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Zpol 2 23] Au|7t Zd#kd 4= th(Lovett Doust et al, 1987; Wright,



1994; Nicotra, 1998; Wall et al., 2013). 3FA|%F, tiFE 2] A-go]F 2] &
AT TFe Aol cohort7t EAlE FdS Holw, ke U

Aol $1A8 e AAES] gl wE A AHA 54z
AAe] guletE T2 A Azt #EE 5 9lo] AT AA Y AETTHA
A FHIE oldlete AL wl§ o @ th(Meagher, 1981; Barrett et al.,
2010).
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1.3. ZAZolF 429 AZA o9 47 o] g4

g0l Ao et B AFELS 3 A AL(life-history) &
doll dofxel A 2 AFolel A vt Fde] AN FHESEe] o] Fo A
gk}, A gAL o] E(life-history theory) A, 74, H24 53 2 A&

o AofjF7]o] A Ay FsEo] AgH AdE Fi FAstE HA

A

A ol FolAm, wiel @Ale] MAREe] Folskz el A AR
3 AEES GEa, E e WARFdE 93 Fris el 7w
st QlthDelph, 1999). Aol wheb the ABAE AU ol F 489

TAEe AA olgdAd oz FdHHHDelph, 1999).

AEe] A dAERTG AR HA o FYsts wmEo] Hom
2, dERY A3 o FA A (vegetative growth)S st 71 4
(longevity) S 7t= Aoz 4#HA Atk(lloyd, 1973; Lloyd and Webb,
1977). Wk, A& FAE vl =2 AFddA NEE AlE
AU FA o2 A st Holw Aol Aa, ¥ 1ARSt

54& ®AtHLloyd and Webb, 1977; Bell, 1982). s %, w2 F

1o
oM,
—10

L

k1

Ll

rr

Pt el olso] vhE Aol (FFH HE, 4ol @ o 4 )7
FAEI gamel 443 AEel FUHE Mg FAAL 5 dom



2, 0¢s FaolA AR ol Adel A gk mEo] aFHT
(Allen and Antos, 1993; Delph, 1999).
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2. 33U

L Y5 2%

o

75 (Lindera obtusiloba Blume): 3= S H] 33}
e S, A T FE Fokotd Exste Aom 4 Ak (Flora
of China, 2008). A7dUF7t &alldv AU (Lindera) 7 A Al
Ax °F 100 o Fo] EAstH, F= ofAotet TF Hu| tiFo] A4 &
X $oH(Hyland, 1989; Rohwer, 1993; Li et al., 2008; Wall et al., 2013).
o] T Utk FEo] FotAote] oA Ao FxshH, A
T Fokrel Aol Exste BE suUid TE A M RS
2 O wxUE F4sa ArH(Ye et al. 2017). E=F, Ye et al. (2017)°]

w2 3l For AR L. paraobtusiloba®tel AFe 2 & Ej(oval,

= Y

trifid and trinerved)® v|Fo] F Fo| w9 7L SAVANTS F4
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1999; Chang and Kim, 2015)(Figure 2).
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X] Ho]' 850 m

—~

;O\_
&

A =d(Kim, 1990; Kim, 1992, #&€, 2004), B4+ o3 #

w

rvze)
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o
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0
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o
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ke
T

2 (Machilus) 2 Z(

(5 LH,

=
°©

(Cinnamomum) 2

zt

o 4 AAE

& BEF Ago]
A7 E-2(Lindera)S A9

SEERE

Sl
o, o

S

R4

IREATEY

=
K3

= YUY (Lindera glauca (Siebold & Zucc.)

Blume) ¢} ¥l &5 Y (Lindera erythrocarpa Makino)+ < 5-

Jreet 77)

9]

o =
= %

Vo, YA B (Lindera angustifvolia W.C.Cheng)

S

P2 BT

= A3l =AY, @xA U5 (Lindera sericea (Siebold & Zucc.) Blume)

R e RS I e G

2011).

124,
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Figure 1. Distribution of Lindera obtusiloba Blume in East Asia
region. Coordinate dataset was accessed trough the GBIF network
(Lindera obtusiloba Blume in GBIF Secretariat, 2017).
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Figure 2. Distribution map of L. obtusiloba Blume in the Korean
Peninsula (Chang and Kim, 2015). Red dots: specimen collected before
1945; blue dots: specimen from the T.B.Lee Herbarium (SNUA); green

dots: specimen from Korea National Herbarium (KH).
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22. ABVHEY Ay

A= el A &2 8e A 5oz Fus Hd 3-6
m7bA AET(AHE & G5, 1988 WA S, 2011, HEd ARA,
2011). <Y FoA rameto] T4 A= EAo] oW J=F7]

=
(stolon)= FASA ZE= AP S Hol=d, ol £ Linderas e
TLAFTENAMNE #EEE EA ]G (Dupont and Kato, 1999a). &2

T ol FAHI] ofdel vH, £ F uE Aol HA i Ad

fl

A= w3 Wedd e, 2o Wxdol Ashu A AT 5,
1999), Ax37 7| Fol= W3 545 BAt(Ye et al, 2017). =4t A
Ao AA EF 54E pH 40-550M, 718 2 T8 ol
& Ao AFe] Yt Ao deA AHA DT S, 1999). ®
3t AT AU (Pinus densiflora Siebold & Zucc.), ZWl U (Sorbus
alniolia (Siebold & Zucc.) C.Koch) & EF &< sh3tdo] sl =
oAM= AEAbeehE] AAEFAA Stoll A Ay - uFol e
FAZoR FdstHA FAC AUFLEy TR £
A3t7] %= S (Kim, 1990; Kim, 1992; A7 &, 1999; &% &, 2011).

Tell A AFUFe e FH(Lindera)ol s +dFe A=<
AdE A= A5 FF g AFH oz o] ghrh o] FH (1994)

ot

ol—N
o
e
N

& Al AAets vlEuRe] tE A SA4& 2Absta WA
Hell i@ 71z A& Ao, SEAT v AR A2
TR F, 19909 AAL BECITH, 19959 B A7t 3

9 dx

o FEjA EA #3 AFE AL S(2015)S Agn

: 2T



3. AAYFEY A5 (Lindera )9 A AAE 133 AHH EA

oA FaE AT 2 5 & ZAFY] A4 AAS} #HE AT

=9 FE HHAE g8 AsolF AE ERaY dTolAA" JHAL

o] Adulel ARE ApduiiE A, 2elal AF oldAde AAE ek

gio] At} FolAlol A HFo] H¥stE TS A S E Dupont and Kato
4

(199a)= <& &7 A9 Hddgd=s

Lindera % 6&°l W&l Arlet /MAlxt 72, st7]7-x29 oldA, 4 A
b, 2o A gk A3 Zholo] tigh vl A4E WAL, T
& AFeA T4 FEFEES WFoE Fo et FHH= FEu) 2

2
Zaro] 7 Ao tis] =93 tH(Dupont and Kato, 1999b). Dupont
(2002)= ®3, L& AF A JolM BAUFE E43 Lindera & 459
H2a AAE vustd e, olg Fdl TElYUF(Lindera glauca (Siebold
& Zucc.) Blume)oll AdojA F+=A A2 (apomixis)e] R 3}stA = wj4d S

NI ol

Hu|x o] RxaeE £& ez F3¥ AF=E, Cipollini and
Whigham (1994)2 vw]= Maryland A9 Lindera benzoin® A &At4 =
Aol A o] HAHEI g2 o]Fde #AAdd dE A5 APskhon,
gap dynamics®t EAF AFXE 71 Fo wrel Lindera benzoin W Aol A7)
o Au7F oA WsteteA 1 S FASAH(Cipollini et al,
1994). w3, Wright (1994)= "= He59 HE7] A=< Lindera

melissitolia WA TS oz s A9 A& Hoko] AW Fxe)

1z

_4

X

2= X
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A7 WA loj el AYujEe] AolE H YA, Isogimi et al

(2011)2 3tvtsl AHe A¥S 53| Lindera triloba®l rameteo] A4

%7 (physiological integration)= XA HolAl = A EAdo] 3l

- AR
o} el A7t Aol i AFE Wall et al. (2013)2 vl= dEF 37
W& Lindera subcoriacea 7NA)w-2] AW} Aol F7+4 e &4, 1
2o AT £5 7)1 F e Ak AFE @Sk vp Qo)

17 ; H -*F,-E.] ©
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1. A7 tAEA

w7 1.3 ha)S ez 8% thFigure 3).
2oy AAzd A A 2011 59 7 20159 10€7-4] 71733 5740)

(Hobo, Onset Computer Corp., USA)ZE =43 7|4 250 wp=2H %

A Fro] AHI V] 60 TR, 19(Ht 712 -74 C)o] 7t vt

8L (H 7] 205 C)o] 71 =oH, AT HUFEs 779 %=, 34

(1999-201841) AH+ 7“2 1,302 mme]tH(7]77, 2019).

AAUE AAATE Al ste] AZUFdolA A Y. 2ARA 13
A 2¢ 1AV FaLTF 747 536 %, 686 %= AlAUSFTE 5
Aot AU =ARA 3L AAUYH(TLE 211 %)¢ =54 (Ulmus
davidiana Planch. Ex DC. var. japonica (Rehder) Nakai;, = 2% 19.7
%), A2 YF(Acer pictum Thunb. var. mono (Maxim.) Maxim. Ex
Franch; 8% 187 %)7F 8 4<% &< T8t At (Table 1).

AR M 3 B QAo 2-47 5 ol dEJ AT (Lalix kaempieri

(Lamb.) Carriere) ZHXA|7} YAt o} o] ZHXA| slzo] A7}

Rk wEAE Ptk
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rr
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Figure 3. Study sites in Mt. Joonwang. Each plot (1, 2, 3) covers 0.4
ha, 0.6 ha, 0.3 ha, respectively (Black rectangular area).
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(a) @

e IndividualLindera obtusiloba

L____] A rectangular quadrat (total survey area)

D 20 m ® 20 m quadrats (diameter measurement) 0.4 ha

Figure 4. Locations of plots of each study site, 20 m x 20 m subplot for diameter measurement within

and individual L. obtusiloba Blume in (a) site 1, (b) site 2, and (c) site 3.

(b)

20

0.6 ha

0.3ha

a plot




WEZAF R EARA] YRS

20199 549 WAl 1, 2, 39 ZF AR s AR HoiA ek
FZAME A s tH(Table 1, Table 2). F2AMA] 13 Z2ARA] 20 & w5324}
€ 20 m x 20 m P 2 37W, 2ARA 3ell= 20 mox 20 m W 270
AAR A, A W W FaA o] 25 em o) BEE ES e

2 539, A FEEX, Y), AFFE(AS: standing alive, AB: broken

mlm

alive, AL: leaning alive, AF: fallen/prone alive, AD: standing alive dead
top), TFix(m), Fi14 4 (cm), THF(FFH x &= m), THHE(%)S =

Atk ER, AT G2 B2F £ 34 Fe Auns] 9

A THTable 2). &A% A& 50 W= 2ARA] 3(1164 trees hal), =
AFAl 1(708 trees hal), FAFA]l 2(575 trees ha )9 AR =gkomn
(Table 1), 4% %5 %= ®F FAA 3(152293 m” ha'), ZAHA
1(14619.9 m® ha'), ZAFA] 2(9357.2 m® ha )9 A2 Zo} ZARAH =}
ol 7} otk AW A Bl &2 ZAMA| 30] 793 %, ZAMA 19] 56.9 %
2 e ugs B whd 2ARA 27F 119 %2 Yol 2 Aol7b AUl
(Table 2). ZAHA] EYLS 5 G AlER A S ton EY
1 7y 287 %9t 213 %R FAMA
2202 %)oll wls] Wk, BEY FF IS FAA 1174 %), 2AMA
3(155 %), ZAFA 2(13.7 %)°] A= E=2 574 UATHTable 2).



Table 1. Density, coverage and importance value of woody species in the study sites.

Site 1 Site 2 Site 3
Species Density  Basal Density  Basal Density Basal IV
(trqles grea_ (%) (trqles grea_ (%) (tr(;(les grea_ (%)
ha) (m® ha’) ha) (m” ha™) ha) (m” ha™)

Acer pictum Thunb. var. mono (Maxim.) Maxim. Ex Franch. - - - - - - 222 25 18.7
Betula davurica Pall. 8 1.2 3.5 - - - 45 1.1 3.7
Cornus controversa Hemsl. 67 09 10.0 - - - 28 0.1 2.3
Corylus heterophylla Fisch. Ex Trautv. - - - - - - 37 0.2 3.0
Euonymus macropterus Rupr. - - - - - - 62 0.1 5.2
Fraxinus chinensis Roxb. var. rhynchophylla (Hance) Hemsl. 8 0.0 2.4 - - - 39 04 3.2
Kalopanax septemlobus (Thunb.) Koidz. 133 0.2 124 25 0.4 9.4 - - -
Maackia amurensis Rupr. 8 0.0 24 - - - 29 0.1 2.3
Morus australis Poir. 17 0.0 2.8 - - - 28 0.0 2.3
Phellodendron amurense Rupr. 8 0.0 0.6 - - - - - -
Prunus serrulata Lindl. var. pubescens (Makino) Nakai - - - - - - 113 19 9.3
Quercus dentata Thunb. - - - 33 14 7.4 - - -
Quercus mongolica Fisch. ex Ledeb. 400 28.6 53.6 458 24.8 68.6 234 9.7 21.1
Symplocos sawafiitagi Nagam. - - - 50 0.1 10.4 - - -
Tilia amurensis Rupr. 25 0.4 55 8 0.1 4.3 49 0.3 58
Tilia mandshurica Rupr. & Maxim - - - - - - 42 0.2 35
Ulmus davidiana Planch. Ex DC. var. japonica (Rehder) Nakai 33 1.6 71 - - - 237 8.2 19.7

Total 708 33.0 100 575 26.8 100 1164 24.8 100
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Table 2. Topographic and soil characteristics of the study sites.

Index Site 1 Site 2 Site 3
Altitude (m) 949.2 878.8 893.9
Latitude 37° 27 58-60"  37° 27 44-48"  37° 27 49-527
Longitude 128° 29" 26-30" 128° 29’ 31-35" 128° 29’ 04-08”

Slope (%)
Aspect (°)

Landform

Canopy coverage
of trees (m® ha ')

Density of shrub

(stems ha ')
Surface rock

coverage (%)

Soil pH

Soil texture

Soil water
content (%)

Soil organic
matter (%)

Soil depth (cm)

Litter depth (cm)

44.5
1545, SE
slope
14619.9
200.0

96.9

4.6
Loamy sand
17.4

27.3
271.7+6.2

4.7+1.7

33.8
1226, SE
slope
9357.2
316.7

119

4.5
Loamy sand
13.7

20.2
29.7£7.8

0.7£1.8

41.0
1245, SE
slope
15229.3
500.0

79.3

4.6
Loamy sand
155

28.7
26.3£6.6

5.3+2.1
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2018 #F-H 20199 w7HAl AAUS Al AAlEe] 2 WA s A
2 xgetes AW WE (A 1, 40 mox 100 m; =ARA] 2, 120
m x 50 m; &AFA] 3, 30 m x 100 m)E AXAs FH L Yo EAs)
E 421 m oY BRE ARUE MA(EAA 1, 55870 A ZAMA 2,
63270 A; ZAMAL 3, 19370 ANE W7oz ZF JiAS] A5 54S A
tHFigure 4).

MA el weg dAd wel Ad<s 1A (Reproductive)@F W< 71 A
(Non-reproductive), A% o585 EA s = ¢l+= 74 (Unknown), LAME
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ANE Bel we BE ramete] <9 A4S 0% @te oD A
27 gk A 27 Fol 49 A7

8
19FHe A3} A (new ramet)Z, 8 mm ©]| A 7 3}4](old ramet)

ry

2 A}

Y,
o

= 8§ mm "
2 R { #As ZE ramete] & FASFA U

3.2. MAT AZn xA}

20183} 20199 4¢¥ FAHEH 59 27HA ZARA] W lEe BE
e MAS o=z 377 xE BZste] Ao A(sex)S BET F
o] & 7] =3t

33. AA T EX XA}

A AR BE T Wl e iAol s A" GPS(Trimble R6
Model 2, Trimble Navigation Ltd., USA)ZS o]&3lo] 7 AH(X, Y,

s G55kt GPSe Y HAIY 29 AHeA SAHs o,
Hat P el= gk 20289 m, & ¢k £0.540 molAtt. 53 94
FiE= 55 YH(GRS80) TM(Transverse Mercator) XA ZH4, o] 5 X,
Y#2 tAl ArcGISE o] &, ZF ZfAImte E7Re) (30, 0)= 7I+2
| FAx 2 WHeste] A o] g3t

it
ol
rr
e
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34.1. 9% AH
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1o,
-\
)
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ox
o
fr
)

3w 297, AFY olslel FubRet ehbRsl 2z ggr)vel
Jasts] 9, 20184 % £AA 18] FpRs) gh
B4R FolA 7 As) 0AAE Aom sl A
O:‘i
H

=
S AHSFAL. AAL AAY Fx Adio] o

It
by
ok
rlr
=
oo
o
jn s}

(sun leaf) FolA 34 AFskAvh AT JH AP LA 290
&2 2% % Image] 1.52aE o] &3dto] ¢gduzS =Hsgom, o
Z7N2 A 75 ColA FFFel =2 wiztx] AxzAz 5§ AF

(dry mass)S Z7A3lo] Specific Leaf Area (SLA, cm’g )& F3t9lth.
3.4.3. 3}A i (inflorescence cluster) |3

A7 NAel At A el wek A V1 Al FdE=



A g mmas] el 24 AAE 0 A Ao gHd dx
e} ohub 2 104AE g o= AA W RA 30329 sok(flower
bud) 10914 SAE AAE AASAT. F3 EE 294 29 @
Agiol AAel wer Astel Aolst glo] ST Ami AA A 80
% ol ol A ANse A e AT,

AlmE Fa S9s 97 fal AH SA AWl ol st e
w Az o]Fste] AAALE AT H(biomass)E FHAY. A 5=
olF AxV|E £ 75 ColA =] =odt W2 AxA 7 ¥ A=
FS SASATL
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4. A5 A
4.1, NAT T+ 4
41.1. AAT 2= L FA 8L AT A

AT Ao Fx2E getetr] 9 Al 3 H(male, female,
non-reproductive, unknown, dead) 7H#]¢] WI%E<¢} ha & EEE 3
3, o5 A W& R FAISHE T Bk AT HE Au]o] folgk 2o
7F A=A Ay 98] Chi-square AAS AAsT AulE FAA

W & AU s RA el i T v AA 2 ekl
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Table 3. Profile and sex ratio of Lindera obtusiloba Blume populations in the study sites.

. Frequency (Density ha ') )
Site Area Sex ratio

2
no. (ha) Male Female reprlg (c)lggtive Unknown  Dead Total (M+F)/M AT Prvalue
1 0.4 220(550)  204(510) 30(75)  104(260) - 558(1395) 052 06 04371
2 0.6 243(405)  189(315) 139(232) 34(57)  27(45) 632(1053) 056 7.61 0.0058
3 0.3 66(220) 84(280) 21(70) 20(67) 2(7)  193(643) 044 216  0.1416
Total 1.3 529 =) 477( - ) 190C =) 158( =) 29( - ) 1383( - ) 053 269 01011

Asterisks indicate Chi-square test significance levels (P < 0.05, =xP < 0.01, ***/ < 0.0001)
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Figure 5. Composition of L. obtusiloba Blume individuals in each study
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Figure 7. Linear regression of diameter at root collar and age of L.

obtusiloba Blume. (a) male and female, (b) reproductives.
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Table 4. Mean age, minimum age, and maximum age of male, female,

and non-reproductive L. obtusiloba Blume in each study site.

) Male Female Non-reproductive
Site
N0.  Mean+tSD Min. Max. MeantSD Min. Max. MeantSD Min. Max.
1 21.8+6.3 9.2 460 20554 109 371 149439 101 258
2 19.1£7.0 89 559 20644 120 373 12.7+29 85 28.0
3 20.3+6.3 11.6 381 19.2#43 115 288 14.0+3.1 91 227
Total 20.4+6.7 89 559 20349 109 373 13.2+32 85 28.0
42 -"FHLI il:: ]_l [s]
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Table 5. Mean height, mean DRC, and mean DRC of the largest ramet of male, female, and non-reproductive

L. obtusiloba Blume in each study site. Kruskal-Wallis test for comparison between male, female and

non-reproductive individuals and Wilcoxon rank-sum test for comparison between male and female performed.

Site Male Female Non-reproductive 5
Index - P-value w P-value

no. Mean SD Mean SD Mean SD

1 258 082 254 087 1.69 0.71 29.62  <0.0001"* 21189.0  0.4561
Height 2 259 083 292 072 1.66 051  193.01 <0.0001" 28617.0  <0.0001"
(m) 3 285 064 266 057 1.67 0.45 14.92  <0.0001" 23740  0.1323

Total 262 081 271  0.79 1.67 054 24219 <0.0001"*  134280.0  0.0526

1 1397 816 1096  6.43 4.27 2.28 62.75 <0.0001"* 173640  0.0002"
DRC 2 888 757 882 594 3.21 223 15451 <0.0001" 24381.0  0.2710
(cm) 3 1220 670 843 469 3.63 1.96 42.66  <0.0001*** 17555  0.0006™

Total 1141 809 967  6.07 3.42 224 28053 <0.0001""  112150.0  0.0085"
DRC of 1 393 149 356 145 2.19 0.93 4021 <0.0001* 19160.0  0.0093
the 2 331 165 357 116 1.62 074  201.13 <0.0001" 26638.0  0.0043"
1§arrgne§f 3 359 148 320 1.14 1.96 0.79 28.03  <0.0001*** 2242.0  0.0450
(cm) Total 361 159 350 130 175 082 27167 <0.0001"* 1237100  0.5937

Asterisks indicate significance levels (P < 0.05, #*P < 0.01, ***/ < 0.0001).
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Table 6. Mean number of old ramet, mean number of new ramet, mean DRC of old ramet and mean DRC of

new ramet of male, female, and non-reproductive L. obtusiloba Blume in each study site. Kruskal-Wallis test

for comparison between male, female and non-reproductive individuals and Wilcoxon rank-sum test for

comparison between male and female performed.

Site Male Female Non-reproductive P
Index X P-value w P-value
no.  Mean SD  Mean SD Mean SD
1 3.98 2.31 3.20 1.94 2.00 1.15 33.82 <0.0001" 17651.0  0.0001™
Ngi dOf 2 2.98 2.05 3.00 1.94 1.78 0.97 5724 <0.0001™ 23319.0  0.7780
ramet 3 3.97 2.15 3.02 1.99 1.86 0.99 20.88  <0.0001"" 18535  0.0044™
Total 3.52 2.23 3.09 1.95 1.82 1.01  119.86 <0.0001"" 110460.0  0.0015™
DRC 1 9.67 6.17 777 5.93 3.44 1.96 4794  <0.0001™ 17916.0  0.0003™
of old 2 7.25 5.99 7.57 5.21 2.63 1.89 15473 <0.0001™ 24890.0  0.1346
ramet 3 .77 4.12 6.25 3.90 3.03 1.77 30.32  <0.0001™ 2082.0  0.0090™
(em) Total 8.32 5.80 742 5.18 2.80 191  239.88 <0.0001"" 115400.0  0.0193"
1 4.68 4.32 3.62 3.16 2.04 1.95 13.28  0.0013* 19250.0  0.0382°
N:évx?f 2 413 3.22 3.47 2.90 2.84 1.82 896  0.0113" 6507.0  0.0843
ramet 3 4.83 3.98 3.28 1.87 2.78 1.75 383 01473 ¢ = -24063 0.0193"
Total 4.51 3.91 3.93 2.84 2.61 1.88 22.65  <0.0001™ 60782.0  0.0029™
DRC of 1 2.10 1.95 1.59 1.43 0.77 0.87 20.74  <0.0001"* 19501.0  0.0190"
new 2 1.06 1.43 0.89 1.15 0.51 0.81 1658  0.0003™ 22100.0  0.4833
ramet 3 1.32 1.64 0.76 0.95 0.54 0.81 494  0.0844 2341.0  0.0870
(cm) Total 1.52 1.76 1.17 1.30 0.56 0.83 60.61 <0.0001™" 114970.0  0.0132°

Asterisks indicate significance levels (P < 0.05, =*P < 0.01, ***/ < 0.0001).

49



33. 4% 540 12 47 B4 ¢ =&

FAE AYs xALH

13t 2AHA 3¢ =4

B, FA 297, A8
&, AskA fol AReA Fupie) Av)v) bl Avuc & e
2 olgio] BEHom, A 20 Fush A 297 AZeIAE
ghipitel @77 2 PFor ool #SH UK Table 7). FH, S,
297, FA 2974, A8A F, 28 AsA Fo RE XA o]
el mgol ZAA 2, ZARA 1, ZAA) 3¢] W EiE A 3, 2AHA]
1, ZAHA 29 Woz A/H A

50 2l 8




Table 7. Sexual dimorphism indices with respect to growth traits of
male and female L. obtusiloba Blume in each study site.

Sexual dimorphism index (SDI)

DRC of
Site no. ) the No. of No. of
Height DRC largest old ramet new
ramet ramet
1 -0.0173 -0.2754 -0.1051 -0.2458 -0.2949
2 0.1278 -0.0067 0.0772 0.0055 -0.1896
3 -0.0709 -0.4477 -0.1217 -0.3120 -0.4715
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Table 8. Linear regression analyses (£° and significance levels) for the relationship between density, sex ratio

and sexual dimorphism indices (SDIs) and site dependent environment variables.

Density Density (LO, . _ ] SDI pre of SDI No. of SDI No. of
Index (LO, tOtal) reproductive) Sex ratio SDI Height SDI DRC the largest ramet old ramet new ramet
” P R P R P R P R P R P R P R P

R%Slgtal) - - 03922 05692 00625 08392 01421 07539 00041 09594 0.0346 0.8808 0.3732 05816
Density . - - 02867 06403 00197 09103 00737 08250 00023 09695 00057 09519 0.2692 0.6527
(LO, reproductive)

Sex ratio 03922 05692 02867 06403 - - 08306 02700 09181 0.1847 0.6690 03902 0.7789 0.3116 0.9996 0.0125*
(reproductive)

Density 03345 06074 02342 06784 0.9964 0.0382° 0.8731 02318 09479 0.1466 0.7241 03521 0.8266 0.2735 0.9984 0.0257*
(upper layer)

Density 09808 00835 09385 01596 05304 04807 0.1457 07507 02517 0.6654 00406 08709 0.1027 0.7923 05108 0.4931
(shrub layer)

Coverage 0.0087 0.9407 0.0003 09832 0.6964 03715 09748 0.1015 09164 0.1867 0.9991 0.0188* 0.9912 0.0598 0.7143 0.3590
(upper layer)

Coverage 0.8429 02594 07538 03305 07814 03097 03694 05841 04182 05523 0.0005 09854 02838 06424 0.7250 0.3514
(shrub layer)

Aspect 07131 03599 0.8080 02888 0.0124 09290 0.0946 0.8009 00316 08862 02312 06807 01363 0.7593 0.0084 0.9415
Slope 01099 07848 0.1839 07138 02786 0.6460 0.6899 03760 05607 04612 08471 02557 0.7486 0.3343 0.2964 0.6335
fgvrgggemd‘ 0.0995 0.7957 0.0432 0.8668 0.8787 0.2265 0.9953 0.0435* 0.9957 0.0418* 0.9353 0.1637 09822 0.0851 0.8012 0.2140
Soil organic matter 0.0202 09091 0.0010 09802 0.7410 03399 09880 0.0699 09417 0.552 09938 00503 0.9980 0.0283* 0.7579 0.3275

Asterisks indicate significance levels (xP < 0.05, **P < 0.01, **xP < 0.0001)
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Figure 11. Linear regression analyses for the relationship between sex
raito and 5 sexual dimorphism indices (height, DRC, DRC of the
largest ramet, number of old ramet, number of new ramet). Asterisks
indicate significance levels (P < 0.05, =+ < 0.01, #=xxP < 0.0001).
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3.5. A 9¥ Specific Leaf Area

ZAA] 1A AU o
9 (46.15+4.68 cm® g )R} =& SLA

0.0482; Figure 12).
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Figure 12. Specific leaf area (cm’® g!) of
male and female L. obtusiloba Blume in

site 1.
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Figure 13. (a) Dry mass and (b) water contents of male and female

inflorescence clusters. Asterisks indicate significance levels (P < 0.05,
P < (0.01, =P < 0.0001, NS not significant).
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HATHRY = 04964, P < 0.0001; Figure 14).
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Figure 14. The relationship between height and dry mass

of male and female inflorescence clusters of L. obtusiloba

Blume in the study sites. Asterisks indicate significance
levels (*P < 0.05, *xP < 0.01, ==xP < 0.0001).
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Figure 15. The relationship between height and 4 floral traits ((a)
floral diameter (mm), (b) pedicel length (mm), (c) involucral bract
length (mm), and (d) involucral bract width (mm)) of male flowers in
each study sites. Asterisks indicate significance levels derived from

ANOVA (xP < 0.05, **P < 0.01, =P < 0.0001, NS not significant).
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Figure 16. The relationship between height (m) and number of
of characters of male flowers in the study sites. Asterisks
indicate significance levels (P < 0.05, #=xP < 0.01, #xxP <
0.0001).
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Figure 17. (a) Total Nitrogen (%), (b) total phosphorus (mg kg '), and

(c) potassium (mg kg 1) of male and female flowers.
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Figure 18. Location and density (left) and A function (right) of total L.

obtusiloba Blume individuals in (a) site 1, (b) site 2, (c¢) site 3.
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Figure 19. K function of (a) male, (b) female, and (c) non-reproductive L. obtusiloba Blume individuals in site

1. Small rectangular box indicates density of individuals.
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Figure 20. K function of (a) male, (b) female, and (c) non-reproductive L. obtusiloba Blume individuals in site

2. Small rectangular box indicates density of individuals.
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Figure 24. Cross—A function for bivariate point between overstory trees (black diamond in a small square box)
and total L. obtusiloba Blume individuals (empty circle in a small square box) in site 1. (a) 20 m x 20 m plot
1, (b) 20 m x 20 m plot 2, and (c) 20 m x 20 m plot 3.
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and total L. obtusiloba Blume individuals (empty circle in a small square box) in site 2. (a) 20 m x 20 m plot
1, (b) 20 m x 20 m plot 2, and (c) 20 m x 20 m plot 3.
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Table 9. Nearest-neighbor contingency table analyses of spatial segregation for male, female, and
non-reproductive L. obtusiloba Blume in Site 1. S is the segregation index, Z is the z-score for between two
count. P-values are based on normal distribution of the Z statistics and the randomization distribution estimated

by random labellings.

P-value
From To O}giilgited Eigi(r:fted S z Normal Random
Male 108 107 0.01 0.13 0.8986 0.9999
Male Female 92 98.5 -0.05 -0.85 0.3947 0.5248
Non-reproductive 15 95 0.21 2.00 0.0458 0.0941
Male 90 98.5 -0.08 -1.14 0.2546 0.2574
Female Female 96 89.8 0.05 0.81 0.4154 0.4059
Non-reproductive 11 8.7 0.11 0.86 0.3879 0.3762
Male 11 95 0.14 0.68 0.4939 0.5000
Non-reproductive Female 6 8.7 -0.26 -1.24 0.2148 0.1782
Non-reproductive 2 0.8 0.43 1.09 0.2759 0.1040
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Table 10. Nearest—neighbor contingency table analyses of spatial segregation for male, female, and
non-reproductive L. obtusiloba Blume in Site 2. S is the segregation index, Z is the z-score for between two
count. P-values are based on normal distribution of the Z statistics and the randomization distribution estimated

by random labellings.

P-value
From To Olé?)irr;ited E)élglel%tf ‘ . 2 Normal Random
Male 34 383.5 0.00 0.07 0.9415 0.9999
Male Female 64 67.6 -0.04 -0.56 0.5770 0.5842
Non-reproductive 48 44.9 0.04 0.55 0.5801 0.3960
Male o8 67.6 -0.11 -1.54 0.1234 0.0594
Female Female 70 54.2 0.18 2.36 0.0182 0.0198
Non-reproductive 30 36.2 -0.1 -1.24 0.2166 0.0990
Male 46 44.9 0.02 0.21 0.8339 0.7475
Non-reproductive Female 29 36.2 -0.14 -15 0.1327 0.0842
Non-reproductive 30 23.8 0.13 1.22 0.2237 0.1733
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Table 11. Nearest—neighbor contingency table analyses of spatial segregation for male, female, and
non-reproductive L. obtusiloba Blume in Site 3. S is the segregation index, Z is the z-score for between two
count. P-values are based on normal distribution of the Z statistics and the randomization distribution estimated

by random labellings.

P-value
From To Olé?)irr;ited E)élglel%tf ‘ . 2 Normal Random
Male 24 17.2 0.25 1.83 0.0679 0.1040
Male Female 17 24.2 -0.27 -2.00 0.0455 0.0446
Non-reproductive 7 6.6 0.03 0.18 0.8567 0.8218
Male 21 24.2 -0.09 -0.83 0.4084 0.4802
Female Female 38 32.8 0.14 1.23 0.2183 0.2723
Non-reproductive 7 9.1 -0.13 -0.81 0.4189 0.4109
Male 4 6.6 -0.31 -1.28 0.2023 0.1436
Non-reproductive Female 6 9.1 -0.31 -1.43 0.1534 0.1733
Non-reproductive 8 2.3 0.73 3.26 0.0011 0.0099
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Table 12. Result of X° test for L. obtusiloba Blume data in each
study site.

Test df X Asymptoliicvalugandom
Overall segregation 6 9.44 0.1505 0.1900
From Female 2 1.84 0.3994 0.4200
Site 1 From Male 2 4.41 0.1104 0.1200
N productive 2 2.20 0.3329 0.2200
Overall segregation 6 7.21 0.3017 0.2200
‘ From Female 2 5.61 0.0606 0.0100
S 2 From Male 2 0.50 0.7782 0.7650
N eproductive 2 259 0.2733 0.2600
Overall segregation 6 16.04 0.0136 0.0100
From Female 2 1.59 0.4509 0.3900
Site 3 From Male 2 4.12 0.1274 0.1450
From 2 10.61 0.0050 <0.0001

Non-reproductive
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Table 13. Frequency of nearest-neighbor and mean distance (m) to nearest—neighbor between male and female

L. obtusiloba Blume individuals in each study site.

Frequency of nearest-neighbor Distance (m) to nearest-neighbor

Sex Male Female N X P-value Male Female W P-value

) Male 114 101 215 0.7861 0.3753 1.60+0.80 1.84+0.92 6285 0.0787
Site 1 Female 95 102 197 0.2487 0.6180 1.73+0.88 1.59+0.84 4275 0.3304
) Male 111 85 196 3.4490 0.0633 2.04+1.15 2.17+1.25 4910 0.6257
Site 2 Female ) 33 158 0.4051 0.5245 2.05+£1.21 2.02+1.29 3150 0.8975
) Male 27 21 48 0.7500 0.3865 2.10£1.35 2.36+1.42 326 0.3826
Site 3 Female 23 43 66  6.0606  0.0138 259+1.61 2.00+1.08 388  0.1537
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Juow 4%

e #A"S AA AAEEd(Barnes et al, 1997
Kimmins, 2004), o]&lgt 7ol Aduj= /MA W] EAst= A g U=
of o&] AAHrHSaxena and Singh, 1984). ZAFA] 204 A7 A
7o Fay, SY9AE BEE HW WL AV FddA 244 17 =
AAl 3R T HA s Al e EE7F = th(Figure 6). o= ZAMAl 29 A
AU A LA FAFoR AT & = v JHAS] poolol E
ZARA O Hlal] Avke AS ek, xAbA] 29] Aol Fxtel] o F A

Aol 23k A&ol7] miel Ao FAHE 5 vk b o A4

ol

L
=)

A& = A7) 22 (Dupuy and Chazdon, 2006),
AES UEFRE Aog dEA  Ad=d(Denslow, 1987; Turner, 1990;
Brown and Whitmore, 1992), 4% %59 I =7} v FAMA] 29 74
G BHo] Ao A F AE JEFS T, o]Flo] ZARA| 29
AUAeR = & nAds JNAVE dEE o] Ao Hlth
ShAIRE, 2 ATl A 1 m olete] M s THAl= AE tAel A Al Sl
AL, AR AU AT s AE AEeR EE ARE F5THA

Eohe] A0 FHOZRH AAH A4 WA U HFo olojA

>
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2.1. B SN 4F o FA

B2 AFoA AGolF HE A& A WA v & tid FArt ¢
=9 i, FuAA soA = dF S okrIgttal Bausta 9
(Lloyd and Webb, 1977; Lovett Doust and Lovett Doust 1988;
Vasiliauskas and Aarssen, 1992, Cipollini and Whigham, 1994). & -
oM i, 247, FA 294, AsA g, el AskA Fol g A
AUl A ol A Wgdd wEt 24 #SEAHTable 7).
Fas TAA 2014 eyl A7) b fufe] AR folskAl #

AL, AR A= Uk dhu ZF ol @ Aol gle 2 24y
At LA ZAA AA A FUFIE TR FolstA Zon,
olg ol AUATE FA FUAL ZARA AAd AT o]F o] A
Gtk AstA o AstA e 2ARA AACA SRy Ry
T7F Bskon, Fubrel Sy Afojell A A o] Aol vk AU
of AL Lindera benzoin %38+ +uU5-7F - HETE ramet 7F ®
3l ramet? <97d A7V E Ao w2 AGE vl =, L. benzoin® 7
FoF R bA R AT R by A o] YA H[& o
FE 71 FAE 7 A= HES AHAAAY] HEd Adew dddnt

(Cipollini and Whigham, 1994).
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d Waesd A oldA Aloldl 1Al Sl ol WaE BT

ZAA] 2604 RAFA] 1, 183 FAA 308 ASE

F7F el wls AAY Bolxl= WEer ool AHHAH
(Figure 10). ZAMA] 13} F2AFA] 364 2k ®igeel]l gk J 4 o]y A i
7h B Fo gholal, 2ARA 2014 = AstA FE AleE U A W
of AFE7F 0 2o # e ol @s we Aow Hol 2AA 29 ¢
ARAL 13F Z2ARA] SE G el A5
Hoh fEle Adoer Addn. 59, 45h @4 & ddsiM= L
benzoin® 7<% o] 2ol wet ALl FHGEe] dHE Bilus
A7 A3z v FoiE uw, Aol e s JHAl 7 ukE-e] Aol= <l
3 d& el FuFRG el Aol Axste] o] Aol AL

Tz e FAV] wiEd Aoz FEHEHCipollini and Whigham,

il

=

4o
o
rl‘l‘
2
N

22. BGAH WA 4 o] YA

22.1. Ax7ld =2ds 9% € A7)

ZAA A LA E S QA A dHS vusRd, 2AH A
Aol A FHFOE )7 duFA1d )R 29 FE wE Ao R xA}
HAek ARt el o] At A"S A5l mddte 9
U A Fk(critical value) &= AZFFoH, Ui it AW 20446.74,

FUE BT AY 2036499802 FUTSE QU 2 A%rle] £aE
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T dEd e Aol7t gk mgh B AFolA A e Ht o Y
Bt FA LA doA AR A A Fuet huETE A7)
710l Aol 7} gll+=dl(Table 5), °]+= ¢AESl L. benzoin2
AT Aol A=A 3HCipollini and Whigham, 1994). whaba], E 519

AU AL As7lel =gt Ad 7)o o] A4 3 o] FA

2

o,

H
:
fir
[\

A, AR 1olA As AR5 SAT gl A ¥E(186 %)
o] ZAFA 254 %)9F ZAA 3(104 %ol W3 =tk (Figure 5). *A%
A L. benzoin®] 75, /MAT AAL Aol =S5 A5 Axs /A7
NeE o4 2= FHE AL 7hsdol v
(Cipollini and Whigham, 1994), ¥ <ol A 7| A
219 AS- Hat 20994, AR 29) A9 it 18194, EAMA| 39
A9 At 1959802 AR 19 %
ow (P < 0.001), MAe] olegh A® Fxo Zpolrb TARA 1A A

A% EAT 5 gl A TA WS Awnsel g Aow B

=

ki
e
Rl
L)
R
30
rr

o Wit Aol x4
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pocs

22.2. &4
ARGE AT A8 BEXE Ayad F2AA] AAdA FuEE

A 56 A7HA Y e, b A 37AAH e REES Byt
(Table 4). T3, BE 2AA 2] 2534 o]d9] SFolA 1o WE7}
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¥ 3 9E=d(Meagher, 1981; Waser, 1984; Agren, 1987; Allen and
Antos, 1993), o]A o] A FuUFo duFe] dE Fx Aol

Ogﬁo]:% U]?_] 7}—1 = '\\):I_—I_.%q— %‘ Oj‘?'oﬂlx-]‘_ 31/\}-»2,-0]] fﬂ?_]_— }‘é -‘—E]_—Haﬂol
oElY AL MA 7F TAES FAHNAE B9

2.2.3. 7Rstol 9o Fab

Aol AES ez 3 B AFEdA FUFIE dyFRT
M3t flowering)ol] Be FAE 3= Ao BHu¥ il glvk(Barrett and
Helenurm, 1981; Oyma and Dirzo, 1988; Allen and Antos, 1993; Antos
and Allen, 1994; Cipollini and Whigham, 1994). ¥ <& 3-¢] BRE ZA}LA
AM AAUF FuFrl duFEY stAa F Aol EkeHP <
0.001), A4 5(1999)°] AF-elA AT FuUFE+ 1070)7F b
(B 57DEY stM G o] AT 267 BokY Fow mFolk
uj, o]# g AF e Hol= A A I E INFe AHole A 7]lEk=
Aow FALY B2 AT7EddA FAEC] =R B2 X Ee 3}
AE 7= Ao R By ¢lom(Carr, 1991; Barrett, 1992; Meagher,
1992; Cipollini and Wigham, 1994), AU A5 L. benzoin®)

F7F v Ry JhskEFe] Bar T[] stolrt o Fo] e
& & A (Cipollini and Wigham, 1994). o] & g8 H, A
AU 23 FuUrE ehuRRn shste Ao er B2 FAE shal

Sl Ao pere
B, 24 2004 FURe] Fmrh ARG o sz A% ol

S7FetdtH(Figure 14). 7t AZsS 43 238174 Aol TXHY

dol7k @A ABon, Furt ALSES 4 G o] AFsE Bobh=d),
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(Lloyd and Webb, 1977, Bawa et al., 1982; Oyama and Dirzo, 1988;
Ramp and Stephenson, 1988; Cipollini and Stiles, 1991, Allen and

Antos, 1993). i AFolA el HdHA 2 FU9
J3HA =d=d(P < 0.05 Figure 17), 92

2
2719l N, P, Mg, Ca 59 4% 33 mlrhe

o]2  wj(Cipollini and Whigham, 1994; Carroll

and Delph, 1996;

Rocheleau and Houle, 2001), A7y dubiy =8k 78} o] AHAS &

%
rob
-
iy
4a
o

3. AAUF AMATY e Fx W3

ATl A= 2ARA 2(41] 056, P < 001,

FAE)E AQF

Al ZARA M = Adulel Fogh Apolzh glolom, ZARA Aol M HEF

’

dulell Fog Aol7b gl tH(Table 3). o]+ Y&EolA ad A+
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NAES] Aol Feolgk o]yt glvke A}et A A (Dupont and
Kato, 1996a). 1:1¢] AdHl= s &3 o4&l A= A BANA A+
w74 & ZE(pollination rate)o] Fi3s] =& AHOl U+ A§olF
A5 S A#AEE= AyoltH(Opler and Bawa, 1978; Vasiliauskas and
Aarssen, 1992; Allen and Antos, 1993; Gibson and Menges, 1994). &

AT AT AT EF AAA B0l Fi ol o] FHeA it
of frEl Rel7) Wi Aow BT Wi, Su

=9 ol & A7), FAEY ddHer B JhE w
1 F8 HURlel @ 4 dth(Barrett
et al, 2010). ol&jgt Aol AL wek AT AA Y AFo] 7+
of wz} AdA= Ao=E LdHA Yo (Allen and Antos, 1993), L
benzoin® 7%, A7) EEo] QojA il 2 m vuke] Sl oF# ek
of Au T2 Hal MW, i 2 m oY SHolAl FHake A
TZE Holx= Zog ZARHE ub It (Cipollini and Whigham, 1994).
Ao AZUF ATl AME BE AR AA 25 A =3 AE A 9
U 27t duF EErHT =kow(Figure 8), T4 94+
=

A9 FROIA FbRe A

hvA
-

gh

-

= tH(Figure 6).

g, AR7F Aol7t e BE(EARA 33 ZARA Dol A A F(EAL
A 2)e® olFdrte AAAA AS 54 dAE MeEEe AA o
A A7 "R Gyl 2] wmE g AAE wEgor Wkt
(Figure 11). o] WA& fJa] Aojr oz A2 7|3 @& A wjiEs

P G =ol Al =d g el FolAl HWA ol HE& G
H<el

94 M 2T II ol



S8 A H(Wallace and Rundel, 1979, Delph, 1990), 44 & ¥

T8 E& &3 AL HAsst= AEE 85k (Freeman
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Abstract

Population structure and growth characteristics of
Lindera obtusiloba Blume in Quercus mongolica

Fisch. ex Ledeb. stands on Mt. Joongwang

Ji Sun Jung

Major in Forest Environmental Science
Department of Forest Science

The Graduate School

Seoul National University

Lindera obtusiloba Blume, a dioecious shrub, is widely distributed
in Korean forests. This study was conducted to provide the
information on growth characteristics and population structure of L.
obtusiloba, considering different ecological responses of male and
female to forest environment. Various growth and life history traits,
sex ratio and spatial distribution patterns of L. obtusiloba population in
Quercus mongolica Fisch. ex Ledeb. stands on Mt. Joongwang were
investigated. The sex ratio of L. obtusiloba population was 0.53, and
there was no significant difference. As age and size increased, density
of males has increased. While there was no significant differences in

mean height between mature male and female, mean diameter of root
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collar was 11.41 cm for male and 9.67 cm for female (£ < 0.01). Mean
number of old ramet was 352 for male and 3.09 for female (P <
0.01), and mean number of new ramet was 4.51 for male and 3.53 for
female (P < 0.01). This sexual dimorphism increased with the increase
of the density and coverage of overstory trees, the surface rock
coverage, and the soil organic matter contents. Sexual dimorphism was
also observed in various life history traits of male and female L.
obtusiloba. While male had a longer lifespan and invested more
resources in flowering than female (P < 0.001), female relatively
invested more resources in fruiting. No significant difference was
found between male and female in mean age at first reproduction as
204 vyears for male and 20.3 years for female—and in mean height at
first reproduction— 2.62 m for male and 2.72 m for female. Mean age
and mean height of non-reproductives were 13.2 years and 1.67 m,
respectively, and non-reproductive was found to remain immature at
the maximum age of 28 years old. No significant spatial segregation
between male and female was observed and L. obtusiloba individuals
were  randomly  distributed  between = reproductives, between
reproductives and non-reproductives, and between upper trees and total
individuals. L. obtusiloba had average 7.72 ramets and it seemed to
have regeneration strategy by generating multiple ramets. However,
the light environment controlled by overstory trees influenced the
emergence and survival of non-reproductives. The overstory trees and
forest floor characteristics affected the sexual dimorphism in the

growth and life history traits of L. obtusiloba individuals, sex ratio
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structure and regeneration strategy of the L. obtusiloba population.
The difference in ecological responses of the sexes to overstory
structure and forest floor conditions should be carefully considered in

forest management activities.

Keywords: Dioecy, Shrub, Population structure, Growth characteristics,

Sex ratio, Sexual dimorphism, Random distribution, Regeneration
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