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ABSTRACT

Girth at breast height was measured to test skewness (g1) and kurtosis (g2) of
frequency distribution of the basal area in terms of #-test and Kolmogorov-Smirnov
test for a total of forty six monocultures within Sudong and Kwhangnung area in
central part of Korean peninsula in 1979 and 1980. The monocultures are about 10
to 50 years old, and four kinds: Pinus koraiensis, Larix kaempferi, Abies holophy-
lla and Pinus rigida. Most of the sample sizes per site were ranged 70 to 110 exclud-
ing 4 sites. The number of classes interval was based on Sturges rule for each mono-
culture and was ranged from 5 to 10. In Sudong the range of age(yr) and basal area
(cm?/tree) of the monocultures were from 10 to 20 and from 27.60 to 383, for Kwhang-
nung they were from 15 to 47 and mostly 102.15 to 619,14, respectively. All 43
monocultures except 1 showed +gi, which ranged from 0.3 to 2.2 except six sites.
Of the total 46 sites, 23 sites showed significant +g; which includes about 10 year-old
monoculture. The number of classes interval with significant positive skewness ranged
from 6 to 9. The data suggest that intraspecific competition in terms of stand structure
seems to appear from about 10 year-old monocultures, and it may even last to ahout
50 year-old one. Around 24 monocultures showed nonsignificant —g, except one. Most
—g: ranged from —0.12 to -0.83. Around 20 monocltures showed positive g, ranging
from +0.13 to +3.841. Of the 22 +g», majority of 11 were very highly significant.
Of all monocultures only 5 showed significant result from Kolmogorov-Smirnov test.
Of the 4 species, Larix kaempferi seems to show density siress first then Abies holo-
bhylla, and Pinus koraiensis last. Data of this study indicate that adequate number

of classes intervals and sample sizes for studying intraspecific competition in terms of
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basal area are 6 to 9 and 80 trees rather than 12 and 100 trees, respectively. It also
suggests that most of the frequency disttibition of basal area class are trimedal rather
than bimodal under density stress. It is proposed that thz leptokurtic distribution ap-
pears before rormal distribution rather than direct change from platykurtic to normal

distribution of basal area for selected stages in the development of stands.
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BEAEE HEE HGME KRE At ool BEE BEE HREIRBINA LEDN
random 3}A] & HufTetel oF 80 EA(BMER B/HDE ARtz ol EEE 1979 ¥
1980 4 o Foll SA3Fgla, Aol o1& & TS |MUlE 45 2ot (Tables 1, 2).

Table 1. Characteristics of the study sites in the Sudong area

Site No, Species? Geo%\rIaphlc Posi?t 1on Aspect (dselgi ee> (Siltll'::,lgf m)
1979 A L 37°42'10" 127°19'22" NE 15° 20 140
B K 41'46" 19'10” N 22 150
L N 22 150
1 L 42'41” 19'46" SW 70° 26 140
2 K 42'59" 19'53" SW 85° 22 170
5 K 42°43" 18'29” NE 80° 12 150
L NE 80° 12 150
K 41'58" 1849 NE 25° 14 140
L NE 20° 12 140
9 K 40'54" 19'34” NE 14° 22 100
L NE 14° 14 100
11 L 42'17” 19°03” SE 24° 14 180
1980 1-1 K 45’08 18'53" SE 35° 36 340
2-11% K 4507 1848 SE 60° 22 310
M K SE 60° 16 310
3 K 44'33" 18’21 E 34 200
5 K 46'04" 17°03" SW 35° 28 300
6 L 4544 17'12” SW 70° 32 220
8 L 44'42" 16’31 NW 45° 32 180
9 K 44’13 17°06" NE 20° 44 140
10 K 4414”7 17°30" E 30 150
11 R 43’237 17'50"" NE 55° 24 140
13 L 42'54" 15'53" NE 65° 16 210
15 4 K 41'36" 20°49” w 25 160
M K w 25 160
16 L 40'56" 20'44” NE 10° 18 120
17 L 41'15" 20'09" N 18 150
20 K 43'39" 19'24" NW 10° 24 150
21 K 44'01" 19°04" SW 20° 33 270
22 R 43'21” 1904 W 26 140
23 L 42’13 17°52” N 16 160
24 L 42'40” 18709 NW 57° 6 120
25 R 42'28"" 17'52" SE 25° 20 140
26 K 42'28" 20°41" NW 25° 25 140

at L, Larix kaempferi; K, Pinus koraiensis; A, Abies holophylla; R, Pinus rigida.
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Table 2. Characteristics of the study sites in Kwhang-nung area

e s L T
1979
1 L 37°45'16"” 127°09'55" SW 4¢0° 17 100
3 A 4348 10°01" SE 30° 10 100
4 A 45'08” 09’50 NE 48° 8 100
1980
1 A 44’49 10'01” SE 60° 5 120
2 K 44'48” 09'41”" SW 30° 25 150
3 A 4344”7 09'50" SE 45° 7 120
4 A 43'37” 10'02” NW 15° 20 140
5 K 440" 10°59" NE 40° 18 110
6 K 4338 10°22” E 20 140
7 L 44730 10'22” SE 70° 5 100
8 L 407" 10°22" SE 50° 3 100
9 L 404" 10°26" SW 50° 3 100
1 L, Larix kaempferi; K, Pinus koraiensis; A, Abies holophylla; R, Pinus rigida.

#FiEM S AE I AR Yy ERS EEEEeR BRES oS AESAEE 27
31 skewness(g1)$} kurtosis(g;)E K35tz £-#EF Kolmogorov-Smirnov test & o2& 3}
At} (Sokal and Rohlf, 1969). & (&%) 2] # (k)= Sturges(1926)<] k=1-+3. 3logn o] w3},
won e @A EREe

() Y2 —38(LfY) (LSY.*) +2(EfYe)/n)

&= n—1) (n—2)s.
_ AV 2= (T f) YY) ¥ - zm
n 1 ’ <

_ (z+1) {anY“—4(ZfY)ZfY3+E6(ZfY)ZZsz/n] 3(ZfY)“/n2}
(n—=1)(n—2)(n—3)s;*

__ 3(n-1)*
(n—2)(n-3)
t} Y,.= coded class mark, z=number of observations, f={frequency.
Kolmogorov-Smirnoy test

D= dmax

4= |F—~F|, F=observed cumulative frequency,

Pal
F=theoretical cumu/ative frequency,

RR Y

®
w

Table 3o KiAuIRe Yo% (Larix kaempferi), Z T (Pinus koraiensz’s) AV
(Abies holophylla) R 27}V (Pinus rigida) S Aoz o] o150 ERGEHEY
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Table 3. Skewness (g1) and kurtosis (g2) for study sites in the Sudong area; # is the number of

observations in each site; *p<0.05, **p<0.01, ***p<0.001

Number

Basal area Age(yr.) or

b
Site No. Species® 7 of class &1 &2 K—S Dmax (mean, cm?) height (m)
1979
A L 103 7 1.176%** 0,893 0. 1493* 41,26 10~15yr.
B K 110 8 0. 783** 0. 555 0.0725 64. 36 10~15yr.
L 110 9 1.509%+*% 3 841%+* 0, 1146 48.55 10~15yr.
1 L 100 6 0. 681** 0.004 0.1072 101.00 14~15yr.
2 K 100 7 1.153%k% 1 309%* 0. 0892 134.00 14~15yr.
K 100 7 0. 559* 1.127* 0.0271 27.60 4~5m
L 100 7 1.860%+* 3, 712%** 0, 1697% 61.60 16~17m
8 K 100 8 —0.261 —0.654 0. 0394 130.50 10~15yr.
L 87 8 1.156***  0.676 0.1417 81.61 10~15yr.
9 K 101 6 0.423 —0.401 0. 0683 371.29 16m
L 100 6 0.498* —0.535 0. 0942 152. 80 15m
11 L 100 5 0.329 -0. 706 0.0553 44.40 10~15yr.
1980
1 K 80 5 0.712* 0. 250 0.0535 45.25 8~10yr.
214 K 46 7 0.424 -0.178 0. 1055 129.57 9m
L} K 32 7 0.753 1.161 0.1628 515. 00 9m
3 K 80 8 0.343 —0.146 0. 0307 191. 88 8~9m
5 K 80 10 0.567* ~—0.283 0. 0485 44.50 7~8yr.
6 L 80 10 1.559***  3,360%%*  0.0995 52.25 8m
8 L 80 9 0.558* —0.059 0. 1355 32.25 5~6m
9 K 70 7 0.412 -0. 390 0. 0758 675.71 45yr, 15m
10 K 80 6 0.515 -0. 765 0. 0672 383.00 13~15m
11 R 80 9 0.294 —0.047 0. 0340 72.25 7m
13 L 60 9 0.570 0.132 0. 0590 33.00 éO’*élZYr.
~8m
15 K 40 6 0.177 —0.319 0. 0537 193.75 10m
EM K 40 6 0. 554 —0.009 0. 0800 176. 25 10m
16 L 80 6 0.420 —(.608 0. 0553 56. 25 8~10m
17 L 80 8 0. 520 -0.122 0. 0580 70.75 10yr, 7~8m
20 K 80 6 0.144 0.937 0. 0402 328.75 12~14m
21 K 80 6 0. 507 0.492 0.0783 832. 50 10~12m
22 R 80 6 0.471 —-0.106 0. 0366 183.75 20yr, ]i%~
m
23 L 80 8 0. 794** 0.740 0. 0869 157.50 20yr, 15m
24 L 92 7 0. 337 —0.544 0. 0751 63.70 17m
25 R 80 7 0.191 -0, 595 0. 0298 82.00
26 K 80 7 0. 058 -0.875 0.0574 121.00 17yr.

a: L, Larix kaempferi; K, Pinus koraiensis; A, Abies holophylla; R, Pinus rigida.
b: Kolmogorov-Smirnov test.
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& S HEho R )3 o)E K BHY BES A T o]|E2] skewness(g,)$} kurtosis(g,)
= A4, ol Ed] EF t-HE} Kolmogorov-Smirnov test B 3 EEEE Jeldch 1979
£ 2ARY & 21T § 9 EFTAA +g0] AESIAY ol AEY BES Jehid
(Fig. 1). & j(%?%ﬂ fEAC] 7 13§7l<°ﬂ EOLL ’Jfﬁi o] fEARe] KEARA Batel. ol B
SRET &% vebdel g & 2749 FES A& A4 leptokurtic 577§ sha
o)z (Fig. 1), 7‘5‘ % o2 7 Zof= bimodal ﬁ?ﬁ% st = platykurtic 3¢ 47 E S}
£ Aol glel. Site 5, 8 ¥ 9ol AvFol FdFe] A e FdFY Aot
Zhte] ARt Ao o Ads ¢

o Azt §A3 AL JddF AT F
+ ASE whak 3ol

4 9t} AHkH e ® Kolmogorov-Smirnov test
I o\l 453 Site 5= o BXE oo mak

BEES e E A # Be 604 94 ol2 B o wrlm HFEIT A
Z el gAlE ¢skrh 1980w 2] 22 f@ibFTe] Mtk Site 22 9} 23 2 A&l
A 10 ERFES HEstkolek. 19798 217 glal 2 10~15 = Aol Hslhe] @4 o

stksol of, HREEEEE oF 1.5mollA dmol] o] & gi0] HEI}AV Al AR
& 5EFT ®olH g7t HEI - 1EFT Bolvk. a2y —g. & platykurtic 574
= bimodal 57459 HHES JER = He] AL kKEksmelrl. Kolmogorov~Smirnov test 7}

B3 AL svx gk aEd Ao R Lgi oy —gp 7k FAIEA Y FEMKS o
V}EMXI‘LP A A 9= A3FE Yebdz glvh

SR 1979 Q5] ol SiEdE oF 1540wk gy 0] o) HES o} (Fig. 1).

o]l F M ubF- 40yl E 3 47 Q4EFY] AAE g9 g7 BT vl FESIE ol
2] 198015 ZA el AL AVF2EA 1857, HFz28A 5EFF 2 Gdszdx
3T 5 & 9EFTANA BEARY AARE F Aikeiel 79~817 Sk o] Fe] -
T2 tadde] oF 15~20 % Aolm o uke] 258 oF 40450 B}(Table 4.

poi rﬂ,‘£

4

AIE2YR 254 AD 1 o FAAE g, BF F9 AR A Sold
AR a8ty o Kolmogorov-Smlrnov test 94] HES Zo] 3o} 54314 o] 3o
el AwA e 45 Abye) A% Aol o A%A ed L F €Y A
2t (Fig. 1).

ol F 46 BT T, qE, AT ¥ oElvlvhadT Sl glel MiEFER
LR 4gi0] HET AL 23@EEAANA vebydet, o 98] AEE 9 F FEA= o
v}, JBES 1980-6 Site I 452 1980-20 Site & Kbl mE v} g 0® BES Ao
£ 1.2} positive skewness 5 S Toll 9l HEE vebdvh. AA2 KE 19809
ste o 911 HED 1] AL AL sampledst AW 09T 2409 Ruet Ae

W 2 4] YEAE e % ga] 19803 site 59| sample 47} ] £ o] v},
o] 9 g0l A F% AL v e mel, AJH 19804 site = KEE 104 Fi¥
2 ol7l ATl Aol +g10] %‘%‘i] oo 7 ek, K Site 232 g 7+ HESE 20
A T o o] 2 1 BED 1218 A kA 1980 Site 1, 5, 6, 7 T 6] F
10491 o7 4Tz A site o]} ﬁifﬁﬁﬁﬁﬁb} A7 Ao 15m el GHEaeoF & Aol
g

Pike] AR w139 ABE o] A R o F Mkl AL EHE 1040 Yo
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Table 4. Skewness (g:1) and kustosis (g:) for study sites in Kwhang-nung area; 7 is the number
of observations at each site; *p<0.05, **p<0.01, ***p<0.001

oo, sie 0 NI g e xsol, Bl o
1979

1 L 77 8 0.813** 0. 008 0.1077 123, 64 15yr, 14m

3 A 84 6 0. 995%* 1,563***  0.0636 540.48 40yr.

4 A 71 6 0.432 —0.486 0.0611 531.34 47yr.
1980

1 A 80 10 2.176%**  8.782%**  0,0905 587. 50 42yr.

2 K 79 9 1.214*%**  3,053***  (.0743 484.81 40yr.

3 A 81 7 0.571*  —0.092 0. 0974 619.14 40yr.

4 A 80 7 0. 292 —0.522 0. 0459 632. 50 45yr.

5 K 80 7 2.1589%%*  6,014***  (0,1610* 442.50 40yr.

6 K 80 6 0.028 0.472 0. 0505 585. 00 40yr.

7 L 81 6 1.390%%*  2.521%**  (,1269 230. 00 15~20yr.

8 L 80 8 1.395%**  —0.839 0. 1764* 123. 50 156~20yr.

9 L 80 10 1.261%%  —1,374* 0. 1969** 102.15 15~20yr.

a: L, Larix kaempferi; K, Pinus koraiensis; A, Abies holophylla. b: Kolmogorov-Smirnov test.

A EAR Apelol o] A1AEE A Zor (Table 3), 40 o] ]2k Zql ARe] =)<
= A e (Table 4), %A HELTEE FUT 5+ dodvh

Increment core {RFLE WARESY EHES A4Uo o (HEE KEETD 2AAA4HS
orot R uzL & wf 473 Easok & Aol

S FE S8 TR AR o] 4 AAEE WA =Y BEAA = ok Ao}
Table 3¢] Site 5, 8, 901]*1 0]E T AR RS da Yol 715 falshd o
A A FHtL AET +40 & e glovt 2T Ee o AR5 934U BE
2 %3 +gE B —.—1;]- ET EBEAAL G528 XE 2 EFEFO]VP vhol 7k A
v sl b3k "4 ‘s%i»} 2T BET w4 & UM I Yl Ao R "53]
Hop olge] TRl o] dA AztEE A e A Rk —‘:D}-

Wi ko 2 MpREI gl A AT52 1g:3te]l MERESY 24 2} F-& Table
32] 1980 Site 29} 1504 A& 4= sivh. MERE-S MEHIE e}t physical stress(a}zk
Tl k&, KGEHE 3)7F 23t KRl o $Adtd 2¥8x 5 a2z,

Ford (1975)+} Mobhler et al. (1978)& HEEDS BE 1270 Lk Aolok gt} x F3Es}
L RN Iﬂ%cﬂlﬁ S5HORE AL AdAE BRI +21 % £ + %lSdJ_ﬂL sﬁeoﬂ‘i%
10 92 AL oot 2444 ZHl of Wbl A FEI 112 B F 9T 1044
gL site oﬂ/ﬂ% A& BEL &% & 4 dich Ford(1975)¢] 7he] %Ti%lzl
(Picea sitchensis)2] g zke] 0.408 14 0.735% Yo} o] ATFolAdLyE g3l
0.498 9|41 2.172 2] W) olrtE o] ATl AE #ifEe] tt=2m, 9 HEekar
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Fig. 1. Stand structure, ages 10-50, of the populations of Larix kaempferi(L),

Pinus kora-

tensis(P), and Abies holophylla(A) at Sudong(SU) and Kwhangnung(KW) in 1979(79)
and 1980(80). The determination of interval of basal area between successive bars in the
frequency histogram was based on Sturges rule. The mean basal area (cm?/tree) is given
within each histogram. Values of g, and g, all positive, are significant, N indicates number
of observed tree. Arabic figures next to SU or KW are site numbers except SU-4 (Sudong
A site) and Su-B (Sudong B site).
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(Fig. 1 continued)
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Z gAY, ohd FHoHd Eeks sl fiol leptokurtic ¥ 44 = repulsed distribution
£ Axstn Bofok T Aoleh,

g1 3} g, ol W3 t-test = HE5} Kolmogorov-Smirnov test o] glejAlE HEZR Z3F
Ao| FHES vk o] %%+ non-parametric statistics o] 7] w}F-ol] f-test R} W HF
QoA & Aol Aoz 4o,

=

BB o] FIRE el Jlo] BIMEES ToE & AR BHEBA 4], T,
9, 245, WTF 34, TA, o137, A, WAL, AH-2@KRE) ol
Al As] ZAske R KB KBEE e, ]Wzloﬂﬂ] Zeapgket, sl 28 A, P
T % dAETE BAMEEET ohizl EHEEH(e, 7 WA ¥ HEG)= =3
th olE2] Bt ¢ glelE o 4% T H A9l Aolvh =T WRARE TN T X
Boiboll wiobe] PEAMRLE

wm O E

1979 %= ©l 1980 4Feoll FEE NS BME AEEA A EEEEEY EES S skewness o}
kurtosis & HrEsty] §lshe] 2 46 S B Eiftel A EARY BERE WEedA Asieh o %
FEib e 10~50 F & Aol BHEL AT, a4, AT o grltsaudFolcl. & el A9 B
ERE 70~11001 RIS B Sturge o HRel wh3ton], 5~10BEA . Kifel 2le] A 1o
(FE) ot AR EEHEK (cm?) < 247 10~20 2 27.60~383 ¢ gl 2, Yol 4 15~47 D 102,15~



March 1981 Oh: Intraspecific competition within coniferous monocultures 57
619.14 o}t F XE AYstn e FelA +g3E VbR, 6AE Atz 2 kel
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£ 83 Kolmogorov-Smirnov €4 3H-& vrebileh. 4 8% ol o] 74 o] ozl AR BRES
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o} oh)x leptokurtic F7if RS Axshn R},
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