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Cytological Studies on Chinese Plants Introduced from
Yunnan Province. I. Karyomorphology of
Some Species of Primula and Androsace (Primulaceae)

Masashi Nakata, Quanan Wu? & Syo Kurokawa®

Y Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan
? Kunming Institute of Botany, Chinese Academy of Sciences,
Kunming 650204, Yunnan, China

Abstract: Eight species of Primula and two species of Androsace, Primulaceae,
introduced from Yunnan Province, China, were studied cytologically. The
chromosome numbers are as follows; Primula malacoides (2n=18), P. sinolisteri
(2n=24), P. forrestii (2n=24), P. secundiflora (2n=22), P. beesiana (2n=22),
P. poissonii (2n=22), P. sikkimensis (2n=22), P. pulchella (2n=16), A. spinu-
lifera (2n=20) and A. bulleyana (2n=20). Diversities of chromosome morpholo-
gy, especially in interphase nucleus and at mitotic prophase in the genera Primula
and Androsace were pointed out.

Key words: Androsace, chromosome, karyotype, Primula, Yunnan

Based on an agreement between Yunnan Province, China and Toyama Prefec-
ture, Japan, 144 taxa (52 families) of Chinese plants were introduced from Kun-
ming Institute of Botany, Chinese Academy of Sciences, to the Botanic Gardens of
Toyama during 1993 to 1996. Reidentifications and following cytological observa-
tions have been made to the flowered plants at times. In the present series of
study entitled “Cytological studies on Chinese plants introduced from Yunnan
Province”, we will provide cytological informations on the Chinese plants.

The genera Primula and Androsace, both Primulaceae, comprise about 500 and
100 species, respectively, and in China, about 300 species of the former and about
70 of the latter are known (Hu 1990, Yang & Huang 1989). From Yunnan Pro-
vince, 100 species of Primura and 30 species of Androsace have been reported
(Kunming Institute of Botany, 1984). Of those, 20 species of Primula and four of
Androsace have been introduced to the Botanic Gardens of Toyama.

According to Fedorov (1974) and volumes of “Index to Plant Chromosome
Numbers” covering from 1967 to 1991, the chromosome numbers of about 280
species (56 %) of Primula are known. A comprehensive studies in cytology of
Primula were made by Bruun (1932), who reported chromosome numbers of over
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100 species with some descriptions of chromosome features at metaphase observed
by paraffin embedding/section methods. However, very little knowledge is availa-
ble concerning chromosome morphology at interphase, prometaphase and metaph-
ase prepared by the present methods. The condition is similar in Androsace; the
chromosome numbers of about 50 % (48 spp.) of the species are given in the above
mentioned indices, however, little is known on chromosome morphology. This
report deals with karyomorphology in eight species of Primula and two species of
Androsace, including first counts of chromosome numbers for Primula pulchella and
Androsace bulleyana.

Materials and Methods

The species studied are shown in Figure 1 and listed in Table 1 with their col-
lection data and chromosome numbers. Taxonomic treatments follow Hu (1990)
for Primula and Yang & Huang (1989) for Androsace.

Table 1. Studied species of Primula and Androsace, and their collection data, accession
numbers and chromosome numbers.

Species Collection® BGT number? Chromosqme
number
Primula
Sect. Monocarpicae
P. malacoides Franch. Zhongdian, 3200 m alt. 32374 2n=18
Sect. Obconicolisteri
P. sinolisteri Balf. f. Luquan, 2500 m alt. 32300 2n=24
Sect. Bullatae
P. forrestii Balf. f. Lijiang, 2700 m alt. 30933 2n=24
Sect. Proriferae
P. secundiflora Franch. Zhongdian, 3100 m alt. 32352 2n=22
P. beestana Forr. Lijiang, 2500m alt. 32311 2n=22
P. poissonii Franch. Zhongdian, 3300 m alt. 30934 2n=22
Sect. Sikkimensis
P. sikkimensts Hook. Zhongdian, 3100 m alt. 32272 2n=22
Sect. Aleuritia
P. pulchella Franch. Lijiang, 2800m alt. 30935 2n=16
Androsace
Sect. Chamaejasme
A. spinulifera (Franch.) R. Knuth  Lijiang, 3200 m alt. 30930 2n=20
Sect. Aizoidium
A. bulleyana Forr. Zhongdian, 3400 m alt. 30929 2n=20

D All localities are in Yunnan Province, China.
» Accession number of the Botanic Gardens of Toyama.
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Fig. 1. Primuia and Androsace studied. A: P. malacoides (X0.2). B: P. sino-
listeri (X0.2). C: P. forrestii (X 0.2). D: P. secundiflora (X04). E: P,
beesiana (X0.6). F: P. poissonii (X0.6). G: P. sikkimensis (X0.4). H: P.
pulchella (X0.6). 1: A. spinulifera (X0.7). I: A. bulleyana (X0.8).
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The plant materials, introduced from Yunnan, were cultivated in pods in the
experimental green house of the Botanic Gardens of Toyama. Fresh root tips of
5mm 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 (1: 3 mixture of acetic acid
and ethanol) for more than 24 h at 5C and macerated with 1: 2 mixture of 1 N HCI
and 45 % acetic acid 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 squa-
shing method.

For karyotype description, typification proposed by Tanaka (1971, 1977) are
adopted.

The voucher specimens otherwise photographs of the used materials are kept
in the herbarium of the Botanic Gardens of Toyama (TYM).

Observations and Discussion

Results of chromosome counts are given in Table 1. Details of chromosome
morphology at interphase, mitotic prophase and metaphase in each species are
described below.

1. Primula malacoides Franch. (2n=18)

The interphase nucleus has small (less than 0.5 #m in diameter) chromatin
blocks, and irregularly dispersed many chromomeres (Fig. 2A). Since the
chromatin blocks are fewer than the chromosomes, the nucleus is of the simple
chromocenter type (Tanaka 1971). The mitotic prophase chromosomes have early
condensed segments at the proximal regions of the both arms (Fig. 2B).
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Fig. 2. Somatic chromosomes of Primula malacoides (2n=18). A:Interphase. B: Prophase.
C & D: Metaphase. Scale bars = 5 um.
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Chromosome number at metaphase is 2n=18 (Fig. 2C), which agrees with
earlier counts of Sugiura (1928, as n=9), Bruun (1930, 1932), Kattermann (1934),
Sarkar (1973, 1988, both as n=9) and Sakya & Joshi (1990). This species has
heen widely cultivated and known to have intraspecific polyploidy, diploid with 2n
=18 and tetraploid with 2n=36 (e.g. Kattermann 1934). The plant used in this
study is of diploid cytotype. The 18 chromosomes vary in length gradually from
3.3 to 21pum (Fig. 2D). Of 18 chromosomes, six have centromeres at submedian
position and the remaining 12 at median position. Secondary constrictions are
observed in the middle position of each arm of two medium-sized chromosomes; in
another words, the two chromosomes have large satellites on the short arms.
Bruun (1932) also observed satellites in one chromosome pair and described their
sizes as “so large as to be hardly deserving of this name” Qur results well agree
with Bruun's description.

2. Primula sinolisteri Balf. f. (2n=24)

The interphase nucleus has well delimited chromatin blocks 0.3 to 0.8 yum in
diameter and dispersed chromomeres (Fig. 3A). Since the chromatin blocks are
fewer than the chromosomes, the nucleus is of simple chromocenter type (Tanaka
1971). The mitotic prophase chromosomes have early condensed small segments at
the proximal regions of both arms (Fig. 3B).

Chromosome number at metaphase is 2n=24 (Fig. 3C), which agrees with the
previous reports (Bruun 1930, 1932). The 24 chromosomes vary in length gradu-
ally from 2.3 to 1.5 um (Fig. 3D); the smallest among the Primula studied. All 24
chromosomes have centromeres at median position agreeing with the result of
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Fig. 3. Somatic chromosomes of Primula sinolisteri (2n=24). A: Interphase. B: Prophase.
C & D: Metaphase. Scale bars = 5 g¢m.
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Bruun (1932). Secondary constrictions are observed at the proximal region of the
long arm of the second-largest chromosome pair. Bruun (1932) described karyo-
type of this species as “in one pair distinctly elongated” Judging from his illust-
ration, the elongated chromosome pair seem to correspond to the chromosomes
with secondary constrictions in the present observation.

3. Primula forrestii Balf. f (2n=24)

The interphase nucleus has well delimited many (more than 24) chromatin
blocks 0.3 to 0.8 #m in diameter and dispersed chromomeres (Fig. 4A), thus the
nucleus is of the complex chromocenter type (Tanaka 1971). The early condensed
segments of the mitotic prophase chromosomes vary in number and position by
chromosome arms; located in the distal, distal and proximal or distal and inter-
stitial regions, etc. (Fig. 4B),

Chromosome number at metaphase is 2n=24 (Fig. 4C), which agrees with the
previous reports (Bruun 1930, 1932). The 24 chromosomes are relatively large in
the Primula studied and vary in length gradually from 4.6 to 2.4 um (Fig. 4D). Of
24 chromosomes, four have centromeres at submedian position and the rest 20 at
median position, Small satellites are observed in the shortest chromosome pair.
Bruun (1932) also reported a pair of chromosomes with satellite.

4. Primula secundiflora Franch. (2n=22)

The interphase nucleus has many (more than 22) small chromatin blocks
(less than 04 um in diameter) and dispersed chromomeres (Fig. 5A), thus the
feature represents the complex chromocenter type (Tanaka 1971). The mitotic
prophase chromosomes have early condensed large segments at the proximal

LAIONKQBIINGT

Fig. 4. Somatic chromosomes of Primula forrestii (2n=24). A: Interphase. B: Prophase. C
& D: Metaphase. Scale bars = 5um.
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regions of both arms, and additionally round small ones at arm ends (Fig. 5B).

Chromosome number at metaphase is 2n=22 {Fig. 5C), which agrees with the
previous counts (Bruun 1930, 1932). The 22 chromosomes gradually vary in
length from 3.9 to 2.1 um. Of 24 chromosomes, the shortest pair have centromeres
at submedian position, and the rest 20 at median position. Satellite are observed
in short arms of the shortest pair. Bruun (1932) also observed two chromosomes
with submedian centromeres, but no satellite on them. However, Bruun (1932)
observed satellite on a medium-sized chromosome with no visible constriction.

5. Primula beesiana Forr. (2n=22)

The interphase nucleus has many (more than 22) chromatin blocks 0.3 to
1.7 ym in length, rod or round in shape and many dispersed chromomeres (Fig.
6A), thus the nucleus represents of the complex chromocenter type (Tanaka 1971).
The mitotic prophase chromosomes have early condensed segments at proximal
regions of both arms in great volumes, and additionally some have small round
ones at arm ends (Fig. 6B). Thus, prometaphase chromosomes resemble those of
P. secundiflora.

Chromosome number at metaphase is 2n=22 (Fig. 6C), which agree with the
previous counts (Bruun 1930, 1932). The 22 chromosomes vary in length gradu-
ally from 5.0 to 3.0 #m (Fig. 6D), therefore, the species has the largest chromosome
complement among the Primula studied. Of 22 chromosomes, four have centro-
meres at submedian position and the remaining 18 at median position, whereas
Bruun (1932) observed one pair of chromosomes with subterminal centromere.
Satellites are observed in small-sized two chromosomes in this study.
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Fig. 5. Somatic chromosomes of Primula secundiflora (2n=22). A: Interphase. B: Proph-
ase. C & D: Metaphase. Scale bars = 5um,
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Fig. 6. Somatic chromosomes of Primula beesiana (2n=22). A:Interphase. B: Prophase. C
& D: Metaphase. Scale bars = 5pm.

6. Primula poissonii Franch. (2n=22)

The interphase nucleus and the mitotic prophase chromosomes are similar to
those of P. secundiflora, however the sizes of condensed segments in prophase
chromosomes are much smaller in P. poissonii (Figs. 7A, B).

Chromosome number at metaphase is 2n=22 (Fig. 7C), which agrees with the

ST

Fig. 7. Somatic chromosomes of Primula poissonii (2n=22). A:Interphase. B: Prophase. C
& D: Metaphase. Scale bars = 5 pm.
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previous counts (Bruun 1930, 1932). The 22 chromosomes vary in length gradu-
ally from 3.8 to 20um (Fig. 7D). Of 22 chromosomes, small-sized six have
centromeres at submedian position and the remaining 16 at median position.
Satellites are observed in two chromosomes of submedian centromere.

7. Primula sikkimensis Hook. (2n=22)

The interphase nucleus has small chromatin blocks (less than 0.5gm in
diameter) and dispersed many chromomeres (Fig. 8A). The chromatin blosks are
fewer than the chromosomes, the nucleus is of the simple chromocenter type.
(Tanaka 1971). The mitotic prophase chromosomes have early condensed large
segments at the proximal regions of both arms (Fig. 7B).

Chromosome number at metaphase is 2n=22 (Fig. 7C). The result agrees
with the previous counts of Bruun (1930, 1932), Zhukova (1967) and Sakya &
Joshi (1990), while differs from n =29 counts of Sharma & Sarkar (1967-68),
Sharma (1970) and Sarkar (1988). Of 24 chromosomes, larger four vary in length
from 3.1 to 2.6 gm and the remaining 18 gradually vary from 2.2 to 1.5 gm, thus the
karyotype shows bimodal size-variation (Tanaka 1977). Medium-sized four
chromosomes have centromeres at submedian position and the remaining 18 at
median position. Secondary constrictions are observed at the proximal position of
the short arms of the medium-sized one pair. With respect to chromosome length,
our result resembles Bruun's statement (1932), i. e. “chromosomes small, relative-
ly short and pronouncedly non-uniform” In contrast, concerning to secondary
constrictions or satellite, Bruun (1932) showed only one small satellite in his
illustration. Above mentioned results of chromosome number and chromosome
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Fig. 8. Somatic chromosomes of Primula sikkimensis (2n=22). A: Interphase. B: Proph-
ase. C & D: Metaphase. Scale bars = 5 ygm.
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morphology suggest that Primula sikkimensis involves heterogeneous elements
from the cytological viewpoint.
8. Primula pulchella Franch. (2n=16)

The interphase nucleus has many (more than 16) chromatin blocks, less than
0.5 pm in diameter, and dispersed chromomeres (Fig. 9A), thus the nucleus is of
the complex chromocenter type (Tanaka 1971). The mitotic prophase chromo-
somes have early condensed segments at the proximal regions, and additionally at
interstitial or distal positions in some chromosomes (Fig. 9B).

Chromosome number at metaphase is 2n =16 (Fig. 9C). This is the first
report of the chromosome number for this species. Hu (1990) placed P. pulchella in
Sect. Aleuritia, which contains heterogeneous species in view of chromosome
numbers (cf. Fedorov (1974)). Recently, Richards (1993) proposed Sect. Pulchel-
la which contains 13 species with the type P. pulchells. Among the 13 species of
the Sect. Pulchella, only three (P. stenocalys Maxim., P. inayatii Duthie and P.
knuthiana Pax) have been studied cytologically and known to be 2n=16 (Richards
1993). Primula pulchella is the forth example of x = 8 for Richards's Sect.
Pulchella,

The 16 chromosomes are relatively small and gradually vary in size from 3.1
to 2.1 #m (Fig. 9D). Of 16 chromosomes, four chromosomes (two medium sized
and two shortest ones) have centromeres at submedian position and the remaining
18 at median position. Faintly stained satellite is observed in short arms of the
shortest chromosome pair.

D "l“."'.,"'|l
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Fig. 9. Somatic chromosomes of Primula pulchella (2n=16). A: Interphase. B: Prophase.
C & D: Metaphase. Scale bars = 5 gm.
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9. Androsace spinulifera (Franch.) R. Knuth (2n=20)

The interphase chromosome has small (less than 0.5um in diameter) chro-
matin blocks and dispersed many chromomeres (Fig. 10A), however, it is difficult
to distinguish the small chromatin blocks from the chromomeres. Thus, the
nucleus is intermediate between the diffuse type and the complex chromocenter
type (Tanaka 1971). The mitotic prophase chromosomes show almost homo-
geneous condensations except for dot-like small segments of early condensation,
which locate various positions (Fig. 10B).

Chromosome number at metaphase is 2n=10 (Fig. 10C), which agrees with
the previous report (Kress 1965). The 20 chromosomes are relatively large, and
gradually vary in length from 7.3 to 4.9 #m (Fig. 10D). Of 20 chromosomes, medi-
um-sized one pair have centromere at submedian position and remaining 18 chro-
mosomes at median position. Small satellites are observed in short arms of the
chromosome pair with submedian centromere.

10. Androsace bulleyana Forr. (2n=20)

The interphase nucleus has numerous (more than 40) chromatin blocks
varying in shape (round to rod) and size (0.5 to 1.5m in length) and dispersed
many chromomeres (Fig. 11A). The feature of nucleus represents the complex
chromocenter type (Tanaka 1971). The mitotic prophase chromosomes have early
condensed segments at the proximal, interstitial and terminal regions (Fig. 11B).

Chromosome number at metaphase is 2n =20 (Fig. 11C). This is the first
report of the chromosome number for this species. The 20 chromosomes gradually
vary in size from 7.4 to 5.2um in length (Fig. 11D), therefore the chromosome
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Fig. 10. Somatic chromosomes of Androsace spinulifera (2n=20). A: Interphase. B: Proph-
ase. C & D: Metaphase. Scale bars = 5pm.
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Fig. 11. Somatic chromosomes of Androsace bulleyana (2n=20). A: Interphase. B: Proph-
ase. C & D: Metaphase. Scale bars = 5um.

complement is the largest among the species studied. Except for the shortest
chromosome pair which have centromeres at subterminal position, 18 chromo-
somes have them at median position. Dot-like small satellites are observed in
short arms of the shortest chromosome.

In Primula, the basic chromosome numbers x = §, 9, 10, 11 and 12 are known
(Bruun 1932, Richards 1993). The eight species in six sections studied also
showed diversity in chromosome number; 2n=16, 18, 22 and 24. Additionally, the
present study revealed remarkable variations in chromosome features at interph-
ase, mitotic prophase and metaphase. That is, interphase nuclei show the simple-
or complex chromocenter type (Tanaka 1971); mitotic prophase chromosomes
represent the proximal or interstitial type of condensation patterns (Tanaka
1977) and at metaphase, the positions of centromeres and secondary constrictions
(or satellites) vary between species although the eight species commonly have
symmetric karyotype in centromeric position and have two satellite chromosomes.

With respect to Androsace, the two species studied have the same chromosome
number 2n = 20, a common through the genus Androsace (cf. Fedorov 1974).
However, the chromosome features at interphase and mitotic prophase differs
between them. Karyomorphology, especially at interphase and mitotic prophase
may provide useful clues for understanding species phylogeny in the Primulaceae.

We are grateful to Messrs. Lishan Xie, Zhusan Ren, Qitai Zhang, Xun Gong,
Yuanxue Lu, Zhonglang Wang, Baojun Feng and Nobuo Kuribayashi for their
assistance in cultivating materials and to Dr. Kazuo Oginuma for critical reading of
the manuscript.
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Seed Germination of Monochoria korsakowii Regel & Maack.,
a Threatened Plant

Toshinari Godo

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan

Abstract: Seeds of Monochoria korsakowii Regel & Maack. were sterilized by 70 %
ethyl alcohol and washed with water. Then these seeds were sowed on filter
paper soaked distiled water in petri dishes and incubated under some different
conditions i.e. light-aerobic, light-anaerobic, dark-aerobic and dark-anaerobic.
Germination rates were high (more than 70 %) under a light-anaerobic condi-
tion, whereas the germination was strongly inhibited by a light-aerobic, a
dark-aerobic or a dark-anaerobic conditions.

Key words: germination, Monochoria korsakowii, seed, threatened plant
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Fig. 3. a) Seedlings of Monochoria korsakowsi Regel & Maack. after 1 month of incu-
bation under light-anaerobic condition at 20°C. b) Non-germinated seeds of
Monochoria korsakowii Regel & Maack. after 1 month of incubation under light-
aerobic condition at 20 C. Bar = 2 cm.
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Revision of Japanese Species of Myelochroa (Parmeliaceae)
Syo Kurokawa® & Satoko Arakawa?

U Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan
2 Department of Biological Sciences, Graduate School of Science, University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan

Abstract: Japanese species of Myelochroa are taxonomically revised and nine
species are recognized to occur in Japan. Distribution especially in Japan and the
adjacent regions is summarized for each of these species. M. crassata and M.
subaurulenta, which were considered separate species by Hale (1976) and Elix &
Hale (1987), are reduced as synonyms of M. irrugans. In addition, M. rhytidodes
is reduced as a synonym of M. entotheiochroa. M. immiscens and M. lindamanii are
transferred to Parmotrema.

Key words: circumscription, distribution, Japanese species, Myelochroa.

When the genus Myelochroa was established, Elix & Hale (1987) accomodated
19 species, which are primarily distributed in temperate zones and at higher
elevations in the tropics. Prior to the establishment of the genus, J. D. Zhao (=
C.Y. Chao) (1964) described Parmelia crenulata (= Parmelina crenulata (J. D.
Zhao) J. C. Wei), which apparently belongs to Myelochroa. In addition, Elix (1996)
described M. nothofagi from Papua New Guinea and Park (1990) reported M.
coreana from Korea as a new species. At present, consequently, 22 species are
known as members of the genus. Species of Myelochroa basically have appressed to
adnate thalli composed of irregular to sublinear lobes with black lower surface.
There is, however, a notable variation in lobe configulation as will be discussed
below. Chemically, all species of the genus, excepting for M. indica, produce se-
calonic acid A in the medulla of thallus or at least in the medulla of apothecium.
Three unrelated groups are recognizable in the present genus; the first group, the
M. galbina group, is characterized by the production of galbinic acid and triter-
penoids and by the formation of moniliform cells in the medulla; the second group,
the M. aurulenta group, produces triterpenoids but no galbinic acid and forms no
moniliform cells in the medulla; the third group, the M. immiscens group, produces
no galbinic acid nor triterpenoid and does not form moniliform cells. The first
group includes M. galbina, M. hayachinensis, M. metarevoluta, and M. obsessa; the
second includes most species of the genus; and the third includes M. immiscens and
M. lindamaniz.
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Species of Myelochroa are known from rather restricted areas. However, M.
aurulenta is exceptionally widely distributed in the world excepting Europe (Hale
1976). According to Hale (1976), 11 of 22 species were reported from Japan.
These species belong to the first or second group and no species belonging to the
third group is known from Japan. In the present paper, these Japanese species are
taxonomically revised and nine of them are recognized to occur in Japan. The
geographical distribution of each species will be also reported in the present
paper. It should be noted here that two of nine species, M. galbina and M. meta-
revoluta, show a typical disjunctive distribution between eastern Asia and eastern
North America (Kurokawa 1972) and apparently belong to the Arcto Tertiary
element. In contrast, none of the M. aurulenta group shows such a distribution,
and a number of them are endemic to eastern Asia or to Japan.

In 1976, when Hale published ‘A monograph of the lichen genus Parmelina’, he
was of opinion that terpene profiles on the chromatography, i. e. the presence of
leucotylin or leucotylic acid, could be used for separation of species of the P.
aurulenta (= Myelochroa aurulenta) group. He considered P. rhytidodes could be
chemically separated from P. entfotheiochroa by the production of leucotylic acid
rather than leucotylin and P. subaurulenta from P. irrugans by leucotylin rather
than leucotylic acid. However, ‘terpene profiles’ seem to be very variable and can
not be used for separation of species, though only zeorin seems to be a constant
component in all species of Myelochroa, excepting the M. immiscens group.

Although no species of the M. immiscens group are known from Japan as
mentioned above, it should be noted here that none of the species belonging to the
group produces zeorin and the related triterpenoids, which are produced by all
other members of the genus. In addition, these two species have rather broad
irregular lobes with rotund apices, while other species of Myelochroa have sub-
linear narrow lobes with more or less truncate apices. The broad lobes have
rather wide naked zones on the lower surface near the apices. These chemical and
morphological features are very unusual in Myelochroa and indicate that these two
species can be considered to be more closely related to Parmotrema rather than to
species of Myelochroa, though these two species contain secalonic acid A. Secalonic
acid A is common in species of Myelochroa but it is also produced in some species of
Parmotrema with yellow medulla, such as P. affluens (Hale) Hale, P. endosul-
phurewm (Hillmann) Hale, P. flavomedullosum Hale, etc. (Hale 1974). As shown
below, therefore, these two species are transferred to Parmotrema.

Removing M. immiscens and M. lindamanii from the genus, Myelochroa is now
clearly characterized by the adnate to closely adnate thalli composed of rather
narrow lobes ciliate usually only in the axilis and black lower surface densely
rhizinate even near the apices of lobes, and chemically by the production of zeorin
and the related triterpenoids. In addition, species of Myelochroa seem to have



March 1997 Kurokawa & Arakawa: Japanese species of Myelochroa 25

differenciated in rather restricted area, mainly in eastern Asia, the Pacific area or
Australia in the Old World, with range extention of some species to other areas.

The present study is principally based on the specimens collected by the
senior author in the last thirty years. Unless otherwise stated, specimens cited in
this paper are annotated and preserved at TNS. In this opportunity, the authors
express thier sincere thanks to Dr. T. Ahti and Dr. O. Vitikainen of the Department
of Botany, University of Helsinki for the loan of type specimens.

Key to the Japanese species of Myelochroa

1' Thallus lSldlate ........................................................... 9 M perisidians
1. Thallus not isidiate.
2. Thallus sorediate or pustulate.
3. Thallus pustulate-sorediate, soredia becoming farinose: soralia laminal and
terminal, terminal soralia often capitate.
4. Medulla P+ orange, containing galbinic acid; moniliform cells present in

the medulla ...................................................... 8 M metarevoluta
4. Medulla P— or + yellow, lacking galbinic acid; moniliform cells lacking
in the medu]la ...................................................... 2 M. au?’ul@%ta

3. Thallus pustulate on upper surface; pustules forming granular soredia.
5. Medulla P+ orange, containing galbinic acid; moniliform cells present in

the medulla .................................................... 5 M hayachinensis
5. Medulla P— or + yellow, lacking galbinic acid; moniliform cells lacking
in the n]edulla ..................................................... 7. M leucotyliza

2. Thallus without soredia and pustules.

6. Upper surface distinctly rugose, often burst opening along the ridges of
wrinkles; upper cortex fragile and easily flaking away, exposing white or
lemon-yellow medulla cecerrcrerrrereriiiiiiiiiiiiiiiiiiiiial, 3 M entotheiochroa

6. Upper surface smooth, cortex almost entire.

7. Thallus rather tightly adnate; medulla P+ orange yellow, containing
galbinic acid; moniliform cells present in the medulla ---++--- 4. M. galbina
7. Thallus adnate; medulla P— or P+ yellow, lacking galbinic acid; moni-
liform cells lacking in the medulla.
8. Medulla almost white or lemon yellow, K— or + yellow - 6. M. irrugans
8. Medulla brick yellow and K+ wine red in the lower half
.................................................................... 1. M amagiensis

1. Myelochroa amagiensis (Asahina) Elix & Hale, Mycotaxon 29: 240. 1987.
Basionym: Parmelia amagiensis Asahina, J. Jpn. Bot. 26: 228. 1951. Type
collection. Mt. Amagi, Japan, Y. Asahina 95 (holotype in TNS).
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Parmelina amagiensis (Asahina) Hale, Smiths. Contr. Bot. 33: 18. 1976.

Chemistry. Atranorin, zeorin, leucotylin (+ or —), leucotylic acid (+ or —),
leucotylin mono-acetate, related triterpenoids, secalonic acid A and an unidentified
anthraquinone.

The present species is characterized by adnate thalli without soredia and
isidia and the medulla which is brick yellow in the lower half. The yellow
pigments may be identical with those produced by M. denegans (Nyl.) Elix & Hale
and contain secalonic acid A and an unidentified anthraquinone, which shows wine
red color reaction with K.

Myelochroa amagiensis is endemic to Japan and is apparently very rare, having
been known from only four localities (Fig. 1).

Specimens examined. Honshu. Prov. Etchu: Fujibashi, Tateyama-machi, T.
Yanagisawa 599a. Prov. Izu: Ako, Isl. Miyakejima, elevation about 400m, H.
Kasihwadani 13750. Kyushu. Prov. Hyuga: Wariiwa-dani, Sakatani-mura, Minami-
naka-gun, S. Kurokawa 550058,

2. Myelochroa aurulenta (Tuck.) Elix & Hale, Mycotaxon 29: 240. 1987.

Basionym: Parmelia aurulenta Tuck., Am. J. Sci. Arts, ser. 2, 25: 424. 1858.
Type collection. Harpes Ferry, Virginia, U.S.A., Tuckerman (lectotype in FH;
Tuckerman Herb.).

Parmelina aurulenta (Tuck.) Hale, Smiths. Contr. Bot. 33: 19. 1976 — Hypo-
trachyna aurulenta (Tuck.) Krog & Swinscow, Lichenologist 19: 420. 1987.

For other synonyms, see Hale (1976).

Chemistry. Atranorin, zeorin, leucotylin (+ or —), leucotylic acid (+ or —),
related triterpenoids and secalonic acid A.

Myelochroa aurulenta is a pantemperate and montane pantropical species
known from the world excepting for Europe. It is easily distinguished from the
related species by the negative color reaction of the medulla with P and the pres-
ence of soredia. Soredia are initiated from pustules and usually form masses of
soredia called soralia. Soralia are variable in shape and are laminal and subter-
minal; laminal soralia are rounded and often diffusing and subterminal soralia are
often inflated to form capitate soralia.

Hale (1976) considered Parmelina aurulenta (= Myelochroa aurulenta) con-
tains atranorin, secalonic acid A, zeorin, leucotylic acid and the related terpenes.
In fact, leucotylic acid was demonstrated in 24 of 25 specimens collected in Japan.
However, leucotylin rather than leucotylic acid was demonstrated in one specimen
collected in Prov. Bungo (S. Kurokawa 63190). No morphological difference has
been found in these chemical races.

According to Hale (1976), M. aurulenta has been recorded from Japan, eastern
and south-eastern Asia including Siberia, Korea, main land of China, Taiwan, Hong
Kong, Pakistan, Nepal, India, Sri Lanka, Java, the Philippines, New Guinea, eastern
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Fig. 1. Distribution of Myelochroa amagiensis (®) and M. perisidians (%) in Japan.



Bull. Bot. Gard. Toyama No.2

28

jrey

142

24

128

126

Fig. 2. Distribution of Myelochroa aurulenta in Japan and the adjacent regions.




March 1997 Kurokawa & Arakawa: Japanese species of Myelochroa 29

Africa including Madagascar, Hawaii, Canada, U.S.A., Mexico and South America.
Eighty five specimens preserved in TNS are annotated and they include one
specimen collected in Australia (on southern slopes of Mt. Ernest, south east
Queensland, elevation about 550m, S. Kurokawa 5422). Judging from the distri-
bution map based on 56 specimens collected in Japan and the adjacent regions
shown in Fig. 2, M. aurulenta is apparently rare in Japan Sea side of Japan
Archipelago as well as in northern Japan, even though two localities are known in
Hokkaido.

3. Myelochroa entotheiochroa (Hue) Elix & Hale, Mycotaxon 29: 240, 1987.

Basionym: Parmelia entotheiochroa Hue, Nouv. Arch. Mus., Paris, ser. 3, 1: 161.
1899. Type collection. Hakodate, Japan, Faurie 104 p.p. (lectotype in PC, isotype
in TNS).

Parmelina entotheiochroa (Hue) Hale, Smiths. Contr. Bot. 33: 28. 1976.

Parmelina vhytidodes Hale, Smiths. Contr. Bot. 33: 43. 1976 — Myelochroa
rhytidodes (Hale) Elix & Hale, Mycotaxon 29: 241. 1987. Tyep collection. Amagi
Pass, Prov. Izu, Japan, S. Kurokawa 58601 (holotype in US; isotype in TNS).

Chemistry. Atranorin, zeorin, leucotylin (- or —), leucotylic acid (+ or —),
realted triterpenoids and secalonic acid A.

This is one of the common foliose lichens in lowland of Japan. It is easily
recognized by the rather fragile thallus with distinct yellow or white patches
exposing the pale yellow or white medulla where the cortex flakes away. The
upper surface is distinctly rugose and often reticulately wrinkled. Ridges of
wrinkles often burst open but never produce soredia. It grows on tree trunks,
rocks, and stone works in open forest.

Hale (1976) described Parmelina rhytidodes, which was morphologically
separated from P. enfotheiochroa by densely developed ridges, which do not burst
open. He also enphasized that P. rhytidodes gave the ‘aurulenta’ terpene profile
(containing leucotylic acid) with TLC tests, in contrast with the ‘subaurulenta’
terpene profile (containing leucotylin) of P. entotheiochroa. However, dense wrin-
kles are formed in Mpyelochroa rhytidodes as well as in M. entotheiochroa and the
ridges similarly open in both species, including isotypes of Parmelia entotheiochroa
and Parmelina rhytidodes preserved in TNS. The ‘aurulenta’ terpene profile was
demonstrated in some specimens of M. entotheiochroa in the sense of Hale and
‘subaurulenta’ profile in some specimens of M. rhytidodes in the sense of Hale.
Although zeorin seems to be a constant component, other triterpenoids are very
variable in amount and quality and the terpene profiles can not be used to separate
species. Thus, M. rhytidodes is simply reduced as a synonym of M. entotheiochroa in
the present paper.

A map of distribution in Japan and Korea based on 126 specimens preserved
in TNS is shown in Fig. 3. The present species has been reported from Korea (Hale
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1976, Park 1990) and Nepal (Hale 1976, Kurokawa 1993) under Parmelina ento-
theiochroa or P. rhytidodes. A specimen collected in Thailand (Maetang District,
Prov. Chien Mai, elevation about 1.000m, S. Kurokawa 1712) is identified with this
species. New to Thailand.

4. Myelochroa galbina (Ach.) Elix & Hale, Mycotaxon 29: 240. 1987.

Basionym: Parmelia galbina Ach., Syn. Meth. Lich. 195. 1814. Type collection.
North America (Pennsylvania ?), Muhlenberg (lectotype in H, Acharius Herb.).

Parmelina galbina (Ach.) Hale, Phytologia 28: 482. 1974.

Parmelia subquercina var. rugosa Hue, Nuov. Arch. Mus., Paris, ser. 3, 1: 157,
1899 — Parmelia sublaevigata f. rugosa (Hue) Asahina,J. Jpn. Bot. 26: 291. 1951 —
Parmelia galbina var. rugosa (Hue) Asahina, J. Jpn. Bot. 38: 225. 1963. Type
collection. Oyama, Japan, Faurie s. n. (holotype in PC) not seen.

Parmelia sublaevigata f. subradiata Asahina, J. Jpn. Bot. 26: 291, 1951 —
Parmelia galbina var. subradiata (Asahina) Asahina, J. Jpn. Bot. 38: 225. 1963.
Type collection. Base of Mt. Fuji, Japan, Yamamoto (lectotype in TNS).

For other synonyms, see Hale (1976).

Chemistry. Atanorin, galbinic acid, zeorin, leucotylin (4+ or —), leucotylic
acid (+ or —), related triterpenoids and secalonic acid A.

Although Hale (1976) reported the occurrence of leucotylin in the present
species, leucotylin does not seem to be the constant component, because leucotylic
acid, but not leucotylin, was demonstrated in 11 of 20 specimens tested.

In 1976, Hale cited Parmelia laevigala ssp. extremiorientalis {. rugosa (Hue)
Asahina as a synonym of Parmelina galbina. However, Asahina never proposed
such a combination.

Mpyelochroa galbina shows a typical disjunctive distribution in eastern Asia
and easterm North America (Kurokawa 1972) and is considered to belong to the
Arcto Tertiary element. It has been reported from Korea by Park (1990) and
Nepal (Kurokawa 1993) and the discovery of the species in southern China in-
cluding Taiwan and south-eastern Asia is anticipated. Distribution map based on
93 specimens collected in Japan is shown in Fig. 4.

Exsiccata examined. Kurokawa & Kashiwadani, Lich. Rar. Crit. Exs., no. 626
(as Parmelia galbina).

5. Myelochroa hayachinensis (Kurok.) Elix & Hale, Mycotaxon 29: 240.
1987.

Basionym: Parmelia hayachinensis Kurok., J. Jpn. Bot. 43: 350. 1968. Type
collection. Mt. Hayachine, Prov. Rikuchu, S. Kurokawa 67081 (holotype in TNS).
Parmelina hayachinensis (Kurok.) Hale, Smiths. Contr. Bot. 33: 31. 1976.

Chemistry. Atranorin, galbinic acid, zeorin, leucotylin mono-acetate and
leucotylin (trace).

The present species was described on the basis of a sterile specimen collected
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on Mt. Hayachine in northern Japan (Kurokawa 1968). Harada & Kurokawa
(1988) reported the spore size of the species, based on a fertile specimen collected
in Hiroshima. As pointed out by Kurokawa (1968), this is the pustulate morph of
M. galbina, which has differentiated in Japan or eastern Asia (Kurokawa 1972).

Mpyelochroa hayachinensis had been considered to be endemic to Japan. How-
ever, it was reported from Korea by Park (1990). Distribution of the species
based on specimens preserved in TNS is shown in Fig. 5, but it has been also
reported from Pref. Hiroshima and Pref. Kochi in western Japan (Harada &
Kurokawa 1988).

6. Myeolochroa irrugans (Nyl.) Elix & Hale, Mycotaxon 29: 241. 1987.

Basionym: Parmelia irrugans Nyl., Lich. Jap. 26. 1890. Type collection. Uma-
gayeshi, (Mt. Fuji), Japan, E. Almquist (lectotype in H; Nylander Herb. 35551).

Parmelina irrugans (Nyl.) Hale, Smiths. Contr. Bot. 33: 34. 1976.

Parmelia subaurulenta Nyl., Flora 68: 606. 1885 — Parmelina subaurulenta
(Nyl.) Hale, Smiths. Contr. Bot. 33: 46. 1976 — Myelochroa subaurulenta (Nyl.) Elix
& Hale, Mycotaxon 29: 241. 1987. Type collection. Narkanda, N.-W. Himalayas,
India, Skoliczka (lectotype in H; Nylander Herb. 35672).

Parmelia homogenes Nyl., Flora 68: 607. 1885 — Parmelina homogenes (Nyl.)
Hale, Phytologia 28: 482. 1974. Type collection. India, Hooker & Thomson 1942
(lectotype in H; Nylander Herb. 35664).

Parmelia subaurulenta var. myriocarpa Asahina, J. Jpn. Bot. 26: 227. 1951 —
Parmelia myriocarpa (Asahina) J. D. Zhao, Acta Phytotax. Sinica 9: 149. 1964. Type
collection. Mt. Koya, Prov. Kii, Japan, Inumaru 1232 (lectotype in TNS).

Parmelia homogenes {. minor Asahina, Lichens of Japan 78. 1952. Type collec-
tion. Yamanaka, Prov. Kai, Japan, Y. Asahina (lectotype in TNS).

Parmelina crassata Hale, Smiths. Contr. Bot. 33: 22. 1976 — Parmelia crassata
(Hale) J.C. Wei in J. C. Wei & Y. M. Jiang, Lichens of Xizang 43. 1986 — Myelo-
chroa crassata (Hale) Elix & Hale, Mycotaxon 29: 240. 1987. Type collection. Mt.
Akagi, Prov. Kozuke, Japan, S. Kurokawa 550466 (holotype in US and isotype in
TNS).

For other synonyms see under Parmelina irrugans and P. subaurulenta in Hale
(1976).

Chemistry. Atranorin, zeorin, leucotylin (+ or —), leucotylic acid (+ or —),
related triterpenoids and secalonic acid A.

When Nylander (1890) described Parmelia irrugans, he cited two specimens;
one from Simonoseki and the other from Umagayeshi, (Mt. Fuji), Japan. In 1976,
when he transferred it to Parmelina, Hale designated Nylander Herbarium, no.
35551 as the lectotype (Fig. 6). Unfortunately, he erroneously stated the locality of
the lectotype to be Simonoseki (Honshu), Japan. However, the lectotype was
actually collected at Umagayeshi on the foot of Mt. Fuji. The specimen collected at
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Fig. 6. Lectotype of Parmelia trrugans Nyl. Scale indicates mm.

Simonoseki (Nylander Herbarium 35552), a syntype of P. érrugans, can be clearly
identified with Myelochroa leucotyliza, since the thallus is rather rugose with a few
pustules on the surface and the medulla is rather white, even though the specimen
is small and fragmentary.

Myelochroa trrugans is apparently a very variable species in the thickness of
thallus, width of lobe, the size of mature apothecia, etc. Papulation with thicker
thalli was commonly called Parmelia homogenes by most Japanese lichenologists
and was named Parmelina crassata by Hale (1976). On the other hand, the present
species sometimes forms numerous smaller apothecia usually less than 3mm in
diameter. Even though this form was named Parmelia subaurulenta var. myriocarpa
by Asahina (1951) (Fig. 7A), it is apparently an ecological form and can be
included in variation of Myelochroa irrugans. Hale (1976) regarded specimens
with smaller apothecia (var. myriocarpa) coincided with the type of P. subaurulenta.
Then he considered Prmelina subaurulenta was a separate species, which could he
distinguished from P. irrugans by smaller apothecia (less than 3mm in diameter).
However, the lectotype of Parmelia subaurulenta designated by Hale (Fig. 7B) is a
small specimen with only juvenile apothecia 2—3 mm in diameter. Therefore, P.
subaurnlenta as well as P. subaurulenta var. myriocarpa can be considered to be as
only ecological variants of Myelochroa irrugans and can not he considered as sepa-
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Fig. 7. Lectotypes of Parmelia subawrulenta var. myriocarpa Asahina (A) and Parmelia
subaurulenta Nyl. Scale indicates mm.

rate taxa. Thus, they are reduced as synonyms of Myelochroa trrugans in the
present paper.

As mentioned under M. aurulenta and M. entotheiochroa, terpene profiles can
not be used to separate species of Myelochroa. In M. irrugans, triterpenoids except
for zeorin seem to be variable in amount as well as in quality.

Myelochyoa 1rrugans is another common foliose lichen in Japan and has been
reported also from Korea, China, Nepal and India (Kurokawa 1967, Hale 1976,
Park 1990). In Japan, it grows on trees, rocks, and stone works including tomb
stones in lowland and montane areas. The range now includes also Saghalien,
Formosa and Thailand. Map of distribution in Japan and the adjacent regions
based on 312 specimens is shown in Fig. 8. These specimens are annotated and are
preserved in TNS.

Specimens collected in Saghalien, Formsa and Thailand.

Saghalien. Mt. Suzuyadake, Y. Asahina s.n. Fomosa. Prov. Ilan: Mt. Nanfuta-
san, on tree, elevation 2600 —3000m, S. Kurokawa 1208; Piyanan, elevation 1100—
1300m, S. Kurokawa 751. Prov. Taitung: Chinsueiin, 400—1200m, S. Kurokawa
2992. Prov. Nantoh: Lisan, S. Kurokawa 873; Chitou, S. Kurokawa 1376 ; Yuchih,
vicinity of Sun-Moon Lake, Yuchih-gun, on Paulownia sp., elevation about 700m, H.
Shibuichi 7811; En route from Susulu to Funchifu, elevation 1700 — 2000m, S.
Kurokawa 526. Thailand. Prov. Chieng Mai: Doi Sutep, elevation 1000— 1676 m, S.
Kurckawa 1666; Maetang District, elevation about 1000m, S. Kurokawa 1763.

Exsiccatae examined. Kurokawa & Kashiwadani, Lich. Rar. Crit. Exs., no.
322 (as Parmelia subawrulenta var. myriocarpa), no. 373 (as Parmelia subaurulenta)
and no. 627 {as Parmelina irrugans).

7. Myelochroa leucotyliza (Nyl.) Elix & Hale, Mycotaxon 29: 241, 1987.

Basionym: Parmelia leucotyliza Nyl., Lich. Jap. 27. 1890. Type collection.
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Fig. 8. Distribution of Myelochroa irrugans in Japan and the adjacent regions.
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Rokosan, Japan, E. Almquist s.n. (lectotype in H; Nylander Herb. 35196).

Parmelina leucotyliza (Nyl.) Hale, Smiths. Contr. Bot. 33: 35. 1976.

Parmelia fraudans ssp. subfraudans Zahlbr., Bot. Mag. Tokyo 41: 352. 1927.
Type collection. Inokashira, Tokyo, Y. Asahina 23a (holotype in W and isotype in
TNS).

Parmelia leucotyliza {. rugulosa Asahina, J. Jpn. Bot. 26: 257. 1951. Type
collection. Mt. Higane, Prov. Suruga, Japan, Yamashita 17 (lectotype in TNS).

Parmelia leucotyliza f. sublaevis Asahina, J. Jpn. Bot. 26: 258. 1951. Type
collection. Kadoike, Prov. Suruga, Japan, Y. Asahina (lectotype in TNS).

Chemistry. Atranorin, zeorin, leucotylin, leucotylin mono-acetate (+ or —),
leucotylin di-acetate, related triterpenoids and secalonic acid A.

Mpyelochroa leucotyliza is characterized by the more or less rugose and pustu-
late upper surface. Although this species is sometimes confused with M. aurulenta
especially in eastern Asia, the pustules bear granular soredia along the ridges, but
never produce farinose soredia. The medulla is usually white, though the medulla
of apothecia often pale yellow, containing small amount of secalonic acid A.

Twenty eight out of 212 specimens preserved in TNS were tested with the
TLC methods. It is noteworthy that atranorin, zeorin, leucotylin and secalonic
acid A were demonstrated in all of them, but leucotylic acid was in none of them.

This species is another common foliose lichen in Japan and the adjacent
regions as shown in Fig. 9. It has been reported from Malaysia (Hale 1976) and
Korea (Park 1990) and the range now includes also China (Mt. Fungfangsan,
Mantschuria, Y. Asahina s. n.) and Nepal (East Nepal, M. Togashi s. 1n.).

Exsiccatae examined. Kurokawa & Kashiwadani, Lich. Rar. Crit. Exs., nos.
369 and 628 (as Parmelia leucotyliza).

8. Myelochroa metarevoluta (Asahina) Elix & Hale, Mycotaxon 29: 241.
1987.

Basionym: Parmelia metarevoluta Asahina, J. Jpn. Bot. 35: 97. 1960. Type
collection. Azusayama, Prov. Shinano, Japan, M. Nuno & S. Kurokawa 59243 (lecto-
type in TNS and isotype in US).

Parmelina metarevoluta (Asahina) Hale, Phytologia 32: 483. 1974.

Chemistry. Atranorin, galbinic acid, zeorin, leucotylin, related triterpenoids
and secalonic acid A.

This is the sorediate morph of M. galbing and is known from eastern Asia and
eastern North America (Hale 1976). It is clearly distinguished from the related
species by the presence of soredia and P + orange color reaction in the medulla,
containing galbinic acid. Twelve of 27 specimens preserved in TNS were tested
with TLC methods. Leucotylin was demonstrated in all of them but leucotylic acid
in none of them.

Mpyelochyoa metarevoluta has been reported from eastern United States, Japan
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and China (Hale 1976) and shows a typical disjunctive distribution between
eastern Asia and eastern North America (Kurokawa 1972). Distribution of the
species in Japan is shown in Fig. 10.

9. Myelochroa perisidians (Nyl.) Elix & Hale, Mycotaxon 29: 241. 1987.

Basionym: Parmelia perisidians Nyl., Acta Soc. Sci. Fenn. 26: 6. 1900. Type
collection. Rampodde, Ceylon, E. Almquist s. n. (lectotype in S and isolectotype
in H).

Parmelina perisidians (Nyl.) Hale, Phytologia 32: 483. 1974.

Parmelia subsulphurata Asahina, J. Jpn. Bot. 26: 228. 1951. Type collection.
Higashi-Shirakawa, Prov. Mino, Japan, Yasue s.n. (lectotype in TNS).

Chemistry. Atranorin, zeorin, leucotylin, leucotylic acid (rarely +), leucoty-
lin di-acetate, leucotylin mono-acetate (+ or —), related triterpenoids, secalonic
acid A and an unidentified anthraquinone.

This is the only isidiate species of Myelochroa in Japan and is considered as the
isidiate morph of M. amagiensis, as Hale (1976) correctly recognized. However,
the distribution ranges of these two species are a little different; the present
species is reported from India, Thailand and Japan by Hale (1976) and from Sri
Lanka as its type locality and by Kurokawa & Mineta (1973), while M. amagiensis
is known only from Japan at present. A specimen collected in Sikkim is identical
with this species and the range now includes also Sikkim. The distribution of this
species in Japan is shown in Fig. 1.

Atranorin, zeorin, leucotylin and secalonic acid A were demonstrated in all
specimens and seem to be constant conponents in this species. In addition, both
leucotylin and leucotylic acid were demonstrated in a specimen collected in Sri
Lanka (see below).

Specimens examined. Japan. Prov. Kozuke: Hot Spring Hoshi, Y. Asahina & M.
Nuno s. n. Prov. Musashi: Hatcho Pass, Mt. Ryogami, elevation 1000 —1499m, S.
Kurokawa 64284 and 64285; Over mosses on fallen tree, Mt. Ryogami, elevation
about 800m, H. Shibuichi 2859; Kawauradani, Arakawa-mura, Chichibu-gun, S.
Kurokawa 550009. Prov. Kai: Masutomi, Kitakoma-gun, on rock, H. Shibuichi 1139.
Prov. Mikawa: Mt. Horaiji, Minamishidara-gun, S. Kurokawa 66030 the same
locality, on rock, H. Shibuichi 4570. Prov. Mino: Kirii, Shirakawa-machi, Kamo-
gun, elevation about 500 m, S. Kurokawa 68009. Prov. Settsu: Sengari, Dojo-mura,
Arima-gun, Y. Asahina & M. Togashi s. n. Thailand. En route from Bansuitan to
Phu Kradung, elevation 300 —1350m, S. Kurokawa 1818. Sikkim. Pamianchi, M.
Togashi s. n. Sri Lanka. Between Pusellawa and Rampodde (Ramboda), Central
Province, tea plantation, elevation 3000 — 3200 feet, H. Inoue 12429.

As noted before, M. immiscens and M. lindamanii are better classified under
Parmotrema. Taxonomic treatments are shown below.
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Fig. 10. Distribution of Myelochroa metarevoluta in Japan.
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Parmotrema immiscens (Nyl.) Kurok. comb. nov.

Basionym: Parmelia immiscens Nyl., Flora 68: 606. 1885.

Parmelina immiscens (Nyl.) Hale, Phytologia 28: 482. 1974 — Mpyelochroa
immiscens (Nyl.) Elix & Hale, Mycotaxon 29: 240. 1987.

Parmotrema lindamanii (Lynge) Kurok., comb. nov.

Basionym: Parmelia lindamanii Lynge, Ark. Bot. 13(13): 74. 1914.

Parmelina lindamanii (Lynge) Hale, Phytologia 28: 483. 1974 — Mpyelochroa
lindamanii (Lynge) Elix & Hale, Mycotaxon 29: 241. 1987.
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Abstract: 45S (185-5.85-25S) ribosomal RNA genes (45S rDNA) were physi-
cally mapped on the chromosomes of Hylotelephium sieboldii var. sieboldii and var.
ettyuense by fluorescence in situ hybridization (FISH) using biotin-labeled 45S
rDNA derived from rice as a probe. The 45S rDNA sites were localized on one
pair of chromosomes in var. sieboldii, while on two pairs in var. ettyuense. These
sites were found at the nucleolar organizing region including whole satellite or
terminal region of the chromosomes.

Key words: 45S rDNA genes, fluorescence iz situ hybridization (FISH), Hylotele-
phium sieboldii, Crassulaceae

Hylotelephium sieboldii (Sweet ex Hook.) H. Ohba (= Sedum sieboldii Sweet ex
Hook., common name; Misebaya), Crassulaceae, is popular as a rock garden plant
and as a potted house plant (Stephenson 1994). It has been cultivated in Japan
from the mid-eighteenth century, however, its native locality had long been
unknown until 1950’s when the wild Hylotelephium sieboldit was discovered in
Shodoshima Isl., Kagawa Pref. (Yuasa 1969, 1970). The allied taxa var. etiyuense
(Tomida) H. Ohba (common name; Etchu-misebaya), which was originally des-
cribed as a separate species, Sedum ettyuense Tomida, from Toyama Prefecture
(Tomida 1973), was transferred to the present taxonomic position by Ohba (1981)
based on the morphological features.

Recently, a cytotaxonomical study was made on the two taxa, H. sieboldii var.
sieboldii and var. ettyuense, in order to clarily their relationship (Nakata 1996).
Although they have common chromosome number of 2n =250, they show differences
in the morphology for the largest chromosome pair and the number of satellite
chromosomes of the complement (Nakata 1996). Additionally, fluorescent chro-
mosome banding patterns differ in them: var. sieboldit has fluorescent bands of
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CMA-positive and DAPI-negative (CMA*/DAPI™) in two chromosomes, while var.
ettyuense has four (Nakata 1996). Supporting Ohba’s taxonomic treatment, Nakata
(1996) assumed that the two varieties have different composition of chromosomes
especially with nucleolar organizing regions (NORs), because CMA*/DAPI~
bands have been found at the NORs (Schweizer 1976).

Improved FISH (fluorescence in sitw hybridization) techniques have been
successfully employed for studies in inter-or intraspecific variations in several
plants; rice (Fukui et al. 1994), cotton (Hanson et al. 1996), Lolium (Thomas et al.
1996), Populus (Prado et al. 1996), Sanguisorba (Mishima, unpublished data), etc.

In the present report, we have used FISH to determine the exact location of
45S rDNA sites of the two varieties of H. sieboldii.

Materials and Methods

Two cultivated plants of Hylotelephiuwm sieboldii var. sieboldii (accession num-
bers of the Botanic Gardens of Toyama (BGT) 34717 and 34718, the former is ori-
ginally obtained from Shodoshima Island, Kagawa Prefecture, the native locality)
and a plant of var. ettyuense (BGT 31657) collected in riverside of the Kumano
River, Toyama Prefecture, were used for chromosome observation.

Chromosomes were prepared by the enzymatic maceration/flame drying
method and sequentially stained with Giemsa, Chromomycin A; (CMA) and DAPI
as described by Nakata (1996). After photographing, the cover slips of the DAPI-
stained slides were removed in ethanol, and the slides were air-dried.

FISH was carried out using the method of Fukui ef al. (1994) with minor
modifications using biotin-labeled rice 45S rDNA as a probe. Slides were exam-
ined with epifluorescence microscope (BX50-FLA, Olympus) with filter cassette
HIB for signal detection and HIG for counterstaining. Photographs were taken by
double exposure using B and G excitaion for signals and chromosomes, respec-
tively, on color negative film (Fujicolor Super G Ace 400).

Results and Discussion

Even when slide preparations stained sequentially with Giemsa, CMA and
DAPI were aged for over 10 months at room temperature, they were employable to
detect the rDNA sites following the present method. The FITC signals of
hybridized biotinylated rDNA prove were observed in the CMA*/DAPI™ regions
(Nakata 1996) in the nuclei and the chromosomes of the two varieties of Hylotele-
phium sieboldii.

Figures 1A and 1B show representative examples of signal occurrence in the
nuclei of var. sieboldit and var. ettyuense, respectively. In var. sieboldii two signal
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blocks were observed often associated with nucleoli, while four in var. ettyuense.
Dispersed signals or several signal blocks more than two in the former variety and
more than four in the latter were also often observed.

Figures 1C and 1D show the fluorescent signals in mitotic prometaphase
chromosomes of var. sieboldii and var. ettyuense, respectively. In var. sieboldii, sig-
nals were observed in two chromosomes; terminal region in one chromosome and
terminal region and satellite in the other. On the other hand, in var. ettyuense,
signals were observed in four chromosomes; in terminal regions of the two chro-
mosomes and terminal and satellite regions of the other two chromosomes.
Because one satellite (arrowhead in Fig. 1D) of the two was as large as the small
chromosomes of the complements, they were observed as if there were five signals
when the satellite located apart from the main part of the satellite chromosome
(arrow in Fig. 1D). At metaphase, the chromosomes showed compact condensa-
tion and close aggregation, therefore, the numbers of signal blocks agreed to the
numbers of chromosomes with signals; two in var. sieboldii and four in var.
ettyuense.

The difference in number of rDNA sites in the two varieties of H. sieboldii has
been suggested from the results of fluorescent chromosome banding (Nakata
1996), because the fluorochrome chromomycin As (CMA) preferentially stain
chromosome segments containing DNA with high GC content such as NORs (Sch-
weizer 1976). The present result more clearly demonstrates the difference of the
rDNA site between the two varieties as it indicates directly the location of rDNA.

FISH has revealed the variations in the number of rDNA loci within and/or
among taxa of wild plant species as well as of crop cultivars. In the genus Oryza,
the 45S rDNA sites varied in number among cultivated rices, one rDNA locus in
the taxa of temperate regions while two and even three loci in those of subtropical
and/or tropical regions (Fukui et al. 1994). In Lolium species, the number of 45S
rDNA sites varied from six to nine among the outbreeding taxa, while it was
constantly four among the inbreeders (Thomas et al. 1996). In Populus, the 45S
rDNA loci varied in number from one to three with variations in their sizes (Prado
et al. 1996). In Japanese Sanguisorba, tetraploid species show two different types
either four sites or six sites of 45S rDNA (Mishima, unpublished data).

The genus Sedum, to which Hylotelephium was included formerly, is known to
have wide variations in chromosome numbers; every numbers from n=4 to 38
(Uhl 1961). The reason why so wide variations have occurred was explained by
their specific habitats, mainly cliffs and rocks. In other words, the chromosomal
variation has occurred by rapid evolutional process mainly owing to the fluctua-
tions of population sizes and isolation degrees of the populations under rapidly
changed conditions in their habitats (Uhl 1961). In fact, both of varieties grow on
rocky cliffs and have very limited distributional ranges (Yuasa 1969, Nakata &
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Fig. 1. Fluorescence in situ hybridization using rice 4558 rDNA as the probe to the
nuclei (A and B) and mitotic prometaphase chromosomes (C and D) in Hylotele-
phiuwm sieboldii var. sieboldii, BGT 34718 (A and C) and var. ettyuense, BGT
31657 (B and D). Arrowhead shows a large satellite belonging to the arrowed
chromosome. Bar indicates bum for A to D.
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Kurokawa 1996). It is probable that, the limited distributions of these two varie-
ties have strongly affected on chromosomes, especially on rDNA sites.
We thank Dr. Syo Kurokawa, the director of the Botanic Gardens of Toyama

for critical reading of the manuscript.
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A Possible Hybrid between Elatostema oshimense (Hatus.) Yamaz.
and E. yonakuniense Hatus.

Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan

Abstract: During the cultivation of Elatostema oshimense at a greenhouse of the
Botanic Gardens of Toyama, some unusually large individuals were found.
These individuals have intermediate characters between E. oshimense and E.
yonakuniense in size of leaves and number of teeth on a leaf and in number of
flowers on an inflorescence. Telocentric choromosomes of large individuals are
six, which is intermediate between four of E. oshimense and eight of E.
yonakuniense. Satellite chromosomes of large individuals are also in similar way
between them. Thus, these unusually large individuals are considerad to be a
hybrid between E. oshimense and E. yonakuniense.

Key words: Elatostema oshimense, E. yonakuniense, hybrid, Urticaceae
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Fig. 1. Elatostema oshimense with teethed leaves (arrow, BD96001) and the possible
hybrid (arrowhead, BL96001). Scale indicates mm.
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Fig. 2. Upper part of Elatostema oshimense (A), E. yonakuniense (B) and their possible

hybrid (C). Scale bar indicates 10mm.
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Fig. 3. Male flower inflorescences and their stalks. A & D: Elatostema oshimense. B
& E: E. yonakuniense. C & F: Possible hybrid between E. oshimense and E.
yonakuniense. Scale bars indicate 1 mm,

# -7z (Fig. 3B).
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Fig. 4. Photomicrographs of somatic chromosomes at metaphase. A: Elatostema
oshimense, 2n=26 (BD96001). B: E. yonakuniense, 2n=26 (D93017). C: Possi-
ble hybrid between E. oshimense and E. yonakuniense, 2n=26 (BL96001). Scale

bars indicate 2 pm.
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Fig. 5. Somatic chromosomes at metaphase arranged in descending order of the
length. A: Elatostema oshimense, 2n=26 (BD96001). B: E. yonakuniense, 2n=26
(D93017). C: Possible hybrid between E. oshimense and E. yonakuniense, 2n=26
(BL96001). Chromosomes with satellite and terminal centromere are marked
with ‘s’ and asterisks, respectively. Scale bars indicate 2yum.
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Intergeneric Hybrids between Aster L. and Kalimeris Cass.
Found in Pref. Toyama

Toshiaki Shiuchi & Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan

Abstract: Morphological and cytological analyses were made on a population
composed of plants similar to Aster ageratoides subsp. ovatus. A population con-
tains individuals having various length of pappus. Shorter pappus and sterility
of pollens can be considered to have been derived from Kalimeris sp. with 2n=54.
Chromosomes are 36, 45, 54 in number in the population. They includes 1, 2,4, 5,
6,7 or 9 large chromosomes with satellites, which have been apparently produced
Aster ageratoides subsp. ovatus. Thus, the population are considered to be com-
posed of intergeneric hybrids of Aster and Kalimeris, which have been also back-

crossed in various degrees.

Key words: Aster, chromosome, Kalimeris, intergeneric hybrid, pappus length
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Fig. 1. Shape of leaf. A: Leaf length. B:
Leal width. C: Teeth height.
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Fig. 2. Achenes of hybrids. A: Achene with short pappi (Type A). B: Achene
with pappi of medium length (Type B). C: Achene with long pappi (Type C).
Scale bar indicates 1 mm.
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11) O30 7N —T%XUT 52 T
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Table 1), Type A XU Type C TI3fifk
ATH 1 2ORENTLEENE SRR
TELTWV2A, Type BOEENE &1
BHENTOIESDEHKEL, $h125D
RENTHIEL2ENKEN -7, ¥HE
SEHRTRINDLERAEE (Leaf index)
B LTI ERNAER R L2205, fhofl
HRERRTIR IV BEOELF > T
72, SBHEOE S b B & Rk ER
THANV. 2L BV EE»H-> T,
HEDRESTCRHUENE3DDF A4 T LE
Bfetk, FEEoE L IconToOMBIRRY
Wy Z &R L o7 (Fig 3).
el ROABIZOWTIESS, 45, 5474
DEBURBEERFOLDNH -7, Type A
Tl¥ 2n=45, 54, Type C TIid 2n=36,
45 T@H > 72D I3t L T Type B Tid 2n=
36, 45, SADETOYEBERBIBE I h:
(Table 1, Fig. 3),
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FROFMEAIZ 1 TIE 3. 3 TIX 3. 5
TIZ 0 Tah -7 (Tablel, Figs.4,5,6),
RiE Ao 1 ~ 8 0EEKTIEH
EFHIL 2L ZALL R ER SR TS
55, HEARTHo7, TypeCD I,
L1 OEETIZTEN 34995 % LLE & By iatk
ZRL. 101373.9% & 9, 11& b 3RRIK
VWEZ R L7z (Table 1),

z B

e (1981) I EhFa A FBIFEEN
HoerdbnwizghiREVIFATUF
VEBEXNER, X523 X FEOEDY
FILHEEOREHPEELEEL o T

Table 1. Morphological characters, chromosome number and pollen stainability.

Individual Pappus Pappus length Leaf index? Teeth height Chromosome Pollen
number type (mm)? (mm)?¥ number®  stainability (%)
1 Type A 0.23%0.03 2.1 6.0+2.3 54 (3) —9
2 0.2240.05 2.2 8.3+2.2 45(4) -
3 0.26£0.05 2.4 6.1+x1.5 54(3) —
4 Type B 1.95%+0.57 3.6 4.4%£0.9 45(6) -
5 0.41+0.32 3.4 4.4%1.4 54(0) —
6 2.4740.26 3.1 5.1+1.1 45(5) -
7 2.00£0.36 3.0 3.7£1.0 45(6) -
8 1.72+£0.56 3.3 4.0x1.4 36(4) -
9 Type C 4.55+0.19 4.2 3.0x0.7 36(2) 97.4
10 4.24+£0.20 3.4 2.8%£0.9 36(2) 73.9
11 4.60+0.29 2.8 5.1+1.7 45(4) 94.6
1) Mean=S. D.
2) Leaf length / Leaf width.
3) Mean=S. D.

4) Number of large chromosomes with satellites is shown in parenthesis.

5) No pollen grain was observed.
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4.5
4.0} ® 2n=36
T¥pe ©  2n=45
3.5} m 2n=54
< 3.0
()]
T 2.0
- Type A
1.5}
1.0}
0.5}
0.0 . ‘ . '
0.0 2.0 4.0 6.0 8.0 10.0
Teeth height [mm]

Fig. 3. Scatter diagram showing leaf index and mean teeth height. The
numbers represent the individual number. Type A, B and C indicate

pappus type.

PR RS
N
» 4,1‘" \" ¥
'\L- b I~
2Rt '
27 .—:1
N S’
2%

Fig. 4. Photomicrographs of somatic chromosomes at metaphase of hybrids between
Aster ageratoides subsp. ovatus and Kalimeris sp. 2n=54 in 1 and 3, 2n=45 in 2.
Large chromosomes with satellites are marked with arrows. Figure numbers
correspond to individual numbers indicated in the Table 1. Scale bar indicates 5gm.
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Fig. 5. Photomicrographs of somatic chromosomes at metaphase of hybrids between
Aster ageratoides subsp. ovatus and Kalimeris sp. 2n=>54in5, 2n=45in4, 6 and 7,
Z2n=36 in 8. Large chromosomes with satellites are marked with arrows. Figure
numbers correspond to individual numbers indicated in the Table 1. Scale bar

indicates 5gm.

5, BEE#*Z LT 54IERIZL > TS
EFHE L oMoz 2R 45 LT
EEE0.22~0.26mmD Type A (EEFE
51~-3) gaxrFBoaaxtr (K
indica) T3 H ¥ 2 (K pinnatifida)
EREENG, FHEER. 24~4.60mm
ZHD Type C EHHFFT 9 ~11) B34
YRICBRTA kY, /ar¥s (A
ageratoides subsp. ovatus) EEE S5,
25100, PEYRER.72~2.47mm?D Type
B (k5 4~8) UEEE,LATH

LT IR 2D5 By,

Type A (H#AEES1~3) GEETE
A HX s T TacFERIEER LA,
I HEF I REEENS 20=18 (E&
1964b) T . 2n=45, 54D EEEKEE
O Type A L BH LRV, LAzAoT,
Type A ZL Y ¥ 2 TRV LA D,
T, a3 AFHE 2n=54 LG (HEE
1964a) SN TWT, FEEHEo Tl
Type AD 1.3 &EFHTH, LAL, 2
S A IEUE - U EEE A S ERER, EEEE
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97 10°%)

Fig. 6. Photomicrographs of somatic chromosomes at metaphase of hybrids between
Aster ageraloides subsp. ovatus and Kalvmeris sp. 2n=451in 11, Z2n=236in 9 and 10.
Large chromosomes with satellites are marked with arrows. Figure numbers
correspond to individual numbers indicated in the Table 1. Scale bar indicates 5gm.

BB, A%, FE. A Y Frrhb Ay
Fizafid s (B4 1990) 0T, I
BUIZ BN 7o 03T L b AFIZRIROE
BUWBIZHMALTWAEZ EEEZ Ty,
E 612, Type A DEEMEA 2n=45, 54
TLod A THERE 2 Eaike gL
Twb I ATEOEWIIRE SN2 L8
VDT, Type A DHFEE L TILRIEH
WA FBUANOWEYOMEEEZ RN
7% 6 kv,

Type C (9,10,11) EEEMIZIEZ /o

YEZERAEEND D TH o7, BIE

(1953) &, /I ¥ 7 218K DFE W HH
L BEDEREBELELEL, 2F 0
2n=36=18L+18S O % H 5, 18L&
18SiCiFfthifREH L Tvw 3 2 o ik
BHLHEREL TS, SOEHEL -
9, 10CTIEAEoREE 2 @zEhEhf
THAEAIER S R, JHEEE (1953) @
HE—HT B, Lizdo T, Type CiZid
VA9, 10ITBRERI & KEICHRER 2 5

OREEFIEEVI I ERLE ST F
7 CThBEHENSN, BEMIZIEZ o2v
F o EHE S N1 2n=45 T
Lo RECRIE & o st it 4
DI EML, =38THBH/ 2 FyE
BELRLLOTH L, EHORMEDT Type
Co3MEHE S HBRIE A, 10751725
73.9% & LR B >TWT, 9.10,114
BEIE—EE R EDFRBENTY
B

TypeB (4.5.6.7) WEEEICL-
THETL L EYTLENLA OS2,
—7, Bk 2n=36, 45, 54 LR
Bh oL, KETHMET HORAE0
BoEETEinEso&, FEREB LI &
o THREEREFMEE b0 3EZ LML
v, HERE (1964a), Tara (1972, 1978, 1979)
i/ ar¥rbarFBodEomRIZo
WTEIE L, N Erbh b3 AT
BiIZidR s/ arErHEo R
REENEIRTEY, Z0ETh TV
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BAEET LI TR EHELTWA,
4 EEIZE L 72 Type BBV TOREITH
bk % Fo BB EE T L iciEs 2

CHEILERE (1964a), Tara (1972, 1978,
1979) DRE L ML EZ FTHIITE S,
FHE S DTEEZFFD Type B OREH &
LT/arErtarrmodsfEens
MR LTCWATREENSHLEEZ LN
5, WHEMIZITaAFERZELL Type A
2/ arx¥y LEEL7 Type C DI1THE
RENLKBETHERE BT 5 RBEOK
OHEIX Type BRSO AL IR/ o
¥rLaxTROTMOMRTR SN L
Eiohb, Thbb, SEERELZD
ERDITE A EDEEDPHERERIZ L 2 b
DEHERMEINS,

Lt L - EHoETofEc s ar
FrHmkEE L oN KB CHMAELEFD
REEPEEINTVEI RS, HEo—
FOBIZ/ avFrThHreEZIOND,
Type A. Type B TIZREEAIE\ EKHFF
ETAILDHIAXTEBOHLEN /) 2
FrrexgL b liENERE, 4HO
FAEOKEISIATBOLOETH B N
BETAZLETELRVD, AEMELS
1kmiI EEEN 7 EH S HRE LR
E£E0.25mmD I A FEOHY TIZ, e
KB 2n=54 T6RERTH oo Z L &1
HLTBEV, ZOEAZRROGAmE
RS TVWRVOT, 2 F7 L0
R LTwhWwEEEDS b HIE S,
R (1966) X ERHE T LALICIE 2n=54
DA XAFHRBNELDHTHEWMELT
By, AEHES,S 1kmiF EBENR /23T
MORELHWIEI D 20=54 DI A F
HDOTHH9H. /A F 7 OGERE 2n
=36 & 2n=54 DI AFALHLET S
&, AERAELZERRICR OB Rk
¥ 2n=36, 45, 54 OMEESHFLETH I &
BREBLZLEEbRSE, EINETI AS

BN R VA VIRE I X FBOBEMN

65

BOMY I ER I LD L S 2o
LTWB0PiE50DEIHIE-E) L
A, SRIOFINEFRE, B EEO SR
WA EOHEICIZERE (1966) OET S
2n=54 Bl> I 2 + A HBHE L AHLT
WVBEOML Lk,

SO ORETHE,S 1kmiT LR H
HhoRELL I A TRBOWYIZIETEHO
iRk hor, EiZiE LA LD
{2 Type A. Type B THIEMDEAIR
SNLol-DIZ DL RIERER L %
VIR TROWEYSEEE D, EORE
HE| AN DIDELELLNL T,
Type A, Type BIZRONZENEED
BTHHIaATBOVELZTITHCLZLD
Thrr), bbrA, BEMOTHMIZLD
Type A, Type BAARMLLA-EbEZLS
NADT, 5% AFEOEHERICEL
TREFMICRAET AL EFHLEEILN
5o

Type A, Type B. Type C D11DOKHE!
TR % 5o o BMEE I &1
BhoTwalens, Biiz—REHID
THTE W LB, BEOLHE
MLREXHERRILIZODEEZOND,
2%, BRI RBEAR REAOR
BizBnwibIhITcofEL—HL2w
&) @A S KD EMPELERIE,
OGS &) RBIETF OB
BB o272 TH A9,

COMXETEDBIIHI Y BINEAFR
HWYRORIEREICIHA MBS 2 TE
E¥ L7, CIEHoEYRLET,

51 AXH

FEERHEHE. 1953, /O v ¥ 7 B
BISHT 1. FlMSEMEEE 66 262-268.
LA PUER. 1981, % 7 &, (AT S fiiR)
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BAOEAfEY L. FILH, A

KHE G4 - NEEE— - RIFER. 1983. &
IHRAESEE. BESCE, EIL

B8 —. 1990. FERF| BHEE R EE.
U5 EH, KE.

HEBEAK. 1964a. BEREIATRBIZBT
rEOMMeoMER ., HEFHS &
UHIZEME I 23 2 F Kalime
ris indica. TYFHEEE 771 350-361.

. 1964b. HARE I A FEIZBIT

HIEOFLoMIFER, HEFHB X

UHHEZNIE 1. 295 ¥7 Kali-

meris pinnatifida. K8 ) ¥ M ZE 77 -

418-427.

. 1966, BAEI A FRBICIBITA
EosboMizEn, BREENBIY
BV, I AT Kalimeris yo-
mena. REYFHEEE 79 355-365.

Tara, M. 1972. Cytogenetic studies on
natural intergeneric hybridization in

Aster alliances. 1. Aster ageratoides
subsp. ovatus (2n=36) X Kalimeris in-
cisa (2n=72). Bot. Mag. Tokyo 85:
219-240.

. 1978. Cytogenetic studies on
natural intergeneric hybridization in
Aster alliances. VI. Confirmation of
the amphidiploid origin of the 12-
ploid (2n=108) one of the offspring
of the natural F; hybrid (Aster ager-
atoides subsp. ovatus (2n=36) X Kali-
meris incisa (2n=72), 2n="72). Bot.
Mag. Tokyo 91: 227-234.

. 1979. Cytogenetic studies on
natural intergeneric hybridization in
Aster alliances. VI. A new backcross
hybrid between Aster ageratoides
subsp. ovatus and Kalimeris incisa.
Bot. Mag. Tokyo 92: 151-156.
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Materials for the Flora of Toyama (1)

Takaaki Oohara, Masashi Nakata & Makoto Hashiya

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-27, Japan

Abstract: As the results of recent field surveys, nine taxa (seven species, one
variety and one form) are newly recorded as members of the flora of Toyama
Prefecture. They are Paspalum distichum var. indutum, Orchis cyclochilla, Linum
virgianum, Parthenocissus quinquefolia, Ipomoea lacunosa f. purpurata, Myosotis
discolor, Artemisia iwayomogi, Cirsium pendulum and Dendranthema zawadskii.
Vallisneria asiatica, a rare aquatic plant, was recorded from four localities in
Toyama. At present, however, it is known only two localities; Toyama City and
Takaoka City. Excepting for the case of Orchis cyclochilla, specimens cited in this
paper are preserved in the herbaria of the Botanic Gardens of Toyama (TYM) or

of the Toyama Science Museum (TOYA).

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

FrcEURD 795 BMS AR,
A EBIREVREY A W DD RER S
DTHET S, BFO 70712875
Bke LT, KM (1983), #(1980) 2'dH
h, #hllBEosmEicowTidKH
(1996) . (1988, 1989a.b.c,1995),
b (1995) iz X hIRFI N TV 5, 4
WET AHRBOEPD TV TRE, Thb
DIBRIITZFDED BTN T VAR, T2,
% DBNEEYERPNESNTCEE
IH RS bt v ¥ — DEEARHE (TOYA)
b, BRTRESNIERSND 5T
WL EERER L BB, FEHRET S

Rz OWTIEHERAT VEBRWTTRT
SR A ASES | LR h A B AR (TYM)
I L Th b, ERKFITRARX /L
IiowTid, 4ERELZ-EKEEILER
PO B DIREBN THEE - RFL TV 5,

1. %237 %E Vallisneria asiatica Miki
FFAHIF

BIH OO 1 EpT, HVWREED

MR AT L, HARIESCER
FricEnmgo 3@ 7)) — bk
. AKKIEL.5m, KiE30cm, HHEIZH
HE50cmTdH B, FPIZIETHF VNI X
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FE,LEVE, YFFEREVBREIN,
19960 TEINROKEEY, L5 L,
INFTHLBEATIERRT 2B, &
RITH 3B A e & 3 AT 2 & FEARATHRET
ENTHBY ., PHIBAES ., FdHiE
6 & HKELERA D B A%, IRIEE E DT
ENTVRDEIEHTD 1 EHIOATH Y,
BESEERINTVS, 4E0FHIT 2 )
BLizh, BEINBFIIEFNDH D
BT & F U R K R CRERERY IS
b EDo | KBEOREFHEDITH L
WEEMPSRO»BMTEREMD H 5,

BEEAK: Toyama City, Futakuchi (=
). Sept. 1, 1996, M. Nakata (TYM).

2. FOARXA/EXI Paspalum disti-

chumL. var. indutum Shinners 1 &£+

Elsk, AEME IR BAI 2n=40D 4
ERT, EREF a2 A2 /x
var. distichum (2n=60, 6f5{K) & ik
INTW7A5, AP (1984), #HHF(1989) &
I > THEEMICEB SR, BEUMNK
B REFNE, EEETHIZO LIS
ol d3NTwh,

HHENTER S NERE, £F8912K
T 3RO L R ABEFIREELZ &,
EWIIEIEETLEIE (Fig 1) . %
BAREA 20=40THEZ DL, Fo T
AXA e EREAELL,

IR TIRI90ECEINHTHE,» 6 F &
ATAXA I IR HESh T3
(KM 1991), L2L. BlimEE30{tt
CE—IIHTRENT WA OER, #HMA
NTHRHE L 72 b 0 & FEREO /IR RE A 8
FLoTBY, FIITAX A ekl
SNBIDTHo72, L72doT, BED
EZAF VA AXA L TIIEIEICIZ
B, FLTAZXRA ) L IDORNEF LT
WwWprZlkbhb,

HB, SREZRSNAFHNERATIE.
ESCHEBRAICEIFTL, 5 X10miZED

MBEE 2R L Tz, R X habicfinE
T AHBE TIR1980FE I MR S hTw
55, BAETIIH 4 TEHE L TKBOKIRK
AT TVE I EFHESh TS (BiF
1989) . AT 4% 5A LA S W HEMHE
AHoildh, FICREREL, Z20HE
DEENSLELIF BV LEDEEZ S
na,

ZEREAR ! Toyama City, Shimoshin (T
#1), Fugan Creek (& & 1EiT), Aug. 16,
1990, M. Ohta (TOYA, S-23151 ~ 23155) ;
Nei-gun (#F 8 EF), Fuchu-machi (8 ),
Fukuro (%%), eastern bank of Ida River
(FH), Oct. 31, 1996 T. Oohara (TYM).
3. HEAT> Orchis cyclochilla (Fran-

ch. et Savat.) Maxim. VA

Lk, AR OR B KA
ITACHER LD T, 19964E 8 A17HIC
ROFMIZE h BEBEHE L 72, AR
ER L T vl d 2 LT (Fig. 2) .
RETAURMEOSH L5 V130D T, i
FICEDTBL, T/, = TILBIsK
BIERMED S B 720, ML EROLNEL
ZLEZ v, 2 X5 mO#EPAIZBIERKIE
3SfEEH D, 2 b 1ERITFEIBESAT
Wiz, F7o. KREATEMRIS A % &6 T20
BlefE s ) KR o BWFEHE LT3
LBEbhs,

HEATVEIR)—DoilE, T 7
b R CILEE, AN - dbE, WEOE
WNZET 2 (KH 1983), HIE-CTIIFTBE,
REFED S ORESH B, AR, HE
VLIIZRE D v (M B ARE £ W7+

v 57— 1992),
4, X¥NFIIYNZLT2  Linum vir-
ginianum L. 7 <

gk, S LIRS N-B3, wham)l
OFNFD S Atk A BhBHE & L2k
EBIIHRENHSTHo72, 221211
I 22 1 BEBE LK AT & B /NEHIATSETE L
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Fig. 1. Paspalum distichum var. indutum collected in Toyama (TYM).
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Fig. 2. Flowers of Orchis cyclochilla (Photo: June 23, 1996) (X3).

TEY, ZOREEZPLIEHORIET
LTw, AREIFERETHLH, £FK
Py BIFTIEE A EOBRDBITE - BELT
BH, A LIHCOREFRELTVEO
PEREI N,

ZEEA . Toyama City, Hagiwara (3%
J5), eastern bank of Jinzu River (#1#)1]),
Sept. 1, 1996, T. Oohara (TYM).

5. PAUNIHR  Parthenocissus quingue-
folia (1.} Planch. 7 FoE
sk, SMAEOAFIMHR SN
BEANFEOFEBATH Y . FhkdT5 X5
nBEOHBFICoL 2 MILTEFL T
72 TNHEOHOEFTRIIZRITTHD,
1B LR S N/,

B#EIEAR . Toyama City, Kurose (ZEiffi),
Chigirijima (328), Jul. 7, 1996, T. Oohara
(TYM).

6. NZINFIAPYHHL  Ipomoea lacu-
nosa L. f. purpurata Fern. & V7 F %}
Fracsk, BUGITEERMICE T T
NOREEH S ThD, SEFLLFT S A/
IVFRERED) LI, FEROHENPL
N OEBIZ DD BRLTwz, 9 AICH
ERREBEL-L 2, Z0HBOLO
BT R_RTEABOEE 2T TB Y, AR
ST L7z, F o, AESIRRE D FERIICBAT
T, HERIZE D% ) OREFRAL,
FAREEICE S IE > T 2 E iR L 72,
ZHFEMEA . Toyama City, Kurose, east-
ern bank of Hiji River (X JII), Nov. 25,
1996, T. Oohara (TYM).
7. NI XL+ T Y Myosotis discolor
Pers, L7 %5
Pricsk. S MERE & B iEGIC
M2 EINERAREED S &, FHE
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ACREVESTH Y, 7 o viitko
WEOEFEESTH -7 B4 DORkIZ/E
THolh, ZEFEFTL. wFh b L
RTHo7,

SEEAK . Toyama City, Hamakurosaki
(#£2I%), roadside of the Toyama-Kurobe
cycling road (IR BEHEE), May 18,
1996, M. Hashiya (TYM).

8. AT73EX Artemisia iwayomogi Kita-

mura ¥ 78
itk EE400 m DM E (IBM61EETL)
B L B L, PH
(1996) i, ¥ 27 9 =F 27 LA TX s DKM
DEBERB RO o722 2 HEL T
B0, ZORTLRBEEELIRIZBNTA
TAEFNX S ¥ F 7 LE UHREEET
BlEanoZ Lichih, WENFETEICE
FLTAHEE 23R ERILE A & i
MBOI-DIZEASN-IEFORTICER
ALTWbDNRIF - EFLILEZT
Vb, A7IEFEIELUETIINEHETD
5, BE0OHE. REFoM, KEAF, &
B batsiEard s (HARE LAY %
¥y — 1992, K - S 1994), F 7,
FRBCIHI3EROREEE THRE ST
By, HFICHEHMTIIAI 73 EXLF I ¥
Z¥ s HFE CAKETROP o T 5 (B
bz #3).

HFFEAK . Nakaniikawa-gun (FFIHL),
Tateyama-cho (3L LLi HT), Tonokura-yama
(¥ & 1L), along trail, Oct. 14, 1995, M.
Nakata (TYM).

9. #APHZI Cirsium pendulum Fischer
* o #

Frivsk, AMEIIHA, FEEER, PEKR
EE, ) TRECEHET AT IRD
“HEBETHD (KH 1983), HATIIHER
WHLALORM B X IS AT A D
EXPHSNTWAA, AN GRICERIS)
DL DI NEBEBEEF PO AoT2bDE

KEM : FiWE 795 &H (1) 71

ZZ2BHDH 5 Lk 1981, deatfl 1992)
SR IN-ETBIT, BRERHE LT
BEROEDLHETH S, NEFA(1985) 1,
FENIEET CHESNZLEHELT
WaBA, XHTHRILEFRO TKE, OB
BFILoTEIEINTRAZELEZON
By EWVI) RBERN, ERPL5H LT
VL) rEEMRL TV S,

A OIFERE L 7 2 Tl 200kI1E L DA
HHERINH, WTFhofkd L, &
ELTV30PBEINT (Fig.3), 22
AL LB ZTTHELS 2
BCtHhy, 4377 RERELAIHT
TEFIY, FFTLF /X Lo
LRSI DSH L DBRTTH » 720 AT K
EoOTHIBoOBTHHRTLIHLOME
Thb, ERIVBEL TR OITLT
EHSN TV TREIREBDTHHA, 2
NI CTREHTH oI L LEZIHE T,
LSRR IR DML WRALZD
DTH BRI T,

HEIA . Nei-gun, Fuchu-machi, Haya-
hoshi (i 2), eastern bank of Tsubono
River (BEEFJI), Oct. 31, 1996, T. Oohara
(TYM).

10. £ 7% 9 (J&#&) Dendranthema za-
wadskii (Herbich) Tzvelev sensu lato
* 7 #

Wik, A TF 2 BRTITHHINY
TEZRTI—0y HRBETLLGHT S
YT, SHLPRC DB X - TER
LEH, Wi, FRMEAL EICERENRS
h, ZhEnfllidr BT s hTwn
B, Bl Z 133 k& (1996) ¢ M & E 4l
YW E, Tk Chrysanthemum zawadskii
Herbich & LT 8D HifE, BMEAFH S
n. F BE(1996) 0 "BEMMEE, T
(X C. zawadskii Herbich fli 4 ZREASFCH =
hTwa, ZhizxL, A - f(1983) D Mh
EfEmE, IEORELEHRNL TENYN
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Fig. 3. Circium pendulum collected in Toyama (TYM).
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Fig. 4. Dendranthema zawadskii sensu lato collected in Toyama (TYM).
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ABNEL B OIEIIR S O % EIEH
% D. zawadskii (Herbich) Tzvelev & L.
FEHDOYNAADEN D DREKA S
W% B bDEFNEFNNLE D. chanetii
(Levl) Shih, #2 % 3 D. naktongense
(Nakai) Tzvelev & LCHIEICE & HTW
5, A bEOYNARDOENATF I L
UhribroE-EEFasv LY/ ¥
var. latilobum (Maxim.) Kitamura % X5l
LTWwad, HEREDOEDYNALDFZ:
B (CERE., BMELZLY) 2H%EIIHATS
B (Kitamura 1978, Jb4f 1992) &, Z
Nox—2DHOERL AL LTHAERTIZ
477 pHCERED S U F T4 L R
SAiT B v B (JbAr 1967, 1981)
ETERBVTVE, EB, £y 7V UM
ORI AT EL b oBEFEIFAEL, #
BEHOPRTHEEIKEV, JLkF(1967) 12

TCOBEOEOTHOERIE, BRI
Do -DTIEBD 12V B HOEIT,
ZHOBPEKIZOVTEHET NIRRT
Vigy EDXRTWVE, SOENRTERS
n7-fEEiz, EZothAi &y o THlD
CVRIEFavEy /7 F¥7I5EVH (Fig
4), TITREFRDPATF 7L LTEEHL
B,

BT, B, BFOMET, R4
FrLREEESNDFZHH LVHEERT
HEROTRO2 ), Ihs3EmERENH
BTREMFIT NI EFEEFICEAL
THEELEPPERILIMLAO A 2720 DT
Bawvr NS TS (FHM 1995),
A0l & LR CTHF AHERL S Nz BU5 3 IRAD
60 I B S N RBOEETH Y, Tk
HHEFORE[FIIT b LHEES
NAEMBEOHTH o1, TFE TIRIEAIC
AT¥F 7 OEERASNTELT, EBT
BEFHSNTHWABHILOA 7¥ 7 (FED
PIIAZRDTRL . B ORI IRED A
TXEY)ERERNRLE> TS, £FK

W SHET Y, SEER SN0
EELBREFICRALCETIRESF., &£
BFLLODEEZBDNEETHA ) B
BRI 2n=54 @ 6 5K T, KICEIR,
EFHMETRR AN ATXF7EELT
Wiz,

B, TOHEBTRFI Y FrHHHE
A onizh, Thb A TF 7 LB, &
HUHHEFICRALTA--bDLED
Na .75 =F7I3EIERNTIEILIAT,
FENITCREER & LT\ % 25 (R 1995)
SROBFEI NS ICH < 3 BFTH DEH
Thb,

BEFEAR . Nakaniikawa-gun, Kamiichi-
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