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Variation of Petal Forms of Saxifraga stolonifera {. aptera
in Mount Tsukuba, Ibaraki Prefecture, Japan
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Abstract

To recognize the flower forms of Saxifraga stolonifera f. aptera, which is a plant endemic to Mount
Tsukuba, fieldwork was conducted around the peak of Nantai-san, Mount Tsukuba, and variations of petal
forms were clarified. The flowering season of S. stolonifera f. aptera is late June to early August, and four
morphologically differentiated types of flowers were recognized. Particularly, flowers having one or two
petals at the lower parts were formed at the beginning of the flowering season, in late June to mid-July.
Presumably, the number of petals at the lower parts of flowers varied with the flowering season or sunlight
conditions of the habitat. Pollen grains from stamens probably originated in petals at the lower parts of flowers
were microscopically examined for the first time. The percentage of pollen grains that were engorged from
stamens presumably originated in petals at the lower parts of flowers was 62.4%. In contrast, the percentage
of engorged pollen grains from normal stamens was 81.2%. These facts suggest that the stamens presumably
differentiated from petals at the lower parts of flowers compose engorged pollen, and therefore they function

as normal stamens.
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RN XX ) U ¥ Saxifraga stolonifera f. aptera
(Makino) Hara (&, ZX3IED < IXTHoFIRILIZEA 12
HETZaF /v HAX ) VI ROEMTHY, >
CEMORKLEWB LU [Hodfe] IZiEEShTw»
B (3 a—=U7 58— 7 KR BIREWEE, 2010, A
HIZA, 2017). F7z, T L v U2 MR (K
PR IE BRI BRI BORER, 2013) ICBWVW TR F
AF R A B E SN, ReEoxdy
Lo TnD,

RUH XX Dy, BAFRRIAFE L O
IO GRETHRAE L 2R ICESE (8K, 1970,
1976), Makino (1926) 2 X ) 2% /) ¥ ¥ OZH S,
sarmentosa L. var. aptera Makino & L CRE# S L7z, &
ST, B - R (1931) EARIFFF ) D5 D
% % 8. stolonifera Meerb. var. aptera Makino et Nemoto
LA, BO(1939) I hnEaF ) vy OMEOR
MCTHET ARETHAHEEZ, S stolonifera . aptera
AR Z 72, 2ok, RO ER TE AR D
XX THIMEREINT, —RITMHIR L& E 2
Sz A3, 1959 I BARININTANE T b HAE#ASE
Ranzz (8K, 1970). BFET LRV FFax /v
¥ OEERIO BAMIZBAINLTEREOATH B (KK
VRS BR BB B BORRE, 2013) 25, S LtitlEiN
DL - 7-mEI2E, WS s Fxrax/ vy
MHEF LTS GRS, 1995; AAHIZ2,
2017). F7z, FHILOFMIBERE T 2 A BTN
RTHWTHLR I FFLF ) Uy ODEFDPHERSNT
WBHY, wIhbfiFgshidboLtEZILNLTWS
(FETA, 2012). —F, ¥/ ¥ FIZHARENTIX
A2 S TN L (B, 2016), FKIRETIEA
R TN o BARILRF PRI O®AIEZR & FI1C
Bt % I IE CEFT 5 (8K, 1976; 84K
13720, 1981).

X 5 oft (1A) & Icmk s, Zh°
SEHY, ToOWNHITEROMIZHAE T 25112 51
DIEFAOE, S HIEFONMING, EfFOBOME
WS AKOREL D, L7246 L ER HAEI S KO
LARDBEIET B, T2, 2% 7 27 OIED LEOIESR
3HMUIUNIETEE 3 mm 13 EC, L0 2NiRil i Cig
MDD VIREECOR T NIEL, TEOTER 27
BPEHIETES 12em, HEBTH Y, EHITELLT

K1 ¥ /7R FFaF /) L y0EOFE. A
¥/ vy ofe (BEBEEAA, fiid). B: Ao FFax
7 v Ofe GREILASEN, Rk .

Fig. 1. Flower forms of Saxifraga stolonifera and S. stolonifera

f. aptera. A: Flowers on S. stolonifera cultivated at Tsumagoi-
mura, Gunma Pref. B: Flowers on S. stolonifera f. aptera

cultivated at Tsukuba-san-jinja Shrine, Ibaraki Pref.
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(1926), J5 (1939), #wA (1970, 1976), IRIKIFAE
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BORBIILHICL WV ELZ TS (K1), 20k

I, RVFFIE Ty OEOENEBIIEE
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Table 1. Previous descriptions of morphological characteristics of Saxifraga stolonifera t. aptera.

SCHK RV FE ) D5 ORI
Makino (1926) Anterior two petals much reduced in size and not dipterous.
J5. (1939) EJ5 7 3 e TSR R 1.5-2.5 mm [EASO BRI, MIR77 ), BeALe

FERIEA I G/ BE T ), SRS TR N P T ), T 2 s
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W MRS, A 12 A M T Y 7
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RYT LD ICERE IR D,

A (1976) TO2IARIE LS LWTIIRICZR ) S, FEGBILL T LXo#IC
b, TOOEFEOBLNRNEE LR THTRLEIHNICHZS., XL E
BLAROIEHBIZH 25 DEDBED > TV BEDOTHEMHELZER DD O L XY)T
HZENTELD, ZOROIEPEIRICECL SN,

TR AEBRET BRI BOEER (2013) 2% ¥ 4 A AN E GBI L 72 S

FE4HE A (2016) THO 2D ERE, LEHOIMOIERDPIFAEL 2D, 2% V¥ EEL
TILhE

Bl (2016) THOFEF I EATIED TR E 2 2 b .

2 TEZ2BoffEATLLIE ) VIO, TR
OARMELRICEESID o2 LM SN LRI X x )
VH O A F Ty OFEOTEESR (KED). B: &
DHRIF T HIIBWT, TEER L IZaE L
7oL HEN S N DS (RED).

Fig. 2. Flowers of Saxifraga stolonifera and S. stolonifera f.
aptera. Saxifraga stolonifera has two petals at the lower
part of flowers whereas they differentiated into stamens in
S. stolonifera f. aptera. A: Petals at the lower parts were
observed on S. stolonifera (arrows). B: Stamens probably
originated in petals at the lower parts were observed on S.

stolonifera f. aptera. (arrows).
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BARILLTE S L OFLILMtICET L, B o—ifns
HELNICEE Do - LU SN BELTERT 2 1%
Y FICHENORMPEEICBNT, X T DIETRR
HHEND SHOEFD) L, THO2HDHH 1D
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HEnzsdbo (A, THO28B L LEEHO 14
DE3MDHELRICEEHEDbo LR ENE SO
(&) OFF32DHERBHz. b0y b, MHE
BERBHEIN TR LRI X x5 0ol
BB, TRE M ANTERITA (2016) 12X Y #Hi7
WSS N o 12RITH 5.

DLEOIEDTL, F—MENTED X ) IZHBT %
PEPHLNPIZT LI LI, AV XX 5 OED
TEREOTEHRLFHGTL, Ay FFaf/ v yiax)
VY OGEFNBERE BT L L THEETH L. 72,
¥ I DOITRHRDO LMD FHAERS R F 2
FOUSTUEHHELHMEL, EFOMLNEELR S
THLBEEZLNTWDH (B, 1939; #iK, 1970,
1976), ZIHIAERRLDSTERL S 5 D5 Ot 1%
v, DEoZ s, REfETIEA PR v
¥ OIEOREE IS 2 2 L2 HME LT, &
VHEFLF ) VRO NBIEROBEOLERZIL
MITHILELT

X 3. BHARINNTEA TGRS L2 A X oA GRS B X - E - web 2 fEH]).

REH, MRELIVHE

TPV CIXTHLNE, FHIL O B LILTER T O
BB BERE L oAb~ b P A & B~ R A IS H
EL, fERO—EPHELRICEZEb 72 S
HitkED, 2% ) ¥ ¥ IHEMOREWEE & AR,
2017 4F 6 7 HIZEL 5 AT OFAK 1 ~ 5 (3) &5k
7z AR UL, BARILILTEIC E S B L L) deft
WA 1 m gD 72 (55 860.6 m, 36°13 31.93"N,
140°5' 56.04’E) T, BB LAHNS/-) O Xwh
HTHhD (M4A). F7z, PAX 1 L VALFEICH 2.5 m
BEiL727 7T F % ~ Lindera praecox (Siebold et Zucc.)
Blume X°> = ¥ ¥ 77V ¥ Weigela decora (Nakai) Nakai 15
TOEYT AT HEDL7- 5 % W (5 859.8 m
36°13'32.29"N; 140°5 56.00"E) |ZFAX 2 ##%E L7z
(K4B). 512, RAERX I ZRAEX 2 25 ILTEICH
45 mEEnz, EHHEONSVHEORY (B
75 857.5 m, 36°13 32.50"N, 140°5 55.91"E) 1275 L
7z (B4C). —77, BARILLTHIZE 2 B ILEO R AN
ML, IVY~YYT T Cerasus maximowiczii (Rupr.) Kom.
X7 & ¥ Fraxinus lanuginosa Koidz. f. serrata (Nakai)
Murata 25FET 5 H47- 0 0 L wha (5 865.4 m,
36°1332.33”N, 140°5'55.42"E) 2K 4 %2 (¥
4D) BTz SHICHEX A SEHEISH 2 mED 72,
1) & 7 7 Clethra barbinervis Siebold et Zucc. 2’ 4EF 3

Fig. 3. Location of the study sites around the peak of Nantai-san, Mount Tsukuba (GSI maps were used as the base map).
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Fig. 4. Conditions of each study site. A: Study site 1. B: Study site 2. C: Study site 3. D: Study site 4. E: Study site 5. F: Marked

individuals in study site 2.
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FIHEB T AR O BAME 1 HTOREL, FFS5 A
DIEFEREARZMER L 72, 2L T, 1ERIIOZEE
BE L7z, TEAERER L1 DDIEOETOHREL IS
OWT, BB % CIER IR O 4 I & Bl 3
B L LI, [EBROTEREL M ERELEDS
HELROFEZHTIONTEY YWY, A74 F7 7 AL
THISZHCTHZ IS L TEBRLZI) B L, K
12 (1991) 1220 X FAA 121 ~ 2 BFfHiE L 7214,
Darlington and La Cour (1960) O E#IZ L) 3 v+~
TW— T2 T )= VIERTYM L, SRS
D 400 FEDORERTCHE L2, 1ERICOE, Tk
FEAHE LML L7z L S L pE &, 2 nlist
D DML ARH BE AL RIS DWW T4 100 fl % £
BICEELCBHIRL, av by IV—-57 72/ —
VBT X ) N OMIBBE 23 gt S 7z h, #hb
ERELACRE R Lz, —J, WERCHIFE A
ROLNT, e SN h oAbk 2 A e e A L
CNSHIZ X VIR OFEFR L KO- TEHROBlgE
7R AL, BB SRR A LR - R | DR A
L7,

B, U LoREERmE REGESHE 205), o
AT (29 2 X 164 5) B L UHLPR I ARAE
DO R ENETNE T To 72,

w O OR
BPLIIAE O FE T, AEFEO—TRAHE L RICE X b 5
T2 EHEN SN BIER T AR ) ¥ & | OKEY
HIIBWT, 23 7 7 DIETRHROOND 5 OIEF

- /NIEANS

DHL, THO2HDH) B 1ROAIHE LR HE S
bofzefftllansg b0 TH; FS5A), FHO2H
DI H2MEDHELRICESHD S LR SND D
o WAL X5B), THO 2B LTERD 1 Ko
IMATHE L NICE S b7z e HEH SN S S o (11 1Y,
M 5C), ZLCaF¥/ vy EERICERIC3M, TEb
W22 Mot s ot Rob 0 (NEL; X 5D) O 4
OORMPBIE SN F/2, TS 4ODEOHENT,
A —EAENTHIRE L THIL T (E2).
LTOMEX TR DL BRI NIEORIT T A
T, KT EIPE CERESN: (K3, —F,
HX 1, 4, 5TiE, 6 H23 H»5H7H 17 HIZH»FT
IR NEOEFBHE SN (F£3), AXKK2E3
IZBWTH TRIOAESBIE S L2, WRAEX TIEN
ROBIIMERM P ICIIBR SN o7z (K3).
I8 n#, mABLONMORIEICBLTHED S
N LROEIZOWT, 1RO CIEFIAEM Lz
FEBICEALZ2MD ) 6, 9RKOHEL %S 7248
P32, 10 KO L RAFED 5 N72fEA20 Th o 72,
N AOETIE, FERICHFHAPRPICEEISEAL 230
DB, 11RO LREMES 724EDT23, 12 KOl
LREZMN S 72AED 207 TH o7z T2, MBOFET
X, AP ERISEAZ SO D) b, 124KD
ML _EMES A6 4, 13 ROMEL %S 22fEA
68, 14 RKOMELREZFES724EDT8 TH o7z, 51T,
NEOETIE, BTN IR REIEAT 7|
D)L, 9ROME LTS 7AEAT 1, 10 KOMEL R
o7 AED 6 TH o7,

I8, NEBLIO M BOIETIE, THO1EKD SN

£ 2. WA LB TOREINCHA 2R FXax ) 28 OO LRI 4 DDfEDTDH
2 OLLEOTIAS, F— @A TEREISEIE L TIBLL TW2Bg Bl 2 5ok L TR L7z,

Table 2. Number of flowers on one selected individual of Saxifraga stolonifera f. aptera counted by its

morphological types, and the total numbers of flowers.

g L 7 fa ko4

AR N 17" 1% 2 1 &Y N &Y MBATERK
7TH3H AKX 1 -©® 1 2 2 2 7
7TH3H X2 -©® 1 3 0 0 4
7TH3H X 4 -® 4 5 0 0 9
7H27H FAEX2 -@ 0 12 5 0 17
1) 2% 5 OIETRERDLND SKHOIETFORT, THO2HDH H 1 HOADPHELNIZESRbo 7L

HEM S B
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AKX 1), € MEBESE 0K, REBAESR 2 MopqE (I AL FAARIX 4). D: FEBAES 2 BoAE (N B FRARIC 1),
Fig. 5. Flower forms of marked individuals of Saxifraga stolonifera f. aptera. A: A flower having one petal at the lower part in
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study site 2 (Type I). B: A flower having no petals at the lower part in study site 1 (Type II). C: A flower having no petals at the

lower part and two petals at the upper part in study site 4 (Type III). D: A flower having two petals at the lower part in study

site 1 (Type N).

£ 3. KFAAKICBWTIHENCHA 2R FX2x ) ¥ 5 OIEOB L BRIEH

Table 3. Number of flowers of Saxifraga stolonifera f. aptera counted by its morphological types, and the total numbers of flowers

observed in each study site.

15 R I #Y N KB

mEn [ wEko®s I @eKowy [ WERofs [ @EKoFs [ #EROFE

1 2 3 4 5 "1 2 3 4 5" 1 2 3 4 5" 1 2 3 4 o2 3 4 05 7T
6H23H| 4 0 1 1 0 6/29 11 18 14 8 8| 7 7 9 5 2 30| 0 0 0 0 0| 40 18 28 20 10 116
7H3H |13 1 2 5 2 23[105 90 67 25 40 327|36 39 25 5 6 111| 8 0 0 4 13162 130 94 39 49 474
7H17H|] 6 0 1 0 6 1359 52 23 18 19 17111 13 8 6 2 40| 0 0 0 0 0| 76 65 32 24 27 224
7H27H] 0 0 0 0 O 059 40 15 14 3 131|14 11 2 4 0 31| 0 0 0 0 0| 73 51 17 18 3 162
8H7H | 0 0 0 0 0 02716 7 9 3 6| 3 1 0 0 0 4/ 0 0 0 0 0030 17 7 9 3 66

1) 2% VI DOMETROOLND SHOMEROFT, THO2HDI) 6 1 OADHELNIZE X b - 72 L e S 58

2) THOMER2HD) B2 e LD HELNICEEXBb 572 M S p R
3) TEROIES 2 BB &L O EEO 1 MO 3 Ml LNICE X b o 72 Ll S a1
4) X Ty LRBRC BRI 3L, FENC 2 OGS o fES 2 o Bl
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R 6. KTV FLX /5 DIEDEEHIER (KH) OFEE
(I & AAIX 1), C: FEbfesr o, EEBAES 2 BoofE (1

A: TERES 1 BoAE (TEL FAEX 1), B: AT 0 Mo fE
T FRAEIX 4). D: FERES 2 Mo fE (N B FAFE 1),
Fig. 6. Petal forms of the upper part of flowers (arrows) on Saxifraga stolonifera f. aptera. A: A flower having one petal at the

lower part in study site 1 (Type I). B: A flower having no petals at the lower part in study site 1 (Type II). C: A flower having no

petals at the lower part and two petals at the upper part in study site 4 (Type I1I). D: A flower having two petals at the lower part

in study site 1 (Type N).

X2 RDOMEL RPIEDIEBMOMEL REFE 2D X )12
B ENTBY, ZNsdhoIiE~fHIEO#H & ix
B0, HOMgmSR o Twniz (F5A-C). 512,
12~ 14RO L_XPBESI N M BOIETIE, L
WDO1~2 KO L P BERETLHELREER S X
I SN, ENSOH DLW IZR > Twiz (F
50).

51, SRS L% ) Uy BT 2 i
DOIED EFofefpizone, 18, nfl m#, N#
D 4DDIOTZENZENDBEEIC 10 HOIEEEA
TEBELIER wihicBwTdEL125mm T
YU, SeimEBikEiocsa <, FEEE MM ~ LB T
Wzfzi v (Me).

TSR BIROER, 12X ) 2 7 OTFHOFEF (1Y
2A) BIRTHFFLEF ) T HICBVTMELNIZE &)

bofzbiEMSNBEHS (K2B) 2&8, $§XTO
M LTI RARED Sz (7). Ty b7 )v—
T N7z VRIS X ) B R O RE R B L7
KR (F£4), TEAETAHE L ~NIZEAL L 72 & e &
D EHVTERL S N AE R O FESR L, BIZEL2 S
BEROF T 624% ThH o7z, —F, TNyl
LUK & N2z AEm R O FEFERILFREIZ 81.2% T
otz

z =
SREOWHFFICL VRO S NAEOE DS B, 1
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7. S FXax/ oy 0K A, B: TEAMERLHE LITL L 72 S HER S N2 555 TR S N7 AE AL (A:
WERASFETE L 72 4Bk B: AFaOAERKL) . C, D: slH DI L XTIEH S N AEkkL (C: NEBSTETE L 72 4R R D:
AFeDAERHL) .

Fig. 7. Pollen grains of Saxifraga stolonifera f. aptera. A, B: Pollen grains from stamens probably originated in petals at the lower
parts of flowers (A: engorged pollen grains; B: sterile pollen grains). C, D: Pollen grains from normal stamens (C: engorged

pollen grains; D: sterile pollen grains).

g4 AVHFF L5 OBROFTEE (n=100).
Table 4. Percentage of engorged pollen grains of Saxifraga stolonifera f. aptera (n = 100).

FRAEDK 1 EEREAR PR 2 A AR 3 A AN 4 A A S A
Qetn et Retn JRNen B SRR el JRE Rl JERef

5 EARDFY
FEER (%)

TERAEAHE L NI LAz &

b R R IR A N R Y iy v s 67 33 62 38 59 41 69 31 55 45 62.4
JEE OHE LD 55 e 86 14 82 18 77 23 79 21 82 18 81.2

INZNOIDOB T LTI L ~DH, THE LA E 55 TEOIES A, A RIBIE L 7HEEE Tl L~

RBIE LR, 18, MBI M MOLETIE, T
B 1 KD 2\ 2 ROHE L RAFED IR O HE L~
EEARDLIICHEBEINTEY, TS IEMmoIiE~
FEHRORHEIZELRD, FHokmsro Twi (1
5A-C). TOZEIFE (1939) 12X BRVFXFF )
Y OREMEBBOR—EHL, ¥/ VY DIETED

WZEAL L7722 L 2RI L T\ b,

ek, FrWxraF s yofte LTEE#mShTw
SININIITH B3, J& (1939) Eh T HFFrat
28 DAED FEROAETT O HELNIZHETH S LB B
EIRRTWG, SREEI N/ mE (K50 &, Ek
HOER IO B, 1 OADEEITHE LICE &
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BboTBY, YO 2MIAREELFHEAEL TN
A, IREF 2 AEFE ORI ATE L T 5 % EDIREE
Tholz, TNHEDOTEHE, MEAETIE LEHOIESR
AHEL_ANEZALL T 2 fE R S, 5 (1939)
OFRBHLFE N, BB, HEMOIERAHE L NUTE
b7z EHEM S B ERGIE, ROTEHAR > TV D72
9, FIHIIE~FEHTE O OH L~ & TERERIZIX ]
T&% (H50).

2% 2O EEBOIERIZONT, JE (1939) &[5
EHEE, B3 mm EH 2 mm, EHE=M~Y) &
F0S5SmmAF/E N F) ] LT A, R
Fax /vy o oL, [IRSREREY 1.5-
2.5 mm [HH N SR, My 7T )] Ll_T
W SREFEIINC BN TBIE Lzax /7 o 5 (2D
T AMWHORO FEoEFOIE (M6) 1, 11,
NE, m#E, ZLCNED 4SOOI NFTNIZE
WL, B (1939) ICLBRTIFXFIF ) V5 OIRD
FEAEF ORI E —FL, X/ DD LITEL
S>TW/z,

Dibo X9z, Su@lggLzax v 5 28T 5
REWREOAEORBUL, 5 (1939) IZX BHR T HFFaF
Uy ORI E BB R—H L. 72, AWIFE TR
B LR, ERrSRI XX VI OHE
e LTHONTWLHETTH S (SIRIFEA GRS
R HOEER, 2013; A\HIZ2, 2017). LEDOZ &H5
e DAL S EIEE L 7R EE 2 ek S AR D F ¥
IV FE L TCHRBENTWAIEY CTH D LW L7,
T RV FXFIX )V H LX) VDBV,
Ji(1939) SRR 7- X9 12 BEOIEF DR S R ETHD
WREE T 5 2 RO OLNI720, IO 2 IED
WOREE LTHWAZEDETHILEEZD.

—JTCARMZEIZE Y, RIPFFLF ) V7 OFEIZIE
TEREMIC R 407 L &b 4 DORDIFAENH S 9 &
otz (K5, 6). SNHOROFTIE, HARYZ K
DHFRAF U ONE LT EIN TS, THO
AL 2MD ) B 2L b ML ITHE &b o 72 L
SNnzpbo ) PRdE BRI N, T
Mz@E LT, A—EERNTIOMOANBHEIND &
WHENEE L, 40DFE DS L 2 DL EOFIDfEAH
— AN TREL TR LN (R2). Z0XHIZ,
RUHERLE & DFEIIZHERM S LTV B AN
Z, WREMIZH 7 2 O RS E — AR AT
BT ENWEME o770, S, Makino (1926)
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Fig. 8. Flower-visitors of Saxifraga stolonifera f. aptera. A:

Unidentified species of Opiliones observed at study site 1. B:
Unidentified species of Syrphidae observed at study site 4.
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