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Kwangnung Natural Forest
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Department of Biology, Songsim University

ABSTRACT

Disturbance regime and tree regeneration were studied in Kwangnung natural forest, an
old-growth deciduous hardwood forest located in central Korea. This forest is dominated by
Carpinus laxiflora, C. evosa, and Quercus species. The area occupied by canopy gaps was 4.6% of the
total forested area, and the mean size of canopy gaps was 92 m? with the maximum being 524 m?
More than half of the gaps were less than four years old, and 3 /4 of the gaps were created by
death of only one or two canopy trees, indicating the dominance of small-sized gaps in Kwangnung
forest. About half of the gap-makers were C. laxiflora, and another one third were Quercus species.
In contrast, the most frequent replacers were C. erosa and C. laxiflora while Quercus species filled
only 5% of the gaps, suggesting a future shift in tree species composition under the current dis-
turbance regime. Tree regeneration was more conspicuous even in small gaps than non-gaps re-
gardless of shade-tolerance of tree species, indicating the importance of gaps in tree regeneration.
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ol o)sted LR} oA dAdE Aol mFo N IHgs Ao Ak & = Urh
FgAdelo A dojvts AAYMELS WAISH7] wFo o] 2 gkl osfA Pt A 7h
A, B3 Wole B2 F2o &0 47 o]th(Connell, 1978: Brokaw, 1985a).

White 9} Pickett(1985)& mghe|@k “Ae| ALt AEFF Lo MNAT 228 #4722 =
dolu 712 9] o] & 7ed W Bl A #7-g AT ¢ AP0 Bl aA Felgh Ak ol
a Aol o}, A Al Al M 2ol g i (canopy layer) & o] F 3 = AT o
5 oy shi} e 1 o4 Fole deletil & 4 lon, dglelA ojz|st 53k -9

>~1

= gA S wdH A (disturbance regime) 23l H&tH(Runkle, 1985).
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Schupp et al., 1989).

”D;”QE 2o ZH9 AL E W JEs vev 2udgEgsdudAMe AHE,
HZ NZ =g Wk oshube] AR A A JAHE AT
= o ZEL% g w@o] thA] 7+& ol B3 o= ARF 7] (return interval) & tFE 9] LH-2]

S

R e

Al

3

H%E 11,0008 =& 2 o4to]tH(Lorimer, 1977; Bormann and Likens, 1979
Canham and Loucks, 1984; Boerner and Cho, 1987). “t&i\} 73k wigtoll ojsA] dhu e
IFo Ry gdolxe R 3 AvRe EEF add whe W %ﬂ”L}(Runkle,
1982; Cho, 1989: Cho and Boerner, 1991). & F% d3o] A& HolM= £50] d4dHH

L 277} Aol 58 BT A d#HE S olF 1 e AT Uie] FHel dew
wolut g #e 7] 7F°ﬂ &£ Eo°] &34 fvh(Hibbs, 1982: Runkle, 1982). &S o149 A 4
Jokbwoﬂ weba 1 Z7)7F gekR] A9 Brokaw, 1982: Runkle, 1981; Barden, 1989) th 2l &
st e £ aFe Uy dolHd Avle 42 52 25mrel A 0.1ha7tA1e] Avloln B
v 7E Al doj A A7 & §2 lha vl ‘ﬂoﬂﬂ 3,000ha7tA theFstch(Runkle, 1982;
Canham and Loucks, 1984; Foster, 1988 Lorimer, 1989).

ARG AN = 259 27 2 g9 TR AR & S £ o) &de #52
A7) wel Vo] £& 94 (shade-intolerant species) £} & 4=(shade-tolerant species)® 1}
T Jed AxeE 2 A £ 58 ag ke Foln T B a8k Y A
ES g7 & Fo|th(Brokaw and Scheiner, 1989). %48} &= 717t ol 27153 Ho)
F7)1Z, NHAE v HAE (S48, Whitmore, 1989), E& “%%—% (LGS: large gap
species) I} “ZL-EZ"(SGS: small gap species) © 2 (Denslow, 1987) ¥/ 57| % 3t} S
o] ofd UF&= & E(150m? o]/ ol A mlmrt v 9 H& vkd %—’F—‘:— Z Eolv} 32 EoA

N

Hl$:gk 2 ¥ 2 ¥ <lth(Brokaw, 1985a) A717F 4 €52 459 Ay EFEAT o

2 $5E58 ol2 §8202 o/ 8% 4 9l (Runkle, 1982; Canham, 1985: Cho, 1989).
€59 Al 7 HARNE Y T 4. Bxe 7 5o ErdnEnel ol A Fe] AT

olge] AE Al AYA TS o AHSchupp ef al., 1989). A7} go] Ex7p 2



December 1992 Cho : Disturbance Regime and Tree Regeneration 397

B FA HE 48 HlsA BY ABE ofAANE % FRAT, o RE 2 A5l A
Fg ol w7l WEolm EF B Yo ol Bl $4S dgFon Yo
4o 471 I J24EY 4 §17] W20l /1% 3}rh(Canham and Marks, 1985). Walo] F 7k &
e, 53] nigol 2sH EA7t A s HE e Aol AW B 2HE Bol BEa P
A#AZ ool M= Hasl At AE3E7] o] @ H(Schupp e al., 1989). o9} o] W@ A B
Hel 722 Qe NS F2 gL 9.

B oaRe 2He 1) 2% AAYlAe @A) mPAAE 2, 2) £F 44
(gap-maker) ¢ %5 T AHreplacer) o] #EE 25, 3) Arel A ofgfel Aol &
G rE FHOE 2 To 4RO AL T4, o] A Holch &9l A9 welel 7}
AAA e REO) % H £ SFE PAUE FHYolTa 4as Y ol9} gL ATE §
ahe} olzj g RN E B P57k ety Ya e o) B EAle oA £79) 4N ma
o ela) A ol EolAlnf olei g e ol YT AAle] wekAl A oljol A ) 7 fEe] o)A

ol A5 o] Apolof o L ¥eluE Eet o] Ao} 2Ho| gk,

BEHENTAL 2AFLR 08T 5 AER sigtele} 24 JuATA 24 QB
3} oks| Al E &S FA WS A WA OE 2AIE 2T E YE omw}— =t
& Agietm HEevte fe1E AT YAl ArstiLe] vhol, 47 &

g wa

B ATE )% FFTT 2UUS TUT 28U A B9 377 4,57 127° 10
AXT F59 “ﬁ’\l?ﬂ%ﬂic’ﬂ’ﬂ ol FojH om Al 1tdol A RA ¥& T4 A}
o= xA et BEAEP FATR A E o =
(Oh, 1959: Kang and Oh 1982) 28l% EA W o) Yl g A5y e 22 Ao ubi el 7hx]ut
2L Carpinus spp.7t A Y 1 &0 AR = £52
(Quercus spp. )7} & ¥Wiw 2 ehdr}

228 §2 AMY AUF EE Ao 2UAE 498 A BgF YA 809 by
& (line transect) & A8t tHFig. 1). o5 transectSL AAPL T E ¥l =
@ FHg HES dolol BPor 2L 2N Jhe e AUk o) F F A
transect(#5, #6)x L2 (tiE) S vwd Hersk Ao 9 x5 o= 679
transecte 22 HAE 2% -2 nAd XA 1 5 F M(#3, #7)E HluF
ALY Fk Heldrh

ZALY

5171 98te] 2t ¢ ol SlojM e AV E FAs}
A #-E-(canopy tree) ] HiF (crown) 2] F

o] Jd@BE AVE Im2 AHslPch &E9 2A}

FFARR G o] g3te] 2 59| AXE FHotg oS AwAo] EAEIA U=y

A



398 Korean J. Ecol. Vol. 15 No. 4

127*10'E

AW L

Forest Experiment Station

Yo‘ngamsan Kwangnung\/
477Tm A Museum
) w
N Kwangnung |~
(-‘}1 Tomb 3 (4?1
= pes
#3&4
Local Road
Lake Yukrim
#5
300m
200m
#1
TN
Soribong
:5 N\ A/537m
% 400m /V #8/\)

300m 8\1 oom
A \

200m

3

KOREA

0 Chunkyunsan

393m A
- _—

Fig. 1. Map of Kwangnung natural forest showing eight transects(#1~ #8) studied.
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Table 1. Characteristics of gaps in Kwangnung natural forest. Numbers are mean + standard

deviations,
Fractions of canopy gaps 4.6 %
Fraction of expanded gaps 11.4 %
Size of canopy gaps (m?) 91.7 + 102.7 (Max. 523.9)
Size of expanded gaps (m?) 254.5 = 213.0 (Max, 1191.5)
Gap age (years) 43+ 4.1

Number of gap-makers per gap 20+ 1.2
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Fig. 2. Size distribution of canopy gaps in Kwangnung natural forest,

749 (Mode 1: snap-off), ¥el & YoIx& 4 -$(Mode 2: uprooting), ¥ A AW ol A =] &
T Al AHel o] 87 Zolrd A Y= A (Mode 3: standing dead), =& & U] £7)7} 2

Table 2. Patterns of mortality of gap-makers.

(1) Mode of death

Number Percentage
Mode 1: Snap-off 48 64.9
Mode 2: Uprooting 10 13.5
Mode 3: Standing Dead 2 2.7
Mode 4: Snap-off after death 6 8.1
Mode 5: Uprooting after death 2 2.7
Mode 6: Limb-fall 6 8.1
TOTAL 74 100.0
(2) Predisposition
Number Percentage
Heartrot 52 72.2
No heartrot 20 27.8
TOTAL 72 100.0
(3) Primary vs. secondary
Number Percentage
Primary 58 82.9
Secondary 12 17.1

TOTAL 70 100.0
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2= 7 $-(Mode 4: snap-off after death), %-& ¥ 150 Bzl dojx+= 74-$-(Mode 5:
uprooting after death), 18]11 2 7}A7F 22| X = 3-$-(Mode 6: limbfall).
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UE (Mode 2) &= A €8 E4d7k9] 14% A0 H2 2 A dolAz] gka A % l o] F 2 A
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F U (Table 2). & d#Fo] dold wol=(“primary”) W5 goll A= }E

7 gojrme] Al Buk(“secondary”) (Table 2). F2¢ #FdddolA 2312l o] F & -
A Q) 17% 9o o5 2T 79 RAINS HAF £ Ak 22y} Quercus spp. 2

<l Quercus

rlr rlo
r

o}k
0
%7)
A=,

i
kl ‘1
-

=

7t ¥
A e
s

o
Ja

Ko
=

froo

pul
.

N nQ,

,‘

[e]

ot

Carpinus spp. AFeloll A 2314 ] O]ﬂ—i Z 8o 9olMe Aolr} gl Mq Fl kAL
Z719] 22 #ATE dojA Brala] dolAle(Mode 1) €5 4719 80%+= £719 244
*‘Ol e vsle E717F Re)A=(Mode 2) €5 479 87% % ‘57] o] ¥2o] dojit 9l

é

HA &5 FAATE GolA L gake Awe] el W WAL vyl B 5ol

(]

3 dE teh

N
090 0
011 ..... ........ 15 1
o A h S _ e
100em,” - / “
oo N
/ " 60, A\ . :‘"-,10
" 40 i 4
20 y / s
H 2 g : : :
W\ .......................................................... = : .......... E
: 0 AN F /
/] . \\QQ\\ / :3))
....... - . 7’23

Fig. 3. Distribution of DBH and treefall direction of gap-makers. Arrow direction and length indicate
treefall direction and DBH (cm) of gap-makers, respectively. Small numbers on the concentric
ring indicate treefall age in years.
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Stenzdos AYE 2oy ¥2o FAM X A S PO R o] Foly B Ao
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479 55% = A (19 7H 180~270°) & 2 dol M oH(Fig. 3), L3 2 o
7I(E el =Dl gz viE gz EHoz dolgoy 1
olflol e A BHAHE Fobs F AUHFig. 3).

8 Yunis 28 Azt

%5 F47st 25 dARe] %8 $E & Table 33 2o A4 25 34719 o 50%%
HojutR s} AR ST AR (Quercus spp. 1 BHUT, BRUT, AGUT)E 1/38 34
stel o]F % g9 £Fo] 80%0l4E Hatdrh & WAR2ZAE v}xwwr Aol
T Fol MAS 1% 74 BT FUFEFE 8%0] AU gk we] AT, 25y

R, Z30%, QulUy, GUE 5o ofuSa £350] ke HER mec}

&8 Bl EoML] 2o MM Ul
5 23 A ot (e F)olMe] sEo AL vws) 2 dyF e FE T

Table 3. Gap-mzakers and replacers in Kwangnung natural forest,

Gap-maker Replacer
Species
Number Percentage Number Percentage

A AT (Carpinus laxiflora) 40 50.0 10 16.4
A8k (Carpinus cordata) 8 10.0 15 24.6
AT (Quercus aliena) 5 6.3

AT (Quercus mongolica) 4 5.0 3 4.9

Z 2T (Quercus serrvata) 4 5.0 1 1.6

Quercus spp. * 13 16.3

AT (Cornus kousa) 2 2.5 6 9.8
Bl (Sorbus alnifolia) 1 1.3 3 4.9
S5 (Betula schmidtii) 1 1.3

B (Celtis sinensis) 1 1.3

2V (Pinus densiflora) 1 1.3

ZE LI (Styrax obassia) 5 8.2
ZZ U5 (Cornus controversa) 4 6.6
BF (Acer pseudo-sicboldianum) 3 4.9
B (Euonvmus oxyphvilus) 2 3.3
SUF (Kalopanax pictus) 2 3.3
AR (Prunus sargentit) 2 3.3
gt (Magnolia sieboldii) 1 1.6
AHBAYE (Morus bombycts) 1 1.6
NI (Pinus koratensis) 1 16
A&V (Quercus X urticaefolia) 1 1.6
M- (Rhus trichocarpa) 1 1.6

Total 80 100.0 61 100.0
* Quercus spp. * : oak spp. which could not be identified to species due to rotting,
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F ok whvlo] BkEoly B e} 2 olnEe AN I HThE FEFANM 2 a7}
Y EA Jesten 53 dEES HgEo] olAESFS %’S ‘Pil “Riﬁ}(’l“able 5) 13114

£ MAEzo }OIE }iosi—tﬂ Quercus(13.77 £ 8.0 cm/year)‘#_li}‘:— go]ﬁ# Carpmus(S?,
15 + 17.66cm /year) 7} 38 =2 A4 F4& 27 ¥ ZcHp=0.0078).

o FH

2o 2o 729 22A0l oA FASAL gk AR ¢ HEH foE YU F
ofd A7) Zt & £ Eo] wol ARste] Alovf oleld Fure Lo mnE 5 Hoi7ha 9
el HEHE Qe 2B han oluw £5 $59 HABAFANN = AHEe] A

6%, B73E0] 11.4%0) 25 ATk Table 1). olo] ulsje] 2 iiere} sl=e}
%7} Wl%% 0% E3 Appalachia 4 F919) je] GBS N E JBEol WA %
Mol 32-24.2%(BF 95%), AEO| 67-47.0%(HF 21.0%) HAsn AT

Table 4. Comparison of regeneration between gaps and non-gaps. Numbers are mean =+ standard devi-
ation. Units are numbers /8m? in seedlings and small saplings, and numbers /25m? in the

others.
Gap Non-gap P Significance
Seedling species 6.33 £2.96 4.55 £1.04 0.013 *
Seedling stems 14.58 + 8.41 9.18 + 3.06 0.009 *
Small sapling species 3.58 +2.08 2.36 £1.12 0.032 *
Small sapling stems 7.96 £ 7.96 4.18 +£2.32 0.041 *
Large sapling species 2.46 £ 1.06 1.73 +£0.91 0.048 *
Large sapling stems 6.42 +5.20 4.64 +2.91 0.210 ns
Subcanopy tree species 1.83 +1.09 1.36 +1.12 0.260 ns
Subcanopy tree stems 3.08 £2.38 1.64 +1.36 0.030 *
Quercus seedling stems 7.03 + 8.66 1.43 % 2.58 0.007 >
Quercus sapling stems 0.25+0.87 0.00 £ 0.00 0.170 ns
Carpinus seedling stems 4.17 £5.28 0.56 + 1.25 0.004 h
Carpinus sapling stems 0.95 £2.23 0.00 +0.00 0.049 *

* Significant at 5% level, * Significant at 1% level, ns not significant
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Table 5. Species composition in seedling and sapling layers in gaps and non-gaps. Density indicates ab-
solute density(trees /ha), and IV indicates importance values(mean of relative density and
relative frequency) in percentages.

Seedlings Saplings
Species Gaps Non-gaps Gaps Non-gaps
Density v Density v Density v Density N
Acer mono 417 4.86 795 18.75 0 0.00 0 0.00
Acer pseudo-sieboldianum 729 6.74 568 12.25 827 22.54 1777 50.80
Carpinus erosa 694 7.09 114 3.25 102 4.85 0 0.00
Carpinus laxiflora 938 7.65 114 3.25 188 6.16 0 0.00
(Carpinus total* 1631 14.74 227 6.50 290 11.01 0 0.00)
Celtis sinensis 208 2.43 795 14.75 69 2.70 264 7.42
Cornus controversa 0 0.00 0 0.00 104 3.24 264 13.31
Cornus kousa 208 1.93 0 0.00 69 2.70 186 9.05
Fraxinus rhynchophylla 1785 13.40 682 13.50 313 8.08 0 0.00
Maakia sp. 104 0.96 114 3.25 0 0.00 0 0.00
Morus bombycis 0 0.00 0 0.00 52 1.62 0 0.00
Pinus kovaiensis 312 2.38 0 0.00 52 1.62 0 0.00
Prunus sargentii 365 4.13 0 0.00 206 6.45 186 9.05
Quercus acutissima 208 1.93 0 0.00 0 0.00 0 0.00
Quercus aliena 156 2.20 227 4.50 0 0.00 0 0.00
Quercus mongolica 1354 11.50 341 7.75 52 1.62 0 0.00
Quercus serrata 729 4.72 0 0.00 0 0.00 0 0.00
Quercus X urticaefloia 312 2.38 0 0.00 69 2.70 0 0.00
(Quercus total** 2760 22.73 568 12.25 121 4.31 0 0.00)
Rhus trichocarpa 521 5.32 114 3.25 208 4.84 0 0.00
Sorbus alnifolia 938 8.66 568 12.25 413 12.89 294 10.36
Styrax japonica 156 1.70 114 3.25 102 4.85 0 0.00
Styrax obassia 1259 10.03 0 0.00 431 13.18 0 0.00
Total 11385 100.00 4545 100.00 3256 100.00 2941 100.00
*  Sum of the two Carpinus species
™ Sum of the five Quercus species
(Runkle, 1982; Cho and Boerner, 1991). w2}x] B350l e &2 A4 o= FHA
ujsie) A A ks BUAT FFAuT Wol E Aol FeAL She Ao ek

o &2 €52 o9 Host=vol nepx 22bA 1 (Barden, 1989) £ <

el s | =71 W&o &4 bl o3 ¥dE A FAIE T

UAA L FEAAYoNA Y €5 F2 HE L 8F Ha £F AL Fo gt & A l

Hau ok &#59 2719 s’f%% S5 449 Fe Fo350 AaBAZE Q7] &l (Cho,
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94 9H2 st Yr1YoR Seluets Wy st B MEih Fuo Selbet g
of Biate] @2 AL AAY Y& Aoz Algdh 8 B Hade] 59 &S Hxd)
# A& w5 OhioF-2| 4@ (Cho and Boerner, 1991)°] H3le] ] o] o] 2L ojulr %]
A7 @Ee Aol A 98-S &) Mgl Ao YEt 277 100mE o] A4Sl ]

Y 2 YBEol WA &5l 1/30} Brk e (Fig. 2) ZAFsh P9kl g Ao 1l
o,

SEol AAHE B &0l FRO pol A wAAA olsted A 25 T)(Fos-
ter, 1988). W57k 4 W& Bl A el oMt s Fe 259 @zl

oA H71E e 5 &8 el dolxle 4 --(Mode 2: uprooting) M th= 717} K-
H 21 4--(Mode 1: snap-off) 7} A4 g2 o] A& vpite] #al v} A w3 7] wiolv}h
(Foster, 1988). @5 #AA”A o]l £5 Il AoAMe E717F i X1z 4 -$¢(Mode 1:
snap-off) 7} #a] s Wolxx= 9 (Mode 2: uprooting) Bt} 5ulut Wok=u(Table 2) o] A&
2| # o] AL Bl E & ol f ozt At 5 A YL 22 gl s Fol wet 3}
o7t & = =l (Kanzaki and Yoda, 1986) 22 Aol A= thEH Q] F 4591 Quercus
ok Carpinus Abolol] ko] 7F QAT o] AL opwbm FupF-of AJojubit, 7Axjubd Alolel Z7]9|
ATV F719 FrolA zleolr) gl wii o2 W 4= ok Cho(1989) o) £18hi £714] %
7} k& v IV (Tilia americana) v =717F g A 2] A= 9bd o (Mode 1: snap-off) 2
7129] Xalo] 4 A dojvbe S FFE (Acer saccharinum) o A= A A 2= A5 (Mode 3: standing

dead) 7} ket
5 84247 dolA = wreke Algon) meke] S/ 9 Jxo] Jg ) |t 53] Hé
g AP Mz ubge) whrake] A &S 0] Wil B3I sl 43t uhgkol] 9)sted doid
B o As wEko 2 oA o] nate] #rs A 4 A 5 }(Fdhnskl 1978). Li
Qe 3 %ii%l o= 1]@ i?—}% Hzro] FAlHol xS Ay g
A= U9l ol Rl W gke]

OJZ%H ‘3]'2)’4 FaFR ke A ARl YTFE Wol W Aoy
o] goid U= dAHE 5EHor dojg o) 11 olelee AP IS Feld 5 gt
ol o] A olmt Ay A ko] 3k wi-ol ALy i Bl Folt %E whgk Feof vind et
Z AE7 mebe] ¥y W&l Aoz A7

F5 o g rEAM e FA €5 %] oF 50%E Ao Er) X e a FE-F
(Quercus species: &3, @3y, A4y e 1/35 Ajeka} o) TLE 9] 4]

' = T
80%0°173& A3 widol 5 A AEM = AMojubi-eh ik ddHez Fojsa il
At AU, MUY, S50 o) ohn® 8] %o vE R el o
Ao vlgo) mol oz AMojubsl gtk X ubgte] F7be
and Oh, 1982). Zeivt Fuife JiFayge] e FF vgte] 47 o
SR A7 FA R b F o] gt we] o ; A1z @

o)
S5 2 43 obh (vl E) ok vluste] vt o] Ay} |
2,

)3 fEe] el e v ae BE
o Zr}h. £B0l B 37139 2Evhule] 2w ¥ EPe ¥ o) §x Fol o]
A HEd d 2 A4Ue AFs Fud ol g bse Aelel de $59) v]sh w7} B
B9 277} 4L H ol 42 B BE Aol NE ¥ A% 4 Gl 4L B
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‘o] 3387 # Flolth(Denslow, 1987). BEAAdHA A 9] B AFAe o3 £E3 2
Y A ot (HlER) AN FE A FfH Afolzt YoM AR} 2L {FE | Fped
NArE g5M 322 gol Vet 53] Quercus®t Carpinus®] AL Bi& 5ol H]3}
o ElA Sl ol A Jelsted ole FUFFO 2 g $ ofyEt Mol 7}

Aubeat e S AR gF0 A A A& T ASS L 3

A~
2t el - EQ Carpinuset Quercus'= thE FF o vl 3}

H F5 = o FEETE A4 o
Z237F wou L3 uEERTE €50 A a7 BA e ghH o) Zekg ol )
el e olwE o] pE e HAFHTE fEEAA 1 oo e )AL FEEFES
$AEE 5L 538 $FEA 23 Aol E & AP 5 oA HEEANMY &5
FAE FAe) olm g #fAdo] o] ol e (advanced regeneration)el] 17| W o],
wehd 5ol &L Holy wal @3l e olgol Carpinus®t Quercus itk B fral &
Rog weln

3 SAdo) v oF3 EHUF Y vl S A AR 2 Quercusd o] $E 3 vl
B gAgdol Fet Aoy 7 ubeal 28 Carpinust 2 5 £50) 3 whg-9] ol &

]

BA = QuercusE b Q3|8 Carpinus?t S5 A 3] A2 AAAFEET T ) o
& e 59 A4S o= 3 3 gEAAM AL Ert ol wapdvs Baote o
%) &t} (Runkle, 1982: Canham, 1985). Quercusdy 7% N GYZEEI F& A& FF X
Holl Mol 89 A7|7F dAR Zau 7|Aste Aog AT Quercusd AELS £F
FE 5ol vlmy HAel 7} wol et oL HUFFol Fxo] A7)t AN
7)ol Agope] F3&ta(Canham, 1985) £33 @3 £F ofeflollA F&3F W ¥ B
G- E@7)e] AN F3 Al oyt o FAuo] ofd AAle] deloAe mhA] A E
Pt Ao AU wepA] FEAADAA Aol vl A oFg E¥uFt Az
Fo} 28 Quercus 2]l FFo0)l AFHoZ AAE Y] HeiMe €& 2ol Haz It A7) R

= ar
Lojr} o} = 9] Alvo} wha] ©3]2] Qb Av|7) FE3] 2 €50 FgHoo & Heg A
ZtE o},
olof & mme tid Ay fEiviel RkdE e & d:?.?:% M eted & =80 E AHol
o} ol A A = & REFH A A ME Ate]l s 2d Hols} e F o] g4 o et
w gyt glojd ey A4S & ghout AF A wEA Ay P A AEhR gy domE
AA WilA gehd o83 FrES Al FaxE THE FAS A Y] ZA A
A %S Aoz Bolot gty A AHAANME Sy B2 °T7P7<IE 28 ]
HEo] AdaEg Pk A5 AR zEr] AsiA AR Aol UAT Aol Holx
R i 1 oolak wd s FAEE £59 4498 a2 sri(Canham, 1985). uhEbA
3 AErREY FUE o3y Ysle 2 7Y n@dAA g efriA] thefst adel g
zt g ] whgol w3t Apvh MalEojol & o g Er)

H 2

AT 2% 2% Qoo AAGel A &9 FHTE APl & IFE FE
Aok | AA olehol o] Fmel Aol 2AH Ut YVES HYELS 242 £5S WED I
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Page] S ALY JdBE 7|F 2 Fesel WS L3 HA AH g &
WA o] ¥ transectol] &M HEE = F5 9] 2ol transect o] WA Lo 2 1hro] &

o

R
o

ol

It 28 A48 QA FFELS 47 4.6%9% 11.4% 2 v A oo vl &-& B
o] vol= 10 ol dd Fo] MAl9 oF 1/42 E3Eo] Blad Ztot 3 o]kl Aol
5628 AR std AR 80 dH ST JHEY FFHA L 2ml L Mg & dBELS
S24m*Aeh. ZF €89 €8 47 75 shirh b gk AA 52 3/4& Hq 1~2 1
HEo] oA FAHE A2 AEolUnt. A HA €5 F 2] oF 50%+ Aot
E;’—-‘,?r Quercus spp.) .= 1/3& A8t o] 5 F T1F | FFo] FF o 8] LS
o2 vewten £5 HAREAE ZAAXE R Aoyt 7ha wekal 1 thgo] #
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