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Mating Systems and Flowering Characteristics of Megaleranthis saniculifolia Ohwi in a Subalpine
Zone of Sobaeksan National Park. Lee, Hakbong (0000-0002-5864-2220), Hyeseon Lee' (0000-0001-8536-2403)
and Hyesoon Kang* (0000-0003-3476-4570) (School of Biological Sciences and Chemistry, Sungshin University,
Seoul, Republic of Korea; 'Department of Forest Management, College of Forest and Environmental Sciences,
Kangwon National University, Chuncheon, Republic of Korea)

Abstract  Alpine plants with a scarcity of pollinators in harsh environments have been believed to undergo
selfing for reproductive assurance; however, contradictory evidence is also available. Snowmelt regimes in
alpine areas function to change life history characteristics of alpine plants such as flowering time and duration;
yet the effects of snowmelt regimes have never been tested in alpine plants in Korea. This study was conducted
to investigate the dichogamy, mating systems, and flowering characteristics of Megaleranthis saniculifolia
populations [early and late snowmelt plots (ESP and LSP, respectively)] in a subalpine area of Sobaeksan
Mountain in Korea. M. saniculifolia exhibited incomplete protogyny in that despite early maturation of pistils,
maturation times of pistils and stamens within flowers were partly overlapped. Control and hand-outcrossing
treatments produced significantly higher number of follicles and seeds per flower than autonomous and hand-
selfing treatments. Based on the aggregate fruit set, the auto-fertility index (AI) and self-compatibility index
(S were 0.33 and 0.50, respectively. Snowmelt occurred 10 days earlier in ESP than in LSP, thereby ESP
and LSP showed distinct differences with regard to flower longevity and season, but showing no difference in
peak flowering dates. We concluded that M. saniculifolia is an incomplete protogynous and largely outcrossing
plant requiring pollinator service. Temporal variation in snowmelt time and subsequent changes in flowering
characteristics under climate change may further threaten the population persistence of M. saniculifolia which
has already been designated as endangered species in Korea.
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2006; Zhang and Li, 2008; Ai et al., 2013) ‘H2| 23} 2P
(reproductive assurance strategy)< T-AF2tch(Eckert and
Schaefer, 1998). Z# U LA E-2] 2}-8-0]434 (dichogamy)
T} Z7HE3FHA] (self-incompatibility) 52 aeA| A} =
3 S £, 70 A2 B ST Wols a&Fel
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i 71A] Aol B o] RN B} Bre Ha
o) WSO oI 44 $3 P42 Aol chore
0 AFAL TAST, TLFoF A2 AT AYEA
AL EZ3sts Aol Pk At (Billings and
Bliss, 1959; Isard, 1986). £3] ol =Hl st
She AZolHE 40| ABE fET A5t A, %
=, M3717E, e = 0|2 ATEAHES A2 4
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Toll A ZR e} 2 A7k 9 THeAd o] 9o (Choi,
2002; Jeong et al., 2010) 7§A+ 7] &4 GHIIZ <l
3t FAA H50] ARSIt (Jeong et al., 2010; Jeong and
Kim, 2012). A4 EY B Al 7P S4 A0 A= &
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Table 1. Flowering stages and codes applied to flowering phenology of Megaleranthis saniculifolia in a subalpine area of Sobaeksan Moun-

tain, Korea. This coding system is based on Dafni et al.(2005).

Stage Code Description
Small bud A Small bud covered with involucre, sepals not present
Large bud B Large bud with white sepal, not expanded
Flower opening C Half-opened sepals, pistils and stamens present
Full blooming D Fully opened
Before pollen exposure D Fully opened sepals without anther dehiscence, partially matured pistils present
Pollen exposure D> Pollen exposed, fully matured pistils
After pollen exposure Ds Both interior and exterior filaments lied on sepals
Flower wilting E All sepals dropped out

Folt Zopuulg R, £Ai5u, A5, uy, WAY 2 5

o] Agkal Qlth (Yoo et al., 1999; Choi, 2002). YA H A
F2 ATL e BRaks R4 B714L B 54
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(Yoo et al., 1999). 20138 &= 7|37 7F ¢t 189~5¢
23y Bt 2= 9 S 77} 8.7°CL}F 70.7% % T (Onset
HOBO® U12-013).
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mynEe 22 3] %
9l (do] Xx+SD=14.37+2.19 mm; 4] 9.49+2.06 mm)
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o ZRh Q) QbZo] kg i moko] BA 8~127171 9l
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al., 2011)T A7 3~117](x+SD=5.98+1.92, N=80)&
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tesmo KO, Macherey—Nagel 90606, Germany)& AF&-3f 4]
Ao As skt /ol JAAE test papers
whe 2ol grguelo] ARage U AN W
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19.0 (IBM Corp., 2010)& ©]-§3}5ic}.

F

1. HEAIX|

myu o] ETe S s A H&sgont

117he) o2 ¢ot<xo] &L v|ZA|F o]} ZEHlo]
A & Dy Ao BY Bt A¥ 4 (X+SE=598+

[e]
192, N=10)9] A¥LS thh Abs)els 61.3%9 S&v e
7} 84S YEHon (N=10), i‘?JOl HA= D, AE
qAE BE daw|7t &3t DS Aty

Aol weksh] WX Be| HIREAN QBT 27

Moz Tro] HAE $471BY H&ol ASH .



120 olsts - olallM - Zall=

Table 2. Fruit and seed production of M. saniculifolia in Sobacksan Mountain according to four pollination treatments.

No. of carpels No. of ovules No. of follicles No. of ovules No. of seeds
Pollination treatment per flower per carpel per flower per follicle per follicle
(X+SD) (Xx+SD) (X+SD) (Xx+SD) (X+SD)

Control (CN) 6.25+1.80 6.09+0.90 5.65+£2.52° 622+1.09°(N=113) 5.05+1.77*(N=113)
Hand-outcrossing (HO) 5.85+146 5.76+0.80 405+231° 5.85+1.03°(N=381) 348+ 1.84°(N=81)
Hand-selfing (HS) 53+£227 6.02+0.87 1.60+2.28° 6.69+1.20" (N=32) 228+ 1.11°(N=32)
Autonomous selfing (AS) 575+192 6.20+0.90 1.20+2.44° 7.33+1.20°(N=24) 2.50+0.93°(N=24)
r 4432,P=0218 1411,P=0.703  30.219,P<0.001 29.511,P<0.001 74.376,P<0.001

Kruskal-Wallis test was used to test for differences among the treatments. Different letters indicate statistically significant differences after Bonferroni’s
correction (0.=0.008). Initial sample size for each treatment is 20 flowers. Since the numbers of ovules and seeds per follicles were obtained from fully
matured follicles in each pollination treatment, sample sizes for both variables are variable.
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223 A9 o A 2= +9 Hed EEAASES
CN (88.8%)>HO (69.6%) > HS (31.2%) > AS (16.8%) <=
oA BT o BEHSEL AFHIEE, ABH
s AeATRE A BERT 2] 13,28, 530
o] &9kth(*=35.776, P<0.001) (Fig. 1). 2 & i3 5
o gt EF 4-9) 1 &2 FAHLEE ON(719%)>HO
(42.8%)>HS (11.3%) > AS (5.8%) <024 g2 9|
FAHS RS QTSR ABASE, A2ATEE
NETE ZH7] 1.7, 6.4, 1248 © B9 =42.134, P<
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ARHoR we Aset ME 247) B FAR 4%
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(S 0.500]¢lt}.
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Fig. 1. Fruit (A) and seed set (B) of M. saniculifolia in four polli-
nation treatments. Different letters on bars in each figure
indicate significant differences after Bonferroni’s correc-
tion (P <0.008) (CN: control, HO: hand-outcrossing, HS:
hand-selfing, AS: autonomous selfing). Sample size for
each treatment is 20 flowers.

2 oF 10¥Y ZolE HAT. o] 52 T ESPIlA = 4¥
24 (Julian day, 114%)~27Q (117¥)°ll, LSPo| A= 54 4
A (124)~7L (127L)°ll 737k Al2H= Aot (Fig. 2). 2
Z£9] £Fo|A ESPY £2 25Y o4 A&EHo| LSPY
232t 49 ¢ o7 gt REk, flowering longevity)
(594 159 vs. 11, Mann-Whitney U test, P<0.001,
N=125). 7|A| &4, ESP 7jAE°] LSPE A&
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Fig. 2. The rate of flower anthesis of M. saniculifolia in early (ESP,
-®-) and late (LSP, -A-) snowmelt populations. Empty cir-
cles (-O-) represent the mean daily temperature during flow-
ering at the study site (see text for detailed information). In
each population, 25 plants were observed during flowering
period.

Hop ggAos oF 347t o e vl AFE Bilo
(PW&717L, flowering period) (5-F3F 174 vs. 14%9) &
3717} &t BAA vl $Y5A] ¢kokth. LSPe] H|F]
ESPe] 3} JfHEo] 28 HHA AAL 24 & of
ESPE= 26%, LSP= 1497t 7)3tsto] (ZNEHA1 A, flowering
season) AA7} ZALETE 10 oA o3 7t AEHE &
Askict. 12y ESPet LSPY| 7HeEA U 2H7] 124Y
3t 128% (Julian day)2 £} 49 9] Zpo| & H Gt 214
o8 EAAEE BF XY BouE2 F ¢ F F
ok AWkt 5 17U (1379) AF 2 £o| A= S
H 9} (Fig. 2).

ESPo} LSP2] 7H8HE A1 4 %)= (FST) $4 2t 271 0.88
(H4] 0.83~0.94)7 0.98 (] 0.58~0.98)= F2}9] 7|35t
EAA o] G235t B &4t (Mann-Whitney U test, P<
0.001, N=25). 7§3td4 A] LSPY] 4HFL=E ESPo]
H)3) 9.4°C ¢ &3tth(5.8°C vs. 15.2°C) (Fig. 1).
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(Bertin and Newman, 1993; Sargent and Otto, 2004). &1}
A RE|E|BE ARl ASEA, BRE I delob
ol lojAl A Ao %E] SAE et W]
A 54 18T o AQdEFTS FddsFET I
3}7]%bo] 2w (Willmer, 2011), &2 22 A74E 9
A8} (Glover, 2007), A7FekgtAd o] w2 AHdFo] ok
(Bertin and Newmann, 1993). & E°], Z4u]&3 &
2 Fo|HA FA| TAto] AASl= Ranunculus spp. (e.g.
R. muelleri, R. dissectifolius, R. graniticola)= 3+ Z0]
9~13Yd Arz HwF o Asste A dsFEolh
(Pickering, 1997). T/U} B AAHSEL & - 42
o] AxA7|7F REALE FHEHE 29 ASols9
FE Bt dE £9°1, Ranunculus spp~ AHAFEHZE
1~39, olo] 3~109& FHOT A§3tE BHA Ao
A< 9FAHS ®lth(Pickering, 1997). BE|u]E % 3 o
N 3~11749) Hgvialst wEAR o ksl A%
A (D) ZHo] XA o2 B A= A7 (D)ol Ze ool
R&sie BUAT A5 Bolt BO A%E
o] & A=7lo R ANA ST EA(E Ee =
712 Al55HA] #3514 U (Klinkhamer and de Jong, 1990)
B E5o] HA Fo= ¢heo] st Aeed A7t
FAo] dojd 4= gltk(Bawa and Beach, 1981; Pickering,
1997). ThA] Dafl, 2 Aol ds/d ol A71ag g o]
Qe AZolahy ujAR BEo] RETt whoke] Ao A7)
AL 53] HARAP (Eckert and Schaefer, 1998)2 o] &
% gtk

ot Ql ZeEu]E Fof A B o (=
T) 88.8%2 A7t FER, 71.9%9] WiF7t FAZ A%
M, 25 252 AlsEoR EHNAS YROE (@
AR WA & W4 4TE Byt o] Aus
woujEo] ZAREIISH ABAS dZAT} A5 A
5 299 myobAfut 205 ddA AES ALst
W XAREISEA AEZ 98 A vb7b 9tk (Bosch ef al.,
2001). 34 1300 m o]4ke] o] T vhgro] et 34t
2H4 sholl A, =23 3t &, B4, v 71 Ak, A+
A= 2ou]E9 B7teAol 7]oste Sat 29
S2 AmEY o3t Y& uHf E4E2 o9 1
AFA &5 (Fabbro and Korner, 2004; Wirth et al., 2010)3}
$Arstch v, mo0) B3 2oigeln] nabe] AAlsHe
Trollius ranunculoides= AN EF7F=4 4] & 0|t} (Zhao and
Du, 2003). ¥=9] I EFES] Wl AR} Bt E
o £2& IISHE AL oS 2 A7 B Rojth.

AL S Tk S BN ek

o] £ drAIE 4= Qlth(Arroyo et al., 1985; Garcia-Camacho

oX. Mo O

i
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and Totland, 2009; Kérner and Paulsen, 2009). & & 31AF
AEES ATIROR AR ool FAE AN W
218 gtk (Wardle, 1989; Ai et al., 2013; Peng et al., 2014).
d& &9, B0l Corydalis caseana ssp. brandegei= A}
7t A= AAE0] 42%9) Bt EFAERA A 2]
=°|th(Maloof, 2000). 2E|0|&9] Z-¢ A7HRHEE &
e WA HAS olF THeAS ey AEAeEY A
&0l 3] W] 2o AFAQ EFduujAAt 2
7l o™t 28 Rou]EY £ BVt AES S U
F) 2719 o] AMAIZAA FEMALF EFHol ==
A Ao Sag

AL 2744 A A4 (AL auto-fertility index)= Al Eo0] 4=
Biiate] £ glo] AEHOR ojFoja 2ol o
HEo AL Hol=AS teh gholn] 08 ghelat 4
2R G2 AE, 1 ol ArlegNER TR
(Lloyd and Schoen, 1992). 2 &|u]&2] Al:= 030|382
SRuAA olEAol B Fol Ut Teht B 4
Fo| B (>5) PAH e 2T A2 AV} A2
0.5 o]JA4ro]2k= Lloyd and Schoen (1992)2] &3t U X
S1A) 25kt ol Bl RARG % 47t v wA Agky] TR
(N=66%) 2| Hej4] 2ok AL BAE Yrhsha)
At olgig Aoz wat frdon, wouEs 2o
F2E fA BAo| Qi vUlol T RS
9] Hepatica asiatica (Son, 2010)} H. americana (Motten,
1986)9] AL 271 0.71% 12 3] w8tk ol & &
AZTY] AIZEY Aol webA B9 fF9 YHsHA
IHE Aoz Bt thr] T, ZYu|E, T. ranuncul-
oides, R. weyleriol| /| ZEL /A& st 2axy
©° 2 AlgH).

2Yu)E9 SI= 0524 29 A%< Trollius ranuncul-
oides (S1=0; Zhao and Du, 2003), Ranunculus weyleri
(SI<0.25; Cursach and Rita, 2012), Anemone nemorosa (SI:
0.01~0.11; Miiller ez al., 2000)Et} &4t} o]5 F2 &
T EAo] 9JA Lloyd and Schoen (1992)¢] A7HE315HA4
A& HF(S1<0.75)9) &3t} Lloyd and Schoen (1992)9]
AFolA SIZF 0755 22 29F2 Bt 40%2 A7t
A ZAES HU, 45%9) HHEY5ES Bl BHn|E
T o] Z& Ao RgEth a2y 2YujEY AdF E
L A7 B3 2L E(11.3% vs. 5.8%)2 <l
SEHTE (42.8%)°0 vl w9 W7] ol FAESE
of ATt SIgEE 055t A W& Zojth o]y AR
2yu]Eo] AAL ofUHete F2 Briedor A5
= AEYS A= AR

2 wiAdEe A4 g AAste 2YnE AT

% 7P 2 294 A AT o] R F . b sk= Ah
A@5e] 2717t 2n AskE Ak ook muA)
A= AT 2 o= ol Fr= thE 4= Sloh(Barrett,
2002). ERF Wi7RR7E §le 2ANA BEI BHn|ES
Nt & dedi7t ez 3EA et 29 HA £
Hroll Ao, 502 A FAVE AAtE A
(personal observation). EF7FEAE0] /AT 7t Z}o] 7} Q)
A% HEo gadd olFd wE A2AteAe] &
Wik AR M= EAYS=A o i }lo] Basitt. A
Aol whet wujAA7F ch=ohd JHAE e sHA AL
£ 2tz Al 5ol B weto] AA Eofof gt

=
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F & H

7 &4Eo] BET FA Aol Yot Aoz 47
o 2 Ao 2re Qg o ZAEo] FAast
L AL Be SEAYA SO B (Young and

Young, 1992) 3% mHu]&e £EAHS A= 1~2
59 Aelvt A4 Ao Az

2. ESP2} LSP2o| 7HSIEM

AAAEZ 50m Dof ®HH|E F 7)A|< (ESP, LSP)
oNA MAESY A7IE AT £ /ST (ESPL
LSP, 159 vs. 11¥)3} AL 7W3HA - (ESPL} LSP, 26
A vs. 149)9] Zpol= muu|E9] MEHA|&7]7HS vhgst
= 8 §40] Aol st W AlARtT

Asdt MSFEA Aoloe EFtstaL, &= MALE 7+ A
ALY Aol 4ol ER}SHAT. F ALY NS
ARY A - 32 129 A=7F A0 27T sEolE
E ESP%} LSP| 7M3HdA 7= AHA AY S EH U
E @ =F2 Empetrum hermaphroditum©| A= G-AFgt
ol BEH U (Bienau er al., 2015). A4 29
1ol ZAoJx A} (Primack, 1985; Ladinig and Wagner,
2005), 259 FEEFo] FS wf £ =37} A AEH
(Arroyo et al., 1985) 7§3}7]7ko] AojXtt. oz A%
oz gt MR GFo] =EH £2 IRE7|To]
@==th(O’Neill, 1997; Yasaka et al., 1998). R dju]Z 9]
A9 B Sl Mo sl 10 oo vLF 7)
Yo A 2o w5 ESPES F# 150714 A&tk 1
23 g4 A7 oo Esta & AL A3
A A7l AY 8= Aoz sjAdd
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MEA&717ko] HastH AAE 7 HsHeA L vl
2 Z7)5t= AgFo] dth(Augspurger, 1983). ESP2} LSP
o] MeFFA AT BF 08 oJF2E 2 Holgle
u, 7itR1&717k0] A%iE ESPRETE A% LSPOA &
Aol B E=3d A= (0.88 vs. 0.98) Augspurger (1983)
o] A3 dx|gtct. §Ao] opYHEte 1= 9] A
2 Az Al vlal e A A 47t wTHGomez,
1993; Buide et al., 2002). B2 Z2| A% s o 7)#}
o] FIEE ¥ EVleES EX5HE A"E ool 9l
o} (Augspurger, 1981, 1983; Bawa, 1983). HHH, H]5A] &
Nk R ZARb] et FAE FAA]7] 3L (Waser, 1978;
Bawa, 1983), H|9| &2 oA e/t ES 9 4 Aok
(Rather et al., 2016). WEtA 7SHsA]Ado] A &9 AL
of ujX= g st duta FEL obF] gl AE o]
ot E3] 43 7|53} stolA oln] §7]F<l AlE A
=S =o)7] YaliAe AseAET 217 <l
3= gelst a7t Qo
A EQ A7t EO] woe 7€ M e
ofLARZ| o A 4Et= RUu]ES F2 IS
A5 AAbstth AR ERQl RUv|E 22 s
Jaro] AYE AT B2 A& e vFAE g
A3 B4 Ao A5AHS BTt wefddE e Ay =
gu| &2 A7keA ol 7heshdt dAR erteRE St
ZAREPIEA AERE W R ol SRR ek
At S5l tigt A BRAAS AARRITE At
A A Aol & F MAEES NSt AHsAE
o] Z7] ggtoy /st A7l A dA ST A=t
Hog & AR Yo AAjE]o] Q= BHn|E A
A5G- A §FHAAY #sto] RIzFsHA §HeE
Ao g Bt wrabA| ojn] §HA 5o AT (Jeong
et al.,2010; Jeong and Kim, 2012) & g|u]&2] B A o= 11
A o] AAHat FAAAZE Rou] &2 NSHAE} =2
2} YIEL o] v 2= FFol et JE7t AAs| I
23},

e
E_r-p
oIoJg
l-ﬂJlLJ
EOO
o m

oz R

~
ofN =

ft Lo |o P
.

5 @
S 715N RN BEF DHABL WA
% wol ek 1t ¥

P 3l A A A=
= 7% Ut 4R ol A
of JMstA719F NSt 22 AR
7IeE ek 2y 9] AR Eol HiRt s EAA

e 44" v ok & dFolMe At BARY of

AR me|ES Agol4d, HAAA, F AAZ

o2 g4 T3 £ $4 79 @] ESPSt LSP)]

ASEAE 2w ES FaT a9 4%

A7t BEAoR AL BRH Aods4E Uehy
A

—

& 9 d3ATeE ARG 23 EE 9 FAE 72
A o @l AT HIdsE A% A=At
A (ADSH A7 Al (Sh= 471 0.33, 0.50°]
At ESPE] /o] LSPET} 10 W3l oof w2t ESP
o} LSPY| 7stkr it AStAE] @A o8 Bl
w7 Al A A2 A9 Zbel7t gl 224
O 2, WAl of AR HH U EL SRR AR AE
Sl A Bt oz HAste AR AE0]
o ERE 7| 3RSk A% & AR (018 vs. T2 5
2 M35 ME2 olu] A4l RHvEE H
< AR 7HsAdol At

o BEAach 23] 22 9AL FA T AR

A=Y
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