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Abstract: Vegetation changes were studied for 16 yr in clearcut logged Pinus densiflora forests in the southern
Gangwon-do province in Korea by applying chronosequence approach. Ambient temperature and relative humidity,
Detrended Correspondence Analysis (DCA), Multiple Responses Permutation Procedure (MRPP), Indicator Species
Analysis (ISPAN) were used to examine successional trajectory and compositional changes. After clearcutting,
canopy openness was increased abruptly at three folds (1yr 68.3% and R1 23.0%) and then decreased, but relative
moisture was slightly decreased (6%) compare to control site. In the result of DCA, right after clear cutting,
vegetation composition was developed heterogeneously compared to control sites, and then approached to control
sites within 16 years. Based on MRPP, species composition of each developmental stages (1yr, 3yr, 10yr and 16yr)
revealed signigicant differences to that of control vegetation (R1, R3, R10 and R16). Indicator species in lyr and
3yr samples included various woody species rather than herbaceous species, but in 10yr and 16yr, herbaceous were
more abundant. Earlier succession of pine forests likely can explain to Initial Floristic Composition (IFC) Model.
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ZARE AAlsk. okt
o] Bl QA Fol fAkg Ao dae] #d4, AP S
)2 A8 3l (Inouye ef al., 1987; Pickett, 1989), A1 2]

2 B3| o]t o] A A 24 W 7h5AdS FH &Sk,
A A sAEEA F 33 [3yr], 10 [10yr], 163
[16yr] A1) =AF(EA £ 0.7 [1yr]A9) A e] &
ANA A& AT Aoz A A K Figure 1). ZH2he] AL
2 A AUF"AA dx A8 R)E G53ATHRI,
R3, R10 % R16). 2AAY A4 el 5f-H 2] 4, 4

Table 1. Physical and geographical settings of study sites
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CER S REENEIRER
s,
24 Qo] ARke 2y

H, A ALAEA] B FARH )3

BE ZARFOIAM o)A, die] A% 40~601d
ot A A= MNEAYGFAA, T4A # =2

Al # 22 100 m o) Hojzl ool A FAIEATE 2AA
ax0] s, AP B AR 2H} 690 m, 220° B
18° ©] A TH(Table 1).

lyr ZAFFE A2 3F VR ZARR] A, 4 7
719} 22 B Zgo] o] FolAA] e ALnE A
stk 1yr AR 20083 10956 20099 29714
A 2ol o] FolH AL, AFAL AZI7EA] A 52} 2}
2 B o FofAA Tk 3yre AR, 10yre
BAHFE, 16y 277 242F A= o] ISIvh 2F A
Ao F2E A A, Ht(n=5) FLTHH (area of
breast height, m?)& x}o]7} Q1A L(F=0.24, p=0.869), &
o DX (stems/ha)= 1yr(1570.0+£103.1 stems/ha)o] 7+
SOITH(F=3.64, p=0.045) (Table 2). WA 2] F0 ¢
A F& A2, 23T 2 S 5o
B AU S otk

ZF AR oA a3 I 0] 87 B AAS A
ZAPH B S A8ete] AAlsii). 7 HAA] %
1 dollA T By wFo R dA 7HA(10
m)€] 20 m AEARFE AT 2F AelA 5 m 7H4
o7 57 2META mx1 mE FAY FHTE 5 F
7o ® dA skt

wEx| ] 713 ks #4817] 918 =% (Temperature,
°C) B Ath<& E(relative humidity, %)S =743
(HOBO PRO Relative Humidity and Temperature Data

e

Logger, Onset Computer Cooperation). 7173 £.219] =42
R3 9 R16, 3yr & 16yr A 9] F4lolA 119 F<2HoE
302~109 109) S43ATh SAHE 52 107914 16
Al Atol €] kg Hatste] A 8T

Z} Wi o] Aol B - = (Canopy Openness, %)
SS9k ofekl= s FY A TtH(Nikon D90, #=
Sigma 4.5 mm; F2.8 EX DC CIRCULAR FISHEYE). %

2 A% 1T melA 5o, £42 Gap Light

Geographical location

After clear-cutting Altitude (m) Aspect (°) Slope (°)

Latitude Longitude
lyr 465 225 15 37°16'01 129° 02'54
3yr 750 195 18 37°21721 128° 5620
10yr 790 220 30 37°21'12 128° 56'53
16yr 750 235 10 37°21'48 128° 55'43
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Table 2. Means of area (m*/ha) and density (stems/ha) of tree species in study sites

. lyr 3yr 10yr 16yr
Species
BHA* Density BHA Density BHA Density BHA Density
Pinus densiflora 452+3.971250.0+104.1 53.4+14.3 950.0+170.8 51.0+7.9 1300.0+178.0 43.9+3.8 1650.0+193.6
Quercus mongolica <0.1 150.0+64.6 134+0.441025.0+314.6 13+0.5 900.0+402.1 05+02 350.0+86.6
Q. variabilis <0.1 25.0+25.0 <0.1 50.0+50.0 0.1+0.1 50.0+50.0 12+0.6 425.0+85.4
Q. serrata - - - - 0.1+£0.1 100.0+100.0 <0.1 25.0+25.0
Maackia amurensis - - - - - - <0.1 50.0+50.0
Q. dentata - - - - - - 0.1+0.0 75.0+25.0
Rhus javanica - - - - - - <0.1 75.0+75.0
Larix kaempferi - - - - - - 1.0+1.0 250+25.0
R tricocarpa - - 0.1+0.1 1250+750 02+0.2 100.0+100.0 - -
Fraxinus sieboldiana <0.1 150.0 £64.5 <0.1 100.0 +70.7 <0.1 50.0 +50.0 - -
Lindera obtusiloba - - - - 02+02 125.0+125.0 - -
Acer pseudosieboldianum - - - - 02+02 150.0+150.0 - -
Sorbus alnifolia - - - - <0.1 25.0+25.0 - -
Total 454+£39 1575.0+103.1 55.1+14.1 2250.0+£295.8 532+8.3 2800.0+465.5 51.7+3.8 2675.0+143.6
*Breast Height Area.
Analyzer v2.0 22138 o] &3}t A FAE] Table 3. Mean canopy openness (%) and light availability
Qs HAaE 8 QR vE U X o ] A3 (mol - m™ - day™) of each studied and reference sites.
Al Zk ol 4228 3} YH(Frazer et al., 1999; Haugo and Group Harvested Reference
Halpern, 2007). Mean Se Mean Se
7} 2987 oA, 28E £ 9 95 (%)E 71259 Lyr 68.3 1.0 23.0 12
o el ) AT T g B shel ¥ o o Ny
10yr 15.1 1.8 9.9 0.6
&7 o= ST =T #=100, BAA] #=100). 16yr 59 03 9.7 03

7z} Ho| @A oA, 324 H3l= Detrended correspon-
dence analysis(DCA, Hill and Gauch, 1980), Multiple
response permutation procedure(MRPP) % X 3% HA] EZX, HAR] FE7F & SR F 6% S, 16yroll A
(Indicator species analysis, ISPAN) ©]-8-3}of #2443} = 58.8%, R16°1A+= 62.1%% YERY, S A] A X] 7} oF
111r(1\/[cCune and Mefford, 1999). DCA%IA], U] #] <] tf 5% S

£ SR R) FolAl EA 8, A o) e A4 A 2 jr(lyr) TFHIHEE oF Al vl F7FFAAL(1yr
Ao g Aottt #£5 &4 WHile 7 dAE HAES 68.3% 2 R1 23.0%), 1% A=} asig =, 169 733

"‘Z‘ —
g5 oo A vlasigith A8 F2 AgET@ Folle tixTe] il FEoR UERdti(16yr 5.9% 3
B, oln B R 3 AE/F)eR PR & A HdS RI16 9.7%) (Table 3). 34, thz7-o] 42 14 WA
AT & dTelM e A 34 FE5] Aok 2 9 9L Wol e Aos eyt AR Y Fa4d
& BARH feldEvhs AW 24 S Ttk EE7F100%7F HA = 2 180%] 77k gl =
thi e 2 @ 2242 PC-ord 4.0, SPSS 15.0 Z271 o] Aozt 54 wiolu}.
B 22 ol &tk A8 T o13E(1993),
B SE A A= 7820078 TRt 2. Hol HIH
Z7)0le AAt old A Ao s WIS, 104 7
A 1 ol F, TR A o) Aoew HA sk A
= Ao 2 YEthFigure 1). g tfFst Wako 2 2
1. 84 Hst Aol WSl o] YEelstth. MRPP Z¥K(Table 4), 7t '8

3yre] Fat LE= 202, 9F & MR R3IM= 176 A7 279 2L ol Aot dle Aem
ER, HAA 71 & SHTE OF 15% =L, loyre UERRTE 28]l AEare tix27e) Aole o] 27
144, RIFIME 16,52 #A=]0f, FAlA] 7120] oF 13%  (Bynoll 7P 2L, ©1F 10yr B 16yrol A Fadhs 2o
wiokth. 3yre] it AUFEE 51.5%, R3IME 547% = UERthd BAF 2.
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Figure 1. Ordination of species composition in studied forests.

The result was shown by centroids and bars of standard errors 7 ]E"H Al QR L, AN, AAE, 7H 7,';]_‘ —:H Z}Eq Xﬂ H]
(se) at each s1tes‘. References (R1, R3, R10 and R16) were oolg], 4gF 2 WAl 5o 2B 13F0] $o)Ft
pulled for analysis.
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Table 4. Results of MRPP to detect differences in species ot 16yrollM = S22, "5]'% 44, 7hedasatzE, oAb
composition between harvested and reference plots. Z, $ARE Rl A w20 A, Hetie: B
Groups compared T A p SR ==Y, T—Z}Xﬂ 122, g 93, 2
lyrx R1 3.62 0.05 0.003 o, ek e, xh%d_ﬂ*ufr, TR A |2, g
R T 0n e gy e 5 sl Se BANT, S0

v X i ) <0 o So] B EEo] £9]3l N FE0 7 KA Y
16yr x R16 -15.02 0.20 <0.0001 O R TH T AEFOR ]2’4‘5}
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Table 5. Species exhibiting significant associations (p <0.05) with a particular stage of vegetation development, based on
indicator species analysis (ISPAN). IV means maximum indicator values.

Species Korean name Max group IV (max) p

Quercus variabilis =T lyr 75.3 0.001
Lespedeza bicolor -2 lyr 55.7 0.001
Rhus javanica HU lyr 45.5 0.001
Quercus serrata B, lyr 39.7 0.001
Pteridium aquilinum FA}E lyr 323 0.001
Patrinia scabiosaefolia u}elg) lyr 18.9 0.001
Salix caprea IYHNE lyr 9 0.024
Betula platyphylla 2} A} - 3yr 100 0.001
Fraxinus sieboldiana HEFZY T 3yr 57.9 0.001
Pinus densiflora EyBRS 3yr 50.7 0.001
Rubus crataegifolius Ak 7] 3yr 50.1 0.001
Rhododendron schlippenbachii zz 3yr 43.9 0.001
Patrinia villosa =z 3yr 423 0.001
Rhododendron mucronulatum = 3yr 39 0.001
Q. mongolica A5 3yr 32.6 0.011
Vaccinium hirtum Ak E A} 3yr 32 0.001
Rubus parvifolius ™Al E7) 3yr 19.8 0.001
Aralia elata FEUE 3yr 18.6 0.002
Peucedanum terebinthaceum 71EUE 3yr 18.2 0.004
Lysimachia clethroides 7R 49 10yr 61.6 0.001

Artemisia stolonifera neoleojole: 10yr 57.8 0.001
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Table 5. Species exhibiting significant associations (p <0.05) with a particular stage of vegetation development, based on
indicator species analysis (ISPAN). IV means maximum indicator values.

Species Korean name Max group IV (max) p
Viola albida AR v 22 10yr 57.6 0.001
Smilax nipponica AUUE 10yr 46.7 0.001
Aster scaber 3 10yr 40.5 0.001
Spodiopogon sibiricus 27124 10yr 384 0.001
Potentilla freyniana A 9 oF =] 2= 10yr 37.1 0.002
P, koraiensis B 10yr 36 0.001
Calamagrostis arundinacea ANEZ 10yr 284 0.014
Asperula maximowiczii N2 10yr 20 0.001
Viola keiskei 2 A v 2 10yr 16.8 0.008
Clematis terniflora oo}y 10yr 164 0.005
Synurus deltoides 83 10yr 9.5 0.044
Athyrium yokoscense ol 7 A} 10yr 7.8 0.037
Polygonatum odoratum =29 16yr 80.1 0.001
Vicia venosa F57+ 16yr 49.6 0.001
Carex humilis ted stz 16yr 46 0.001
C. siderosticta A= 16yr 40 0.001
Syneilesis palmata o= 16yr 39 0.001
Galium kinuta Qs 16yr 37 0.001
Astilbe rubra 7o F 16yr 359 0.001
Adenophora remotiflora BEA) 16yr 28 0.001
Artemisia keiskeana o 16yr 27.1 0.034
Corylus sieboldiana =N GUF 16yr 25.7 0.001
Symplocos chinensis S }F 16yr 22 0.003
Viola rossii Rz I 16yr 21 0.001
Spiraea fritschiana Lz I 16yr 20 0.001
Solidago virgaurea u] o 16yr 19.8 0.001
Adenophora triphylla Zoj 16yr 19.7 0.002
Pyrola japonica =Fu 16yr 16 0.003
Vicia unijuga U UE l6yr 15.7 0.002
Prunus serrulata g 16yr 15.7 0.012
Viola collina =g A 2 16yr 12.7 0.015
Melampyrum roseum =g iE 16yr 12 0.008
Saussurea gracilis L5 = 16yr 7.5 0.036
Lindera obtusiloba A AS Reference 39.1 0.001
Rhus tricocarpa YR Reference 232 0.024
Celastrus orbiculatus eR=1n =P Reference 134 0.024
oAb AlLskd, s fElvtld 7P AR = & AT 8 4Es s | Hed 2 R
F9] o194 weho] ) AUEY Hije JdE FXE 9 (IFC, Initial Floristics Composition Model)Z “d T o]
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