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MAOEREEHN

T DR & 3F WA %175 — F CHMATEO T
BAEMFEL T D, —EOMY LB AL (chas-
mogamous flower : @O ML, LI, CH) &H
$H1E (cleistogamous flower : BAE®THEDOT THR
Z A Thb AL, LI, CL) OWift% 21 % Bt
TE-PHSHALIR A2 ing (LUT CH-CL (RA#HMG) %
&L o>Twh (Zhangetal 2018), Z 9 L 7-Hii#y %
FEAEREZ W] & 2245 2 L3 MA O AL 5%
ZHOLDIZT HF2RN) &b,

FAL & PASAACIZ 2 2 2 R & R 2 50, Bl
TENZMARR & O FASENC X 1) Bl 3B 2%
L1 REEANTREENS L LI FEE, B
AERE T A MR MR & DOREATT E AU T
BABTIENTELZVEVI REXESDITH
L, FSAABIEBARAEIC R THED EJE a A I AME <,
RFTESEO BT R EELARE DL &) FIT L,
WEEHHED ) A7 HEE B &) KT xFED (3R
1995) 6

CH-CL AWML, B IEEMICERL D TH#
ERATEINED BN TF-FR O % A A 3 0] gE S
HY, BRI A R#ELT S E SN TS (Zhang
et al. 2018), L 2L, CH-CL (& A ¥ M (& 258 5 )
JEAR DD ETHED H AL (Zhang et al. 2018),
A1~ D 43 WO B 203\ > PREHAE O A2 | 20 8L ] D 3%
EMEL, BEOEL L BRI E L S ¢ 5 &
T H7eh % 5 (Culley and Klooster 2007) o

FHEHAE 00 2E L VRN R 7 VR 0 I e O JRF
ATOED D Y, CH-CL AN 21T ) fili i
PO BB S 0 25206 U CRITUE & BASEAE D

HEMEREZ MBI S EZ LN TS,
Bz, EEI A POBECEHBAEICEE L TH
WED % VEEEN, &5V, FIUEOLEIZL
BHRBENTE R VBRI E £ { A
L, BRZMICEATHRESLERT I LR AD X
9 T& % (Diaz and Macnair 1998), L 7 L,
CH-CL iR &M 2 47 ) WA BAARIC &0 &9
GBS THBIE R EET 200 L bho T
W7\ (Koontz et al. 2016). PASHIEAE L L 22w
A I VIBERITHG - 458 - [EHENE L Vo2
FERESIIREONLEEBEICAET T L2 b s
T 572 (Culley and Klooster 2007), AR7ZWHZED 4=
B2 R

A VEIRHFIZ 600 FEIZ EAFAET 5 ST 7
WE—EETH L (KIEDS 2016), HATIZH 50 A
ROLNTBY, AANFAIVHEHR Y F VKA
V7 EMB O % F T 72D S T
bo ALIBENTIE, THRAEHFICH SN 28RN
am OB E T oL L BE LS TIET 5
(KIS 2016)0 F7z, W< OPDA I LIE, HHiE
2VED, BABAECIEET21EL W & s s
Twb (KfES 2016),

TRAZFVRAIV (Viola sacchalinensis var.
alpina) FACHED T KA K, KRG & OB
PR HIAT 1A B0 (MR 2007), #MBGEE THICH
EINTWHREMTHL CKkE 2012), 7HRAEHT
ITBIEFEEAES LI LIRHRICER T 5 & & DI,
TR O % 2\ CHRAE LHZEN DL ) T8
WEIILEFIC L), BEICHEWICE o> TH L W EBR
Lo TwD (A5 1995)
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Fig. 1 Photographs of leaves (a), chasmogamous flower (b), and cleistogamous flower (c) in Viola

sacchalinensis var. alpina at Mt. Apol.

TEAEFEZAT ) BRESRG AN T 272012, THRAE
WHEBTLTEASF Y RAI L OBIEEME & Bl
SMOEREFN. TRAGOESORE S L i
R L V) ZOORBEEMHFICERL, Thbo”o
DB & PSR E & OBIRZ TRz, — KIS
EEFAEWIE ERIEAMEL 2 ) AT < %
Lo F7o, WIERERMEIEMOAFT LWL L
mE, THRAZFIRAILPEFTLTWAELL
BIEADS CEH LT 51 MBI ERD
B Z NSNS,
MEEFE

A

FENL T R AL AR ERR AR BINT) T1T - 72,
7 AHRA R H B IR R R (bR 42°6'207,
HHE 143°1640") DILTH S, T DAL AR, B
ABAE, BEADPADAEE Vo 2BIERTE A D
FhEngIRE R L7 L, TRIFLORE Y%
VFCEA LB S LA R IC L D, M
A5 4 km Ol TR ST % & O EA O
AENFEL TS (5% 2001) . =9 LAiERT7
RA EEIAEEETE ) L LT 1939 4F 12 [E o KRR
EYNHRESND, N UE Xy TIIHRO
BADERTZOHFIIEL AL TBY, v
WRBHRICHERT 2E BN TN D (EE
2001) o

pOE Y

WRFENLTRA 5 FVRAI LV (V. sacchalinesis
var. alpina) T 5 (Fig.1)o A7 RAFH, HE
WARALES, &0k, RIEMHIZHATEAIVED
SHERTHD (WD) 2008)s THRAZFVRAI
LIZT7T A X FVRAIV (V. sacchalinensis) 75t
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BRI CEPRMIEBLbD L, Y%
TFRMAEDP D OWHFET S (KIES 2016),
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W, ISR S S (WA D 2008) . AT L
5~6 HICHIET D (WA%) 2008). BAKAL - FSH
FEORTEFEIC OV TIEEFE L KB SN TRy,
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BIELZEAL, BRLAETKRAYFYRAIL
DOALE % NV T 4 GPS (GPSMAP62s, Garmin
International Inc, Kansas, USA) Tri&k L 720 Bk
16, PISHAE, REIEDIEE, O E—HRI L IR
FRL 7o B ONEHOIXESE22WZ 5720
V2, PASHAR T ORI S 5 A L 720 BT
TEL SR M OEEDIHIC L > TR R D0 E
IMEHRLIzD, BAEIEISHI0BE6 A7HIC
To7ze b HIZIZ 73k zRekL, 6 HIZIX 104
MRz L7z, 6 HIZRE LA 14 B0 b
70 EMAIE 5 B L2k W—TdHh Y, 3418
NG VA ot - S DAl
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HATTHE L, SHofoIESRICH L THB L
TV WEEROE G B TEHAIL, S8 o 215872,
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BB A B & 202§ 5 72002, fef L BIEA (5
H, 6 1) oMf%E, —HILMIZEASET IV (gen-
eralized linear mixed model, GLMM) # fH\W/2E7
JVEERIC X Y Rz, #AE8, FIRBUER, PISAEE
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OB, BUWA 2V AL L, ffoEN%E
U NERE LTEFVEERL, M A&
GETNEMVER-AEET R VET IV E 2L
T, MOTEEDPEENE ) iRl £72, 1B
DTF—=%I1X5H, 6 HOWMETT—% 25 &8
T& 12 TR D T — & 2\ /2,

PSHALE 2 B S T B 2002, BIE%,
FRCAEEL, PASRAEEL, BABUEOE G, HEHEOEE
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VIS X D ATz, AR, BIRUES:, PASHAEEL,
MEIEDEI & e ETIEEERE L, ozl
SEHE L,

MYROKE S EIEEBLUEAROMREHS
PIZT D701, EoRLER, BEROMGEE
RO TR EORF - IIEEELNRER
L, EEAMERE Lz, ETOVEITIIAMAL
EREELET N EMVER AR ETVE, L
JE HeME & F IR L 72,

T OFEHEMN 121X R Version 3.31 (R Core
Team 2018) % 7z, —BALRIZIRAE T VI &
AEYFIZIE R @ Imed 73y 77 — 2 (Bates et al. 2015)
® glmer B % Fl\ 72, glmer FA%IZ B W T fam-
ily 121% poisson = 18 %E L 720 —H#ALFRIEE T VI
L BEYETIE, A, e, PsEEE e
L B354 1213 family 12 poisson Z#38E L, B
HALOEE, FEREEBLRET A2
family |2 binomial & 772 L 720 7272 L, family %
poisson (ZF8%E L 72 & & 12 overdispersion 25&% - 7
WA, family 12 quasipoisson % 1858 L C AT
L7

] R

FATERF 1

WAL L OHBAEEIE 5 A5 6 A THEIZHK
B L72DIZk L (Fig 2a, df=1, x*=8.5838, P=
0.003, Fig.2c, df=1, x*=21.087, P<0.001), 6
HOMSEIEEIE 5 H ok 10 28 L7 (Fig. 2b,
df=1, x*=17.095, P<0.001),

BASRACEEERT I

wACEL, PASHAEEL FIRUERIX V3 d oL
oML 7z (Fig 3). #AEH & MBUEHDET
VEFIZB W TEORIIHFE LR LM TH 72 (1L
B x#=62.127, P<0.001, BARAESL: x2=26.145,
P<0.001), HSEAEEDETIVEIRTIE, O
fEfEE 0.10 KimOEE ThH -7z (x2=2.847, P=
0.092), MISHIEDHEIZZEDEKIIE > TR L 72
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Fig.2 Numbers of total (a), cleistogamous (b), and
chasmogamous flowers (c) per plant in V.
ssachalinensis var. alpina on May and June 2019
at Mt. Apol. Boxes and bars show means and
standard errors. Asterisks indicate that the
calendar month was significant parameter (*; P<
0.01, ™ P<<0.001) in the model selection.

(Fig.4)o HSEDEGDOETFTVEIRIZBVTED
BEHELERCTh o7 (£2=5.320, P=0.021).
FEOR L B FIIEEI > TN L 72 (Fig.5)0
EOHMEBEROETIVBRINICB W CEESITAEE R
BHTH o7z (FEOM: ?=19.883, P=0.027, %
BER G 42=202.29, P=0.012)
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FIRAERS5 HE W £ <, BISHIERSS H L W A%
ol éid (Fig2), 7RAZFIERAILOMH
B =225 ATh Y, FIEY — 7 BIZHIEYNS
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Fig. 3 Relationships between number of leaves per
plant and number of total (a), cleistogamous (b),
and chasmogamous flowers (c) per plant in V.
sacchalinensis var. alpina at Mt. Apoi. The
regression curves were based on generalized
linear model. Solid lines denote that the independ-
ent variable (“no. leaves”) was significant (P<
0.05) for each model selection. Dashed line
denotes that the independent variable was
marginally significant (£<0.10).

L RICWATAHIERRIELTWD, TAY (3
AN, 5 ) FNAEOHFM) ICEFT S A
I VIBTEARD Viola pubescens 1% 4 ~ 5 H D BHIEHA
W, IROICRBUEE WO OBIE L AEEL,
I [ B L 2 B A B AR E % T L C RSHA AR 7 LR A
M2 82 5t Z2 o 2 LG s hTn
% (Culley and Klooster 2007) , ARFFZE TlIAE3HF %
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Relationship between number of leaves per plant
and proportion of cleistogamous to total flowers
per plant in V. sacchalinensis var. alpina. The
regression curve was drawn based on general-
ized linear model. Solid lines denote that the
independent variable (“no. leaves”) was signifi-
cant (P<0.05) in the model selection.
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(Diaz and Macnair 1998) . V. pubescens \ZHR5E DI
RS & A SO ICRS L CRBEAERE % 1k
LPASEAED A A EE LIGD 5 2 L2 RiEE LT\ 5
7% (Culley and Klooster 2007), 7R A ¥ F VKA 3
VIZBR SNABRICEZCROND 2 Enb, T
pubescens LT H 7 B BREIE RIS L CHISHAEAE
FEERTRS>TWDD0b LA,

PREHIEAE EESF

WAEB L o E OIEOHB & (Fig 3a), ML
DEE LEOHEDREOMMIE (Fig.4), THA ¥
F I RA I VIERY A AR E WL 0IF &8
% CHEEL, MSIEOEEGZ RS THHIIIH D 2 L
ERLTWA, AT A XKRENLDIT LSS
CHAFEL, MEEOEEGZBS TMHEMIFA A I L
BD V. sororia °H ) 7 A V=TINIZEBTT A3
VAR T AR IBEARD Mimulus nasutus TG S
T B 1) (Diaz and Macnair 1998, Culley and
Klooster 2007), CH-CL {2 A #ilg % 47T 9 AR TIL,
RS A XK E I ERIBAEOEI S A 5 10
mA3d % OH b L7\ (Diaz and MacNair 1998) o
COBGIE, R A XDPKREL DI EMEDE
RMOFEHPINL, FAUZIL LES L &=
W% 7B I E TRALEE HI & L7-AEo L
WL Z L OBEREZEDTE L0 ERENT
W% (Diaz and Macnair 1998), 7R A & F VKX
I LICBWTEET 4 XK EL R DI ERBIED
EEDHEIN L T2 i, R L B KT
LCRBfE R LTz il S5,
HOREBEEDPES Mo THML T2k
¥ (Fig.ba), 7TRA 7 F IV RAIVLDPESDOE W E
Ch, HIHVIIBEEVPENE ZAD L) LM
xF L CRPT#IGE & RO R 2 RIE L T b, %
OFIIEE A ADgIEEEZ ONDL I b, ¥
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T DR, - KR e & OIREY St DA TR o
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FREIZHAT 575, EiEE R & TIIAER -
BADHEHNENDLZ EICL 5T, HALHEDOHEY D
G REMEDS £ 5 2 EAMRR S LT\ %  (Bruun et
al. 2006) o 7 ARAHICBW TSI - TEERN
B < o Tz Z Lk (Fig. 5b), AL ho
FEW ST LTz &) FEN - FE R 54 ASRR AN
SNTWBI LMD DL LIk,

A I VIBEARD V. pubescens \Li5i 512 AFE 2 Xt
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% (Culley and Klooster 2007) o AHFZE TlIALF I
I RN - BRSO W TN TW A DT Tl
s, BEPMEC, BERORNE ZATT RS
7 FYRAILVOMBIROBEENE L hoTWw/Z
L, TR - RS A OB A L T
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TARA Y F Y RA I VISBRAL & FgHIEE 21T %
AIVLO—ETH 5, BAMAL L PHSHIEZ DT 21
IZBW A I B 2 5 2 2 Z N2 HEW S %
72O, TRAHIIBWTT ARSI FVKRAIL
(Viola sacchalinensis var. alpina) O453#i B L OfEAE
B D E = & RS ML D RO UNEI A 72 X
726

TRAETIZ 5 A OBAEESE L OBBIE%iZ 6 A
E0b%<, 5 HOMBEERIZ6 HL) bbb
72o TNEHBAEOBIEO Y — 215 ATH Y, M
FHACIIBIRAE D ¥ — 7 R IZHIN$ 2 @25 i o
720 AALEL, BRCIEEL, PASRAEEUIZEO IS T
BIML 720 —7F, PSHAEOEAITIEOEKIIE > T
Pl INBIETRA Y FVRAI L TIHEAEY
AZXWRKENCHDIIEEL L EFEL, MBIEDHE
BEHOLTWLIEEZRLTBY, HELHFE
WEARIIBIEIC % CBLr S A 2 L RIRIR L 72 HEO
BISES I THEMLTBY, THRA Y F IR
I VR T RANEOEILRY T CEBEENR VW EE
ZHNTz HEBEBOFEEFITERIE > THL
ZoTHBY, MIUMYWHCTT RS FYRZAILD
HEEPRWI L EBRBH L0000 Ltk

Viola sacchalinensis var. alpina, an endemic Japanese violet, produces both chasmogamous and cleistogamous

flowers. We aimed to determine factors affecting the production of cleistogamous flowers in this species on Mt.

Apoi, Hokkaido, Japan. Of the total number of flowers produced by an individual, a greater number of

chasmogamous flowers were produced in May relative to June, when cleistogamous flowers made up a greater

proportion. Therefore, anthesis likely peaks in May for V. sacchalinensis var. alpina, and cleistogamous flowers are

produced after most of the chasmogamous flowers have bloomed. The number of chasmogamous and

cleistogamous flowers per plant increased with increasing leaf number, but the proportion of cleistogamous

flowers decreased with leaf number. This suggests that large plants tend to produce more flowers overall, but

fewer cleistogamous flowers. Plants growing in relatively mild environmental conditions allocated more resources
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to outbreeding than those in less favourable conditions. Leaf number per plant increased with elevation, indicating
that this species may perform best in high-elevation alpine vegetation areas. Finally, we found a positive
correlation between elevation and bare rock cover around individuals, which may be a key finding for
understanding the habitat preferences of V. sacchalinensis var. alpina.






