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HEM HEH BEXXGY 20HE,R0A 0l22E Q015
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AMMQR010| SZHEELL At &4
Ol A& - XTE &
FEUeE AEST - stEYus 4y ehns
H 2 gdA JdeM njagdecdad A4 8919 FeA[A S Wele & AuA Y L AeiA
ZEo] B Eed ok AEAEAXNYOE A F A 4o i EFHEAAN A2 8789
o] F7+A o|AA & AEstely, YA FTER HA = vARF Y FFE FAsch HFEd
B3 295% APQAL GFIE U vlAA LT WelE etk 722 FoAM FRAERT 2
SJAE2 AYH IAE, AAE), 85 FA, EdTe T2 9 “EH%EO]% TTIEA T A E
o FL odE HYFT A, AoEE # oladlg F‘af’l%’it} A8 "°1W o} EFY I, 7HE
ZEZY JE Y HZZY L E AYstiles BE WS +7MZEL < Holdlth XEFY k&,
FEZY AR 9 7HE 2EFY T A5 FLAEADE 15 m o l%i Z2EREZY SERE
g FOYE AT R 7he 2EZ9 FIFEY FUAEATE 28~48 moj T "iﬁr The YAHNES F
FRESG THPIATY TR 9Fe T 2A22E F4T 7, AR, kL I3 Ax, #ES
9 g, 239 B Soled, I FAA /M 3A 4§ FE QIS GE9F FARA H9%5 FAL
FAL ZLFE FEHES FTHIIAF7E 2 Aol & 2*}1121011*1 ”‘E o I+ E X 4FE
FE USRS Y T, UAAY 2 A5 YAPLR FAHUS
AM0): F7hdol, T Y, oA+, o134, FUYA, Geostatistics
(Lavorel et al. 1994). 747} 252 A% 589 ol +3
N B WolA MEZA) $EE FNH0E gas om(Pickett
and McDonell 1989), Tt2 ulx ASX 9 EAL AXHE
A9 FH o) TolE AT F 37 UH—‘iroﬂakeader and

=
%, °3° IR L’t
49) FRoIA 1S
AL AEZ3 —?/‘*4 FL238 AEo|th (Robertson et al.
1988, Tragmar et al. 1987, Koch and Matzner 1993). 4 & +
ol ¢4 E ALY K& wetAM t=2A FARTE o
g HHEL olZ FHWAEe Fr} (Grime 1979, Huston
1980, Tilman 1982).

F7HE old el gk AN T 2% AL
o] F7 e AeA onE wAsE Yo|th Harper
(1977)¢} Harper 5(1965)2 3732919 F74H8 o] Ao &
2] wolel f2lF9] wol @ Azbo), Regehrd} Bazzaz
(1979)3} Solbrig 5(1980)> 2] &°] HEH o]F9 A%
o, Hedrick $(1976), Spieth(1979) % Hartgerink$} Bazzaz
(1985 AAZW FAF g FAo] 223 Whittaker
9} Levin(1977) 7 Menge(1979)& —T%M]OIW 2T Y F

A% 54 1340 52T I g ¥R 28
el g8 7k A& 2 A Eg 23to] BAHL
e} 27t B 43kg w i\E’_ s, ”E Ao} F
tekst 34 Foho
A g2 £ Ao

A

AN

Buck 1986) LN FFEES 2 53} 8ol 2
AT BT S35 EAH S| 45AE
st ZREGY & F do (Armesto et al. 1991).

2904 507 994 BoslE A9 A A7
£ 230 59 a7 Seld Aesl T2 et (Amesio o
al. 191). 22 ZHANE FE THFY EY 13, WE
e BB £ UEAE B EY9YYF 3 faw
o7} e FE) 27 UL WEL PFWV) F24
3 $HES WANPOEA 94 E 2T 2
A 9l 7(Seneft er al. 1985, Collins 1987, Collins and Barber
1985, Inoue ef al. 1987, Gibson 1988, Tllman 1988), A<y
X E wag AGFY 2|, FHW ZEE7Y] 2T FE
X I83 £59 93 B dolve L9 9
& A7 £59 012 BEI 7 oA E oP1AT)
= F03 g9lolt} (Koch and Matzner 1993, Sousa 1984).
1EHX)‘)—”]—J d& oA NIAEHA TEEE L 93 v

@79 Aol(FA lA)E 55 d4 42 2l BS
g AT THA AUk (A 1996).
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Ag o471 248 o d4o] HEZH PR 9L 1
Az ALE AFH T Hriste YHEN U I+
o3 B8 AAojth (Amesto ef al. 1991, Muraoka et al.
1984). F 2ol YF AFAEAN st AEZHY T A
HE AFH0E gristele A=st gstA dsAT Q)
+H|(Robertson et al. 1988, 1993, 1997, Gross et al. 1995,
Peter et al. 1997), H3-3<) 477} Holz7|gAe] 4B Z
A& WYL E 313 YT As AN T8 o]FA Y Hd
& B0 WrReE AEE e ST,

2 dFdMe ASARANGCE AAE FE54 49
o LY YASPAN 42 B2l T2 oA
A e d ARgsty, AEQAS nAEeQe) Aaas
oA g 24S Soel YN B2 224 olBHE Y
o7 F2F 49% HAFoEN 2uggFYUolA
FHA ojFA o] zt= AE A u|g ¥ 1A Fth

ZARI 08

AAHAGAEYARA TS wojd AAATOZ BA
7FA 7 AX 198239 UNESCO®] Azt HEH A ¥
(Man and Bioshere Project)o] 9)3ta] Watol A SdstA A
&9 BA X Y(Biosphere Reserve) 0.2 A H ot} &
BAHEE 1,424 m)& A otat &9 Al 7dE =4,
JAT 7NAH AT} ¥ A 27ty AAA (12
8°25°~ 128°30°E, 38°0"~ 38°5' N)ol| 9)x}3lx Q=w), &
ZAIH Y FFE AQels UGS Ee] & 2Esy 9
I BA] HwA & HY Qe Agolth. A Z NAAHS
A5l 9t B AN Y9 AHF7) 2L 107Co| L &
A 7422 1,169.7 mmo|th

FFEETE AT 2GS HEA GAME A9
AZ712M fEIE 1,100~1,150 m Alolo] ¢x]gc} =
AZE el g T vlAA YL Fig 14 vebd b}
St 7ol GZ 0 ZHE 45 mA & GAMES Ueh) 1 45
~70 mA - FARE JEM L FAE §8 gAHER 9
SEF(a &AM 0~20 m A A, FZOZHE] 20~40 m
Aol vla AFo] AHY Utk B 9L 7 A9
AYAA ABUTR 44Po2N ZE2dE FT 47 60
~70 emQl AZVF9} g st S35 ok £ FARR
AL AF digo] AsA £ vlge HLr Y&gA &
£0 29 whgko] 71 Yol FAH Y Ygo) gy FAR
U BAMHO R ofFo] S o] 9I(o] T 1997), AL
o B Fol H& AVIE N¥EZ Gt dAlHY &
HAE 39 FTEF0)H BF X7 BAHY 5249 2
£o] Hojof BF Btk B ZAX G E BERol 2y
A g A7l FHol9 FY, A EEZ9 BFEd
X, R 22 THFE 83 A7 7o), i
g AFAHQ 2Fo 93t FAH vjaFRe TR, 2
Bioh o 7o} Aol FA 3 A Eo] B AL HHFe

d2g A ABA A3 E

Arttitodelm)

1IN0 21 1IFR. D 1110.59 1900, 00
eradsstefatis asasssaliersie

¢

Fig. 1. Topographic relief of a permanent plot surveyed in
Mt. Jumbongsan.

EX A HE v HQA Zol7t FEAY (o] F 1997,
Oh et al. 1999, Lee and Cho 1999).

o1

Yure o M|

AEA AEJEAAGY 2U9gSHe 712 70 mx
AZ 70 me ALY (g HAHYE, 1 (FL A S m
x5 me] UAZAAZ U 1967) A HoA ERZ3 o
7 74899 FH HHA S ZAEIEL, S mx5 me 1)
AR 25 mx25 m 379 WHFE AAste 2 ES
9] F RS ZAEG T (Fig 2).
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Fig. 2. Sampling points within the permanent plot (n=196 total
points).



EF ANEY B2 JAZAAY S mx5m 27]9) v
27U 94F YR Y& 25 mx2.5 m Ul*ax}oﬂﬁ
FHAZ SZUE MAste FEZH RAZFE AAS O
< OA RE | emE A ASE 5 em Zo] ololA A3 s}
ek AT 2% PP Sutsio 2%‘—71 SAND F
A E 2 mm A2 AA F71EE 24 pHE S48
OJAL TAl A | mm AE A E°¥° Fo| B A3l
i}ﬁ}%}éﬂ NEZ AHEsgTh
oA Ay 201 oFg] ZAMA 1L A, Uras‘i 2 A}
ol&3ted 725 YcE AUIEE AARZEE 10 em
A9 A U2 £E0) A9 urzlow l o F%
A8 2 vuste] AdE gtk 4EE FAE guia
ol g&-3te mAARUA 53} o} ”46}04 HIAE A
AL, EAS Ul*?—ﬂ.z}moﬂﬂ 53] o) A3 e 2
ARt Hol7tA By Yol Eoi7t Holol Hgor &

Ul’

e )

bt

o o °l’° 2 i i
ox 0}41

bt
E%E TE FF2 FEY FAL 105Co)M 297 A=
Az Ec}:"] FA L Aol9) NZ, {HIEFHE F 10 g9
EFE =79 4
ol 4 4/\12} 20} 600CE B &
on ignition) 2.2 T3¢ Th

E¥ pHE 20 g9 &4 EYH FRFE LSWwWE &
gt 3027 7T oh o %A (Whatman No. 44)2 o 2}
AA o HAE pH meterZ2 ZA stk

Eoh) £ A A(total - N)FreFe micro-Kjeldahl Hog &
A3AT, FEA °1(ava11able-P)§]' < pH 8358 2AT 05
M NaHCO; #& 8902 &3 3 SA)A B3I
(HITACHI U-2000 spectrometer)2 & &3}t X34 kol
2K, Ca, Mg) g2 274 E% 10 gg IN CH;COONH, &
SApH 7.00.2 28) 50 mlst §7) 100 ml 4ZEeA3
of ¥3 30¥7 1%8¢ th o ##)(Whatman No. 44)Z &
& & YA AL 5 A (Schimazu AA-680 atomic absorp-
tion spectrophotometer) 2 7 83} o}

2o] 105CAA AzA FAG 7=z
FAS A 2L EAH Floss

BE59 3799 0 mx70 m F+EE 7Y 288
FLAH7 25 cm o)) RE 2o U3t njE ZALE
AA18ka) 5 mxS me) WA HEg HAE )25
Atk FLAHA 2.5 cm o)ste) BE HAEY YT E SmX
5 me} VAAAGHE FAGAT 5 mx5 mY wiFz
SR P 58 589 7], IEF, oluEE, REZO
= 3 #55E 95 489
.%%%91 SRAY: 5 mxS me} vlhA R 2.5 mx
me] g5 AR st YT Sdshs RE Y E

3 44299 FHER 243

g HEE 2E (5Y 207 71L& 82 )0l =AY
L2 g HE 2 EZ0) B9k AFE g Ao o
?.

- ¥ (0/N) (In n/N)

I NE @ ZNARR) 22 29 AP ne
ZAAR WY of| 29 NEES Udepdd,

r°"

oH

e ¥ EAAz

RE 4429 84299 718,
3] 7842 SYSTAT 7.0(SPSS, 1997)2 ol&3lgn). 27}
A 0]1‘/‘33 GS+(Gamma Design 1998)E o} &3} EX 3}
Sk Variogram modeld iAW o g F8 T, vario-
gram®} semivariances 9 lag SHF 02 FEFHUEH) lag dist-
ancet= 7.35 mo] o (Gamma Design 1998). Variogram 2.9
N 54 299 FRIZEE 29 AT BA(EYe
H2H: CCo+C) B P2 B4 Co) Mz ey
<H, ol gho} 1¢] 7%?4%?% TLYEETT £ 0 717t
£5Z FVAZESL RS VBT Rangelz F7HIE
A9 Yot 29 AF $UCoi00] 3 4F )
3 #2424 78 20AEAY (ange)7} 9]
7t T, 2 A0lE UehESS BhoA P 30927
2u 449 FLIZANL AL FE 9L Ve
B Foldl 200 #YSHA WS WE LES hiz
FLAZAN} AU I 299 FHEIE ZAAYY
ERA Ao BHEXE JERATH (Robertson ef al. 1993,
1997).

HEE4 3 o
L5
3|

2332010 SUEE

FTEETN A4 el 3% 74 B4UE
8 Hg, HolAF & Table 1o Yep ek 743+
HolH 1x: 1101~1,135 me] M EFig. 1), AAEE
0~40° 9] H—l_r] . HH9E FAE 05~165 amo] HYE, E
AL 1760 cm4 H*HE, EGTREEFE 23.5~123.6%2)
HAE, ANBEE 16~93.8%«1 HAE, F71ERHS

121~40.9%2) S, EY pHE 4.68~6.192) ¥ g, E
o ZA A 3k 34~112mg/g ol W&, 7184 9 gt
2 0.04~4.04 mgkge) MY E, K= 101~357 mgkge) B9
£, Cats 197~1,64]1 mg/kgs] ¥4 E 1812 Mge 18~158
mghgsl WHE derol Max Aol 2 3ozt AN
B3R FAH JURES 492 FA7H QT
FlAaA 27 dol7t 71 ZA, B pHS L7 maA 2
7k ol Fo] 7 A9ttt (Table 1).
74 8729089 IR E Yehl e variogramd] 29
WAMFES Table 20 Yebh AEH LA, F
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Table 1. Environmental factors in a temperate hardwood forest in Mt. Jumbong. All values are untransformed and calculated on the basis
of n sample locations. CV=coefficient of variation

Property Units Mean SD CV (%) Skewness Kurtosis n
Topographic relief m 11183 83 74 -0.16 -0.78 126
Slope ¢ 20.8 10.7 516 -0.70 -0.78 196
Litter depth cm 4.1 31 76.5 1.72 397 98
Soil depth : cm 344 83 241 0.30 0.07 98
Soil water content % dry mass 55.7 159 28.7 128 3.62 98
Relative light intensity % 12.6 12.0 95.1 3.06 13.50 196
Organic matter % dry mass 213 44 20.5 1.01 2.05 196
Soil acidity pH 5.55 0.25 4.5 -0.54 0.46 196
Total-nitrogen mg/g soil 6.43 1.46 227 0.65 032 196
Available-P mg/kg soil 146 0.59 40.6 0.88 2.60 196
K mg/kg soil 184.4 473 257 0.75 0.79 196
Ca mg/kg soil 730.6 3386 463 0.56 ~-041 196
Mg mg/kg soil 563 2438 44.1 1.09 1.89 196

Table 2. Variogram model parameters for environmental factors, Co=nuggest variance, C/(Co+C)=structural variance C as a proportion of
mode! sample variance (Co+C), range=distance (m) over which structural variance expressed, sz=sample variance

Model parameters

Variate Model type

Co C/Co+C)  Range (m) i CotC §
Topographic relief Linear® 0.10 0.999 62.5 0.982 116.7 68.4
Slope Linear 0.10 1.000 62.3 0.981 203.5 114.8
Litter depth Exponential® 0.10 0.999 321 0.946 10.0 9.1
Soil depth Exponential 26.8 0.696 89.4 0.957 88.1 69.6
Soil water content Exponential 523 0.820 5535 0.975 291.1 246.4
Relative light intensity Spherical® 28.6 0.805 143 0.753 146.6 142.8
Organic matter Linear 11.0 0.544 623 0.975 24.2 19.2
Soil acidity Linear 0.04 0.607 69.0 0.899 0.09 0.06
Total-nitrogen Linear 1.36 0.485 62.3 0.959 2.65 213
Available-P Linear 025 0.401 623 0.989 0.42 0.35
K Exponential 11410 0.540 49.8 0.904 2482.0 22374
Ca Exponential 55900 0.695 167.4 0.996 183300 114640
Mg Spherical 283.0 0.555 274 0.947 635.8 615.8

* Linear model ¥ (h=Co+h {(Cfrange)); h=lag distance interval, C=structural variance, range=maximum lag used in the analysis, Co+C
=semivariogram value at maximum lag,
b Exponential model 7 (h)=Co+C (1-exp (-h/range)); range=the distance at which the semivariogram value is 95% of C+Co.
® Spherical model 7 (hy=Co+C (1.5 (hrange)-0.5 (Wrange)’) for h<range
¥ (h)=Co+C for h>range

= FL2 md $HLRNEY FAM AEE Fig. 39 Vel
o) oz Atk 2 EAWMM YgZ e uigo] GEM BZo g
%1}4 57} "UIE} EAZ e 4BEst 43 m E7] i 2ol A H L2 FAPHS diFo] vj$ ok ulg
2 7M &3, uadlg $hekol 274 mo)glon, Y& o] ZFxt o) o5 ¢ Fo] SARY BEAMHAN T4
A% K?‘:}ao\ 30~50 me} FEAZE Ve AT AT} (o] T 1997, Oh et al. 1999). FAIRANM & F] 2R Y
395 FA, AFE, K 2837 Mggeke) 2y A Z2A 2o g AFo] FAso] v JdFE ¢ ues 2 HoA
3 E AZ B9 gho] 90% oo 7 SAME T H$Hio]l 9 emE FA B AT, GAIHY] MERYE= 2
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Fig. 3. Isopleths for microenvironmental factors in a 70 mx70 m plot.
A7t 2HEH EEde APAA HHY o]Fo] AR H 2 ge Uehiit A A9 #3F2 maAgE
= XM FHHLE FAYY EGFREF TR AFFANM A48 w3, ZH7F 2R Zx3
T WAFLE dEFol FAL A B AFlNT, HE FEAoA A3 Fhoh K, Ca B Mg f“}a S9%
E4S UANYe SHERG 28 AT AUBE o RES PAILE YA (Fig 3). BARA 4
= 3EAYI 143 mE BT, o]2HQ Wk 2y E &%*—1" & A3 AR oo 22 BHNEY FUE
HEIEE EHAGY iy wohEd oS I AMel  £& A Auste] Fri (Table 3). HUFTA, EYFEY
48 €59 7198 EY pHE A F 22 g7 T RNEHE TELEE 2E B ”}lﬂlﬁ?}%}% 1%
T EAE ?‘1951 | BEEEAGEY 3t FU18%F gAY AHE UEELEHN olE QASE SARAIAM &
S AR SHR A BAT 344 UFE 993 22 UehhAD: BAS 1Ee 294U vehiel A
T IR Exot A SAYUA A5 B0 B4 DA ETLRUE TIBTE 8 EY
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Table 3. Pearson correlation matrix for the environmental factors (in descending order —topographic relief, slope, litter depth, soil depth,
soil water content, relative light intensity, organic matter, soil acidity, total nitrogen, available phosphorus, potassium, calcium, magnesium)

Alt Slope Litde Soilde ~ SWC RLI oM pH N A-P K Ca Mg
Alt 1.00
Slope - 0.66** 1.00
Litde 045* -0.14 1.00
Soilde  —-039**  031** 048"  1.00
SwC 031% 045+ 0.47%* -043** 100
RLI -000 -0.09 014 -017 0.04  1.00
OM 0.42%%  —0.43** 0.24*  -037%%  0.52%* 0.08 1.00
pH -0.14 0.37%* 0.09 002 -013 004 028 1.00
™ 0.36%% 047+ 0.25*  -035%% 041 0.06 0.57** -0.26%* 1.00
A-P -007  -0.18* 0.36** -0.20* 0.28** 0.11 0.23* -0.19*  020%* 1.00
K -0.09 0.07 010 -023* 0.04 013 0.16*  025* 0.03 0.11 1.00
Ca 0.34%*  —0.22** 0.51** -0.39%  040* 0.01 0.51** 013  044* 0.05¢ 033 1.00
Mg 0.19*  -0.23* 0.54%%  -033%  044** 020%*  049** 003  037% 038% 041** 0.73*%* 1.00

** * indicate significance at 1, 5% level

Table 4. Characteristics of tree, subtree and shrub layers in a temperate hardwood forest in Mt. Jumbong. All values are untransformed
and calculated on the basis of » sample locations. CV=coefficient of variation

Property Units Mean SD CV (%)  Skewness  Kurtosis ]
Tree height m 11.00 3.90 35.7 ~0.18 -0.18 196
Basal area om’25 m' 87990  1060.80 1205 251 9.09 19
Coverage of tree layer % 54.30 32.70 60.3 -021 -1.33 196
Coverage of subtree layer % 66.50 24.10 36.2 -0.51 -0.56 196
Coverage of shrub layer % 40.10 25.70 642 0.35 -0.70 196
Species richness of shrub layer No.25 m’ 2.63 141 53.5 0.32 -036 196
Density of tree seedling No./25 m’ 7.30 8.50 116.4 2.12 6.12 196
Coverage of herb layer in spring % 61.00 17.50 28.8 -0.29 -0.55 196
Species richness of herb layer in spring No/6.25 m? 16.00 3.60 22 -0.42 0.34 196
Species diversity (H') of herb layer in spring 1.77 0.38 214 -0.36 -0.48 196
Coverage of herb layer in autumn % 57.30 17.90 312 -0.27 -0.68 196
Species richness of herb layer in autumn No./6.25 m’ 14.90 3.50 23.1 -0.34 -021 196
Species diversity (H') of herb layer-in autumn 197 0.31 15.7 -0.46 -0.23 196
Coverage of Rhododendron schilippenbachii % 7.86 17.45 222.1 2.65 7.19 196
Coverage of Sasa borealis % 4.10 10.10 2444 2.69 6.95 196
AA3ES AN 2o 4Be 127 B phe Ho IR 2 vlaARAYolN EAY AYLAS
A4S Vet e TAE ERFEUE 14 BERT WoASE Table 4o v Gy
9, Ca B Mg} 49} AL, EFFEFFE $718%, oM FEY £IE 2~17 m9) WS YN HEF
£ AU Ca D Mgeh B AR YRk $71  TE 1 mo|Qew, 36%9) Wolg et 71AAA L

0~7618 cm’/25 m’e] WAE VAT, BF NADHL
880 om”/25 m*e YERIATE BE A5 YEE 0~49 7
25 m*e] Wlek BF 7.3 AR5 m'E Ve mESe
BEE 0~100%2] WS} 54%9) BFEL YT, ok
52 0~100%2) B9 FF 67%F VeI oH, 25

ofjr

o
.
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28 9 40%9 Ha IEE YERAL ZEZS, oluE
2 #AEZ0) JEE 40~60%) WolE eER)AT (Tab
4). 2Ed FH3 2EZ9] I 20~95%2) HHAE, £
EREE 3~25 £/625 m’e) EYUSE 1YL FUIYAS
E 0.59~2529) M E JERIATE ol € 3894 HeAF
= 21~29%0) ATk 7H&o $A % 2EZY HEE 2~95%
S MY, FFEEE 422 9 WHE 28T 9
AFE 1.10~2559 HAE Jepdch 2859 9E, F
F B FARI S HolAlFE 312, 231 B I157%2 £
TR 4o TR 0] 74 AgTh 7o EAF 2EZ)
FFATE ST%Z 289 AT ta FA%y, 2FRE
T 289 JARY sk} (Table 4).

Z A AEY FHHEE YepiE 29 wd
Table 5o) YERARATH olw &3 JE, 712 2EFe
=R AR Y FEES AYSRLE AY B
o 3748 JEEE S HolUW BR 7,
AWA, FEZS v, 52 5, AEZ T
EE {289 2 2 71go) SAE 2EZ9)
Fo FLYEAYE 15 m oW E AT, 28
SEREY TUHHIAS 2 12 2T ST
BIEAYE 8~48 mo|gon, ot EZ9 I,
7Hedl 248 2829 vk, 3223 290 L9

&

2

i

g oW
2

o e

N | i
rz
—Jr o

=,

2, °W
= 4
J\peted ol
oX, oX

3
ofy {4 ol o N

ZHlEALE 62 m o) E AUt EE FRAEAS
62 m o|A2 g 7 oluEZ9 %, 28I 7tEd] A
Z2EZ9 A%, 3Z2F3 2 s BY AE S35
2 A Bo) vt AFLE Bolth wEM FHE
A7t 21 JALAEL mddy T3 FHgEAYRTY
AA 9 FHYEAYE Y 2ol ¢ Ut FTYEAH}
48 m o]3E UERNE JALUEY Bd AZ EAF F
AE A2 A A AT BN L8 F

ZHJEAE L ezt QAT (Table 5).

FQ AYFZ 299 FAMA L= Fig. 49 G At
FEZ yre 7 REE 10 m WY FLIEAYE
T3 BRo|IAE o)X Y, oA B g wE

IS A B Foh B g o)A
EQ A 50~60 m, TZEH A
3B5~45mAFOR o] §EY FIAE 2~4 mEXA v F F
F Stk ARG YN E &5
g AEZA o] Lole 7T~8 m9
e s FHE ol Bol EX3T AT ol EZ Y
FITEEE PAERE /12AY 52 95 YT 9
£, 5439 FYA-L AT £50] g4 122
GAIE Y] ol F YA AL 2R FAH 29 g Fo] FHo|
A 23R BEREo] AFPogN EFO g ojnEZo)

Table 5. Variogram model parameters for characteristics of tree, subtree and shrub layers and some selected tree species across each site.
Co=nuggest variance, C/(Co+C)=structural variance C as a proportion of model sample variance (Co+C), range=distance (m) over which

. 2 .
structural variance expressed, s"=sample variance

Model parameters

Variate Model type

C/(Co+C) Range (m) CotC s
Tree height Spherical® i 0.799 89 0.141 154 154
Basal area Spherical 268000 0.762 59 0.000 1124000 1125199
Coverage of tree layer Spherical 237.0 0.779 11.2 0.618 1074.0 1070.8
Coverage of subtree layer Linear’ 406.0 0.419 623 0.419 698.4 5788
Coverage of shrub layer Spherical 162.0 0.755 87 0.601 662.0 660.5
Species richness of shrub layer Spherical 048 0.760 7.8 0.127 2.00 1.99
Density of tree seedling Exponential’ 219 0.702 147 0.727 734 72.4
Coverage of herb layer in spring Spherical 126.8 0.714 85.0 0.988 429 3073
Species richness of herb layer in spring Spherical 4.8 0.645 284 0933 134 12,6
Species diversity of herb layer in spring Exponential 0.03 0.779 312 0.937 0.15 0.14
Coverage of herb layer in autumn Linear 222.0 0433 623 0.934 391.7 321.8
Species richness of herb layer in autumn Exponential 53 0.587 48.0 0.938 13.3 120
Species diversity of herb layer in autumn Spherical 0.03 0.742 12.8 0.935 0.097 0.096
Coverage of Rhododendron schilippenbachii Linear 220.5 0.391 623 0.826 362.0 304.5
Coverage of Sasa borealis Exponential 18.7 0.898 1344 0.992 177.1 102.8

* Spherical model ¥ (h)=Co+C (1.5 (Wrange) 0.5 (Wrange)’) for h<range

7 (h)=Cot+C for h>range

® Linear model ¥ (hy=Co +h {(C/range)}; h=lag distance interval, C=structural variance, range=maximum lag used in the analysis,

Cot+C=semivariogram value at maximum lag.

¢ Exponential model 7 (h)=Co+C (l-exp (-h/range)}; range=the distance at which the semivariogram value is 95% of C+Co.
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Fig. 4. Tsopleths for coverage of tree layer, subtree layer, shrub layer, herb layer (spring and autumn), Sasa borealis and Rhododendron
schilipenbachii, tree seedling density, species richness and diversity index (H') of herb layer (spring and autumn) in a 70 mx70 m plot.
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Table 6. Pearson correlation between environmental factors and characteristics of community structure
. . Soil  Relative .
Slope :;:;f; di(;))ltlh water ' ligh? ?;E;erc pH N A-P K Ca Mg
content intensity

Tree height -004  -004 -007 007 016+ -005 001 008 -004 020 04 001
Basal area 002  -010 -002 009 -0l 005 -010 -003 008 014 -002 -002
Coverage of tree layer -020% -008 -004 013 -0l 004 -004 004 001 021 010 0.05
Coverage of subtree layer 041%  -030% 022+ -028* -032% -0I17* 007 -010 -022** -017* 014 -027*
Coverage of shrub layer =007 003 04 04 005 014 004 006 001  -009 010 0.01
Species richness of shrub layer 002 -001 -006 -008 -002 009 -002 009 -005 -010 -003 -009
Density of tree seedling 030% -024* 031 -030" -020% -0I5* 005 -019%* -007 -003 -0.19% -02i%
Coverage of herb layer in spring -0.62¢% -002 -016 029 0.0 020% 017 022" -004 -006 0.09 0.09
Species richness of herb layer in spring 017%  -064% 032 032+ -023% -024% 001 027 -025%* 014 (34 -3¢
Species diversity (H) of herb layer in spring ~ 032%% -044** 028 036 015 -028* 006 -026%* -016* -0.10 -034% (28w
Coverage of herb layer in autumn 005  -033  034* 010 005 -021** -009 -016* -007 -006 -033* -008
Species richness of herb layer in autumn 023** -056*  042% -039** -011 -018 001 -023** -016* -007 -029%* -026%
Species diversity (H)) of herb layer in autumn  0.20%* -052%* 023* -016 -010 -007 008 -017* -0 005 -021** -0.14
Coverage of Rhododendron schillippenbachii - -030**  021*  -0.10 0.05 0.03 017*  -0.09 021% 002 -017* 016 014
Coverage of Sasa borealis 024%  025* -007 -016 -012 000 019" 003 -028* -005 0.19%* -0.08

**_ % indicate significance at 1, 5% level
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Table 7. Pearson correlation between structural properties

F2Ae ] A 23U A3 R

Height BA Co(l) Co(2) Co(SH) SR (SH) TSD Co (SP) SR (SP) H' (SP) Co (AU) SR (AU) H' (AU) RS SB

Height 100
BA 041%*  1.00

Co (T1) 080** 046** 100

Co (T2) -023*% —0.19*% -0.33%* 100

Co (SH) -0.19** —011 -0.19** -004  1.00

SR (SH) -009 014+ 013 000  033** 100
TSD 006  023% -006  0.19** 007 -000

Co (SR) -006 -0.08 009 -017* 005 -014 -0.18*

SR (SP) 0.1 0.11 0.16*  0.24%* -035%* -007
HSP) 014 0.11 0.13 0.19¥* -029** -0.01
Co (AU) 0.10 0.08 007 -003 -046%* -023*%*
SR (AU) 0.10 0.17* 013 0.20%* -0.34** -0.00
H (AU) 0.18** 015  0.19%* 014 -019** 0.06

RS -003 -0.12 001 -0.18*  036%* 0.16* -0.14

SB -001 -005 -0.09 0.15¢  0.02 0.07

1.00
0.06 1.00
-0.30%%  0.72%*
0.06 0.42**
0.15* -0.05 0.56**
-0.05 0.46%*
0.17  -0.19%*
-0.06 -0.08

1.00

0.45%*  1.00

0.43**  042%* 100

0.36%*  0.19%*  0.66** 1.00

=023 -0.30** -0.17* -0.19** 1.00
-0.15% -0.18* -007 -034** 010 1.00

** ¥ indicate significance at 1, 5% level

In descending order - height of tree layer, basal area, coverage of tree, subtree and shrub layer, species richness of shrub layer, tree seedling
density, coverage, species richness and species diversity index of herb layer in early spring, coverage, species richness and species diversity
index of herb layer in autumn, coverage of Rhododendron schlippenbachii and Sasa borealis in autumn
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Table 8. Results of stepwise multiple regression analysis for species richness and species diversity of herb layer at old-growth oak forest
in Mt. Jumbong

Variables Regression coefficients Partial R® Cumulative R® Significant level (p)
Species richness in spring
Constant 15.064 0.000
Litter depth -0.481 0.404 0.404 0.000
Subtree layer 0.042 0.062 0.466 0.000
Shrub layer -0.013 0.044 0.500 0.139
Tree layer 0.016 0.020 0.520 0.033
Rhododendron schilipenbachii -0.022 0.015 0.535 0.090
Species diversity in spring
Constant 1.740 0.000
Litter depth -0.043 0.195 0.195 0.000
Slope 0.016 0.088 0.283 0.000
Shrub layer -0.003 0.032 0.315 0.021
Sasa borealis -0.009 0.028 0.343 0.017
Potassium (K) -0.001 0.016 0.359 0.106
Total nitrogen 0.040 0.016 0.375 0.130
Species richness in autumn
Constant 30.851 0.000
Litter depth —-0.559 0312 0312 0.000
Shrub layer -0.028 0.032 0.344 0.010
Slope 0.093 0.031 0.375 0.001
pH -2.662 0.031 0.406 0.063
Basal area 0.000 0.014 0.420 0.082
Rhododendron schillipenbachii 0.026 0.015 0.435 0.121
Species diversity in autumn
Constant 1.601 0.000
Litter depth -0.038 0.265 0.265 0.000
Sasa borealis -0.012 0.042 0.307 0.001
Slope 0.010 0.034 0.341 0.000
Tree layer 0.002 0.042 0.383 0.005
Organic matter 0.017 0.037 0.420 0.006
Available-P -0.077 0.017 0.437 0.110
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Relationships Between the Spatial Distribution of Vegetation and
Microenvironment in a Temperate Hardwood Forest in

Mt. Jumbong Biosphere Reserve Area, Korea

Lee, Kyu-Song and Do-Soon Cho*
Department of Biology, Kangnung National University
School of Life Science, The Catholic University of Korea*

ABSTRACT: The degree to which microenvironmental factors are linked to spatial patterns of vegetational
factors within ecosystems has important consequences for our understanding of how ecosytems are structured
and for conservation of rare species in ecosystems. We studied this relationships between the spatial patterns
of microenvironmental factors and vegetational factors in temperate hardwood forest in Mt. Jumbong Biological
Reserve Area, Korea. To do this, environmental and vegetational factors from 196 micropoints in a 0.49 ha
plot were investigated. Most of all environmental factors and vegetational factors showed the variations among
micropoints. Microtopographic factors, litter depth, soil moisture content and relative light intensity at this site
were spatially dependent at a scale of 14~62 m. Coverage of tree and shrub layer and species diversity of
herb layer in autumn were spatially dependent at a scale of < 15 m. Species richness and species diversity
of herb layer in spring and species richness of herb layer in autumn were spatially dependent at a scale of
28~48 m. Multiple regression analysis showed that spatial patterns of species richness and species diversity
of herb layer in spring and autumn were affected by litter depth, slope, subtree layer, shrub, Sasa borealis
etc. The best predictor for the spatial patterns of species richness and species diversity of herb layer at this
site was the spatial pattern of litter depth. Species richness and species diversity of herb layer showed strongly
negative correlation with litter depth. We estimate that the spatial pattern of litter depth at this site were
affected by direction of wind, microtopography and spatial pattern of shrub layer,

Key words: Geostatistics, Heterogeneity, Spatial pattern, Spatial variability, Species diversity, Temperate
hardwood forest
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