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I A&

Aol FA B 3P EL oF 6%l Bt A-gF Al 2=l Hls|
ATAoZE F F7F Avk(Vamosi and Vamosi 2004). & o] =
Az SAES Avleke APl AT Aol AHEE FE
A x4 (Bawa and Opler 1975; Bawa 1980; Givnish 1980) 2} 4 (Sakai et
al. 1995)°l 33, 32l Y&AF(Baker 1959; Freeman et al. 1980;

Fox 1985)% zte=vh mwe =4 me= 3o 2y ugedt 25

Solg

flo

o)

9]¢ (Bawa and Opler 1975; Bawa 1980), 2ro] Ql+= @wiel &3} (Givnish
1980; Muenchow 1987; Renner and Ricklefs 1995) & W= A &Fo] St} .
TR FAAAE SAAoId. ddeME F2 Tl S
5™ (Bawa 1980; Givnish 1980), =thelA= vigt sl 2 vjAdE
(Vamosi et al. 2003)°] o]Fojxlt}, ofz]st Aejz S50 A5zt
Aoz At AgolF A& AY fgde] F7FdH(Vamosi and

Vamosi 2005). d& E° duldAs 3k & Azbe EXolg F7I=E

g 4y A
M

g ow HEHT v 58] AgEA AEel] v& ASHoRE F 7
At (Vamosi and Vamosi 2004) #b-go]5 A& ®ido] nlg- ozl &
Uk AAl TUCN of 5% sl dA2E A7IF TolA AsolFaaE
Bf A Ys e AERY ¥ ¥2 HlE2 YEY(Vamosi and Vamosi



AbgolF A =e] e kA=l WA volrt AT F9
E&o) Fod 247 A§3t}(Renner and Ricklefs 1995). -2 &
gt Hlgo] sttt WlZoEA AHES 1:1 AH|E 7FA &t (Fisher
1930). Flach(1966)+ ol Myristica fragrans +2=2 <7} 1:11 &
FeH e A BuPgAR @ AgolF FEolA Anle Hdo] vyt
obA &7 HeEkE ZH-$(e.g. Rottenberg 1998; Ueno et al. 2007) HUl=
TAEE WIE A9 2ow o AL HEAEY thdAd Z2EolA
HL A3}t (Lloyd 1973; Opler and Bawa 1978; Thomas and LaFrankie
1993; Obeso et al. 1998; Nunez et al. 2008; Gao et al. 2009). AFA=2
Az =8 52 WAngo] Aguje] o] 7|t Aow FAET
AES E9|, Irvanthera hostmannii |4 Qo] AEZFS o] H|F
1000 ¥ ¥ =Ath(Queenborough et al. 2007). 1 A3} A2 &L F2 &
Hig] W& ZsiRi =l AARE (Thomas and LaFrankie 1993; Nicotra
1998) ¥ ofyz} w2 AAE (Obeso et al. 1998; Nicotra 1998) 3 =&
AHdE (Lloyd and Webb 1977; Barrett et al 2010) = EQIt}. hF2 511
APE A AES AEES WA delA dAFEE Adolst ARlE 7HA

ol & E9], Salix sachalinensis NAT oA o4 A= 2:1 o]l on}

v}

DBH 3 cm v|7He] F&FHo= F21&°] @ (Ueno et al. 2007). Siparuna

grandiflora °] FH5Y w¥&ES FAEo] wWAYE AHES FHIAH|E

4%

P

o] Zt}(Nicotra 1998). Barrett et al. (2010)& 7fAlTFe] theksl
AdFAG=E TAAE WF AA AT B oy A" mE AJu]EA] 9

FEAE WA Aols HZ B 2 (spatial

segregation of the sexes; SSS)dAS wWlel7| % sttd(Bawa and Opler

_2_



rir

1977). ¥4 #Ele SFEFANY 5285 HWEo WA Aees AT F
Ath(Bawa and Opler 1977). YRbd o= FR7I8AAY ESH STV}
=1 (Lawton and Cothran 2000), H!¢o] ZF#3F(Thomas and LaFrankie
1993; Nicora 1998) A2 A]ell= 2=l vlal] 2 E2] v]&o] Etf ThA
W3l Acer negundo(Freeman et al. 1976), Populus tremuloides(Grant and
Mitton 1979), Salix arctica(Dawson and Bliss 1989) 2] &2 &EL 15X
F3 AMAA ] FE FEIT 2Py B Hoe A 34 FYE

3tol3}#] Eitte= A3 (Nicotra 1998; Osunkoya 1999; Ueno et al 2007;

R

ut

-

Schmidt 2008; Gao et al. 2009; Forero—Montana et al. 2010)&9]
RuE 3 Qojx hF2lEol AMax] Falet 71 A Ao tfd B2
o)

T ATolMe e dEe] AR Aot EEsh= We]
FEF(Kim  1985)0lH  Ap-go|=2&EQl MRS (Torreya nucitera)
AT Elver AT Foie e

HI A2 A& Al 374 ZolA ¥4 2861 7HAl, i 882 d,
HuwA  44.8 ha(e]ldd 2009 o2 AAARD wolth. A=A
A (e.g. TF=TFHFRTAT3] 1999; o]A4 2005, 2009; Add 5 2010),
AGH-A @I Fe A94d 1989; <= 1993; ©]A$ 5 1999; Hong et al.
2000) 5% A7F v FEEn vk Bdie] BAuRES 1990 dl
=0 A ofstel A A - Mg HT ZAIAM R BIARUETE ASelrt
S-oksols de e v W2 dE@IFEdE 5 20100 - 9

#2 MAE AEEA] Uehwd AVH F Bds feA e AT
dsta Sl A W oldet 1 Fo AEA FFH

-
&= olae a7t vl (Russell and Susan 1994). £3] Vessella et al.

_3_



(FXF) S AgolFAEY BAAE 3 Al A AHEAY AolE
ol#gist= 2 7 FoI ity AxdGth IYEPER HAAV|EER
A7 BdE vAEEe] &4 RAWet £HE AsiAE v AT
el HspAAE Ad yApAETel &she AgolFeke H53 AAAE
Zreths ARAS wEdElor ok a2y oA zbx] wiAUEe] A s}
SRR 5 AHISA did A= dFskth 1999 dell 4&2] =7] (DBH,
Fi), WEIAYgE, IAe AAEY F 59 2APE o|FoAtt
(SFFERsATS  1999). o Aol IAst AR FF AA,
Slatrad AFAA o #EZE FIEHIL o (e)dd 2009) ox

A3 gt wiAREe A%4e Fgsn gEdel 9@ Frbt

ST EEITAT3](1999) ¢ o] 4 (2009) 2 Huly BlAYF= 9
H A 2ARE 9, 101 F9ARE Rty 7aE Akl S ik
HA o] =& ¥rk olyZ(Queenborough et al. 2007) WifE
200 d — 400 d, HaFHo] 800 ojdel st Wil %
HI AU Adele] Agko] Zdidn, FHdlg HAUYFES SRS &9l
FAE ZINAH QAAYES olE =AY Al HIH(FAE S 2007).
HAGE EokFo] gkol HubsiAwt 1 QAR & i HHH vrF
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II. Alg 2 9y

1. 97 A=

B AU (Torreya nucifera S. et Z.) = T3 (Taxaceae) o] &3+
AEHAAEToE A AAACE fejuetel dEent A or FE
ZAF o= Bulo| T californica $y T. taxifolia 2 %, ==t T. fargesii,
T. grandis, T. jackii, T. yunnanensis 4 0| A7 X% uz} AgF oz
CH(Kim  1985). =ufel= H9l 357 107 olgel ®xatw sl

FEo AMAskeE w5 9 Hud 8 o] = MAV|dER A #eH
AT AR ARl ¥R Al 39 % A AR ANk AR
A1 =5 e A WA WA Al 163 &5 A a2 SRAL
HIZRUE Al 239 3 A alld S v Al 241 55 A AR
Al WA Al 287 &5 AT duiE] v Al 374 %5 Sk AL
HA -2 2l 483 ). #A ™ AFA A 1454 @) 9t
TR EH (1481 Dol w=E™ BRI AR 1" WSEA7HA
Hod Hels dAEY FHoR o B

M
e
o

g ol 7] g xdo] glo] AR} FEE L AgolFR FIgTF AR
o2 A 2y, nige o&] s
10 70 W9l 2 3 (%, bract) 7} 3L W3 oelw 2ol 10 mm ZA], 3t


http://hanja.naver.com/hanja?q=%E8%8B%9E

=711 10 o788 ek devh Ak @ Jdel 2 - 3 A
SE]al HA 27 Al E A d oA o]l 6 mm A Eolth ThEd o
PRl T2k 7heel deded F AE A g8 AsEn(e] 3 2003).
ARFE HA= Aol Adsta 553 FIp FEo] glof AubA], ZhA
To® olgHlaL, FA= TEA MR olgHen VEE AWIE
SFA .

=

2. ZAA| A%

o dAye AFSEARARE AFA FEs Bdigel  AAS
A 374 T v AYFEEES 337 29 B4 1267 48 )olA
oAtk vlAU£E ghepatel A FHoE W Yzt A Exiete
s GIEnE 3824 m) ¥ FoE LT 284.2 m)Atolol] £ X8}
4 km, ¥ 0.6 km) 22 ZA FAE BHTiE 143 m 9

FA otk v JIZ(HFE 35 Aste) 7)ol 5389 H2
10 (2001 — 2010)%Fe] 71$2tme] w=w 7359 AFd 7]

rl

15.9C A%+ A% 14749 mm ABF F5& 4.0 m/s otk AF

Ak A= 1 Aoy 89w 54 ol weE vl A=

TR EEAE 20000, FddE HAAYEFES FER-AAASEAE A
=

Fo tepel e RALS wWe AEY WWAZ Aguh AFE
],

2k Ao AFE AES 32%°] dMFst= 612

_7_



7ol At AL (FIUA T 2008)2  EARYO]  AEURRA 9

2] HAEEoE DBH 6 cm ©]49] WA
2861 3 37 AR W #wEAE 83 ¥ 187 F 230 F 23 WF
4 FFQ 257 F OTF 8 & 62 ¥ 208 F 5 UAIT F2EF0
A2 gkt (o] %4 2009).

BAAA A EZ A8, FoiE vARE g8 a2y B
st oW 71=S A k. 1938 d 2AEE
AJF(EIf OB = 2,795 o2, 1941 @ AA Al
188 Ho]  Zas 2607 ®ow  wusigth @I 1980 4
LM (AT DBH 8cm  o]AF9 FuUF 1,200
b 1,377 Eo® F 2,577 O ¥HAUYTE skelth. 1999 d
Z7Hr7IA e e ® AR, DBH 6 cm o] H[ARUHR
TS FAEG o, 29 AR E wet 11 8 FYoE vy 3 |
F712 #EET YHFig. . #HFY 9 & dxTE AR T3
ZeEleld, 1 g8 #ETEel deiMe A E FSsHEv o

lﬂ

_%

.]__
otk 1999 WP AE 10 Wz Bz uAtTee BY5E
9EA% Sl AAHUAL Aok wiAbrel  tdl  evsEo]

o] F-o] ft} (Plate 1).
3. A 9 &4
3.1. HIZRHE9 AA@FAE £4

= mgRe] 4, A7) (53, DBH), 44,

5
FEvgs, sy, gyojgnd, ALK 5, AAE 5, TR el gt



1999 U&= AR @R RaAFs 1999) ¢ 1999 @ delisrt 2zt
AAES A271(DBH, 1)k Aol tigh 2009 & A= (o4 2009) &
353l DB & FF3T 1999 dREl 2009 d7bA 10 |z 17 o
FAFEFR AL 1 A¥ 1999 W 2878 (kU ZH7] 1371 #3 1507 #),
2009 2861 ¥ (U ZH7] 1363 23} 1498 ¥)o] =z ¥35 )
HIZRE 3719k A= 1999 W3 2009 | EEF, GEdts, W

FIolgdwd, IAMA] F, AAE S 7HEA

AgERT FoATelM FAE G A,

1 e FYez uvye #FHEH Qo
T (T 1D el= e Ed5 9] vArE gl7] wiel B ATelA e
79 1 — 10084 42.3 ha)vk= &3tk (Table 1). 71 10 7 792
92 7E g R S FRENT 2 ATelAE xeEFH 2AE
A9 1(+9 3,4, 5 F#41%E 149.0 m), IAEA A I+ 1,8, 9, 10:
FEIE 141.7 m), A T 3 I Akele] Aol II(F¢ 2, 6, 70 A%
129.5 m)Z AAA 5 At AAA @ webd 10 7 Fe 9,
3N A T FFEold BAEd

H A AElE 1999 W3 2009 WE HAE F o] i
TFUF F B4R 439 E Chi—square test & o]£3Fo] A2 #]H (10 7}

FAs 3 0 A A 11 BIS AFHAG 4 A ) PG5

e

_9_



19 e RS ol fAY] mE] FF BHAME 3 A A%

A A HEZ AREsEg T A% 37 (DBH 9 1) 7F A7, A2 A7 xpo] 7t
3} H

N
N

skQlstr] ¢l DBH(F1) & %

eretol DBH 74 a7 Aval #ebE = JhAlE FA oA ALt =
DBH 4% A%-Eo] 1.0 mm o] ==Z (o] 2009) 10 dzt AAEo]

< 10 mm ¢ Z/AAIEFH} = 20 mm, £ 30 mm < JHAET FE35H

>
N
=
>
=
o
rJ
e
it
T\[‘
oX,
=
lls
N
o}
@
)
=
=
)
=)
—
)
=
=
@)
o
3
(@)
=
o
=
O
i
%
12
QL
38
£

FAel  dE ZAel oM deael wel Fael AEd 7Y
e

gulge el Bk oFeldm g v BB
FRagn
FA(1999 W3k 2009 W)sh APE, ANAE, TS olre] mE

WAL 7] Gotest ® FASGTh mp T Tl 9 & AW, AAAE
FAA AT 10 W7 S WSHE FAg 54 wse A
GAE, FARA, FAkshE TRekaTh. A wae 4, 44,

59 AHLE G-test & Qg3 t;. BE FAFA o= SAS(Version



M A 9] oA wrgetr] Sl Al T @ A< III o 50 m X 50
m o WETE 47l 2 A, F 4 JF AAsAH(Fig. 2). WET el
X3 F 105 JRAY GPS #3 gk (Garmin GPSmap 60CSx) & ArcGIS
Ver. 9.3. (ESRI 2008) .2 A =3g}33ltt.

T W 2 A= g 2 2 Ay
NE A Aol HAlAA G-test E WA AT A EY S E9
TR ERAS v wEy] QsiAE Wiegand € Moloney (2004) 7} #| A 3¢
O-ring SAZFS o]&3dtt. O-ring FTAHS A S E47Hel
AHEEE SR Hde A AsAdAdS Foteted f&stth O
ezt A A HolHE Vo HAE r o FE 948 a9 504
el Bt AT r o BAlel el AEStE ZF A r d 09 F94
AHses 8 AFIHER gFer I FZP/(CRS, complete spatial
randomness) S 2743l th. Monte Carlo AlE#o]Ae] <& 1000
W5 3} (randomization) & A 95% A FF7HCD ol A ek O(r)
> CRS ol¥ ZfAlEe] 28k 0ol 95% CI <tel glow fdo2, 0
< CRS ol¥ 7Al=o] w#datA Exate Aox ddsiglnt. ols A6+

!
fa
[-'0
i
N
X
o
rd
N
o
=2

N

PROGRAMITA program (Wiegand 2010) & ©]&3}%t}.



1. 8 3

1. ¥AT E5ek 37

1999 @ DBH 6 cm ©o]4Ql HIAR-E 2], 4% o] 10 Wzt
7 2ol Zadte] 2009 Wl F 2861 £ BIAUTE(FHF £ 104 m £
2.20m, 3¢ DBH 52.4 cm * 20.11 cm)7} A28t} (Table 1). #2799
IEE 128 m@E T 9elA 154 mFHEF 4), WAL 1.3
ha(#g 79 8 & 9)ollA 7.1 ha(@g 79 5)74 &zt kg
e o] o v Fet A7)9F 245 gtk oE 50, 2009 W&
394 cm(FHHTY 104 61.7 cm(FHTY 5l
o] 2 gt} (Table 1).

3

5
=N
-
o8}
T
rir

2. B Adn|

MAT FEolA Fu7E 135 o] o wWeokal ol dt Adnj(0.52) &
EAAOR 4989 tH(Table 2). DBH 2 11 /98 SFo2 UFrdS o
A 8 /N el vEbwteyw DBH 3ol wet dnls vE wEew
A= Aol Atk Bk LA Fe sldst= DBH 30 cm ©lstelA =
FUE, FAE dldss DBH 30 cm — 60 cm oA ¢y, 60 cm

ol UAEE FEdAe Al FuFrE Bkt (Table 2; Fig. 3). 5

ol

DBH 100 cm oJdelM= suprh ool wls 5.6 wf @steh wbd
10 7He &g Folds 3 A FelARE {Fosh AnjH o



o)

BAH A (Table 3). ©] & @79 3 3} 5 & FUFE FFHNY
#E]79 8 CME shbrrr kel 2.8 wir Witk AgEE RgE

.

FoE A x 1 & FUFER, A8 AN I & JyEE
A Y, =7 KA 1= 1:1 ANE B tH(Table 4).

3. AR A7), M4A], zke] A

DBH ol tjgh o] @Akl o] At A x A o] o]apt s aganrt
T8 A dERSTH(Table 5). A9 1 3 A 11 o E FUF7E g
Hls] Ho DBH 7F o 1oy A9 1T ol &= vkt o] S B (Fig 4a).
A3 4 DBH + v 51.18 ecm, W4 53.57
cm E A gt Aolrb yERRtHE = 10.15, P = 0.0015). =3t
AM2AA = DBH #Fol= Fo@ThH(F = 144.67, P < 0.0001). 10 {3t

=)
oy
T
o
o,
s
1o
i
rj\g
M

DBH A& FH5Wdoz, 42 HUucoz 248 ARy

10 d DBH A#E £ 10 mm ¢ £ 20 mm, £ 30 mm 2] Al oA 25
6).

arel] wigh oldwalw A Aak g X A (o] F MAAE AR <
oA E AL ATt Fo Al UERd T (Table 5). A9 T <M= Fu+7h

ohupitol Bl Fart HHAW Ao I M= duy Fat o =g

52
32
k=l
=
Il
w
W
S
e
Il
(@)
(@)
(@)
\.)
<
X
12
L
N
k=
1o
Wi
Rl
S
rlr
Jo
1o
b
N
-~
o
o
o
o)



4. FA ¢ BEE BEHEA

AR QS F QAU BEAN SAe fo@ ARe z:

E4e YEVgEdTable 7). E8 TGS Fujodmo] ohs

1999 el FAg A, FAt AAAZE el FosHAl
UEbgtH(Table 8). = 4 9 U= 39.3%, v 33.3%% A4
U7 ehubel wlal 1.2 8 wokth AAXEEZE A T oA A
oFn}  gfefo]l  27.6%<1d Wl X 1T ¢ I A= W HES
HAT(A8.2%8F 18.5%). 1o wafapwd, Ao III 2 A9 1 o Hlaf A
Aol wAEsE 1.6 wivk o worvh 1999 |9 #HETE AlRET] o]
e teh v ol s 36.4%9F 41.0%° vIAGTIE 7] A AE
Bol FAel QlolA frolgk a7k §llth 2009 dele Aol wE FA<]
2ol 7b Al vk (Table 8). =, A1 A (Y 67.9%; U+ 71.3%) E+&
FA F(UF 23.5%; FUF 20.5%) 81 HIAGESE b4 BEOIM 90%
oS AAFTh  FAlgk AAAZE] AdHe 2009 del®E  folEHA
Ebgtont 7b X odoflA Bl S S 1999 d vkl o E
=01, A A& vATE AY T oA A9 I Boh o @ka(73.2% vs
67.1%) A HoF vt A7 ARG 25 v o @ (0.9% vs
2.3%). A F5He= o

o
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Ztol & VERATHTable 9). AEEE FASTE dT7E 49.4%= T
44.9%8F A VEbgTh AAAEZE FAZEE vAREE A9 1 o]
219 10 9 O ol ¥sl 2h7] 1.3 v, 1.4 8 o BAtH(57.5% vs 43.5% vs
40.1%). =5+ 74 W3t F5agd WA= we Fod xfolE HATH
ALAow  #FErb  o]Fojr  FHIEFNAME B 47.0%7F
FATEE BAoH, 9.3%%ke] FAZE oFstE Tk ol W u]aE] Tt
MA s BAEE © 1 BRlo] FAEYS Bow, 61.5%% FA7F

A 10 @ 7F 6 A BEFAAN U 9 B ool 8 Ro X
17 ¥o] 1AE e (Table 10). 1999 & A4 28 71AD, Y= U4E < 40%

IAFEY BEsh mel g,
YEIYE 5 ANSYT JRAAS 23+ 9otk

Fig. 5+ Ao T3 A9 HOI o AAg Ul W 5 W v A5
HolFErh W& A, B, C, D o Z7] 23, 19, 23, 40 ¢ uARHRIF
EAskel AT D oA 7P WErF E3th(Fig. 8). wE A I o BE T

A S B et Ul A9 I 9 $IT C 9 D e R F=
ek 2 AA Bel A2 A B B A5t WET B 9

D oA §99%7t YErtH(Table 11). W33+ B oAE Sy HEA
2150l gAE FUFe Aol oy, W

D
2xsts Aol uwhdth O-ring FARE ol&d AR A3



WEF DS r=7m

A Ao xsltt(Fig. 9).

I

o]

YT

o} o}
LESI

SH A=



Table 1. Mean sizes (X = 1 SD) and number of Torreya nucifera trees in ten managed plots of the 7orreya Forest in Jeju

Island. Altitude and area are provided for each plot

Managed Altitude Area Mean DBH (cm) Mean Height (m) No. of individuals

plot ID (m) (ha) 1999 2009 1999 2009 1999 2009
1 130 4.0 41.6 + 23.00 46.2 = 21.72 8.1 £ 266 9.6 * 2.27 111 111
2 140 6.8 52.9 + 17.83 54.2 * 16.45 10.3 + 2.28  10.8 = 1.82 601 597
3 148 6.4 59.0 + 20.90 58.9 * 20.64 105 £ 222 111 + 211 406 402
4 154 1.5 37.3 + 22.60 40.5 = 20.62 83 £ 1.97 99 * 202 27 27
5 145 7.1 62.7 + 19.86 61.7 = 19.40 107 + 1.77  11.3 *+ 1.63 435 433
6 144 5.3 55.0 + 16.04 56.2 * 15.90 9.7 £ 201 11.0 + 1.93 394 394
7 141 4.7 42.6 + 18.84 45.0 * 16.88 8.2 * 235 98 * 2.15 326 325
8 129 1.3 53.4 + 20.96 57.0 * 19.03 9.0 £ 260 9.9 * 2.14 90 87
9 128 1.3 39.6 + 18.04 44.4 *+ 17.08 7.9 £ 214 83 * 2.46 39 39
10 131 3.9 35.8 + 21.86 39.4 *+ 21.07 7.7 £ 273 9.2 * 254 449 446

Mean 50.9 + 21.53 52.4 + 20.11 9.5 + 255 10.4 *+ 2.20




Table 2. Number of male and female trees and sex ratios at each DBH class

of 7' nucifera

DBiril)aSS No. of individuals Sex ratio 2 P
Male Female
<10 15 4 0.79 6.37 *
10—-20 163 5 0.69 32.54 oo
20-30 88 78 0.53 0.60 NS
30—40 69 103 0.40 6.72 sk
40-50 187 323 0.37 36.27 s o
50-60 351 402 0.47 3.45 NS
60-70 324 212 0.60 23.40 oo
70—80 166 101 0.62 15.82 oo
80—90 77 36 0.68 14.88 oo
90—-100 30 24 0.56 0.67 NS
= 100 28 5 0.85 16.03
Total 1498 1363 0.52 6.37 *

Sex ratio = Male / (Male + Female). * P < 0.05; #* P < 0.01; #** P < 0.0001;

NS = not significant.



Table 3. Number and sex ratio of male and female trees at each managed plot

in the three regions of 7. nucifera

No. of individuals ;

M;ljtgsed Malo Female Sex ratio X? P
1 64 47 0.58 2.60 NS
2 304 293 0.51 0.20 NS
3 235 167 0.59 12.07 sk
4 16 11 0.59 0.93 NS
5 268 165 0.62 24.39 s
6 194 200 0.49 0.09 NS
7 165 160 0.51 0.05 NS
8 23 64 0.26 16.04 ok
9 18 21 0.46 0.23 NS
10 211 235 0.47 1.62 NS

xx P <0.01; =+ P <0.0001; NS = not significant.



Table 4. Summary of three regions according to distance from Dotoreum

Mean Area Mean DBH

No. of individuals

Regions  \itnde (m)  (ha) (cm) Ve Female o ratio
Region 1 149.0 150 59.7 £ 20.35 519 343 0.60"
Region II 141.7 16.8 525 £ 16.96 663 653 0.50™°
Region 111 129.5 105 43.0 £ 21.50 316 367 0.46"

(*) P =0.0520; **x P < 0.0001; NS = not significant.



Table 5. Two—way ANOVA of the effects of sex and region on height

and DBH of 7. nucifera

Source of DBH Height

variation df P p T P p
Sex 1 0.34 NS 1 0.06 NS
Region 2 137.28 === 2 154.96 s
Sex * Region 2 41.10 ok 2 17.89 koK
Model 5 76.51 ok 5 71.65 ook

xxx P < (0.0001; NS = not significant.



Table 6. Mean DBH growth rates of male and female trees of 7. nucifera during the last ten years (1999 — 2009).
Mean comparisons between male and female trees were conducted for three different cases of ten year DBH

growth, i.e., £ 10mm (A), £ 20 mm (B), and £ 30 mm (C)

DBH growth/10 yrs N Male Female Mean F P
A. =10 mm 315 5.08 £ 2.87 4.90 = 2.99 4.99 = 2.93 0.30 NS
B. =20 mm 649 10.31 £ 5.82 10.01 £ 5.79 10.16 £ 5.80 0.44 NS
C. =30mm 955 14.83 = 8.44 14.77 £ 8.45 14.80 = 8.44 0.01 NS

NS = not significant.



Table 7. Spearman correlation coefficient coefficients between ecological traits of male (above diagonal; N = 1,498) and female

(below diagonal; N = 1,371) trees of 7. nucifera —1999 data

. . L Climber Area of bark Area of No. dead No. . No. shading
Ecological traits Vitality B stripped bark competing
coverage hole (m®) B branches branches
(m®) trees

Vitality - 0.56™" 0.03N 0.06™ -0.09" 0.00™ -0.07"
Ciféifige 0.56"" - 0.06° 0.15™" 0.14" -0.04™° -0.05"°

;ciae O(m"‘;?r 0.01N® 0.00° - 0.61 0.11 —0.04"° 0.04°
A f i S S sk ETTY S

gjfko(nf%npped 0.02Y 0.03" 0.59 - 0.26 —0.03"8 0.02Y8
Nbofaiiiis -0.01" 0.07"” 0.08"° 0.16™ - -0.04"° 0.07™®
Nt(r)é(ezgmpetmg ~0.02"% ~0.06" ~0.02° 0.00"° ~0.047 - 0.00"
Nbor'ai}:;iils . 0.00™° 0.02"° 0.06" 0.03"° 0.147" 0.00™ -

* P <0.05; #x P <0.01; *+xx P <0.0001; NS = not significant.



Table 8. Two—way contingency table of vitality and sex (A), region (B), and management (C) among

T. nucifera trees in 1999 and 2009. Likelihood ratio chi square (G) is reported for each table

1999 Vitality 2009 Vitality
H M W VW G H M W VW G

A. Sex

Male 581 602 272 25 1055 303 93 29

Female 445 597 273 27 11.43" 911 315 94 22 5.01%°
B. Region

Region I 234 390 208 30 631 156 67 8

Region II 520 556 226 14 903 299 86 28

Region III 272 253 111 8 65.307° 432 163 34 15 21.68"
C. Management

Tending care 1026 1199 545 52 1966 618 187 51

No care 16 11 12 0 5.96™%° 2 12 14 11 102.55™

Vitality H = healthy; M = moderate; W = weak; VW= very weak. ** P < 0.01; #*+x P < (0.0001; NS = not significant.



Table 9. Two—way contingency table of vitality change and sex (A), region

(B), and management (C) among 7. nucifera trees. Vitality change between

1999 and 2009 was classified into three categories: upgraded, no change,

and degraded

Vitality change

Upgraded No change Degraded G

A. Sex

Male 664 683 133

Female 663 550 129 7.69
B. Region

Region I 496 313 53

Region II 573 600 143

Region I1I 258 320 66 61.317
C. Management

Tending care 1327 1233 262

No care 1 14 24 77717

* P <0.05; =+ P <0.0001.



Table 10. Ecological trait summary of 7. nucifera trees dead between 1999 and 2009

. . Area of Area of No. No. No.
Sex PIIDOt Hilng)ht I()C?;)I Vitality S(l)lvrréligge bark hole Stripped{ dead competng shading
(m®) bark (m? branches trees branches
Male 2 6.0 16.6 H <40% 0 0 0 5 0
12.0 55.1 H <40% 0 0 7 1 2
3 5.0 46.5 VW > 60% 0 1.72 4 0 3
6.0 27.1 W 0% 0 0.69 2 4 0
6.0 40.1 M 40-60% 0 2.70 2 13 5
10.0 58.3 M <40% 0 0.48 11 50 0
2.0 18.8 W <40% 0 2.10 2 9
6.0 45.5 VW > 60% 0.11 3.47 4 0
7.0 32.2 H <40% 0 0.09 2 7 2
Female 2 8.0 57.3 H <40% 0.32 0.92 17 10 0
12.0 64.0 H 40-60% 0 0 14 0 0
12.0 68.8 H <40% 0 0.08 6 8 0
10.0 56.4 W <40% 0 0.24 6 19 0
7 9.0 53.2 M 40-60% 0.10 0.15 8 2 8
10 4.0 18.2 H <40% 0 0 0 4 0
6.0 12.7 M 40-60% 0 0 0 6 0
10.0 44.0 H > 60% 0 0.03 4 1 0

Vitality H = healthy; M = moderate; W = weak; VW = very weak.



Table 11. Nearest—neighbor associations between 7. nucifera trees

In the four quadrats

Sex of nearest neighbor

G P
Male Female N
Quadrat A
Male 7 8 15
0.02 NS
Female 4 4 8
Quadrat B
Male 4 8 12
10.59 ok
Female 7 0 7
Quadrat C
Male 4 6 10
0.21 NS
Female 4 9 13
Quadrat D
Male 8 6 14
9.34 ok
Female 3 23 26

#% P <0.01; NS = not significant.



Fig. 1. Map of the 7Torreya nucifera forest in Pyeongdae—ri, Jeju Island
(adapted from Lee 2009). Numbers indicate the 11 managed plots
defined by trails within the forest. All plots except for plot 9 have been

subjected to tending care since 1999.






Plate 1. Photos of the forest before (a) and after (b) tending care.
Photos in (a) were taken in 1998 and those in (b) in 2008. Photo credits:
SG. Lee.



(a)




Fig. 2. Location of four quadrats (50 m x 50 m) in the 7' nucifera forest.






Fig. 3. Cumulative distribution of male and female trees of 7. nucifera

according to DBH measured in 20009.
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Fig. 4. Mean DBH (a) and height (b) of male and female trees in the 7.

nucifera forest.



DBH (cm)

Height (m)

70
60
50
40
30
20
10

12

10

oM
mF

oM
mF

Region I

Region II

Region III



Fig. 5. Distribution of male (A) and female (@) trees of 7.
nucitera in the four quadrats. (a) Quadrat A; (b) Quadrat B; (c)
Quadrat C; (d) Quadrat D.
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Fig. 6. Spatial analysis of male and female trees of 7. nucifera as
measured using the O—ring statistic. Filled circles indicate the mean O(r)
for an annulus of radius r with 1 m lags. Dashed lines indicate confidence
envelopes about the null hypothesis of random spatial structure. (a)

Quadrat A; (b) Quadrat B; (¢) Quadrat C; (d) Quadrat D.
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ZNNEAFEE T EREATE] 1999, odd 2009+ HulE
IAHEe] gElZE 101 2 PP otk RIBAW B AP e Sy
912l

1,498 &, 4y 1,363 o2 o] Folxl H[A-o] Adn7F A
e Rk ol B TR EA A ERETE FAERY
dAsith: APATEY dAghLloyd 1973; Opler and Bawa 1978
Ornduff R. 1985; Thomas and LaFrankie 1993; Obeso et al. 1998).

)
oft
o

P

2. W]AUHES] AJH], DBH, A4

ArtAow AES FAE vl wAEFo] st AbdRu]Eo]
=7] el WA Thsd NAR AdsshsE oo 'l 7|kl Ae s,
AEE Al E=oh(Darwin 1877; Allen and Antos 1993; Obeso 2002;
Harris and Pannell 2010). Z¥thd AGF2E 7F0 AT oA
AFHEZ Aolst AvE B F Utk vAUFzoA %= DBH Fw°l whet
Aulz dgEn A =Ee] A=l vlEs] 27|48 (Ueno et al

2007)3tthd DBH 30 cm w9Fe] Bl A AR E Fgos= FuiErt v wol

o

x|

&591S 4 o] 9lrk. DBH 60 cm ©]4, =53] DBH 100 cm ©]49]
A E Aol el AupHEge 2o oh}Ro] e AbgE (Lloyd and Webb

1977; Allen and Antos 1988; Barrett et al 2010) & o}7]¥ A¥= HIT}



kA BRI A = ARE wAE]Ee kol AREY AEELY Aol
T=A2® DBH Twel wE Anje] Aol 7P Zlem wojxinh
1999 & B4l DBH 6 cm vIWhe] 552 S0l A2 =3t Barrett et
al. (2010)0] Z=x3st ZAAH, BLArfel] A Avjdskay O s A3E
FAst7] A E R A8 WA Akl i A7F dastth

Al ATt gFPlon 538 e g Age] wE
gule] elEe]l uebtH(Table 4). X253 A A T oA
AAE # III o2 Z4= Fat A= 0.60 oA 0.46 o2 Yol il o]=
o5 29 A 1 2 FUF7E dA8 A I o= duF7F dados
B5g ulgth vAE 27] g A I 07 AR hadth gt
EHHek= BlAkUY DBH 7l 534 AsolFa ol A& oA =l
H] & It (Opler and Bawa 1978; Jing and Coley 1990; Allen and Antos
1993)«= dArs¥ Xz a2y A [ I ok 28 A9 I 9 dF
YT ES v Aol AHlE Hol mjauRe] A7 (DBH & 1)
g A ox AAA oI AES oY dlE Eo], WA AL
HIARE7E A Asks #egtel 13 DBH = 46.2 cm) ol 7t
YT 1.4 W Ekou B 2 AT AAEks Bl 8(EA
DBH = 57.0 cm)ol= $hu-77F ubiel Blsl 3 i Wokth, A 1T 2
E7b v AAAR Zeae] AFES] Aol golstt. 1y ol % FAE
7] 9% Q91 A S AAZE B o] FojFui, A9 1T Wl vFst AHl=
ot eFupRto] thdk e HE ol A &2 g A 3tEso] Ay
T St

Jing and Coley(1990)+ 7 — 10 @ A Acer negundo 2 &+ 7+

wolel vHlE wlugt Ay, F250 AFEe]l ¥ ko, ol A it
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A2 G0 zpo]z QIgh Adetar A shARE dF A= A=
o AAE (Grant and Mitton 1979; Crawford and Balfour 1990) T+
b 7+ AN AGE (Willson 1986)& ®.ashgich. mixbufe] A 7t
= A% A3 AFE Aol TAACE FY5HA &%t (Table 6).
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a8y 1999 @ 2AF GA] Syl @ 9eEAEo]l €YUl wEel
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Hl A Ebell ZAel] 271 shebetar ke | gehdA AR dEE
Asfgteh(e]dd 2009). a3 BAS AA 9 AFH @t o] Fold
T, AR Al FA3] A E Y. 1999 | e ghe) W
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d 5old AMEES dubdo®m i vlE HEolx= FHSHA BEEA
=t (Nicotra 1998). BIARFUF<zolA] A 10 d P JLARFO] 17 29
337 wimel AR AEE el — A, FA, HEIYE, BAEY
% = - 2 Bsy] g9 A% 2 ATe|H DBH 100 cm ©]4<l
FHF7E el wis oF 6 i @Wues AMES U =2 AR ES
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TR, AT TY LT =2 HAEY AMAA Ao
HAEI FAEY T EEE MAeE AR B dAgaEe] WEst
v} 9t} ((Freeman et al. 1976; Lloyd and Webb 1977; Bierzychudek and
Eckhart 1988; Houle and Duchesne 1999; Nunez et al. 2008). & =
2t FwFEA  Acer negundo(Freeman et al. 1979), Nyssa
aquatica(Shea et al. 1993), Juniperus virginiana(Lawton and Cothran
20000+ v, U AAA e dAsie e B9
TAFQ) Taxus baccata T Tl HlE] F3b A2 Ao Fol
330 (Hultine et al. 2007). 28y z+ 7RA19] HH AAY S Elst
Ad x III o AAgE B4 D oAt hubr7le] e 27 o] yebRith
O-ring EAZN IAGE W= =XEs= WIFFeA b7
D & r=7m 73X ot LSk Aol
D & A vl 7He BET 5 7P A dEvt
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ABSTRACT

Sexual system and conservation of 7orreya nucifera

in Pyeongdae—ri, Jeju island.

Shin, Sookyung
Department of Biology
Graduate school

Sungshin Women's University

The dioecious species comprising only 6% of angiosperm species
possess a lower number of species within lineages than hermaphroditic
plants, and are characterized by a unique set of ecological traits such as
island habitats, small and inconspicuous flowers, fleshy fruits, and woody
habits. Such phylogenetic and ecological traits may make dioecious
species vulnerable to extinction. In particular, the sex ratio of the
dioecious plants is an important component for the reproductive success,
and for the continuance of the species and population. In addition,
females being subjected to higher reproductive costs tend to be spatially
segregated. Thus, understanding of ecological traits and spatial
distribution of male and females is essential for the conservation of
dioecious species.

Torreya nucifera, a glacial relict which presence is limited only in



parts of Korea and Japan, is a dioecious gymnosperm species. The 7.
nucitera forest of Pyungdaeri, Jeju Island (the Natural Monument No.
374) is the world’s largest (N = 2861 individuals) and oldest (316
years) population, indicating its high conservation value. The population
decline has been recognized since 1990s, and active managements such
as the removal of climber and competing trees, tree surgery, and
seedling planting have been implemented during the last ten years (1999
- 2009). However, the reproductive ecology of 7. nucifera as well as the
effectiveness of such managements which are critical to sustain the
population have not been examined so far. In this study, I investigated:
1) the current sex ratio of the 7. nucifera trees in Pyungdaeri, Jeju
Island; 2) ecological differences in the size and the vitality between
sexes and regions; 3) the vitality change after ten years of tending care;
and 4) the spatial pattern of male and female trees. The data on the sex
ratio and the ecological traits such as vitality, climber coverage and
competing trees were obtained from the previous studies. The ten
managed plots were divided into three regions, and the regional
differences in the sex ratio and the ecological traits were observed. Also,
the associations between the vitality change during the ten years
(upgraded, no change, and degraded) and sex, habitat, and management
were evaluated. [ installed four quadrats according to the distance from
Dotoruem, and located all trees within quadrats using GPS. The spatial
analysis was performed using O—ring statistics.

The ten managed plots which were diverse in altitude and area



differed in tree numbers and mean sizes of trees. The sex ratio at the
population level was skewed toward males (male = 498, female = 1,363),
and varied with the DBH class and the region. Male trees than females
and trees in region I which is the closest to Dotoreum than other regions
were larger (DBH and height). The ten year DBH growth did not differ
significantly between sexes. In 1999, females and trees in region I were
lower in vitality than males and trees in other regions, respectively.
Negative correlations between vitality and climber coverage suggest that
climber coverage affected negatively the survival of trees. Tending care
for ten years greatly improved the vitality of trees: vitality of 47.0% of
trees under tending was enhanced, while 61.5% of trees under no care
reduced their vitality. Upon considering only trees under tending care,
vitality differences between sexes disappeared after ten years of
management, whereas those among regions still existed. Spatial analyses
using O-ring statistics showed that male and female trees were
distributed randomly, not being able to find spatial segregations of male
and female trees.

These results are congruent with previous studies which showed
lower growth rate and higher mortality of female trees. The sex ratio and
DBH gradients along the distance from Dotoreum indicate the possibility
that 7. nucifera trees may have been migrated from the side of Dotoreum.
The strong associations between vitality change and both sex and habitat
emphasize that differential management plants should be employed

depending on sex and habitat. There is a possibility that small sample



size may have contributed to the lack of the pattern of spatial segregation
between sexes. Long term conservation strategies such as identification
of dispersion pattern, introduction and reintroduction of trees are
required in addition to short term strategies such as the removal of

climber and competing trees.
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