation using callus cultures gives several problems such as
a loss of plant regeneration ability. However, callus cultures of several monocotyledon-
ous plants such as lily and iris have shown to be very useful for micropropagation he-
cause they could maintain regeneration ability more than 3 years (Priyadashi & Sen
1992, Godo er al. 1998, Wang et af. 1999). In tulip, Famelaer et al. (1996) described that
cold-treatment of the source material was important for the initiation of regenerative
callus. In the present study, however, the embryo-like structures were initiated from
the calli (Table 1, Fig. 2), which had been induced from the materials without cold-
treatment. For the propagation and preservation of this tulip, further study is now in
progress on the establishment of plant regeneration system from the embryo-like
structure.

I wish to acknowledge Prof. Masahiro Mii of Chiba University for his critical read-
ing of this manuscript.
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Fig. 2. Embryo-like structures produced from the calli on MS medium supplemented
with 1 mg/1 picloram after 4 months of culture at 15C in the dark. Bar =1 cm.

HPEEE . Tulipa praestans DD S DH
IV ADFEGRUIENE

W L7z Tulipa praestans DERI DB H2E %
BOH LT, MS A0 mg/l ¥ 2 1
T LAERTIML 7RI EBR L7z, 25C. W&
SUTTRELLLEZA, BAOIVADE

e, TORIVARE BERFE Gy
mol m™% ™ R UNREE (25°C £ 7213150 4ok 1
MR .25 ATH2MIZBGE L7z, B 512,

BBz s MO BE S
o

Literature Cited

Famelaer, 1., Ennik, E., Eikelboom, W., Van Tuyl, J. M. & Creemers-Molenaar, J. 1996. The ini-
tiation of callus and regeneration from callus culture of Tulipa gesneriana. Plant Cell, Tissue

and Organ Culture 47 :51-58.

Godo, T., Kobayashi, K., Tagami, T., Matsui, K. & Kida, T. 1998. In vitro propagation utilizing
suspension cultures of meristematic nodular cell clumps and chromosome stability of
Lilium X formolongi hort. Scientia Horticulturae 72 :193-202.

Gude, H. & Dijkema, M. H. G. E. 1997, Somatic embryogenesis in Tulip. Acta Horticulturae

430 : 275-280.

Kuijpers, A.-M. & Langens-Gerrits, M. 1997. Propagation of tulip in vitro. Acta Horticultu-



March 2000 Godo: Callus of Tulipa 57

rae 430 :321-324.

Murashige, T. & Skoog, F. 1962. A revised medium for rapid growth and bioassays with to-
bacco tissue culture. Physiol. Plant 15:473-497.

Nishiuchi, Y. & Myodo, H. 1976. Studies on vegetative propagation of tulip. 1. Organ formation
from excised bulb scale in vitro. J. Japan. Soc. Hort. Sci. 45 (1) : 59-64.

Priyadashi, S. & Sen, S. 1992. A revised scheme for mass propagation of Easter lily. Plant
Cell, Tissue and Organ Culture 30:193-197.

Royal General Bulbgrowers Association. 1987. Classified List and International Register of Tu-
lip Names. Koninklijke Algemeene Vereeniging voor Bloembollencultuur, Hillegom, The
Netherlands.

Wang, Y., Jeknic, Z., Ernst, R. C. & Chen, T. H. H. 1999. Efficient plant regeneration from
suspension-cultured cells of tall bearded iris. HortScience 34 (4): 730-735.






Bull. Bot. Gard. Toyama 5 : 59-63 (2000)
B 1L v gk B 7E R

Chromosome Numbers of Plants Cultivated
in the Botanic Gardens of Toyama (1)

Toshiaki Shiuchi

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan

Abstract ;: The chromosome numbers of the following four taxa are reported; 2n=68
for Adenophora tashiroi, 2n=40 for Euphorbia sieboldiana var. ohsumiensis, 2n=ca. 136
for Veronicastrum liukivensis and 2n=24 for Viola amamiana.

Key words : Adenophora, chromosome number, Euphorbia, Veronicastrum, Viola

In this series, the results of chromosome counts in plants cultivated in the Botanic
Gardens of Toyama will be consecutively reported.

As the first report, chromosome numbers of the following four taxa are reported in
the present paper. They are Adenophora tashiroi, Euphorbia sieboldiana var. ohsumien-
sis, Veronicastrum liukiuensis and Viola amamiana.

Materials and Methods

All plants investigated through the present study, were cultivated in pods in a
green house of the Botanic Gardens of Toyama. Fresh root tips were cut and pre-
treated with 2 mM 8-hydroxyquinoline solution at 15°C for certain hours as shown in
the Table 1. The root tips were fixed with Farmer’s fluid (1 : 3 mixture of acetic acid
and ethanol) for more than 1h at5 C and macerated with 1 :2 mixture of 1 N HCI
and 45% acetic acid for about 15 sec at 60°C, and the meristematic region of the root
was stained with 2 % aceto-orcein for 20 —30 min. The chromosome preparation was
made by squashing method.

The identification of plants was made following Ohwi & Kitagawa (1983) and Hatu-
sima (1975).

Observations and Discussion

Taxa investigated through the present study are shown in the Table 1, in which
chromosome numbers and origin of materials are also presented.
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Table 1. Chromosome numbers, the origins and the pretreatment times.

Taxon Chromosome Original localit Pretreatment
number g y time (h)
Adenophora tashiroi 2n=68 Fukue Island, Nagasaki Pref. 5
Euphorbia sieboldiana 2n=40 Amami Island, Kagoshima Pref. 7
var. ohsumiensis
Veronicastrum liukivensis 2n=ca. 136 Amami Island, Kagoshima Pref. 4
Viola amamiana 2n=24 Amami Island, Kagoshima Pref. 4

1. Adenophora tashiroi Makino et Nakai

Japanese name; Shima-shajin (Campanulaceae)

Chromosome number was proved to be 2n=68 in this species (Fig. 1a). This is the
first report of chromosome number for the species. According to Fedorov (1974),
Goldblatt (1981-1988) and Goldblatt & Johnson (1990-1994), the basic number for Ade-
nophora is presumed to be x=17 or 18. Thus, the present species is regarded as tetra-
ploid. The genus shows wide variations in morphology and about 20 taxa are known to
occur in Japan (Ohwi & Kitagawa 1983). In eight of them (Adenophora takedai, A. nikoen-
sis, A. nikoensis var. peresicaria, A. divaricata, A. triphylla, A. triphylla . procumbens, A.
triphylla var. puellaris and A. morissonicola) chromosome number 2n=34 has been re-
ported, chromosome number 2n=36 has been reported for A. remotiflora, 2n=68 for
three varieties of A. pereskiifolia and 2n=102 for two varieties of A. teramotoi (Shimizu
& Okazaki 1982). Although A. tashiroi from Fukue Island Nagasaki Pref, has the same
chromosome number as A. pereskiifolia including its three varieties, detailed chromo-
some analysis has not been made yet.

2. Euphorbia sieboldiana C. Morren et Decne. var. ohsumiensis (Hurus.) Hatus.

Japanese name: Nangoku-natsu-tddai (Euphorbiaceae)

Chromosome number 2n=40 is observed in this variety (Fig. 1b). This is the first re-
port of chromosome number for the variety. Euphorbia sieboldiana (sensu Kurosawa
1999) is distributed in Hokkaido, Honshu, Izu Islands, Shikoku, Kyushu and is morpho-
logically quite variable. Hurusawa & Shimoyama (1976) reported that E. sieboldiana
var. sieboldiana from Shizuoka and Kanaganawa had 2n=20 chromosome number and
they confirmed the basic chromosome number x=10 in the materials from Shizuoka.
Therefore, the material from Amami Island Kagoshima Pref. can be considered to be
tetraploid.
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Fig. 1. Somatic metaphase chromosomes. a. Adenophora tashiroi, b. Euphorbia
sieboldiana var. ohsumiensis, c. Veronicastrum liukinensis, d. Viola amamiana.
Scale bars =3 pm.
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3. Veronicastrum liukiuensis (Ohwi) Yamazaki

Japanese name: Ryikyt-suzukake (Scrophulariaceae)

Chromosome number 2n=ca. 136 was observed in this species (Fig. 1c). This is the
first report of chromosome number for the species as well as the section Pla-
giostachys, genus Veronicastrum. Since the basic chromosome number of the genus
seems to be x=17 as reported by Goldblatt (1981-1988), Goldblatt & Johnson (1990
1994) and Kurosawa (1972), V. liukiuensis can be considered to be octoploid with
2n=ca. 136 chromosomes. This species is endemic to Ryukyu (Amami Island, Kikai Is-
land, Okinawa Island) and seems to be extinct in the original habitat.

4. Viola amamiana Hatus.

Japanese name: Amami-sumire (Violaceae)

Chromosome number 2n=24 is observed (Fig. 1d). This is the first report of chromo-
some number for the species. Viola amamiana is known to occur only along Sumiyou
River of Amami Island (Shimabuku 1990). Yoshioka & Tanaka (1981) reported V. iwaga-
wai and V. tashiroi endemic to Ryukyus had 2n=22 chromosome numbers. Even
though V. amamiana closely resembles these two species morphologically, it has a dif-
ferent chromosome number.

I express my sincere thanks to Dr. M. Hotta of the Kagoshima University, Dr. M.
Nakata and Mr. T. Kanemoto of the Botanic Gardens of Toyama for their useful sug-
gestions and to Dr. S. Kurokawa, the directer of the Botanic Gardens of Toyama for
critical reading of manuscript.
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The Vegetation of "Maruyama" at Murodo-daira on Mt.Tateyama
as a Habitat of the Japanese Ptarmigan Lagopus mutus japonicus
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Abstract ; "Maruyama”, a small hill of Murodo-daira on Mt. Tateyama, Toyama
Pref. has been considered to involved in a habit of Japanese ptarmigan Lagopus mutus
japonicus. The vegetation of "Maruyama" is analayzed by the Braun-Blanquet
Method. The main component of the vegetation was Pinus pumila, which is rather
low in height and is mixed with dwarf shrubs such as Empetrum nigrum in the sum-
mit area and is more than 100 cm high and is accompanied by Sasa kurilensis, Rhodo-

dendron brachycarpum, etc. in the slopes.

Key words : Lagopus mutus japonicus, Mt. Tateyama, Pinus pumila vegetation
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Fig. 1. A view of "Maruyama" (front).



March 2000

Maruyama
IR
8 L s &
&
H®)

HH - FH: ZINEEEA oHAE 67

A

i)
Murodo lerminal)
1NN

Marunoridani

.

Nokl oshige\\

?100

Fig. 2. Study area and point of each plot.
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~1/4% 5O T2 5D $E 1131/10LT o
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bOERRT, HEREIFF—- MO EIRE
NOEFOE S DIKEZRT DT, [F—D
FEN—TIZEFT LT 50, iF - TH
NTWBHD, BHU B A X T0EIRE
DIREE 5 BT, BERE SIZIAERINIC
FH—y MRS BT LTV BIKEE, B
43—y MIhbIERPHVTVS
AREE, BEEE 3 BEACIRICBEDS » 2ARTE, TR
232 . 3PN L BENR TG LTETL

TWAIRHE, BE L idHuc e L FiIE6 1
HHFLTWBIREDD DTH B (FE 1985),

B R

WAL W EX OB L Table 112,
K RBEX DT R A Table 212k L7z, &
o HREX OB LA = Fig. 375
5 Fig. INIR L 72 ERERICBWTRE D
5—EHMNZMD > Tlm XIm D3I K7 —
b EEL CiE LA (Fig. 2). BIZEH
BARUIDWTE, EBHEOIm XIm DI FF
—F;E1-1, ZOWICE AR — M EL-2%
LELTs52omars—+b, $4bbl-5%F
TE L7 EHIRAEK 2DV TIIELD
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aFF—ME2-1E L, FRX Y KBS,
5 C2-2, 2-3, 2-4, 2-6D L HIZa FF—

FERE L. AELIRERDSE (T
YRR FIXYT AL LDEADS LS
r@BEe, Hravsy, aryrEEr, JE5
FNFHRELY LDLTIED 2 FORE#LD
AHoNT, MHELZD0.3mUED LIE%
fleAkd, 0.3mUTOTEREARBL T4,
FIREX O % LTI 5,

1) B&EKX 1 (Fig. 3)

WA VAN TER O 6w & 0 FHE 2
Wro THHINE > 72HEX TH 5, AR,
BAEO 2R/ 0, AR T T/,
TYTHo7, NMTVEFEDOTERS S L
HICENT THET LT, HoBX DiEES
NBNA <Y OREGII28E, 344E, 3644 &
0EFHTH o720 T FT— P1-1TlEINA
YOI T T IHTEL TV,
SHEDOTETIX, N 7Y OE - D4
o5 EMmL, BEbE RN, TAETIE
IR FORENEL, FlnsH Yy

Table 1. Summary of each plot.

X 7 FrAREL TV,
2) AEK 2 (Fig. 4)

AR 2T NI TR O R b & b #HE
Wit THEMHINE 2 HBEIX TH B, 5
DDA NT— bEELTN Y OB - i
BEEHAann5 &, BEIRES TI35cm
EEL o Tz, N =Y OB EiII284E,
344E, 36ELETH -7z, KRB TN <Y
WKLY, Fo=HY NoHrixs+4
A O EABIIETT LRI L%
Iy /X, Ay, NI v s F
FOHEER EVHIE - B+, LebTh
IAGNDEDATH o7,

3) PAEKX 3 (Fig. 5)

WA X 3 AUNNTES O & b B
Lo lMNERXTH B, EBfhTITEns S s
LT, 2 FI— F3-1EHEARRBOART
Hraws ohpEE L, I A RRFAHEE -
HEE L, 2LFIEBICR LTV NT
— [3-2763-4F TlINAT VIR F 3
YR RHAHWIIF AN U B {I0KE

Point Topography Altitude Fz;lC:thO Direction of plot  Wind  Sunshine Date
1 ridge 2375m W EtoW middle  sunny 1998/5/8
2 ridge 2375m SW NW to SE weak sunny 1998/5/8
3 summit 2360m NE WtoE middle  sunny 1998/6/20
4 summit 2360m NE SW to NE middle sunny 1998/6/20
5 summit 2360m — SE to NW strong sunny 1998/6/20
6 slope 2370m SW Nto$S middle  sunny 1998/6/21
7 slope 2370m SW Nto S middle  sunny 1998/6/21
8 slope 2365m SW SE to NW middle sunny 1998/6/21
9 slope 2370m SW EtoW middle sunny 1998/6/21
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O, FOVIET T FHHE -
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T = F3-5@3NATVDFy v ST, BEAE
DHTHot, V59= /X, Hrav sy
MHENFNYE - FEEL L2006 3 LBET
BRRMPIZTITOYFOLD) HEEDOEAH
Py (B

4) REK 4 (Fig.6)

ALK 3 LM IS L I TER A (3
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(%Y., a3 FT—M-5TI3133cm THh o712,
HABIEIEAER YT Y= ¥ 050, O
TEE, ATHHI, AV FIv¥<4r X, I
Yoy FNF L ENDLTMLEFT LT,
5) BERXS5 (Fig.7)

AN DN A = 7 R GEE L 73
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6) HEK 6 (Fig. 8)
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276h 4 LigbELALNT,

7) HERX 7 (Fig.9)
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8) HWER 8 (Fig. 10)
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9) F/EKX9 (Fig. 11)
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Empetrum nigrum var. japonicum

Pinus pumila
Gaultheria pyroloides var. migueliana
® Vaccinfum vitis-idaea var. minus

Pinus pumila Empetrum nigrum var. japonicum

Fig. 3. A photograph (a) of
plot 1 and its vegetation
sketch (b).

Chamaepericlymenvm canadense

Riododendron brachycarpum

Fig. 4. A photograph (a) of
plot 2 and its vegetation
sketch (b).

Sasa kurilensis Rhododendron braciycarpum
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Fig. 5. A photograph (a) of
plot 3 and its vegetation

sketch (b).
da
Empetrum nigrum var. japoiicun W Juniperns communis var. hondocnsis [ Carex blepharicarpa
Gaultheria pyrofoides var. miqueliana B8  Pinus pumila Sasa kurilensis
b Deschampsia caespitosa ssp. nikoensis
Fig. 6. A photograph (a) of
plot 4 and its vegetation
sketch (b).
d
om im 2m 4m Sm
mpelram RIgrum var. japonicum Inus pumia A auftheria TOIOIGES VaT. nuqueitana
[ Bmp g1 Jjaponi B Pinuspumila B Gaultheria pyroloid iquels
b Vaccinfum vitis-idaea var. minus || Juniperus communis var. hondoensis
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Fig. 7. A photograph (a) of
plot 5 and its vegetation

sketch (b).
a
0m lm 2m 3m 4m 5m
b Empetrunr nigrum var. japonicum B Pinus pumila Vacciniun vitis-idaea var. minus
Juniperus commiatis var, fondoensis
Fig. 8. A photograph (a) of
plot 6 and its vegetation
sketch (b).
a
0 1m 2m _ 3m 4m Sm
Empetrum nigrum var. japonicum W Juniperss communis var. hondocnsis ¥ Deschampsia flexuosa
b P p.

Pinus pumila
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Fig. 9. A photograph (a) of
plot 7 and its vegetation
sketch (b).

a
b Empetrum nigrum var. japogicum Deschampsia flexuosa
Fig. 10. A photograph (a) of
plot 8 and its vegetation
sketch (b}
d
Om 1m 2m 3m 4m 5m

Empetrum npigrum var. japonicum B uniperus communis var. hondoensis Deschampsia flexuosa
lichens Solidago virga-aurea ssp. lefocarpa f. japonalpestris
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Fig. 11. A photograph (a) of
plot 9 and its vegetation

sketc (b).
a
Om
r" . ."
AN AN
Empelfrum nigrum var. japonicum Deschampsia caespitosa ssp. orientalis Deschampsia flexuosa
b VA Loiseleuria procumbens Ny Sieversia pentapetalum
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w7 o> &R (4)
RIEFEH

W b i T939-2713 B LLIGLIR S BR AR AP T LA 42

Materials for the Flora of Toyama (4)

Takaaki Oohara

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan

Abstract : Through my recent field and herbarium surveys, six taxa are newly re-
corded as members of the flora of Toyama Prefecture. They are Juncus mertensianus,
Platanthera mandarinorum var. neglecta, Sagina apetala, Geranium carolinianum, Malva
neglecta, Rotala ramosior. Even though Equisetum palustre, Rorippa dubia and Viola
faurieana var. rhizomata, were reported from Toyama in literatures, none of the
specimens, on which these reports are based, has been unfortunately located at pre-
sent. The occurrence of them in Toyama, however, has been confirmed through the
present surveys. Additional localities are reported for Ophioglossum thermale var.
thermale and Najas japonica, which have been known from only a few localities in
Toyama Prefecture. Specimens cited in this paper are preserved mainly in the her-
baria of the Botanic Gardens of Toyama (TYM), Toyama Science Museum (TOYA)
and of the Tokyo Metropolitan University Makino Herbarium (MAK).

Key words : Flora, new localities, new records, Toyama, vascular plants

BNERO 707 ICMWT5HE LTI, &
LA EE CKIHIE2 1983) i b\ F D ik,
(1980, 1988, 19894a,b), A H (1996),
JIE(1999) % LIz & ) (2 Zizahms s ki
PHETONTEL, ZIBFIBNTH, 7:
J50- o FO(1998). A Wl (1999a.b). £ 4
(1999). KJE (1999) & L2 & b, B4E 20;:1.1
BOGEESBNRE SN T 20080k T
HAHD, BILEO 7O IH 3L IR
Of't(iﬁb‘%‘fb‘

Al Fy LY %ﬁuafi& Lf%ﬁﬂ:j-%l/ /32

7 1) ¥ F T a v Juncus mertensianus Bong..
< A4 % ¥ V7 Platanthera mandarinorum
Rchb. f. var. neglecta (Schltr.) F. Maek., 1 b
Y A 7Y Sagina apetala Ard., T AV H T
9 Geranium carolinianum L., € =Z/NT7 *+ A
Malva neglecta Wallr., 7 A ¥ AL 74
Rotala ramosior (L.) Koehne Oz, BEIAE
KPFEINTVE LD (LY 17y EF
Yay, vAHFVT)EHEN, wThd
ER BRI B 2RO E LD D
DTHB. A VI AZH, TAYIIFHLT
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O 2 R A T A
WY Td - 72,

A & A X+ Eguisetum palustre L., I F /3
& #'Z i Rorippa dubia (Pers.) H. Hara, v )\
¥ F v KA I L Viola faurieana W. Becker
var. rhizomata (Nakai) F. Maek. et T. Has-
him ZEEICEA R LHRE SN TV BHIZE 2
s, FORME L BEAPER S
WTWibDTHE, L, SRFEERE
Hirsfl s hioTthET5. £72, B
BToit@Eirb oz AN
Ophioglossum thermale Kom. var. thermale. 1
f‘ k1) 47 Najas japonica Nakai (22T

Aelali s e H A A fifERE L 7o,

7F RCE | L oAU, S LLIVR R AR
FAEAE (TYM), BRIty —
AR (TOYA), HERUHRSL KBTI AR
(MAK) 12U s RTWvbo
1. 41 XAXF  Equisetum palustre L.+ 7
i

AP LB DA 1)L <o L, BIRT
AbimE, AN (RSB HHIT L) (2
SAiE A L BTV A (B 1992), AL
FED A XS E. arvense L. 2 I X F 73 E.
fiviatile L. & {RF S L2505, Al T
D2 nPITHERR SN b OIE, BORT O
MIHYE < Wl & (MR ERLDT Th L 2
E(Fig. ), BTEREE DT AE LT R VE
ZAETHL I L, ERTMOMSEILI0LTT
WETHD I L EORMILIIEDEREDI/4LL
TCThAHEEHREL, AMEFEELI, &F
i IS fol F TRIT c%o 7z J<FF! T
&0, WK LIREHBTIE e v B
ORI TIERHFRERMATA D12 < UNHH'»J: OBER
AT LTz WINOHMETHET
BRI % otz REOEILRHAO
ML E L Cid, KHEA (1983) 251U E
AN W ARHEE T TV D, ERIEE
2T, F/, KM (1999a) &, EIl
T d & UL IINT CHRAE & MR ™ g LT

LRSI NTYE

bt v ¥ —oERE (TOYA) Lh % &
LTWAED RVt ENTERP2/.2
Dz, A ED { FILEANTO SRS
ELTEBARESMOHTOLOTHS

B -k (1985) OaAFRILC i#{%'ﬁf S
MBI UERESGHEHT LV TE oy
FENRTHELT (FOBEH (FH-4ib 1997)
T LR N T o A A TR & L CB
. 8 (1994) o457 21 EARIREEFO T
oAz 7oy AN 6T 5
Loo, BLEZEERE 7Dy FENLTY
v, BINRICEEET 2 T, BaRkoly
B REFEOEL, AR (BRE 1983, /4
Y 1987) o #iE E (Bl 1989) 7 KIZELER
LD, T O T L AT E NI
EH LR WE D) THEAEOEED HEE
ORI R HTER O M7 F A #9 10068 BT N 2

Fig. 1. Middle part of culm in Equisetum pal-
ustre I Fuchu Town, Toyama Pre-
fecture (TYM 2073).
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L 2zBB SRR DT L S DA D 1 4 D
THHIEMLERTLE, EFMEEHRLT
Zldhwkbhs,

ZHERA F IR AR I T %, AR
BB, 1997, 7. 19(TYM 2073): & IR £
b v WA, R, 1999, 10, 20 (TYM
2074).

2. INYINFY R Ophioglossum thermale
Kom. var. thermale 7>+ A1) F}

AFL L~ T b E, BEORT T
A=l Sl el (TR DN e G e (7 3 R
BERERIZAAT A L S TwA G5 1992)
SRR ITCE &I b D3, SElE
lem BLEORWHAESH L 2 &, 3ol
AHERIZHAT T A 2 &, S dimEy
lem BUF, M & S T e A5
&7 B I AR LA & R L7 (Fig.
2075, F RN F ) S SR
OFAGERIS S COMETHER L THW 2,

NTNT YA OFINBHAOERE LT
(&, K (1999a) 75, fEAIZHES v THK
BN, i A BB TE N, 4
T 2 E IR N T Z o BT H @ & 72
Ao [M—FAOEROUEDTHEL I/
A1) var. nipponicum (Miyabe et Kudo) Nishi-
da LISEFREFRL D IV 20 HH
[z uizte L 72 RO AEF T 50020 L,
INTINFR ) (TR - 2 IZ S W
(i 1992) X 2R TWAAL, AEESE S h
R A 55913 km Ao 7zl )1 e
WOF N TH Y, KRO L OHMEE:D
Tp AU LA i Th o,

B - it (1990) @40 AF [ TUE, AL
FEE A0 SR TERE M L Fr 55 5 (A1 A7 2 B 4L,
A O A AHE T R O B IR 20T % &
T F 35 L T 2B c s e
G - - AR 1982), I (B R, 1983, /b
Y 1987). BYFIE COKIR 1997)., fBHIE ()F
21 1989) IZRAERDIH LAY, WL EHLIZ T
(RENTWES LS T b, DEITHIH 2 AH

IR w7 2 5 E @) 81

Fig. 2. Specimen of Ophioglossum thermale
var. thermale collected in Toyama City
(TYM 2075). Scale indicates lem.

WCd b7z Bk S B HINIED 2w
B, AKETLEBROMELET LR O—>
LEZLILL,

B - F IR HUMAE 3 m alt. (4
RS AR A 3 S BRI ), T
1995. 6. 16 (TOYA P15038) ; & |11 VL4 & it
HoWT BN, KR BE BH, 1999. 6.4 (TYM
2075) & INR SR IR NS NT FE, ARks—
1984. 6. 27 (TOYA P715) ; & WL IR BT sk R /N A2
MT I 2 30 m alt., M. Ohta, 1988. 10. 5 (TO-
YA P4152),

3. 1 b MUSE  Najas juponica Nakai A
INTER

B IR ST 0> 15 — AR TN C 58
R HRE L7Z R e i R HE I EEE o
AFFFRERIZFAERC 2 b OTH L, FEAI
LIS o S A L CTH 72 IR
VAU BRI L R AL g S AR
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WCHRE N RO T, K% 1 m BEEDHIS
HImMGFOEBI D> TEFLTW
EDZETH b,

A% (1994) (3, ARE 22> T EBO KN
M CH o 72 E b N B D IREHIOM N 4 &
TWA L, 4 TRINRTL2E S e uwiis
KGR o TD I ERBRNT WD, HAER
WirHiZESO L v K1Y A b (1998) TIEHHK
falt IBH (EN) Icfiig s THh, J&i
K, I, BB, fEik, niEb. B R
Lo - AR ORFELClE, W LT
CLERR A FE B D B DT Lot
Mo zewv) 72013 DD (BUAAW]) & ¥h T
WA ARV s ok R oELNE, B A
ST A TR E L CUHERFAETH
O, SHROBGE -5 REUESLETH S,

LA B LK T RS, g —,
1999. 9. 20 (TYM 2076).

4., T/ I7UEXT 37 Juncus merte-
nsianus Bong. 4 7 #|

I, TSRS SRR o
FpE A S iz A T B O REAEER %
HEL TV L IA F0Iil fmE10~12
cm OEDOTHLIZL O LB OD/N iR 6 2
BHIAEA /272 11> <[ IRL.0—1.5mm DX
R TR BN SEINZE SR AL B N & P
L HEBIZTRM R O#2/32TdH B T EORY
FRTREA (Fig. 3) 5 5 Z L & vl L
Too T BA Lt > 7 — OREARREIZ S (A
KO A RTHAN I SIS SN TE D,
37 ) ¥FX T awy ) ensifolius Wikstr. & [d]
EENTWD, SO FRLOH
DIFH, 327V EF Y amnLH I ENTE
E TR (VR R Wi EDZEL R
THTIZNVEF L av I IHLIIIELS
bDTHbH, 7z, KIF (1983) i3, 1/MEN
DOHESEHIZOVT, 3 7)EF L ar T
3./ 320X avTide (FhUs
3) LER LT ARA, SERVH A2
RO EHMONTEEBE L2 A 1D

Se

Fig. 3. Specimen of Juncus mertensianus col-
lected in the around of Mt. Asahidake,
Toyama Prefecture (TYM 1870). Scale
indicates 1 cm.

EHOHEERIETNE 6l TH -7, UL
PHHMTAMY . SRS 2EAITVFRY
IV I0NEFL a v EHERDONEYT
H5b

AR E S  HAR TR O KI5 A
T EEZLNTWIZAKE (1970) 254 T
WLEE A EICIET A2 e F ML, kiEs
(1992) R4y (1982) 12N AT ic2 Tk
WA B & OARNIER (L) L LTwh2
[ (1988) (&, Z Al kb5 1L % FE
He UTHPTHDEA, KM pERoEIGg £
BT 5 KB OkYEE (KAM 1997, 15 1983,
KA 1984, ffifn 1981) (IS RFEOD L ERA 2
Wi, AR TH B, WIS
L RO A SO PRI s L
KTV 2= x PHE, haF v A
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W2 B AR 57 RO IZIT N2 85 72
HEEZLND,

Al R & 7 2 s o EIARIL304E L L
MRESNLLOTHY . B LD D
LEDIAHTH LA, FREHRITTRY
LT N T AR HAR BR B D 2 M
HThh AL TOLaHerEidE v, 4.
C OHIRDOFERIEANZ & B FIEH O AT
Fhd,

BERA R IR W~ R
0, KHD B4, 1952, 8. (TOYA S50034); 7
TV DB 5= 43 R H /N s~ G~
IR~ FRE R SRS, 1969. 8. 31
(TYM 1870).

5. XAY XYY Platanthera mandarinorum
Rchb. f. var. neglecta {(Schltr.) F. Maek.
S H

B HECER. 199970 6 A,
NEHEKILATT Y L3 7 m o s A 848 L
TWBDERVH L7 (Fig. 4). &320—-30
em DEDTRIS, R E5—6cm DARDOFE L
4dem i EOP RO EHS KZIL, 1.5—2.5cm
DNEBFEPEMRRALL LA -T2
EVEMIEIRNIIEAER NI &
fEFERRIL < BT T2.5—2.8 mm) 5
AT A SN TRDIIL S 1A E D%
HNKE R WZ Eh b LD P, mandarino-
rum \2EEND SO BT LA, P.omanda-
rinorum \SFENERD G O RO RN 5%
BESMOEN TV EA, Sulllwibahibo
5EAT I BAE L 72 RIE T IR 218 mm 1 2
THREZ/RL, WHERIESR S L 13T
6 T & 2 B J5A%, 6l (1971) 8L R
(1982) D= A ¥ ¥/ 7 var. neglecta O itk
RHNIE L =BT EIDTH 12720 K5
HBELTE Lz, RO DIEAREDL Z
EEREZTD, GHEEHNT S,

HEEWIIEENI00m BT S I X T
TR E DN R, AROMmIC b
F 77 Pogonia juponica Rchb. . R #1 ¥ 7 >~

RIE IR 72 5% @) 83

Epipactis thunbergii A. Gray 7 &0 J » L
WMLAEFLTVd, s d I YK
LA DAL AT LT
ExPLL AEIHE RO A SR
BBONIKMLO ST LT,
EHREFMICAET 2283 TE LD o7
AN S R 2 G I W R NP =y
7z

IR b v 7 — ORI &
NTOLY LHFY 7 EOERZHA L 2L
Z A, XV F F ) Platanthera ophrydioides
F.Schmidt, #4737 F ¥RV 7 Pominor
(Miq.) Rchb. f.. ¥ <%V P, mandarino-
rum Rchb. f. var. brachycentron (Franch. et
Savat.) Koidz. &[5 S U7z EACH S A
HEEDNELODF 5 sl ahiz, £
DS PF T BT LB TR LT
(AR S N FIER L 5% B0 ), W
B AR OCRI T dp o 720 HURTER KA BT I
ARG, mAMVEN TIRE S, BN
FHIZON FERIZE ) = A HF 0 L g
SITAEAD L i STz, Thnd
& HIE$ 2 B VRN CIBERI1000 m i 0
D EFHZ AN DD b D LIENE S
PV LEFYSIEOMOMEE S, B
BISNTEEH T, ZOREDVTINRT
DEFFLERE 2 A & L O B TS
VLIZELEs D S B () DA A4 5e+ >
¥ —1992),

LB, Aot~ =TI SN S faks
MAd b7z, AR S /i, W2
BRI S Nz pE e b1, FEM Ay %
BFBI E xR v,

BERA  TILE R E T By, AL,
1973. 6. 3(TOYA S49638) ; & 11 bt £ 47 11 1K
Ko W, oK M BA, 1959.7.6 (TOYA
Sp14472) ; BN LF BT ILNT, AmiE A,
1989. 7. 15(TOYA Sp21415); 23 1L & 1/
FEMT, B NIZR, 1903. 7. 12 (MAK 169565)
([H)% : K.Inoue, 1978. 10. ) & L5 P4 % o 77
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Flg. 4. Habitat of Plaranthera mandarino-

rum var. neglecta in Ohyama Town,
Toyama Prefecture.

FEIENT, FoE R4, 1934, 7. 1 (TOYA 535542);
& LV FE T I B G ET f\m i A, 1989. 6. 15
(TOYA Sp20839).

6.1 Y ATY  Sagina apetala Ard. F+ 7T

o f}

EINEHCSR, 1999F @ 6 H LAICHE um—i
(1 %57 BEWEMERNT (1 507 T
SAENE WY A 2RO (Fig.5) ¥4 F
LTWEO%RAEELAs T OMEREHIE 2
7 T & b ART, BRI L7 & b
N4y VLG EOWAARDEDTH Y,
MEIEO PRI 2 RE ThH o 72, I
OEMT L WIS Y% & CHAE RS
ELTWi,

Z ok, ZILFEOEMIZEET LY A
74 8. japonica (Sw.) Ohwi 5/ Y A 74
S. maxima A. Gray £ 0 & 25T 467

B4 THL Z ETHLPIR
TTELEDTH 7z WILEOEHIZIE,

HE L 2T IA4 NV A7 S, procum-
hens L. 92 A LAFAIL L Cue (5 1999)
AL T T A R A AR SRR L T
PO wy MRELTEZTERTHLOIH L,
AMFEER S 7y A 7R iL 1 ’?F-'*%'T“{E
Ml oeaE DT (L fEE LR 25— 15 cm R
T E EALENE RE 2 Thiz, 207
B, KNS CHHAET ST -0 v SHIED
SCRH (Clapham & Jardine 1964) ##~7- & 2
A, FIROTBEDEH, TEOEmMATE L P2
AR B MO A X130, 4 mm B
TTHob, 4"'&“ (354 U\ AR EYSH LR
L A—ow IR QAT S S, apetala
Allflz & < —3 BFZQ ZkArdno iz, B
?ﬁl’—‘ﬂﬁﬂfb AR S LTV S Y

7B D I L oAt RS Bl s
Z{)G‘) TEENT ol

AL HA O RYTEREY T IR - 72
ERIZIIE E A EHD BT SR T Rwnat,
FHF (1942) AL TR IR A L4 H % s
LA M7 OMEBEEZSRZTWEI L,
FIREE R HAZ ORI R THuR w7z
72viiz, FOT%, Mizushima (1960) 2¥H 4R
EETLY A HEOLDE L TR #H
LTS, ZofThlH L4 19424F

VIR BT HE I THRE S 2 ER (MAK
2631) DHTH Y, TILARE S AFEOH A

BIRG Loz RN 5w,

Mizushima (1960) 134X o Hr i Ftid oo
T, REIF L OB I ACEIZER T A
& LTwab, Clapham & Jardine (1964) (43
FU LR SHEER TR L, RERICEED
IR & FR0 72 T subsp. apetala [ XFF D
FrsREICEE T L, ERPREBLZD
D13 subsp. erecta (Hornem.) F.Herm. & LT
ProTBH, BIUTTE & I 25755 1
THERIIREOY A ST b (Fig. b)»,
L& T AITEFED S, apetala & LT
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Kt BINE 705 &8 @ 85

Fig. 5. Sagina apetala collected in Shimahongo, Fuchu Town, Toyama Prefecture (TYM 2078).
A: Plant. Scale indicates 1 cm. B: Ripe fruit. Scale indicates 1 mm.

ZEE LAy,

R L RFBIPEAIZE, Bk DIL &
EORARDIZ A, BN [ KB aER
EHT (2)] EREAZIN:, KiEE Mbh3
AR (MAK 2630) H3U0E S TV 7zhs, I
LVDEXIZIE T 1 A AR SN, [non! This
stands near to S. apetala, but not exactly so.]
ERLASNT W, ZHid, ZOERDRE
ODERIIAE LTV R W/®, LR Mi-
zushima (1960) DHBIZ L Ao /b D &
Ebhb, £/, RIRWZBRBIEWEEOE
ENCAMENIEASE NI G A N R - ¥ ()
T KRBT E DAY ST B ED
ZETHB (1 AE) A BEIKRRTH
HLOFINRETRWRINZHDLF--TH
BT E v AR S N EFTR
BirEET D& AR TIIEIEIC S > THER
DDV THIL D S48 A L 720 FEEATE

<L ABELT b Bk O BREE & AT AU il
SNAHIREED EV LSS,

ZEREAR EINHHR FINEEAR—Y
ki, KIEFED, 1999. 6. 3 (TYM 2079); &1l
WL SRR P T S AR A S NX—2 3 >
=27, KEFEW, 1999. 6. 1(TYM 2078).
7. SFINFZHZY Rorippa dubia (Pers.)
H.Hara 775 F#

AFIAR, PEL, 12 F, L= T2
GAIT B L ENDLEART (N 1982). Bl
ISR EE (KHIEA 1983) TIEAROERD
R E LT —, SIIHHRE BT Ty
B0, FOERIFFIN TRV, BEIHR
FAbE Y ¥ — ORI S XA
T L IROEREANI b ATEOREARITE &
TELT., BHEOEARIIHEDIKETS -
25, AEELTEB S CEIITOR 1 # BT
B iR L, AR L7 (Fig. 6).4
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Fig. 6. Habitat of Rorippa dubia in Fuchu
Town, Toyama Prefecture.

[o] fLH S A7z il WIS RIZICH B L
By ETHY, EEOT AT 7
b &0 $ & R A EEADTEE LT
AV A
AFLFEIFO A AT 2 R, indica (L) Hi-
ern & & LT A%, Hara (1955) A3A L
HLHET VT EED R. indica group DEEAR %
Rt L7zBs 148 L7 & 9 12 AEFr i v f
HATHE CTRLHHB L T2, T
Fed B bviot 3 F 37 T o OFREOR Y
L. Aff & s Lo
HFEOEHTOSAITEN > S HBkE &
BN 1982) ) H AR BF A= =¥l ge & o 7 —
(1992) T3 AL HiFE A & L F T O350 & T
B e b, Lo L, Ay Rz
P L9 T, BINEOEIIE TS
FUBEHEBEIZHMENTHnEOHRTHLE (7277
LR ELRIYEE (F7HE 1997) T, BFEICh

Ad % b DOTEANFER T & e [ ARAHERE
fii] & LTwa) 75, RFEEHRTHIZ%
PN Y R o1 12 B N e - O S | )
7o T E N T WA TR v AR

THLHHBOBECLY, 2HIIEOEFIH
Mg INL b e Ebivs,

LR B LTI AT X, K
B, 2000. 1. 3 (TYM 2081) ; & 1115w & bl b
Wy, AKERERE, 1999. 11. 10 (TYM 2080).
8. VIWEFIYKIIL Violafauricana W.
Becker var. rhizomata (Nakai) F. Maek. et T.
Hashim. 23 L#

19984 @ 6 A bl BB T2 3
LEORBAREL TWwLIOE VL7
(Fig. 7)o S OBUGXEHHMATH & 70125
£, AR DR, COEFD
fi L, EAR (ML L F 0L R E D <
L, HEG R TICE L& ) R T THE
BIELAEYETHD Lo TERBER L.
Nakai (1935) <24 (1975) 3 L& F v K R
Lok E £ —HT H20, RO E
FEL, ZIIEEEREELRATHRET S
DTHh, Tz, i (1975) . WwATH (1996)
ENENATHIEOFEO— GtLL’H
7oy RO OFURER -6 DA
2, AEOWASEM VIS B 2w Th LKL

—HTAH5LDTH-7 BISES lOOOm LJ\
FO 7+ EEIC S A HUE T, WICEE
B & ORI 74/»/
™ Maianthemum dilatarum (Wood) Nels. et
Macbr. % = ¥ & 3 7 Peracarpa carnosa
(Wall.) Hook. f. et Thomson var. circaeoides
(Fr. Schm.) Makino & & $ 12/E% L TWiz,

U (1975) 1&, ARSI IR E Bl A
B IEEIRE / 12V 72 B BARIEE O e
BESE IS AT 5L L, SARTEE
IR VTSRO PRI & S TV B AL, 0
Wa i —mEteoh Ttk o4, KElEe
(1983) (IZH AWM Y LIFo TR
I3 bt > & — OREARR 23, 19794
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Fig. 7. Habitat of Viola faurieana var. rhi-
omata in Yatsuo Town, Tovama
Prefecture.

Fig. 8. Habitat of Rotaia remosior in Fuchu Town, Toyama Prefecture.

87
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W EFNER ALY B SR T TR S
NYLyFYHRERAILEMEENLER
(TOYA $47345) 2515 W & 1o K H
(1995) 125 TH SNT VB A%, Z OFEARIZEEDS
METRE» L R EE LY F YR
A 3L V.grypoceras A. Gray EFSEE NS D
DTHote T2, WAL F—DAIVIED
SfEARIZS, BINBATIREShAZY VY
FURAIVIIHLBERERVE S N h
o1z ANER SR ERIIE, FILRATO
BOHBOMELRER L L TEME—D DT
HEH, T2 TN I NGBS 5 7
O AR T ETD Z EEELEX Y,
9. 7 X U H 778 Geranium carolinia-
nm L. 79098

BN E. ARIILT 2 ) HEREOS
SHTH Y (AN 1950), HEFIEIEH L HUERTH
TUHOD 5 7DDV AARKTOEFTH S ($
¥ 1932), WIHETIZI N T TR L h o
7oh BN R R LDRER 7> 7147
DIE#E I T-ICAT19994E 5 HIZE T HE D
[H R S8 8 5 MR > O B R A Rl GA A 1 T 58 S
L BEARZ & IR p ity B S S sz,
ANEINRTHEL b DI, fEIXEOK
SR ET B AETILIRAL A TR 85—
6mm, A XL &5—6mm TEIEIRICR
5, REIFEBICEDODIESI5—18mm,
T-RENHEA B S D, IS RNTER
K& HICHIRFEIIE RN IS THHMZR T 5
% ¥, Robinson & Fernald (1908) ® A 1
(1950) DAL E LK AKTH-0.7
ANA 7y EREL, BImEE L
> — DR S WA L 72A, AEEL FE &
NAREFEARRZINEEIN TV o7, FD
&, WMEILA S, ATl RIS C b 7k
R PHAENTNENT YO Y Y EOKH
Rutt g hedt, Rk ILIHE DA & [
BOERLEOEERLTBYT A AT Y
T 5TV,

W01 ABF AR > 7 — (1992) T

(&, AFEIE3AEAFIR AR H D . EMIZH
YLD 2 TW5B LI THEHH, Hdbii R
AbbEdh )7 TR A% < B (R R F
2842 1998), FriElkt (b b - 1Y 1986), H 4k
RCHEINTVWENATH S,

BEBA BN, E#E%EF, 1999, 5.
15 (TYM 2082).

10. EZ/A7HF 4 Malva neglecta Wallr. 7
T4 %

EILWHTECER. 19994 DGR L din £ B4 o
s L OEMETOBMEDOEEMTY =T+ 14
BORYHHHIE, FELTVHEDOER VL
720 BBOREHORANI T — T v /U5 H T
%728, Dalby (1968) @3 — 1 v /EOARIE
WORREE UL 2 A, Sl
FUmRE RO N DI, ERIIHEHD
=MHIRIE TR S LIEANIIZREE, g
ML THR LD E, fEEERIC -4
DK, HAROERMIL P, LA IE12 mm Fi R
THEO2ELULEE WS Z2TE D M. ne-
glecta Wallr. Dk & L { —H L7270, K
MEmE L, INHOEMIT, WTFhbi
HHAP L M7 00 L2 REITH -
720 BRIkt v ¥ —DERERNO T
T AROERLRAR L 22, AfEELFEE SR
HREFARIFEEN T LD 0T,

BN OB BT, R U
1987) . FrigE (b L - HIR 1986). R
(B4 1997) 1Zie@Adh b | HHIC R TIL
VL & P R B OB AT ST v
b,

BHERA WL R AR TR, KR
R, 1999. 12. 2 (TYM 2083); 5 i A HIF
IR, RIERERH, 1999. 11. 14 (TYM 2084).

M. ZXAYUHBXHDTY Rotala ramosior
(L.) Koehne 3 v F§

IR SR 1998EEDE D SRKIC, i1
Tl PTG B & s T o —58C b 2
WE DT T IEORY P EHEFT LTV 5D
WEfFviz, 272, Koehne (1959) @ ¥
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HY T HBOMFERICBAE LI LA, AH
THAHIEDPHHL . HATIE, Bl
(1999) 19974 I HGE CIRIE S - ER %
b LG LoV RMORETHY, £
DFER% b & (TIEORE il LT
WA, BILRTHLNLOOREL Zh
EELBHT B, B OIERTEIZIZH
DR SN TRV EILEED S DT,
HEEIZAR TEGPIBICE X Imm UT T
oo Hed, MEIESEE 1.8—
2 mm, HEFIL 2SR TH0.3 mm, fEF I3 E
BCTEIMEDLS— 2mmBETHB~ %
#F <& b Koehne (1959) Dtk %412 &
(=8 L7, %8B, Gleason (1952) &, #iA®
HEIK TR S 1 mm LUF, #1527 6 mm LUF,
EEN2 —4mm D b D% var. ramosior 5
AIRE IR CR S 2 — 5mm, EIF)5
—10mm, REEH4-5mm Db D% var.
interior Fern. et Griscom & L CXJJ L Tw
B, BILLLED D O3B HIRTE X115~
2.2mm, ¥EMEA 4 —6.5 mm, FEEH35—
45mm T, EH6E 520 B 0EDHKT
THo7,
SEEILETHESNZS 7w Th
LAKMTH Y, FilabH %M, B, 7
THD 3 7 FrCITREHTIES S % PO S5
BEAEH LT ice GPiIo 7 # Fiidvg
N F—KBDOHKRED SEAREIN TV EH
5Ty FFASHKICT > THMIRDILAS - 72
WREMEATE Ve B A I YNFRKRY/NE X I
INFLFOBE A O oREL TS
ByTATEE (L JHICE X 3 UNFDIEDIEIH
ML Twangike dRRY L3wn
A RA I YNFORT T TR B
T/ DIAFL, TAUAFH T I
EAKEITHES B L THRINEAYS TH S
(Fig. 8)o HA DRI TIX, ¥15121993
ELATAKFICBRA LA DL ERTY
2 (Huang 1993),

SERAR T R, KRR

KBS 72585 @) 89
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