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Octoploid Cytotype of Dendranthema zawadskii (Asteraceae)

Found in Iwate Prefecture
and its Implications in Evolutional History

Masashi Nakatal? & Akihiko Kumagai?

DBotanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan
2 Kitakami City Museum,
14-59 Tachibana, Kitakami City, Iwate 024-0043, Japan

Abstract : Cytological studies were made on Dendranthema zawadskii and D. arcticum
ssp. maekawanum collected in northeastern Iwate Prefecture. Besides the hexaploid
(2n=54) of D. zawadskii reported previously (Shimizu 1958). octoploid (2n=
72) cytotype was newly found in limestone areas in Kuji City and Iwaizumi-cho.
Dendranthema arcticum ssp. maekawanum was confirmed to be decaploid with 2n=90
and the aneuploid individuals with 2n=288, 89, 91 and 92 were also observed in
high frequency (36.7%). The populations of octoploid D. zawadskii located interme-
diate altitudes (60—180m) between those of the hexaploid D. zawadskii and the
coastal D. arcticum ssp. maekawanum. The leaves of the octoploid D. zawadskii also
showed intermediate features between them. It can be considerable that D. arcticum
ssp. maekawanum is onc of the D. zawadskii complex, and the octoploid D. zawadskii
might have been derived by hybridization between hexaploid D. zawadskii and deca-
ploid D. arcticum ssp. maekawanum through the polyploid speciation of this group as
assumed in the case of D. occidentalijaponense (6x), D. ornatum (8x) and D. cras-
sum (10x). Tt is also probable that the aneuploidy found in the D. arcticum ssp. maek-
awanum was caused by secondary hybridization between octoploid D. zawadskii and
D. arcticum ssp. maekawanum.

Key words : chromosome number, Dendranthema zawadskii, D. arcticum ssp. maek-
awanum, geographic distribution, polyploid complex
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Fig. 2. Somatic metaphase chromosomes of Dendranthema zawadskii. A: 2n=>53,
B: 2n=54 (hexaploid), C: 2n=55, D: 2n=63 (heptaploid), E: 2n=71, F: Zn
=72 (octoploid), G: 2n="73, H: 2n=381 (nonaploid). Bar indicates 10um.
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Fig. 3. Dendranthema zawadskii. Left: Hexaploid in Akka (Nakata 16095).
Right: Octoploid in Iwaizumi-cho (Nakata 16080).
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Fig. 4. Somatic metaphase chromosomes of Dendranthema arcticum ssp. maekawa-
num. A: 2n=388, B: 2n=89, C: 2n=90 (decaploid), D: 2n=091, E: 2n=92. Bar
indicates 10pm.
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Table 2. Comparison of leaf morphology in eight populations of Dendranthema zawadskii and
D. arcticum ssp. maekawanum collected in northeastern Iwate Prefecture

No.of Leaf blade/  Incision Leaf shape  Leaf base

No.? Taxon? Locality plants petiole index index angle
measured (a/b)* (d/c)* (a/c)” (e)*
1 76 Akka 12 0.78+0.20" (.28+0.08 1.02+0.16 129.1%28.8
6 78 Kakeyama 6 0.71£0.11 0.57+0.14 1.10+0.17 117.2+19.4
7 Z8 Sarusawa 6 0.76+0.16 0.48%+0.16 0.90%+0.09 137.8%21.1
878 Shmndo 3 0.88%0.13 0.65£0.05 0.95+0.23 13354219
9 AM Mukoumachi 5  0.98%£0.22 0.62+0.19 0.85+0.16 165.1+41.4
11 AM  Qgjiri 5 0.77£0.15 0.62%0.10 0.74%0.13 214.7+37.4
12 AM Kuki 5 0.80£0.24 0.5940.04 0.80%0.12 161.9£31.6
13 AM Omoto 10 0.75%£0.24 0.68+0.23 0.85+0.16 170.6%25.1

D Numbers correspond to those appearing Table 1 and Fig. 1.

D Taxon: Z 6; Dendranthema zawadskii (6x), Z8; D. zawadsii (8x), AM; D. arcticum ssp.
I"(lé’kll wanum.

* Measured parts are shown in Fig. 5.

* mean £ s. d.
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Fig. 6. Scatter diagram showing some features in leaf morphology for Dendran-

thema zawadskii (A : hexaploid, @ : octoploid) and D. arcticum ssp.

maekawanum (F) in eight localities in northeastern Iwate Prefecture.
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(Hance) Ling%® 4 7 ¥ 7 OIVRER & A%
L. /L3 D. chanerii (Levl.) Shih, #2152
% D. naktongense (Nakai) Tzvel. % [L3ER
& AT UTHI I 2 MRS B & PMRZERL
EAREETILIA SEILNI AL, TRFEIS
PR & SR & D3 - TR S Il E T
LA LTEY, REERATREDILHIZR
AIEIA A BB (Nakata er al. 1992, 1994 ;
Li et al. 1983) A 7 F 7 BEAEHR D LIS
DWTE, AR E AR E R EhRE A
PHELSZ EAFHIITE, TR
ESERDOTI N LB Z EDSHBTE 5,
TR HE UCEBIT A 2 L BRI
TRERIE S D RE$E (Shigenaga ex Kita-
mura 1957: S & B O Chrysantyhenum zawad-
skii Herb. var. latilobum (Maxim.) Kitam.
ELCn=9) ’HAETT. BELWLS
WG A, 2RO 6, BIRDA Y
FrHIPERENSHELE R THER
~, BEALE RO RAIS M R LT E A
BB EERTH L Z EAMERE S, RINEIL
WAL IBEII AT THHETHIANTF S
B, A7 F 7 OB OREIL, T2
GO ETHHEIMFEL TWDEART L
MWTED, JbfENIFEL LML TEAL
FTAHB - AR (1989) DFEBFIEL R
W,

Z D& BRI OBRIL LI LA H
A O KL, ¥ 7B TEARMND S
BT TALOND ) PXF 7B (UK.
DAHYENTF S D, japonicun (Makino) Ki-
tam. var. wakasaense (Shimotomai ex Ki-
tam.) Kitam., Af5K: 2 ¥ 7 D. occiden-
talijaponense (Nakai) Kitam., /AREA: 4
</ ¥7 D. ornatum (Hemsl.) Kitam.. 1
etk A+~ VX2 D.crassum (Kitam.)
Kitam.) (Z8AETH B (MKl 1956 ; HH
i1 1987), Bl (1996) (JLINRGHA &
TiREESIIBIT A 7 ¥ 7 EERAE L, 0L
DIRRERGATEL D & J\fERD TV </ ¥ 7 D
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BRE AR (P OF7) L IHEER (A4
</ VX)) L OMREIZRD B UG 7 e
D—2L LTRIBLTWE, AFHD4 77X
7 DA b RIS, AR AR E
&V BB LT R RO E R R S
L7zb e EZ O, MUfkE ANk D78
MELS & o THRAZHE L TSR0 UK
ke e L, ZRERIFE LTS
AL EZDZLNTEL, 2O
AN AR EIL R L 20 a <
¥rDTHHH, B, Nagami(1956) =
Sl OgtEBOMENE2H, T2, M
e Tk (1978) b HFRTFA, S I
TEIERELTVWAIEDL, BIELET
B ONBERIC T ERSEE L Th5b 2 L0
fFahs, 29 LTSRS L%, —
KN A< ¥ EOMTIHNI R, BA
WML X o Tan< £ 7 1T AR RH
HELZoEEZLE, LEEICER AL Do
7oA E 7 OFBURHETFUL LR C R
R SN/ Z EDFBALI DL, ane¥
71T % AR AR O BRI
BENDLDE, BRI LHEESNS A
TXIREOVM LML L T 5056 T
HAH,
SEEFME, A7 F 7 RO LTS
WCELVAF 2T /v FLES, M
WFa Tty / FreidlobiaplirTids
DA TF 7 A ERITIVIZRE, Rl 5
itk & I LT LB L £ 2
HIUNTED, HEDEZAITLAN LA
TEIDORONEEAFA by L TO—DE L
TB&72v, F/2anwFrizonTh, F
RANYFIOHEETEOTIE R, T
JI - /bR (1989) vy &5 (e 5
Py ATEIDO—DL LTELT RSB D
RO LD, INGEZEDIATE B
OFHRGHTIFRDBETH 5.

RBlZ, A TFZIIEATIIAKEDILE
SRS B 72T ORI T, B

CEFROLTXS 13

BT oML v FU AL (19974F) TlEie
WAMIEIZT > 2 ShTWbB, oS
DA E VD BHLD S 35T o B A Hih s
LLHEETH D L2 IRV, HFR
DA TF7IIRERE BT AL N5 4T
EEL LV TN A ER O, Ly F
JAMIATF 722/ LTELAFY,
Favkr/FrERBOLAMELOTVD
A AR £ 91D, FOTETIZ AR
H L7/ ERIEH AR LTh L, EF
HPHRLBLR A & W3 2 & Mg TS
BEprLlibhd, SHIIFERLFSOE
MA@ AL RO 1 7 F 7 EIKEE
PHELTWRUREEbH Y, b LEhDH
FETMIATF 7 BHoOMILEFES L THUIS
HICHETH L. RALEREOFEL, Fh
WWEDSRErEENn s,
AKiaxFLobllhrly, BELIELE
W72 IS 7z E TR R Y R R 5 R
JE B EiF 5,

5| A3k

Wl T IR ENR
. 1996. PirFHAOHMMERCT. U
DOHEEFRBIIPTTO ) PX s B0
i &5, Wi aEE, HE 47:91-104.

FTR T A (8). 1990, ETLoME
— AR —. ) SFREIRASEYE

HFMP O (). 1970, BTFEHWE. &
FHW Oz, B,

BT P PR ORI R A cE R, 1997, AHIIAN
Ly B R OIERIZDWT, BT,
g
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H 4 o F 5 (Table 1. Fig. 1iZxfie)
EFIHN T FetaRE & GERMEAR DA i
iy (PHOREEFET) 21T,

1 7 X% Dendranthema zawadskii

1. @%I1. 2n=53:16102. 2n=54: 15126~
15128, 15131, 16095, 16100, 16101,
16103 ~ 16109. 2n=>55:15129, 16096~
16099. 2. %K 2. 2n=54:15132, 15133.
3. AFEAT L. 2n=72: 15110~ 15113,
15115~15117, 15120, 15121, 16168,
16170 ~ 16172. 2n=73: 15118, 15119,
16169. 4. AZEA 2. 2n="71: 16164. 2n
=72:16156 ~ 16163, 16165~ 16167, 5. #
JIl. 2n=63:15123. 2n = 72: 15124, 15125,
16175~ 16177. 6. #k1l. 2n = 72: 15136,
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15137, 15139 ~ 15143, 16077 ~ 16082. 2n=
81:15135. 7.%%iR. 2n=72: 15146, 15147,
16083,  16085~16088, 16090. 2n=73:
16089. 8. Ht.2n=72: 16091 ~16093.
A/)NY XY Dendranthema arcticum ssp.
maekawanum

9. MEN: 2n=90: 16144 ~ 14147, 2n=91:
16148. 10. #&4:2n=90:16150, 16154.

- BB BFREOA XY

2n=91:16151 ~ 16153. 11. K}i:2n=90:
16139~16141, 16143. 2n=92: 16142,
12. A¥. 2n=88: 16130. 2n=89: 16127.
2n=90:16128, 16129, 16131. 13. /&
2n=89:16115, 16117. 2n=90: 16116,
16118, 16119, 16121, 16122, 16124, 2n=
91: 16120, 16123.






Bull. Bot. Gard. Toyama 4: 17-23(1999)
R L1V v St A TR

WERVEET VSV I X (%) OBMOL R
E N
SRR T939-2713 B I F ER A e T LA 42

Karyotypes of Pilea brevicornuta (Urticaceae) and the
Related Taxa in the Ryukyu Islands

Tadashi Kanemoto

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

Abstract: Prior to Hatsusima (1959) who considered Pilea brevicornuta to be an ex-
tremely variable species, four species of Pilea had been known in the Ryukyu Islands.
They were P. brevicornuta, P. cuneatifolia, P. minor and P. amamiana. Morphological
features as well as karyotypes are analysed in them in the present paper. Chromo-
some number was 2n=24 in all of them. Large chromosome with a satellite was found
in P. cuneatifolia and P. brevicornuta, though two of it in P. cuneatifolia and one in P.
brevicornuta. Stolon is formed and other similar morphological features are found in
common in these two species. On the other hand, P. minor and P. amamiana have
number of common features in morphology such as pilose stolon, leaves with obtuse
apex, etc. In addition, large chromosome with satellite was not found in these spe-
cies. Morphological and cytological similarity may suggest the close relationship
between P. minor and P. amamiana. The analysis of karyotypes also indicates P. bre-
vicornuta may be a hybrid between P. cuneatifolia and P. minor, since P. brevicornuta
has only one large chromosome with satellite.

Key words: karyotype, Pila amamiana, P. brevicornuta, P. cuneatifolia, P. minor,
Ryukyu Islands

WERVIEEA 7 7R I XBELTT )
> 3 X (P. brevicornuta Hayata), ¥ < 3 X
(P. cuneatifolia Yamamoto), & X4 I X
(P. minor Yamamoto) ¥ & U P. amamiana
Ohwi @ 4 AL Tz, 7TIH Y I X
IBEEEONEE b LIRS DT,
o & A°10-25cm. ¥ Fl-4.5cm, % 1§1-3
cm, FEEIEUH, FEOROFIRLL LTS
Beb L, ST L. IR

LT 2, Ep L b L, A6k
BAEML, FLEBHICIIMEEET A L
EhTwa (Hayata 1916), Z4uUlsfL T,

WPSMIEECTEILEZER L w0t Y
< 3 A (Yamamoto 1925). &ELEEKRE
HEEBLOEZBRETIZEL, #L b
BAL L6 %k A4 32 X (Yamamoto
1925), MENEHEEHICET L., € AN
IXEYKBIT, EOBFEAETHY ., {EH
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RFiZE <, RDL/2-1/315F L, &< Un
AL b D% P amamiana Ohwi (Ohwi 1954)
ELTWz, Thd 4 5FELEO 5 HRIE
BB - R (1931). Masamune (1954) iZ
Lo TEHINTEL, EIHH DB
(1959) &7 V4> 3 X TELIZE A,
KA TIIEDR S 12cm i 7cm, %20
EFESmmll ECET AEAEDPH L &b
L, 7%y IXL I IREKRNT 208
Hoawnk L, g ANA I XEP amami-
anal$EEO EFH LS 7)Y I XD
BTHhre LT, Tho 30HEET S
IADRZLE L, ZORMITAH(1982),
A (1983), B%% (1990) (&> THHFSh
Twa,

SO &) WHERFUERE I AEIZB LT,
BholtZo0RBFE LR TVSIZHD
LF, WThoLfEx & 5120 THHILFM
HRIKITB S DTH B, AWFFETIINEIE
HEL M AL, ThoDRMN LGRS
WOPIZLEI ETEHDTH S,

=3
=

HHR&ELUHE

MEELTHW YT I X, B ANAL 3
R, P. amamianal V3 BRI AT
BLDTHo7z, TIH Y IXIZEL T,
ELENEIPEETH > 720, 2SN OR
TEMAF A R E — LT B D% 7Y

+rIXE LTHW

Ty I REEERBERAHERIO 1
ek, MR REAMRA SIEED 2 BF. &
M AEEO 3 ik & RN FREFE LD 2 18
. v IXGRERBHEHNERO 118
R, B NERK SINEHED 2 @k, A5
BT NEE O 34k L RRATRZEFFO 2 M
R, B ANA I XFFEREEIST [ S B
TH L HBRRBFHIGEED 4 k. P.
amamianal3¥ 4 70 751) 5 1 ThHHEFERE
FHATHEIED 2 Mk & LT 2R 2 @
FEHVIz, ThoDREYIZ1994E D HEIL
B iR TR L TE b DTH b,

HHREEDBIZR 2L, fEskh & BT OH
BV O N T E7CRERNSEE LTHITS
nicHmEORE s, X, BN E, HIE
DB DOWTHER{T 70

Gt R DEIEH IR 2% F V7o,
MEOWREH lemz2 P hH & H, 0.002M
8 -hydroxyquinoline’kiF#t (15C) T 3 K
MR L, 99.5% % / — )\ L EEEE DR
AWE(3 1 1) B (5C) T24RERIRERZE L7
BEE L 7ol 22k % | BlEaBk & 45%EE
(2 1) ORATH (60C) TR
L. o 2dfaEk0. osmmuE)H) L0, 2%
T ANt TI0~4055E L. LD
ALEILL ) TURT— bl L7, B
KON E DL IS DT Levan er al.
(1964) 129E- 7,

Table 1. Morphological characters of Pilea of the Ryukyu Islands

characters P. cuneatifolia  P. brevicornuta P. minor P.amamiana
plants height 10-25¢cm 10-25cm 2-5cm 5-10cm
stem glabrous glabrous pilose pilose
stolon absent present present prescnt
leaf length 1-4.5cm 1-4.5cm 10mm 1.5-4cm
leaf width 1-3cm 1-3cm 10mm 1-2cm
number of lcaf scrrations  10-12 10-12 4-5 8-10
leaf apex acute acute obtuse obtuse
shape of stipules hastate triangular ellipticuse triangular
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Fig. 1. Habits of Pilea of the Ryukyu islands. A : P. brevicornuta. B: P. cune-

atifolia. C: P. minor. D: P. amamiana. Arrows show stolons. Scale bars
indicate 5 cm.

[ L

/l/{

B CD

Fig. 2. Leaves of Pilea. A: P. brevicornuta. B: P. cuneatifolia. C:
P. minor. D: P. amamiana. Scale bar indicates 10mm.
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BRIV EE AR ENA, TUF Y IZE L ANAL S
21 L P amamiana 11 i L b 20
ZRE L D EME oMENER S 7’: 75*
,\FE"[E'?&HIU' M LRER B A L B e T (Figs. 1A, C, D), ¥~ I ZiLEEtzm

1994??‘175‘3:19981156275‘ P2k b P AN EE ¥ (Fig. 1B), ZERBWMETH 72
TERERY 2 A5 L F O EI R Z B LIEERD H i (Fig. 3A) . 4 rERFEOREIZEEAENLY

7’)‘0 7oo ZALG DYFRIFITIZE RO & 5 D3RO H D, FHEOMKIIL ] -3ED
T5LD (Tablel) THo7zh5, FEIRD Wl 55 A e (Fig. 2)s ¥~v3IXL7T

Fig. 3. Stems, petioles and stipules of Pilea.
B.F & J: P. cuneatifolia. C,G & K: P. minor. D, H& L: P. ama-
miana. Scale bars indicate 1 mm.

AE &1: P brevicornuta.
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Fig. 4. Photomicrographs of somatic chromosomes at metaphase. A: P. brevicornuta.
B: P. cuneatifolia. C: P. minor. D: P. amamiana. Scale bars indicate Z pm.

Uk 3 AL B I EE, HEohELL -
Ve AR L, S IEET. #EIZMET 5
ﬂ‘/%ﬁlﬁb‘ii%ﬁy)f‘oﬂ&b!ﬁf (Figs. 2A,
Band 3E, F)., f£# 3> v I XA FE
(Fig. 31)CT7 )4 > I A=A (Fig. 3])
TR o Tz, B AN 3 DiFIELRHHEE
G, WA EE L, SRR A0
<, ik, B3, XL ARITH o7
(Figs. 1C, 2C and 3K). P. amamiana 32,
e, ko REsTET IV IXkE
AnA I AOFMM AR L7zAY (Figs. 1D,
2D and 3L). &S L UEMRIZES
0.5mm®MITEAF A L TH D 2 flliz i3
HIE LB 5Lz (Figs. 3C, D, G, Hlo

2w I RIGFEEON & R S vl
TA GO L TRHETH L, UL

TTIH I AL AN IABLIUP
amamiana (IENEF RS2 2 L Tllbl LT
Why 72720, T A0 e A
ANA AL P amamiana \ S TIERIZRTY
T, BEVHIATHLATL AN I AR P
amemiana £ N id, T LAY I AT Tw
Lo Tz, B ANA A P oamamiana \SHE
%W@k%ét%ﬁ@%ﬁ@ﬁ&ofwt
EOFTHRBLTED, e IXL
E ammmanaii M L3R ThA I EERZD
e
Ty I AT onTIE, fEEEIEOKR
S LEOIRESEZETH Y . FEHBIET
b LTy s XL IGEENH Y, Tk
W AR TS STl Ang I X JU.“C;E
D, 7UH I wI L ANS IR
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Fig. 5. Ideograms of metaphase chromosomes of Pilea. A: P. brevicornuta.

B: P. cuneatifolia. C: P. minor.

OFEIEERT EARTIENTES,
2) BB

geta R BUIL 4 BT RTITBYT2n
=24 EN7e (Fig. 4). I XEEIN

TIZIGFR I DWW TR BTG S, %
DOMN10FEIE2n=24, 3 flildn=12, 1 fiidn=
240#5 A3 Y (Fedorov 1969  Goldblatt
1981, 1984: Goldblatt & Johnson 1991,
1994), F72 1 flZD\\T2n=24&2n=367°
WS4 GEAR 1998), I Xm0 AR KT
x=12LEX 6N5, o THNEEE SN
4 GERIET ke ELON S,

MBI OEDOA TA 4774 %
Fig. 5 1ZmL7z kI 7)H 31X

D: P. amamiana.

Lw I AH52.5-6.2um. L ANS K&
P. amamiana?°1.8-4.6um<T & - 72, 7 V)
FrIXiE 6D EPEIS@JI?W”"%@W@ ")
B, 1O REI DG BRI ATl AR ATE R

. 7218MH DR P ERBYE AT G0 R D S 15
DRI ATTH ), ZHW LT %
A L7 (Fig. 5A)e ¥ < 3 X6 rpiEs
PR Gtk oy ) B 2 [ Fe il AR
T, ENEN 2 MO GEEITEEA TR S
., 18D RPN ATIGRRD S B
2 ORI KEITH ), — MWL %
ARL7e (Fig. 5B)o kA4 3 XL 6 o
EREY I AL itk & 1848 o0 A EREh ISR
B2 H D | KPHBE ARG RO 2 O



March 1999

Rt RMC, ZHMNEEREZR L
(Fig. 5C)o P. amamianat¥ 6 D hERE)IE M4
Rlgett ik & 180 DX B R B g kA%
D R EREE B ARO 2 E DG dE AL
KEIC, ZHLEER%ZRLA (Fig. 5D),

KO R AP ERBY R AT et fhh™ 2 38D
NAZ L4 5EEEICILATH- T, 48D
BRRBRANI VW L AR L TWA X H I
25 Lo LAFHlifk%E b D EREhE ARGyt
OIS~ IXIZ2ME, TIH Y IAT]
BHERENLD, ANS IXAB IV P
amamiana TIIFBD LN L Do, 2FED T~
IRET VY Y I XIESREEE b DHERENR
BBkt D2 & THBEAH D, B2
A I X E PoamamianaDFAIIEFR T &
CFwHTHAL TV, AT IH Y
I XIIfHHifR % b OREIGAE A 148 L4
L WHE, DR IXE AN IXDHDHN
i3 P. amamiana & OB O ERL, D
HETHLILERRL TS LI bR
By bk U7s & 9 IHERIERED AT ORE R A
5, TIVH Y 3IXNYTIAbANng IR
OHPEERLTWAZ EBOLN, HEIE
MOHEREOMBEOMETHLZLERLTY
L5518 bs,
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Notes on Flavopunctelia and Punctelia (Parmeliaceae),
with Description of Four New Species

Syo Kurokawa

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

Abstract: A species of Flavopunctelia, F. borrerioides, and three species of Punctelia,
P. diffractaica, P. pallescens and P. tomentosula are described as new to science. P.
neutralis and P. subrudecta are recorded from Taiwan for the first time.

Key words : Flavopuncreliu, new record, new species, Punctelia

The genus Punctelia was segregated from Parmelia sens. lat., especially closely re-
lated genus Parmelia sens. str., by Krog (1982) mainly based on conidium morphol-
ogy, pseudocyphella development, medullary chemistry and center of distribution.
Two years later, Hale (1984) raised subgenus Flavopunctelia Krog of Punctelia to the
genus, emphasizing the differences of conidium morphology as well as of cortical chem-
istry between Punctelia and Flavopunctelia.

While only five species are known in Flavopunctelia, 28 species have been recorded
as members of Punctelia. Of the five species of Flavopunctelia, F. fluventior (Stirt.) Hale
has attracted interest and attention of many lichenologists since it has rather large
brilliant yellow thalli caused by presence of usnic acid in the upper cortex and is dis-
tributed in Europe, Africa, the Himalayas and North, Central and South America. In
contrast, the other species are considerably rarer or only locally distributed as seen
in F. darrowii (J. W. Thomson) Hale, F. praesignis (Nyl.) Hale and F. soredica (Nyl.)
Hale (Hale 1980) or is known only from the type locality like in F. lobulata Elix &
Adler (Elix & Adler 1987).

In the present paper, F. borrerioides is described as a new species. This species con-
tains usnic acid in the cortex and lecanoric acid in the medulla as in all other species
of Flavopunctelia. However, F. borrerioides is characterized by the presence of lami-
nal orbicular soralia.

In 28 known species of Punctelia, atranorin is produced in common in the upper cor-
tex and lecanoric, gyrophoric or fatty acids are known as common medullary products.
A new species, P. diffractaica, is characterized by the production of diffractaic acid,
which has never been reported as a medullary product in the genus. P. pallescens and
P. tomentosula contain lecanoric acid as in many other species of Punctelia. However,
P. pallescens also contains a large amount of unidentified substance and P. romentosula
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has unique tomenta-like fine short rhizines on the lower surface.

Species of Punctelia are most commonly distributed in the Southern Hemisphere,
viz., South America and Africa, where the genus has the highest number of species.
Some species extend their ranges or are endemic to North and Central America,
Europe, eastern Asia or Australia-New Zealand. P. neutralis has been considered to
be endemic to South and East Africa (Krog & Swinscow 1977). However, its range
is now extended to eastern Asia as discussed below. In addition, P. subrudecta, which
has never been reported from Asia, is recorded from Taiwan.

TFlavopunctelia borrerioides Kurok., sp. nov. Fig. 1.

Species cum thallo ut in Punctelia borreri sed ab hac thallo plus minusve flavo-virenti
et cortice superior acidum usnicum continenti differt.

Chemistry. Usnic acid and lecanoric acid.

Type. Mexico. Puebla: Monte de la Candelaria, corretera Puebla a Xalapa, entre
La Candelaria v El Seco, antes del tren Méx-Ver. (km26-289), Bosque de Juniperus
y Opuntia-Agave, 2370-2400 m alt., G.Guzman 19610—holotype in XAL and isotype in
TNS.

Thallus foliose, adnate, saxicolous or corticolous, pale yellow to mineral gray, to
10 cm in diameter, lobes irregular, 4—10 mm wide, usually contiguous; upper sur-
face more or less rugose, minutely pseudocyphellate, sorediate, soralia laminal and
marginal, laminal soralia common and numerous, mostly orbicular, marginal soralia
sometimes confluent. Lower surface black, minutely wrinkled; rhizines moderate,
simple, often coarse, less than0.3 mm long. Thallus 210—240 pm thick ; upper cor-
tex ca. 20 um thick, algal layer continuous, 20—25 um thick, medulla 160—180 um thick,

Fig. 1. Holotype of Flavopunctelia borrerioiodes Kurok. Scale indicates mm.
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lower cortex brownish10—15um thick. Apothecia not seen.

The present new species has numerous orbicular laminal and a few marginal sor-
alia and looks very much like Punctelia borreri (Sm.) Turner. However, it contains us-
nic acid in the upper cortex and is considered to belong to Flavopunctelia rather than
Punctelia, in which all species contain atranorin in the upper cortex even only in small
amount in certain species. In addition, it is readily distinguished from P. borreri by
the production of lecanoric acid rather than gyrophoric acid.

Although most species of Flavopunctelia have pale to brilliant yellow thalli, contain-
ing quite a large amount of usnic acid in the upper cortex, some fragments of the pre-
sent species are mineral gray and appear to be easily confused with species of Punc-
telia. Even in these fragments, however, a little amount of usnic acid is demonstrated
at most by TLC or HPLC methods.

Flavopunctelia borrerioides is quite similar to F. flaventior. Especially when a large
amount of usnic acid is produced in the cortex of F. borrerioides, the species may be
confused with the latter. In addition, these two species have soredia and a black lower
surface and produce lecanoric acid in common. However, soalia are mostly laminal
and orbicular in F. borrerioides, whereas they are mostly marginal and often capitate
in F. flaventior.

The present new species is known only from higher elevations in Mexico and Peru.

Specimens examined. Mexico. The same as the type, G.Guzmin 19607 (XAL,
TNS). Peru. Dept. Cuzco: Prov. Quispicanchis, Luisanpampa near Oropesa, rocky
cliff along river, on rocks, alt. ca. 3150 m, H. Kashiwadani 21207 (TNS) ; Prov.
Anta, Limatambo, elevation about 2500 m, on bark of trees, H. Kashiwadani 21238
(TNS).

Punctelia diffractaica Kurok., sp. nov.

Species habitu cum Punctelia punctilla optime congruens, sed differt thallo acidum
diffractaicum continente.

Chemistry. Atranorin and diffractaic acid.

Type. Peru. Dept. Cuzco: Prov. Cuzco, Saylla, pasture beside the road, alt. ca.
3200m, on calcareous rock, H. Kashiwadani 21194—holotype in TNS.

Thallus foliose, adnate on calcareous rock, greenish gray, turning brownish buff in
the herbarium, more or less coriaceous, 8—10 cm (?) in diameter; lobes irregular,
2 —4 mm wide; upper surface roughish, minutely pseudocyphellate, isidiate, isidia
raised from pseudocyphellae or directly from the surface, becoming dorsi-ventral lob-
ules; medulla white; lower surface black, rhizines black, sparse, lessthan 1 mm long.
Thallus 110—160 pum thick ; upper cortex 12—15 pum thick, algal layer continuous, 32
—38 um thick, medullary layer 59—95 um thick, lower cortex brownish, 7—12 um
thick. Only juvenile apothecia (less than 2 mm in diameter) observed.

This species is characterized by the presence of isidia usually becoming lobules and
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black lower surface and the production of diffractaic acid in the medulla. Even though
the holotype specimen is unfortunately fragmentary and any photograph of the habit
can not be shown in the present paper, a combination of morphological and chemical
features is quite unigue in the genus and well characterizes the present species.

Chemistry of the present species is very unique, since diffractaic acid is rather rare
substance even in the Parmeliaceae and has never been reported in the genus Punc-
telia before.

The present new species may be confused with P. punctilla (Hale) Krog, since they
have similar isidia or isidial lobules. However, it is clearly distinguished from the lat-
ter by the production of diffractaic accid.

Although three juvenile apothecia less than 2 mm in diameter are found in the holo-
type, description of them is not given above. However, it should be noted here that
clavate asci containing eitht colorless ascospores, which were ellipsoid and 5—7 X 10
—12 um in size, were observed.

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

Punctelia pallescens Kurok., sp. nov. Fig. 2.

Species habitu cum Punctelia hypoleucite optime congruens sed differt thallo atranor-
inum, acidum lecanoricum et materiam incognitam continent.

Chemistry. Atranorin, lecanoric acid and an unknown substance.

Type. Australia. Western Australia: Dumbleyung to Wagin road, 6 miles west of
Dumbleyung near Nippering siding on trunk of Acacia acuminata, R. Filson 9386—holo-
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Fig. 2. Holotype of Punctelia pallescens Kurok. Scale indicates mm.
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type in TNS.

Thallus adnate on bark of tree, mineral gray, turning brownish buff in the herbar-
ium, 4— 7cm in diameter; lobes subirregular, with rotund apices, continuous, 2— 4
mm wide, upper surface glabrous, lacking soredia and isidia, pseudocyphellate, lami-
nal pseudocyphellae extremely rare, marginal pseudocyphellae indistinct, sparse ; me-
dulla white ; lower surface pale brown, sparsely to moderately rhizinate, rhizines con-
colorous with the lower surface, simple or fasciculate, 0.7—1.5 mm long. Thallus 210
—240 um thick ; upper cortex pale brown, 17—25 um thick, algal layer continuous,
28—45 um thick, medulla 107—150 um thick, lower cortex subhyaline, 17—20 um
thick. Apothecia common, adnate, 2— 6 mm in diameter ; amphithecium often pseu-
docyphellate ; hymenium ca. 80 um high, asci clavate, 22—25 X 55—60 um, spores
8, colorless, 7—9 X 14—18 um.

This new species is easily confused with P. hypoleucites (Nyl.) Krog, because
they both have a pale lower surface and no asexual propagule and show blood red
color reaction with C in the medulla. However, P. pallescens contains a large amount of
unidentified substance along with atranorin and lecanoric acid. The unidentified sub-
stance yields thick straight needle clusters in GE and shows a little higher Rf value
than lecanoric acid on chromatograms developed by a mixture of hexan + ether + for-
mic acid (5 : 3 : 1).In P. pallescens, in addition, laminal pseudocyphellae are ex-
tremely rare, while P. hypoleucites forms numerous minute pseudocyphellae on the up-
per surface.

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

Punctelia neutralis (Nyl.) Krog. Nord. ]. Bot. 2:291. 1982.

The present species is characterized by the laminal orbicular soralia and the pale
lower surface and the production of fatty acids related to caperatic acid (Hale 1971).
It has been considered to be endemic to South and East Africa (Krog & Swinscow
1977). However, a specimen segregated from Harada 9905 (see below) collected in
Taiwan is identified with the present species, since it has laminal orbicular soralia and
caperatic acid is demonstrated in it. Thus the distribution range of the present species
is now extended to Taiwan in eastern Asia.

Specimen examined. Taiwan. Taichung Hsien: Hoping, en route from Ssuyuan to
Tochiatum Shan, 2600 m alt., on bark of pine, H. Harada 9905-b (TNS).

Punctelia subrudecta (Nyl.) Krog, Nord. J. Bot. 2:201. 1982.

The present species is characterized by 1) farinose to granular soredia, 2) pale
brown lower surface, 3) lecanoric acid as a medullary product. A specimen collected
in Taiwan by Harada included two species, the one (9905-b) segregated from the
specimen was identified with P. neutralis (see under P. neutralis) and the other (9905
-a) was identified with the present species, since it possesses characteristics mentioned
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above.

Punctelia subrudecta is easily confused with P. punctilla (Hale) Krog. When he dis-
cussed on polymorphism of vegetative propagules of P. punctilla, Adler (1997) clearly
showed the differences of these two species.

The present species has been recorded from Europe, Canary Island, New Zealand,
India, including Indian Ocean (Adler 1897) and North America (Wilhelm & Ladd
1987). This is the first record of the species in Taiwan and the species appears to be
widely but sporadically distributed in subtropical and temperate regions in the world.

Specimen examined. Taiwan. Taichung Hsien: Hoping, en route from Ssuyuan to
Tochiatum Shan, 2600 m. alt., on bark of pine, H. Harada 9905-a (TNS, CBM).

Punctelia tomentosula Kurok., sp. nov. Fig. 3.

Haec species Flavopunctelia soredicae valde affinis est, a qua rhizinis densis tenuis-
simisque et pallido-spadiceis facile et thallo acidum usnicum destituto distinguitur.

Type. Peru. Dept. Cuzco: Prov. Paucartambo, arcund Challabamba, in 'Ceja de
Selva' zone, alt. 2800 m, on bark of Alnus sp., H.Kashiwadani 22058—holotype in
TNS.

Thallus foliose, adnate on bark of tree, mineral gray, turning light brown in the
herbarium, 7—9 cm in diameter, lobes subirregular, sometimes imbricate, 2— 6 cm
wide ; upper surface glabrous and more or less shiny, pseudocyphellae laminal and
marginal, laminal pseudocyphellae minute, mostly orbicular, marginal pseudo-
cyphellae indistinct; soredia laminal and marginal, laminal soredia associated with
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Fig. 3. Holotype of Punctelia tomentosula Kurok. Scale indicates mm.
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pseudocyphellae, marginal soredia distinct, often forming capitate soralia: lower sur-
face pale brown, densely rhizinate even near the top of lobes, rhizines fine, subpel-
lucid or pale brown, less than 1 mm long, some rhizines elongate, often reaching
more than 3 mm in length and more or less pellucid. Thallus 115—130 um thick; up-
per cortex10—13 pm thick, algal layer continuous, 33—37 um thick, medulla 62—65
um thick, lower cortex colorless, 10—15 pm thick. Apothecia not seen.

This new species is easily confused with Flavopunctelia soredica, especially when the
specimen is kept for long time in the herbarium and the color of the thalli has changed
into light brown. These two species form marginal and capitate soralia and have a pale
brown lower surface and produce lecanoric acid in the medulla. However, the new
species is clearly distinguished from the latter by dense fine rhizines looking like
tomenta and by the lack of usnic acid. This species is classified under the genus Punc-
telia, since a trace amount of atranorin was demonstrated mainly by TLC and HPLC
in the type.

The present species may be also confused with P. perreticulata (Risinen) G. Wilh.
& Ladd or P. subrudecta, because these species are sorediate and have a pale brown
lower surface in common. However, it is clearly separated from the latter two by
having unique tomenta-like short dense rhizines.

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

I express my sincere thanks to Prof. Dr. Gastén Guzman of the Instituto de Ecolo-
gia, Instituto Nacional de Investigaciones sobre Recursos Bioticos, Xalapa, Veracruz,
Mexico and Dr. Hiroshi Harada of the Natural History Museum and Institute, Chiba,
Japan who placed their interesting specimens of Flavopunctelia and Punctelia at my
disposal.
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New Locality and Chromosome Number of Scutellaria
guilielmii A. Gray (Lamiaceae), an Endangered Plant

Toshiaki Shiuchi & Tadashi Kanemoto

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

Abstract : Scutellaria guilielmii A. Gray (Lamiaceae), an endangered plant, was
newly found in eastern side of Noto Peninsula, which is the northern-
most locality of the species. It has been recorded from south-eastern China, in-
cluding Taiwan, and along the Pacific coast of Japan Archipelagos (Ryukyu Islands,
Kyushu, Shikoku and Honshu). Thus it can be considered to be disjunctively distrib-
uted in Noto Peninsula on the Japan Sea side. It has been known that Halophila ovalis
shows similar disjunctive distribution. The choromosome number of Scutellaria
guilielmii A.Grayis 2n=28, which has never been reported beforein Japanese spe-
cies of Scutellaria.

Key words: chromosome number. endangered plant. Noto Peninsula, Scuteliaria
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Fig. 1. Habit of Scutellaria guilielmii
(June 7, 1997).
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Fig. 2. Somatic metaphase chromosomes
of Scuteliaria  guilielmii (2n=28).
Two large chromosomes with satellite
are marked with arrowheads. Scale
bar indicates 2 pm.
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Seed Germination of Prunus zippeliana Miq. (Rosaceae)

Toshiyuki Yamashita

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

Abstract: Germination of seeds was obsereved in Prunus zippeliana Miq., one of two
evergreen tree species of Prunus in Japan. The seeds were collected, when the fruits
had fallen from the tree in next spring after flowering in autumn, and they were cov-
ered with the flesh. Seeds with flesh were decayed and showed low germination rate
in high temperatures though a few of them germinated. In contrust, seeds without
flesh germinated in shorter period and showed higher germination rate. Thus, birds
such as Turdus naumanni eunomus Temminck seem to have important role in disper-
sal of seeds of P. zippeliana, since the flesh may be removed by them. On the other
hand, the seedlings of P. zippeliana seem to require rather bright condition on the for-

est floor.

Key words : Prunus zippeliana, seed germination, seedling establishment
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Fig. 1. Germination of Prunus zippeliana seeds covered by flesh.

a: Shoot; b: Root.
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Fig. 2. Germination of Prunus zippeliana seeds without flesh.

a: Shoot; b: Root.

NCEMEIER Lo, 720 33 (Fig.

2a), 20CTH oL bHC15HH, 10CTd»
E L4 BBl s i, RIS
KERE L7 fEF1E, 10CEL15CTiEALNT,
0CTULETIEETFHBRLAHfbALNL
. RAREDLO LY L hh ol BA

Loy F 7 FoMTE, ®ET40H
(20C i) 2 oEE86H (10C1HM) Th
FEDRFEIE LT,
KRERETORRB LURFERE (1.7
BEHFHABO%IE L - HE) %Fig. 31SRL
72o FEHIII0TICB VT, FFIZBTH S



40 Bull. Bot. Gard. Toyama

No.4

0.10
0.08+
o
g
c 0-06_
.0
)
©
k=
£ 0.041
o
(&)
0.02+
0.00 .

10

15

20

25 30

Temperature ( °C)

Fig. 3. Germination rate of Prunus zippeliana. Open circles: Root :
Solid circles : Shoot. The germination ratio was calculated by
1 /days reaching 50% of germination.
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Quercus takaoyamensis Makino and Q. sessilifolia Blume
(Fagaceae) at Jourakuji in Fuchu-machi, Toyama Prefecture

Toshiyuki Yamashita,) Yukio Nagai?) & Toichi Shoji%

DBotanic Gardends of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan
2)Public High School of Kosugi,
1520-1 Sanga, Kosugi-machi, Imizu-gun, Toyama 939-0341, Japan
3)352 Ueno, Nyuzen-machi, Shimoniikawa-gun, Toyama 939-0642, Japan

Abstract: The evergreen broad-leaved forest (ca. 0.7ha) at Jourakuji in Toyama
Prefecture is dominated by Quercus salicina Blume and has been considered to belong
to the Aucubo-Quercetum salicinae Sasaki. However, we found that Q. takaoyamen-
sis Makino is dominated in part (ca. 0.1ha) of the forest. Q. takaoyamensis is very
variable in the shape of leaf, the length of petiole etc., and shows intermediate
forms between Q. sessilifolia Blume and Q. acuta Thunb. It is noteworthy that Q.
takaoyamensis is also variable in DBH and a number of juvenile seedlings are

found at the forest floor.

Key words: Quercus sessilifolia, Q. takaoyamensis
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Fig. 1. Various forms of leaf in Quercus acura (rightmost) and that of Q. sessilifolia

(leftmost) and Q. takaoyamensis.
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Localities of Dendranthema japonicum var. wakasaense,
Past and the Present

Masashi Nakata

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

Abstract : Based on field survey made in 1977, 1978, 1979, 1982 and 1985, the
localities of Dendranthema japonicum var. wakasaense, a threatened plant of Japan,
and the related taxa are listed. The list includes only localities along the coast of the
Japan Sea, since those of inland such as around the Lake Biwa, in Gifu Prefecture,
etc. were already reported in the previous paper (Nakamura & Nakata 1981). Chro-
mosome numbers were counted in 410 individuals collected at 67 localities: most
(371) of D. japonicum var. wakasaense were tetraploid with 2n=36 or tetraploid-
aneuploid, while 17 of D. japonicum var. japonicum from four localities were diploid
with 2n=18 and 10 of D. indicum from four localities were tetraploid with 2n=36, as
previously reported for them. However, individuals of pentaploid, pentaploid-
aneuploid, heptaploid, and heptaploid-aneuploid of D. japonicum var. wakasaense
were found at four localities and they can be considered to be hybrids between
tetraploid D. japonicum var. wakasaense and hexaploid garden chrysanthemums(=
D. grandiflorum). It should be noted here garden chrysanthemums were cultivated
as garden flowers or found as flowers offered to small shrines near by 29 of 59 locali-
ties. The fact may indicate that D. japonicum var. wakasaense has been threatened
physically as well as genetically invaded by germ plasm of garden chrysanthemum.

Key words : chromosome number, distribution, Dendranthema japonicum var. waka-
saense, garden chrysanthemum, genetic pollution, threatened plant
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3K 1935) . WIOHHE Chrysanthemum waka- F I IBDERZETINE > TIHAE T3 Dendr-
saense Shimotomai ex Kitam. & L TE2#k - anthema japonicum (Makino) Kitam. var.

ERINSAHT (Kitamura 1938), #DEY) 2 wakasaense (Shimotomai ex Kitam.) Ki-
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12, RO 3ENIB T, bedho7 HeEZ b, RD4OOEREETHI L
EBEATI Y2 L2 o & 1 is ’C“E%Zao iJ"’C‘?} f:c 1) B s BT FE (Figs.

b & OMEFREDFE o TWALETIZ2 VT 2A, A7), HARRFREPITIRL, IR
AbE, RO RE SHERBRETH 72D allN |§JE'{J;T&7Z Y. 2)ERUE. WJMIEF‘!
HEB0ME T, NS o 72 ODN0MEAT. KE( SR =, MRS, sURRHEEr TR, |
oloOA LEITH Y ffl LTk B, fRHEETFHW (Figs. 2B, B) %
HEDSHR

MEETEO T N A2

Fig.

2. Environmental changes of localities of Dendranthema japonicum var. wakasaense
in 1879 (left) and 1998 (right). A & A': Fukui, Tottori City, where the origi-
nal population was lost by vegetational succession. B & B': Aoi, Obama City,
Fulkui Pref., where the original population was lost by road improvement. C & C':
Miyadome, Qoi-cho, Fukui Pref., where the original population was reduced by de-
velopment work.

LT AHEEIZSH D, &y 3) J%ﬁ i H IR AR = 4 (Figs. 2C,
BB AA LA C). RV BT IT R FT I, 4 ) B 2R OEE
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. 3. Populations of Dendranthema japonicum var. wakasaense and garden chrysan-
themums (= D. grandifiorum) cultivated or offered to small shrine. A: Age,
Kasumi-cho, Hyogo Pref., with cultivation of garden chrysanthemums/(ar-
row) (Nov. 21, 1998). B: Matsugasaki, Tsuruga City, Fukui Pref., with flower
offering of garden chrysanthemums (arrow) (Nov. 29, 1998). Arrowheads
show D. japonicum var. wakasaense.
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Distribution of Monochoria korsakowii Regel & Maack.
(Pontederiaceae), a Threatened Plant, in Toyama Prefecture

Toshinari Godo

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

Abstract: The distribution of Monochoria korsakowii Regel & Maack., a threatened
plant in Japan is surveyed in Toyama prefecture. This species was observed at ten

out of 15 investigated sites in 1998.

Key words: distribution, Monochoria korsakowii, threatened plant, Toyama prefecture
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Fig. 1. a) Flowering plant of Monochoria korsakowii Regel & Maack. b) Flow-
ering plant of Monochoria vaginalis (Burm. fil.) Presl var. planiaginea
(Roxb.) Solms-Laub.
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Fig. 2. Fruits of Monochoria vaginalis (Burm. fil.)Presl var. plantaginea (Roxb.)
Solms-Laub. (above) and Monochoria korsakowii Regel & Maack. (below).
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Ikujishinku-1
Ikujishinku-2

25 Skm

Fig. 3. Distribution of Monochoria korsakowii Regel & Maack. in Kurobe City.
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Fig. 4. Distribution of Monochoria korsakowii Regel & Maack. in Shinminato City,
Kosugi Town and Fuchu Town.
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Fig. 5. Distribution of Monochoria korsakowii Regel & Maack. in Himi City.
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Materials for the Flora of Toyama (3)

Takaaki Oohara

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

Abstract : Through our recent field surveys, ten taxa are newly recorded as mem-
bers of the flora of Toyama Prefecture. They are Agrostis scabra, Polypogon mospe-

liensis, Festuca megalura, Poa acroleuca var. submoniliformis, Panicum lanuginosus,

Bulbostylis densa var. capitata, Sagina procumbens, Verbena officinalis, Phacellanthus
tubiflorus and Diodia teres. Some specimens of Poa acroleuca var. submoniliformis have
been reported under a different name, which was erroneously applied to them.
Additional localities are reported for Scirpus fluviatilis which has been known from
only a few localities in Toyama Prefecture. The present study is based on specimens
preserved mainly in the herbaria of the Botanic Gardens of Toyama (TYM) and of

the Toyama Science Museum (TOYA).

Key words : flora, new records, new localities, Toyama, vascular plants
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Fig. 1. Specimen of Agrostis scabra
collected in Shinminato City,
Toyama Prefecture (TYM).
Scale indicates 10cm.
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Fig. 2. Habitat of two taxa of Polypogon in
Shinminato City, Toyama Prefecture :
Two hairly green inflorescences (ar-
row) are of P. monspeliensis, accompa-
nying with P. fugax with brown inflo-
rescences. White inflorescences in
background are Imperata cylindrica.
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Fig. 3. Basal part of culm in Poa acroleuca
var. submoniliformis  collected in
Toyama City (TYM). Scale indicates
1cm.
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Iig. 4. Inflorescence of Scirpus flaviatilis
collected in Shinminato City, Toyama
Prefecture (TYM). Scale indicates 1
cm.
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Fig. 5. A & B Bulbosiylis barbata collected in Toyama City. C & D: B. densa var. capi-
tata collected in Toyama City. E & F: B. densa var. densa collected in Fujinomiya

City, Shizuoka Prefecture. A, C & E:

indicate 2 mm
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Fig. 6. Habit of Bulbostylis densa var.
capitata in Toyama City.
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Fig. 7. Specimen of Phacellanthus tubiflorus
collected in Kamitaira Village,
Toyama Prefecture (TYM). Scale
indicates 5cm.
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