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Study on Minimum Viable Population of Seed Bank in Pine Forest "
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ABSTRACT

The purpose of this study was to investigate the proper minimum viable population of a seed bank for the
ecological restoration of pine forest using a seed bank. It examined the germinated soil seed bank from August
2010 to November 2011. The results of the correlation analysis showed that the area and the number of
herbaceous species were the highest at 0.686. The results of the regression analysis of four variables including
the number of woody species, the number of woody individuals, the number of herbaceous species, and the
number of herbaceous individuals using the theory of island biogeography to the minimum viable population
in studied plots showed that all four variables were significant with area at the level of 0.05, and R square was
0.583. One function was selected between the number of species and the number of individuals from the
canonical correlation analysis, and the function square was 0.824. Both canonical function and squared
canonical correlation showed significant at the level of 0.01. The result of study recommended the area size of
the minimum viable population in pine forest applied by seed bank to be larger than 64m?, the number of species
to be over 21, and the number of population to be over 120. It also found that the number of herbaceous species
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determined the cluster size of the seed bank. Therefore, it is necessary to consider herbaceous species that appear

in the seed bank.

KEY WORDS : TOP SOIL, ECOLOGICAL RESTORATION, NUMBER OF SPECIS, NUMBER OF
INDIVIDUALS, THEORY OF ISLAND BIOGEOGRAPHY
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AR T, BETSEdE A7 B B, QIzt
ofjA o]o)& 7HA T = AEjAIA H| AL BE K AL
AAA T, 389 F3E =5 53 99 FsAe A
T-tjlEA ] Fte oulE F= B8 B, AHEY
S F AAe] gt QITHY 3 & oulE F= i
2 I 5 okt WA L oulE AAEILL itk o=
A& - MAA-BE T2 HEmd A gto] o]
Fol2= Bt Yol Ak A B3 ol QIXF AAR9)
ZH AR AL Q= AlE & 4 Ut

A EAL] tf2 FE AAAE o= sHAINE e
T BA-5EY tie 2 HE3F =2 I ES
FHOE o|FoRu TR E KAl HAAYESHe] o
25 ol H&Eskal QtiJo, 2011). AEF> d¥td o=z
E1 Q0 nAZE o= gl WA FE7t ZopA]A
B2 g yolrt A EFol o]2A ==, o3 dE
FTool Wet o] 22 WA o] E4E US T HAdt=
-9 A, s 7REE S 2 EARdte 4
a5yt 9 3k HojlA Fo] EEFE

= [Hd =

[F=1
=
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o) o2 FOo2 oA
= HAENE = &R sk A EA| S MacArthur
and Wilson, 1967)0] Z4of Qlt) o= =4 U] 92| &)
2 HoRle AHolY 4] 59 A8 F8l =4 W A=
TTE AT 5 Stk BET 5 FUTY HES WAF
olg} & wf, Ao AEE EUE o] 8T &
Ue MATY] HH 2715 -85 E kK)ol sto] AF
MAe] 2712 B, fAlke] A&H s §A=7] $l5]
Fagto R st sfjofyt sh= AL 2718 HAYE7H
570 A+ (Minimum Viable Population, MVP)o|g} it}
a7 AITEol7E of | Fo] A7IZE ol Badt
MNAEL] 5 Tot=dl, o= Zed 22 59 Fdo]
ofwak AAAA 24 1008 Bt FHORRE Fed
S o AuE, A3H Ao WAl BAH(EAR,
A4 9 Wl SAH AAACHE, B A7 5) 2
SomRE| 9904 Aot 4 gliz Klgte] FmE Ao
St v} Qlch(Shaffer, 1981). o] A& /WA~ T4 74|

124 =¥ eHgH 88
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Service, 2015). ©]
EYUUHoR #E &
of x3E MAEe 2715 Goh izt jhrt

W EFA= XA7HAIEQ] AlEA oA vlAkE $4F 5 E
¥ F7ES S 25T W 28%10WA Woksgs 7
FTAHYi, 2010)2A AS7Hssht dote] x| gt A ot
U 9B FAE T, 2ol FAE M= SAHRET
ozt B W7k Ep o) WolmA B4E oo A7
e Zobel et al., 2007). W EZA= EoF U S
AoE ARWA A AR e §uRe] ZHow
SATFd S XYl ¢t Templeton and Levin, 1979).
A Aol B % 9l MERAL A4 Belo]
g A7F ool Eskal, AA7MA Sl dAte
T E AR} AEAYIO] BAE FHOR o] Fo|A gl
Edo glo] FFES o83 EFTATHE RTE| &
T A EAR ool Qlo] fAAF weke) FA7F glar
(Koh, 2007), 2 o2 H|-go] AHstr, 449 A&
o] WA 7hs/do] il AlEFo] vt Aol St &
o] 9 For fejuetolA M WS REYe Ad &
U B0 #et At AT REAS 33 Aol
SAE mfotstal, ol5 A Y- Et- A 5o ARt
e GAE dAsto] olof g wjAl A, Holny
o= AASte A7t AP E oY, REE AHE-Esto] A
ANAE R ot et BESF T8 9 EY AHAE A=
TEQlste] Bk AREY] U AT A= mlvlsict

Teba 2 Ale 2RSS R ESA AlE
Ao A7)} &, AT A2 BAE aretsiar, HAlE]
A71E A Este] WA g T 2 A 27]
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=]
1. SFRUHAX|

B QP 2R dEEAe] HagEis el
2712 selsp] 9j) AJelE TRl ofg el e
9 632 oPo® sgick Szt nakshe Bed 54
2530 glo] Be] EAS Tl A4Ae] Qo] o]
Uetbe 6359 U ¢®(Uyeki, 1928)F tid o= o}
S ch(Figure 1).
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Figure 1. Distribution of studied plots
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AR 9] ARIEdS Tetstz] 218 GPS(Oregon300,
Garmin Inc.)E ©0]&3}to] 9- A%, g1 %(m), WY ¢
AAKC) 5 wobata, ohibeg Sttt SuAYE
(Canopy openness)> ©]¢Fll=(4.5mm F2.8 EX DC, Sigma
Inc)& o|gst] FFstior, sHdA=E= Gap Light
Analyzer Version 2.02 o]83lo] SA(x}u&E)2 W Al(3}

Hoz o U YYS § :
E3 AT oA AT RS AT F FH

ftlo

& 2ok

ol Ate] WobIR S Sl 20104 89 22le] 89 7]
7] vt o) 671 4 HE AR W Im?(Imx1m),
4m?(2mx*2m), 16m*(4mx4m), 64m?*(8m*x8m), 256m?
(16mx16m), 1,024m2(32mx32m) =7]9] vl-& Lo A z+z+
9J9] 43L& AAsEe] 60cmx70cm =7]9] H'H U o]
HEES 3ot tH(Figure 2). o]5 242 HFsto] 2F
ZEAZH50cm*33ecmx12cm)o] A 3EHE o 2 LAY
oh b 1m? 2YEE 4= 127, 4m? BUEE 4= 247)
(Im*> Z2UEH £ 127] x3h, 16m* ZYE Y 4= 367](4m?
RUEH 4= 2470 £33}, 64m> RYEY = 487[(16m? HY
B 4= 367] 323, 256m*> ZRYE Y 4 607l(64m> HUE
2 4= 487) E3h, 1,024m?> HYEH 4= 727[(246m? U E
B 607 ZIE AE ZELA|A ol mUE Y AA|
SFlch(Figure 2). A 2F A oll= vl w4 9 oFEF
e T A, w2, B, iidEE St Je A8
B2 som$AR BAT 5 42T RES EAST %
AE Folli= T(6~9E=13]/1¢, 10~5€=13]2U 2] W=
2 AANE oh, o5 Fo] FAEA] e AN 2=
B2, WEaAl 5o) $A9IE Axsielck Eat 609
oF 24 W 2% 30T oY o] fA1E A9 A7
7](KPE-400R, Kiturami Inc.)& ¢]&3}to] A&
2 Askg) 20109 8YRE 20119 119744 15
Fo] Wbl 9l Foto] w5 MU E (483, 12~2¢
Y& AASHIE, Wolrt Alkslo] A8l et %
FAE U A E 7150k fREEANE 480t
A9 7| 2(Nikon D80, Nikon Inc.)E ©]|-&35}]
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Figure 2. The status of topsoil sampled for minimum
viable population
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3) HESXt 2AMEIISIHHZL 37|

SAEAE 3l aurE HESAR] HAYET A
2| A7) FFe viAlE HeE SHOR AU HES

E2sj0] 4By 218 A%
shoirk. o2 WA Zxole] YA Bl mANEA RIS

o2& THESAe 2 §5to] 2prEe] e
wAe] 27)9k MEEA] B4 AHGEE o

A W D

1. HESXe| Lot g

AUREY 6319 WA uleFa) ol AR Qe 2
It QAL - Imeof| A 78 32704, 4meoflA] 11 55714,
16m2o Al 13% 86704, 64nroll 4] 152 1057]7], 256m2o] 4]
22% 1577041, 1,024neol| A 27% 1857041 EHlst3ict
(Table 1). &%19] 739 1m2ol| A 13 487§A), 4m2of| 4] 15
90704, 16meol|lA] 18 1207]4), 64mol|A] 23% 15174,
256m2o| A 25% 176704, 1,024meol| 4] 27% 2057412 &
15}t Table 1). SFHEL] o In2ojlA] 6% 24704, 4n
oAl 8% 6074, 16m2ollA 10 797)A|, 64m>of|A] 15
115707, 256m2ol| 4] 23 146704, 1,024m2ol| 4] 252 168
HAIE 2HIeHITK Table 1). H5=2] 79 Im2o|A] 125 49
A, 4ol 4] 20% 8870, 16m2ollA] 29 1297}, 64
ol A 37% 186711, 256mPol|lA] 422 230704, 1,024m2o] A]
47% 26971415 215t tH(Table 1). G749 - ImPof| A
5% 23704, 4m2o)| A 8% 41714, 16m*oll A 10 49744,
64mol| Al 13% 66717, 256meof| Al 143 80717, 1,024m2o]]
Al 14 9671H|1E EelstItH(Table 1). H-2-9] 79 Im?oj|
A 13% 26704, 4ol A 18% 45717, 16meol|A] 233 717)
A, 64m2ol| A 27 107707, 256m2ol|lA] 34% 140704,
1,024m20) A 35% 1617]12 o153tk Table 1).

Table 1. Germination seed bank of area on 6 pine forest types

Tvpe 1m? 4m? 16m? 64m? 256m? 1,024m?
yp (1x1m) (2x2m) (4x4m) (8x8m) (16x16m) (32x32m)
i No. of species 7 11 13 15 22 27
nje
! No. of individual 32 55 86 105 157 185
B No. of species 13 15 18 23 25 27
Uljin o
No. of individual 48 90 120 151 176 205
No. of species 6 8 10 15 23 25
Anmyeondo o
No. of individual 24 60 79 115 146 168
. No. of species 12 20 29 37 42 47
Jeonju o
No. of individual 49 88 129 186 230 269
No. of species 5 8 10 13 14 14
Yeongchun L
No. of individual 23 41 49 66 80 96
No. of species 13 18 23 27 34 35
Boeun
No. of individual 26 45 71 107 140 161
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PFe WA 227.5m? FHEFIE 324.08m,
A} 15.56°, 9HF 11.28, pH 5.19, 97123}
F 89.36, TN 42,112 Uepygth BRSO 567%
26.6770, 22 13.89%, 80.507)HS 015}t Table 2).
Wz, s, $7)85E 28 A4 Balo] & oo
FAARE olsf gyl gk 27} A7) wjielch
9 = (Skewness) £4] AT} HE W4T} 9K+ ghe AU
b eEFOR me7t ol REFHE 7Hth =
(Kurtosis) 24 A3} W, 22 Foof 2B 7750 A
gt o mEgE wES Helth

Table 2. Statistical summary of single parameter

ABBAZ BBl =S H2AET AR AT
=& 1270 We 5 AHOR 24T AR
M ] AL SRR, pH, 71289 B S

oigo] gigitkTable 3). o]t WAM4:5o] 2} g1
AR el S, ) Ak Qb pH, §71E
SR grol A2] fAksk] dRoln, Eat & A
£ WA $4 ARSol) BAE Uobny] $IF Ao
AFAN DA ASE] FolHo] Gl AL EANE
Aelste] o] &3t Ak BHIskirkShin and Kim, 1998)
12744) W4 % oFHo S ARQl BE B4 B
A%, 28 B4 W 22 ARSE B2 Ao §RE
T ~ARS ot AL B4 A 2
F4(p<01), BE AARE<O0D), 22 F4(p<0) % 22
ARFp<01) 25 fel4lo] QUgicTable 4).

MEFA HEPE AT AP WrE wEe
A 12714 WSS e ATEAS ANT 2, AEe

Average Min. Max. Std. variance ~ Skewness  Kurtosis
Area(m?) 227.5 1 1,024 372.16 138504.6 1.65 1.08
Altitude(m) 324.08 47 583 189.8 36025.8 -0.22 -1.3
Aspect 205.83 105 330 67.74 4589.29 0.51 0.03
Slope(°) 15.56 5 35 9.69 93.97 0.73 -0.98
Rock 11.28 1 30 10.59 112.21 0.71 -1.4
pH 5.19 4.8 5.6 0.28 0.08 0.28 -1.35
oM. 89.36 26.85 189.56 52.85 2792.71 0.84 -0.15
Canopy openness 42.11 32.14 59.33 10.83 117.28 0.68 -1.36
No. of Woody Species 5.67 1 14 3.56 12.69 0.77 -0.45
No. of Woody Individuals 26.67 67 18.02 324.57 0.33 -1.11
No. of Herbaceous Species 13.89 4 36 7.3 53.36 1.08 1.49
No. of Herbaceous Individuals 80.50 11 223 51.8 2683.4 0.92 0.46
Table 3. Anova variable area with qualitative variables
Altitude Aspect Slop Rock pH O.M. OEZEEEZS
Sig. 1.000 1.000 .999 1.000 .995 1.000 1.000

Table 4. T-test for area with quantitative variables

No. of Woody Species

No. of Woody ndividuals

No. of Herbaceous
Individuals

No. of Herbaceous
Species

* *

Sig. .000 003

# *

.000 .000

#p<.01
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2B Z250 0 686 o2 7P wokon &2 A, 52 =& Holw Fgf 23.392(P<0.01) FAA = o5k3itt
MAG U BB 245:0] £07 e THTable 5). 2 WA (Table 6). Durbin-Watson 4|3 ZF2 1.5932 thh 29
o) o WA 2 B A B VIS S 09 5l B A A
el BE o EAL wolAth o]k A9 WA YeE Wk webA 27t A5k O}hq# e o 9l

F47) WOkt EAMEA| S o 23} fA AT
< Ho|m(MacArthur and Wilson, 1967), E3F A& 3
of BT AL B R4S B S Bi A,
22 Al 9 22 TR 0% WEY A4 A 228t
2 7hE QA A3ES H.9lrkShin and Kim, 1998).

I FEA AT} 479 WS BE Son|3t JIFS ux
a1 etk o] = xHE 2 ?—’,\—(B—B 283)7} 7 =0, 2
= A 4=(B=0.096), = 7| A|4=(B=0.080), H2& F
(B=-18.228)9] A2 UEton, 5% ©g o 3743
42 ofZek Zrh(Table 7).

N

Area =—35.763
+(—18.228* L H 2 42)
+ (0.080* &= 7)) 2] 5=)
+(23.283* 2 E-F47)
+(0.096* = E-7) A 5=)

Table 5. Correlation analysis with environmental factors, soil characteristics and vegetation

No. of No. of No. of

Area Altitude Aspect Slop  Rock pH oM Canopy woody woody  herbaceous
openness . . .. .
species individuals  species
Altitude .000
Aspect .000 -.181
Slop -036 212 7157
Rock 030 031 789" 9317
pH 090  -4027 -208 -5717 -383"
OM. 032 8777 -292° 117 -071 -5527
Canopy openness .000 -.830" -216 -510" -457" 219 -591"
No. of woody 4o 140 036 068 105 048 067  -185
Species
No.of woody — gyger 075 _09s  -144  -099 143 030 102 644"
individuals
No.of herbaceous  geg 190 074 081 154 108 071 -289° 830" 575"
Species
No. of herbaceous - gg e 110 11 047 056 -053 123 -063 8147 695" 711"
individuals

"p<0.05, “p<0.01

Table 6. Multiple regression model summary of the studied area(dependent variable: area)

Variables Adjusted Std. Error of Durbin-

Model Entered R R Square R Square The Estimate Watson
No. of Woody Species

p | No. of Woody Individuals 763a 583 558 245.727 1593

No. of Herbaceous Species
No. of Herbaceous Individuals
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W0l 29 w2 Jehl: BetaghS 22 -0.604, 0.233, 7|AEE Hwat A} FEdE S AAEHTE 2 At
0.817, 033302 Y| ﬁ T R2E FH1E SAd tﬂé oA 71EHFE F Mo dSusE A W
2 2Agskal glom Bi S5 Zﬂﬂ?ﬂ U 2] A= o= ek
T FY W 52 %~T—L —8—4 = 7HItK(Table 7). E}E} m EFALE] Tk Al HE A Aat 2709
A 2R Fpol g Hrof wet WiEFA 2] A7t AESE mEEgoH, A HA Sl ol Axt
2ecka 4 - Slk £ EtHP<0.01). A WA éﬁ?}# w4 A, A

g 824(wilk’s A =320, x’=78.065, df=4.000, p<.001)
4) xo-l2-'_S*oh_'nll"E'A—-|| 3= FA x-]z ko = A A=
2 Yeh mjEFA; F= Rl WESAL /Al FE

TAEA 2] F-HATA o5t nES mjEFA; ek FAH R Fou|gt AL 9l AoR I
of FFetA} EFAL Tt A2 A A5 9 ZtHTable 8).

O AxE BAsta, 7 W 7] #2E3tE g BEUE F23E AR ASHeEE st A
2y W7t a4 WedtS Alstet g ZloskeA o ohkeyt e AP A% FEE 71A1A "k(Table 9)

e
He ] oot SlofeieA S dopan),

Table 7. Multiple regression coefficients of the studied area(dependent variable: area)

Unstandardized Standardized
Model Coefficients Coefficients ¢ Sig.
B Std. Error Beta
(Constant) -35.763 52.502 -.681 498
No. of Woody Species -18.228 5.242 -.604 -3.478 .001
1 No. of Woody Individuals .080 .039 233 2.083 .041
No. of Herbaceous Species 23.283 4.066 817 5.726 .000
No. of Herbaceous Individuals .096 .043 333 2.252 .028

Table 8. Results of canonical correlation analysis

Canonical Wilk's Lambda Chi-SQ DF Sig.
correlations
Set 1 0.824 320 78.065 4.000 .000
Set 2 0.031 .999 .064 1.000 .800

Table 9. Canonical correlation analysis between no. of species and no. of individuals of seed bank

Standardized canonical

coefficients Canonical loadings Cross loadings
Set 1 Set 1 Set 1

Variable of species

No. of woody species -.874 -.997 -.822

No. of herbaceous species -.147 -.873 -.720

Redundancy index .878
Variable of individuals

No. of woody individuals -.189 -.786 -.648

No. of herbaceous individuals -.860 -.991 -.817

Redundancy index .800
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V1I(A1 gl ot FAZEHZ)
=—0.874* (- F5)—0.147* (2 ZEF)

20 19 FRASE HEFA A4 W 80.0%
of sate] M} F4 Al ofsld el A
A om 878%7t AHH gt FAMOR W FAle] B
B0l 2H B4 202 HEFAL] 28 AR, B2
ARlso] GEAS Holt o hehth

SN, HEFA] S Aol folat
AT QLoP, ol B4TE 87.8% A= ABstn
Qlck. olefat Avz 2 v, MEFA] AYSE o]
QA THEEAe] B4t ast TAMoR 21 %
%, 2 F47h Baste, odd FEL 2 AASE
fpolizn] Fagt aqlo] ek,

S

1

3. HESA =&Y

TPt

7tsHA=e 27|

AR A8 BAZH D Table 2-Table 9)04 ¥
g7z WA} Eo0fe] YA EANEA Dt o2
I} S Apet AFS Holw(MacArthur and Wilson, 1967,
Shin and Kim, 1998), X @14 Al 283t o) EEx]0]
WA g E3F AR BEFe Elch ol=e Auke &
off vjEFAtet HAIO] BA= EAMYEA2]E o] 22 B~
HA ZAT FARE S Holug =ABEA| T o]&
o] &L 7T Aow HQlrh

ZAA S Ao Higt F4-HA JAL 64m*7HR] STt
SITh7E, 64meo) F el = 715717t bl Al = AeE Hel
o} 6dmrol| A o] T 215 o' wehEnh B3k T
Z7V7) 256m2ol| A 26, 1,024m?ol| A 29F 0 2 AH ot
S & = AAHFigure 3). =AEA2E} o] 29 F-
HA A O] 79 AR A7]+= 64| E F49
S717F A9 glom, ojuf o] Fp= oF 2750tk WEFSA}
= EAAEA ) o] vl & o] AEYY =279}
=8 FTolA AN BEFE EQIthMacarthur  and
Wilson, 1967). 7|A|5=~H7A ZA2] 79 E3F 64m27}1A]
S7Fsl7L, 64mP o B = 718717} e Al AEFe
HOltKFigure 4). 64m2of| A Q) 7jA|= 1209 7HA], 256m?
ofl Al ZjA|S= 17001 7HA, 1,024m2o| A 7HA|4= 18001 7HA|

ool Adus FHeE o FT4-HA FAI fA4-H
4 2418 vmste] Y e 29 25
64m*7HA| ST sIE7E 256mPol e F4ef A F
7ok EshEn] olue] S 26-27%, 71 oF 1700]
MA 2 whech sARE S, JHAIS 5 1,024m20] 4o
A 429 27k Ho|T glo} 25 1,024mol S o
o g el saol Waw Ao Mok,

HzgmRAe] Anel E5Ta AHTe] G4
o) Qi Hf, EAAE BHE ol gate] HEFAS] B,
MAla W3} Haks gotstdltt S S~ HAlg =
Ho] 4% 8% 66714 oA 718710 27 welth
(Figure 5). ol 2ejstel d2Aue) 202 49 B
F-TE A= 105 S0070A171/] F23% S5 29l
Th= 7129 A+t Ao} F4= FAFSFKShin and Kim,
1998). 22 Fo=-Z2 7Alg FAH A &= 205 1607147}
A F7F5 Holal Ql=t(Figure 6), 2 T4~ 7HAl
= 17% 1,0007§A|174] F43 S7FH Eoltt 205 4,000
MAlA S717F ke A9 ARt T4 FARE
A0 2 YEPGtHShin and Kim, 1998). £4=-7A4> =+A4
9] 7% 27% 160704712 F7F2 Hol=H| 30% 5,00074
A ook AARe) 271t Aol gtk 1 AT
(Shin and Kim, 1998)2}5 F<of|A] AR ZokE Heltk
(Figure 7). 2 AT F50] A0 7|% Ao Z4
o] AR AAIgoll A thar ApolE Holal it

AB7HA] BN B4l Sl =R 229 %
T MRS dohd At 529 A9 T 8% o4, A
g 66714 o), 2Rl - T 20F o1, Al 16074
A7 S7H Bl WEFSA = 6dmPol4d, 2187H4] &
As] F7ksto] 256m2o|4, 26~27%, 16001 7)A| o] FHE
2717} 7o) fiok AERR 6nroly, 275 RE Fhel
ZAP A9l gl EAMEAEE olge] F-HAaA
(MacArthur and Wilson, 1967)3} | n3]E W 4= SA}F
sh, A=t 400mo)4d, 30, 4,0007041 7 42 5
7k A9 G AR ESse) 1E AEe] =7)Shin
and Kim, 1998) A1} vlwsiE of WAL 7)Aol A
tha AolS welh

7|1 &9 =AEA st A A ARSI ste| whE AEdt
el 27l Bak Ao A% W AEAL o
tlole skt Aot} AR E Fok= A4 A=k
Hom AL S B3 S BHAIE A
A7tolu; He] E7]of|A ddste] o st daids
T2 Adepdgo &2 | =|(Kim and Lee, 2006), "{E
FA0) A AsiE T AQele Bo AR
T ANAIES] EES 71 4= ik whEbA o)
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