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o2 Abstract

In order to achievéhe sustainable managemengaefietenia macrophylldt is neessary to
collect and predict the status, functions and changes which in the forest level, stand level and tree
level. The growth and yield are indispensable data in stand level and tree level. Therefore this study
discussed the changes of three levelsparticular in thinning effect on the stand structure
development and regeneration $fvietenia macrophyllgplantation. In the tree level, we
investigated the tree core of percentile Xp.24, Xp.63 and Xp.93 sampling tree in each thinning plots
and got thdree ring data. We used Schnute growth model to estimate the 3 percentiles in different
time. Finally, we used percentile estimators to got Weibull parameter in different time. The changes
of stand structure after thinning were detected. The results stiatigtie absolute DBH growth
of each percentile shared the same tendency, and the 30% thinning degree was the most. We used
Schnute growth model and percentile estimators to calculate Weibull parameter b and c value. The
result showed that Weibull paraieeb value increased with age, and also increased with thinning
degree. The c value was between-282 and present positively skewed. In the stand level, we
established the thinning treatment of 10%, 20%, 30% thinning degree and control site by the
palameter diameter basal area $Wietenia macrophyllavhich located at 2ndorest
compartmenof ShinHua Forest Experimental Station and planting in year 1978 and thinning in
year 1999. Each thinning treatment has three duplicates and has 12 thinnindniplota/as
20mx25m. We carried out plots inventory after thinning separately in year 1999, 2001 and 2008.
Finally, we used the parameter b and ¢ value of Weibull probability density function to describe the
diameter distribution. ¥5 goodness of fit test wee used to test the observation data and
predictvalue. We also inventoried and analysis the number of seedlings, age, height and ground
diameter. The thinning effect on the development of stand structure and regeneBatigteoia
macrophyllawere disassed in the paper. The results showed that: Weibull parameter b value has
increase along with age. The b value from 222185 in age 21 to 32.437.23 in age 30 of 10%
thinning degree. The b value from 263190 in age 21 to 31.8R.10 in age 30 of®®b thinning
degree. The b value from 23.33.61 in age 21 to 34.783.75 in age 30 of 30% thinning degree.
The thinning treatments were useful to diameter growth in stand. Weibull parameter ¢ value was
bigger than 3.6 after thinning and present negatskelwed. From the inventory in year 2001 and
year 2008, we knew that the ingrowth number in 10% and 20% thinning degree was better. In
consider of ingrowth, the c value in 10% and 20% thinning stand were 1.87 and 1.76.The



regeneration inventory of seedlimgthe thinning plot, it was high relationship in power low in
seedl i ngbds a gdametdn @he gumber ch seetllings in 43%ethinning degree is
9,300stems/ha. It was high than 4,200stems/ha of control, 6,000stems/ha of 20% thinning degree
and5,300stems/ha of 30% thinning degree. In this study, the 10% thinning treatment seemed useful
to regeneration and growth in seedlingSefietenia macrophylldn the forest level, this study
concerned about the landscape change olusedh the ShifduaForest Experimental Station in

the year of 1992002. FRAGSTATS formula was used to analyze landscape structure index of
landuse map in year 1993 and year 2002. We selected landscape index such as the general area
index, the shape index and the landsciypersity index and landscape changes were discussed.
The results showed that: 64.3ha (12.73%) of the-ISin Forest Experimental Station was
occupied by pure forest 8iwietenia macrophylland 167.76ha (33.22%) occupiedwyietenia
macrophyllamixed forest landscape area under the boundary of 505ha in thél&hiRorest
Experimental Station (there is 62.05% under the NCHU ownership of 374ha in tHdu&hin
Forest Experimental Station). From the results, we found that th@92&hange of mean skap

index (MSI) different forest type in Shitua. The results show&ietenia macrophylleelated

mixed forest types have expanded. The information revealed the increasing ten8evietenia
macrophyllaby the landscape diversity index. We could explarforest types were more diverse

in year 2002 than ySweteniah&®pBylee ddapivstorsgeneratee d t h at
and grow in that are8wietenia macrophylia growing well. Because the pure forests of bamboo,
Tectona grandisind Acaga confusawere substituted b$wietenia macrophyllanixed forests.

Above all, Swietenia macrophyllavas adaptive to regenerate and grow in -Sliia Forest
Experimental Station. If we could give some tending operations, it will promote the seedling
regenestion and stand growth. Therefore, if we want to apply thinning orSitietenia
macrophylla it is necessary to decide the thinning intensity and consider the tree position, choose

standard and environment factor, also.

& Keyworde Weibull pdf, Percentile, Schnute growth model, Ingrowth, -Glia Forest

Experimental Station
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1) € t (Largest Patch Index, LPI)

€ Hs Y LPI Q0 Qg 7 € MUMB 2z

1 1 Y/ LPI=10Q LPI 0 € N w ¥ YMp 100

Y oOmMuwmyY PpMNYLPI 0 € T M'HP AMunmYh
A 100 G 100M )
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o ()
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2. 1O
(1) %dr Qr (Mean Shape Index, MSI)

"Hx L 10CHGD 1 Y/ MSKE] QA N
/1 Y/ MSlhxYa® FlL MSI 0 € W 11
XCOYg o JK O w + »n 'HCD L pny
MSI 0 nQE Mxd )

m n P
A4c 5
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T i Y
2 xd N < (Mean Patch Fractal Dimension, MPFD)
0CMYy A ~pYZ n <€01Y E t 1 HGD
1Y/ MPFD Q0 1 E 1 Y/ MPFD Q0 2, MPFD 0
E Ns= Mp2¥Y W Y Ns Y ©T°
3]
oo 2np,
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MPFD =2 1%
@ N MYMPFD % d o SYPij i j AE
Yajr i j N
3 . Ar

(1) Shannon's ﬁn- (Shannon's Diversity Index, SHDI)
z2XC 1 Y/ SHDI=Q 1Y W
F1 Y/ SHDIX n FYZ SHDI >,
SHDI=-4 (p - I p)

@ NMYSHDI Shannon A Ymy M £ Y
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Pir M"HP M W]
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(2) Simpson's 1]  (Simpson's Diversity Index, SIDI)

~

X CH 1 Y/ SIDIt O © . 5 9
ne mWr Fo F1 Y/ SIDI Q0 1Y0<SIDI<]

SIDI=1- § p?
i=1
@nNMYSIDDI f+ Simpson A Ymy M £

o o

PiT M"HP M W]

<

() Y ASimpson's 1}  (Modified Simpson's Diversity Index, MSIDI)

~

TXCH 1+ Y/ MSIDI 0 0, MSIDI N7
" F~ FYMSIDI>0,

MSIDI=-Ing p}

i=1

- ~

o NMYMSDIY £Simpson A Ymy M
£ YPig TTOMHP MW
(4) Shannon'sd n = (Shannon's Evenness Index, SHEI)

M zXC 1 YH | N one FD
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<SHEI< ]
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SHEl=—2
Inm

@ NMY SHElq Shannon ¢ Ymyp M £ Y

o o

Pir M"HP M W)

23



VW € 07 KWL QN B N

&

Ua = Ca

v ]
Q Qun
v
A4 ’{J *
20021 E U
\IJ A 4 A 4
¢—|ﬁ Qn B 20087 A |—
A
0 . hI_ 1;99 02
- Xp63y Xp93
| | Qun H Qu 2000 — o P 331 P
T
A A 4 Yy
1993 v rlﬁ . 4
v | teQn
E 20021 E My : 1
:) / 7 - —
£ ’ ThE DBHy Schnut#
| ASE ] eM Weib ||"' by "
=, elpu C
n A Y l
+ . n
N n 1 M
r Weibullay by c
\ 4
w, ~ A 4
°° » Qu yQuin yQuB <

A 4
o

24



ERANSL>
()

i
Q

Xp.24y Xp.63y Xp.93m un ne
9t 0MQ € 07 I y10 3  y20.
& 30. = LY n N"H 3 SV

ny M, MmMmu A W KopYvv N" A 3 1Y
fMu M Qu A8 obT AYuoyzXT1 AW
] ¥ YXX Xp.24t ‘Qu B N €y Xp.63/ ' ®t X
diEY ~ Xp93K tQuen S

t3? CE gy 0oQ € 01K N N Y
> a N "H BNT N Puéy DBH A 7 W
P Y 100 11 12un" ® oQ € 07 K 19997
e n”~ 3 N Xp.24y Xp.63€ Xp.93A 7 Y 10MXK
oY M Xp.24" & VA At YZW 1 A FoX

A Y V Xp24anB QM "N aBYal 100 V-
M Xp.24 /X 1 A Fo~ FY20 € 30. 3N Xp.24

JVLZM XY A FY L 27T€ 3TXtMnN

o -

11t o™Q € 01K nN° 1 1 Xp.63A 7
Y M Xp.63v vy~ & VA NAtYZN Ooufliey
Qb= y N | ~ 10 VN Xp63 JVL 17TYN

Xt n Y LZW UAXBIEA o] ~ 20 € 300 -
M Xp63" ° JVL 2TE& 3TXT MM nYZ N o
nuNley ~pYW 30 NN F ]

120 0Q € 07 K N° = M Xp93A 1

Y MKW Y N Xp.93° " ou BIEA oVY*®
3° 20057 LX T MM Yvo nu:r MQEBAB QI Y-,
v A L] ~ 10, <N Xp.93° L 1T7YM xtMn

Y LzZW X9 , tvM0 |20 & 30 <M Xp.93
VL 2T 17Xt M Y LMW ounej



Yeat

26

11 o0Q € 07 Kn’

RV,

1999 2000 2001 2002 2003 2004 2005 2006 2007

45 - —— 0%-F24
—=— 0%-F63
—+— 0%-F93
b —+— 10%-B24
B35 t .
H —=—10%-B6
- '/‘/,,w —+—10%-B9
c —— 20%-A24
m 25 —=— 20%-A6
- k/‘/r/k/k/*/*’*/*’#‘ —— 20%-A9
—+— 30%-H2
15 . . . " " " . | —=—30%-H6
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 | —* 30%-H9
Yeal
9 0Q € 07 € VL Xp.24y Xp.63€ Xp.93I Y
15
1r —e— 0%-F24
dDBH/d! —=— 10%-B24
(cm) —a— 20%-A2
05t _/ —=— 30%-H24
O 1 1 1 1 1
1999 2000 2001 2002 2003 2004 2005 2006 2007
Yeal
10 0™Q € 07 KEnN” 3 N Xp.24A %
2 -
15
—e— 0%-F63
dDBH/dI | | —8— 10%-B63
(cm) —a— 20%-A64
—=— 30%-H63
05
0 1 1 1 1 1 1 1 1

M Xp.63A 1



257

2 +

apsHidi > |
(cm)

05

1999 2000 2001 2002 2003 2004 2005 2006 2007
Year

12 o Q € 07 kN RY

—— 0%-F93
—8— 10%-B93
—&— 20%-A93

—=—30%-H9]

M Xp.93A 1

1Y 100 VA 3Mmu " 0 I WDYXp.24 Xp.63
& Xp93 L 1T' XM tv1n 7 200 VoA Xp2&
Xp.63& Xp.93A I 0 NWOYZW Pyl 27Xt
M ] Wy 300 VoA Xp.24y Xp.63& Xp.93Y X’ 3
Tp W tMn ny, no pll n4. u
I H < N2 € 3071tEennm "H |
(3 ) Schnute/ n
13 14n " + 100 M Schnute/ no
Y O&3MMN ay b 17K ~Y W© nt>. "H N ¢
EYL 11 ) o} FYr L ] 15 16 u
n+ 20 300 M Schnute/ no Y 0N T
FNo3y £]
350 r
D 300 |
5250- —— Xp.24
AZOO- —=— Xp.63
m150- —4— Xp.93
100
m
_ 50 ¢
0
0 20 40 60
Yeal
13 0Q € 07 I M SchnuteA no

27



——Xp.24
—8— Xp.63
—— Xp.93

Year

14 o0 Q € 0i kE P 100 = M SchnuteA n o

—— Xp.24
—=— Xp.63
—&— Xp.93]

Year

15 o0 Q € 0i lE P 20 = M SchnuteA no

—o— Xp.24
—— Xp.63
—— Xp.93

Year

16 o0 Q € 0ilE p 30 M SchnuteA no

28



®3 o € 0i I Mu M Schnute n ...
W,
e M1 W, W, a b '(k)T'(’g(Tvv;) T, T« Ws To Ws MSE £
Xp.24 1.71E19 2152 006 079 -064 1 464 391 164 2893 2585 1
E  Xp63 016 3192 011 022 -002 -225 1156 122 102 37.73 316 1
Xp.93 085 4174 003 092 -004 035 34 441 394 6869 1051 1
Xp24 046 2282 005 101 -006 069 057 - 130 3209 145 1
F  Xp63 1.08 2676 016 -0.06 2.70E03 1 917 1058 61 2801 31 8
Xp.93 7.98620 37.22 006 083 -061 1 398 553 156 4696 31.46 1
Xp24 107 26 012 0 -153E04 -37.67 11.04 10.76 99 2928 392 1
G Xp.63 3.10E22 39.3 005 071 -053 1 87 1036 163 58.66 1495 1
Xp.93 3.30E17 39.08 003 077 -048 1 1041 1251 326 8467 564 1
Xp24 033 2366 012 021 -001 -308 938 811 86 2496 242 1
B Xp63 026 321 008 034 -002 -144 1145 1137 134 3854 583 1
Xp.93 017 4416 009 035 -0.03 -0.69 11.43 1534 161 5232 272 1
Xp24 016 3192 011 022 -002 -225 1157 122 106 3773 316 1
10% D Xp63 085 41.74 003 092 -004 035 333 432 332 6863 1051 1
Xp.93 1.19E17 215 006 08 -058 1 463 39 96 289 2587 1
Xp.24 1.44E20 30 005 075 -057 1 646 668 125 4249 2221 1
Il Xp.63 103 3662 009 016 -001 1 1264 1416 78 4214 261 1
Xp.93 1.37621 44.88 005 071 -055 1 828 11.91 158 67.46 11.86 1
d-&dy E 11 B dhcm
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R M1 W, W, a b ':r'(’g(Tvv;) T, T Ws To We MSE £
Xp24 0 3386 007 086 -057 1 326 41 126 4079 9315 1
A  Xp63 171 3606 02 -082 004 - 139 1789 65 37.16 1626 8
Xp.93 119 4248 015 -0.12 001 - 1113 1727 68 4441 46 8
Xp24 065 3532 01 02 -001 -467 1134 14 75 4267 395 1
20% | Xp63 046 359 01 034 -002 -1.44 93 1219 73 4127 333 1
Xp.93 097 37.8 017 -051 003 - 1502 1838 55 4125 159 8
Xp24 081 2248 019 -04 002 -  11.68 1039 42 2409 499 8
IV Xp.63 106 2984 018 -059 003 - 141 145 52 3183 623 8
Xp93 0 3814 005 078 -053 1 599 7.74 148 5364 1746 1
Xp24 098 2602 019 -047 002 - 1185 1198 49 2722 209 8
H Xp63 0 319 004 069 -061 1 933 1009 137 552 1342 1
Xp93 0 4202 005 077 -06 1 58 895 135 60.05 4891 1
Xp.24 098 2346 011 051 -003 -094 535 64 78 2601 19 1
30% I Xp63 086 2416 02 -028 002 - 978 1035 50 2499 594 8
Xp93 0 3352 006 073 -057 1 67 809 121 4869 1898 1
Xp.24 1.08 2918 0.12 051 -003 -0.61 487 7.87 50 3173 7.46 1
V  Xp63 083 3404 017 -056 003 - 1661 1773 56 3926 219 8
Xp.93 071 4566 0.17 -0.16 001 - 1143 1882 45 4755 196 8
d-GY E 11 B dhcm
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®4 0Q € 07T K 199871 3 2007 1 M Weibull 1
Ve 0% 10% 10% 20% 20% 20% 30% 30%
F B 11 A v H Il
1 Q c b C b C b c b c b C b c b c b
1998 21 151 793 105 583 058 189 0.73 191 - - 224 956 0.68 3.04 058 1.26
1999 22 142 760 112 6.69 0.63 223 085 248 - - 230 10.79 0.76 3.75 0.55 1.22
2000 23 130 7.12 117 752 066 254 0.93 292 095 097 236 1196 085 4.61 050 1.14
2001 24 120 6.65 1.25 849 068 2.82 099 323 120 0.87 242 13.08 097 5.68 0.47 1.05
2002 25 110 6.16 1.30 9.38 0.71 3.10 1.01 3.37 0.76 052 242 13.87 1.10 6.95 0.44 0.95
2003 26 101 568 1.39 1046 0.71 3.30 0.99 334 055 0.32 248 1484 125 8.46 0.40 0.84
2004 27 0.95 528 145 11.44 0.73 351 0.97 3.23 040 0.17 248 15.46 145 10.38 0.37 0.72
2005 28 087 483 154 1259 0.73 365 091 3 025 0.04 3.02 18.67 1.65 1253 0.35 0.61
2006 29 081 443 161 1366 0.73 3.78 0.85 2.73 - - 285 18.34 194 1541 0.33 0.5
2007 30 0.76 405 169 148 0.73 387 08 244 - - 262 1759 2.3 19.05 0.28 0.39
b-Oy E 11
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&

| en weibull

BA

qJC?

21 1T W

Weibull K-S test

23 1 W

Weibull K-S test

30 1T W

Weibull K-S test

b c Dn D.0s)y D.o1)

b c Dn D.os)y D(.01)

b c Dn D.os)y D.o1

0%
0%
0%

29.1606 3.1601 0.0645 0.4134 0.3450
26.2211 4.1959 0.0625 0.4069 0.3395
31.3814 6.1793 0.0873 0.4390 0.3663

31.0788 3.2516 0.0745 0.4205 0.3509
28.6378 4.5212 0.0625 0.4069 0.3395
33.2766 6.0748 0.0569 0.4390 0.3663

33.2391 2.8247 0.0860 0.4168 0.3478
30.7192 4.5830 0.1112 0.4205 0.3509
36.8563 5.5618 0.1071 0.4350 0.3630

10%
10%
10%

27.4566 3.2774 0.1107 0.4854 0.4050
29.5821 3.9065 0.1061 0.4804 0.4009
29.7459 4.0188 0.1414 0.4239 0.3537

29.3891 3.5958 0.1366 0.4913 0.4099
31.1627 3.9348 0.0833 0.4804 0.4009
31.1018 3.8758 0.1276 0.4239 0.3537

32.1204 3.4449 0.1304 0.4800 0.4005
36.0436 3.5306 0.1667 0.4699 0.3920
37.2300 4.1390 0.1381 0.4277 0.3569

20%
20%
20%

34.8997 4.6732 0.1634 0.5505 0.4593
27.9097 3.5169 0.1111 0.54% 0.4527
26.6119 3.7328 0.1619 0.5085 0.4243

37.0784 5.0012 0.1333 0.5085 0.4243
29.4646 3.5179 0.1667 0.5425 0.4527
29.1023 3.9178 0.1061 0.4966 0.4143

42.0961 4.1348 0.1250 0.5459 0.4555
32.8656 3.5448 0.0952 0.5023 0.4191
31.8126 3.6294 0.1364 0.4907 0.4095

30%
30%
30%

29.7659 6.3853 0.2179 0.6516 0.5437
23.4883 4.1224 0.1366 0.3759 0.3137
33.6110 3.3651 0.2857 1.0202 0.8512

29.7/69 5.7905 0.1374 0.6269 0.5231
27.8253 4.5768 0.1203 0.5153 0.43
38.6940 4.0562 0.375 0.8424 0.7029

34.7783 5.3898 0.1176 0.5583 0.4658

43.7458 4.1080 0.3333 0.7909 0.6599
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L OO 6K Y K-S (¢YDn1' HU DO0.01& DO.05Y v
ot o > N LN~ ne Weibull c1K

Yc1 HU 1.7636M Ymen , e unXYX 'Y B

BX BQIEMp YV BXY M- Yazq 10 € 200 e

M YZc1 Hunt 1876 174

®6 00Q € 07 K Bzz W 1 Weibull

R BA Weibull K-S test
e Dmin Dmax Dmean a b C Dn D(0.01) D(O.05)
E 111 61 2958 0 33.24 282 0.09 042 0.35
F 6.8 41.8 2636 0 29.25 355 0.06 0.4 0.33
G 208 46 3403 0 36.86 556 0.11 0.44 0.36
B 5 46.8 2353 0 2645 1.87 0.2 0.42 0.35
D 10% 5.6 59.4 28.15 0 31.66 2.31 0.16 0.43 0.36
1 5 541 31.3 0 3482 295 0.16 0.4 0.34
A 52 59.7 299 0 3332 176 0.18 0.46 0.39
| 20% 134 49.1 296 0 3287 354 01 05 042
\Y; 5 495 2598 0 29.13 258 0.12 0.46 0.38
H 53 44 3054 0 3354 398 0.21 055 0.46
I 30% 5.2 47.8 2652 0 29.41 3.05 0.21 0.47 0.39
\Y; 9.8 555 3658 0 4098 298 0.4 0.77 0.64
26 KdopYO = N YZ- uZl'y v
mézZ4, K tQunE t YZ' "1 € 00 K
km B ) 100 Mn Y2 I Y Yuen
e un XY, 27HY Y y 100 A 3 X2 0€ 01 K€K
lkn: M ) 200 B N Y. 28"Hy z X2 Yu
ep X y e uXy 100 = TWY20. A
DE 017 KEK SEPRRN ¥/ 0zXTRIM QL O 29
pY v <A FYZ 30 M-~ K€ 'Y @0 10
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1 5 9 13 17 21 25 29 33 37 41 45 49

(cm)

29 0 € 0171 K30 = bz QkMmQn »

(t) Qu
1. E D 0
(1) ¢ 1€
0Q 0 200573 20077TQ XX ¢ IEY Z
(cm) Nun t 37,286,252, 249(cm), (m) Nwnn 21,21, 205,18
m, Awn 1x\ gl P N neYnwodyye 0
i KEND nj°n Elen " N N T Z 84 eY
P 8~ k&'~ A .|
2 86 " n
Jiedb + 6  Y~uDD H £ |NNQ XK. uynNz
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Q) xd n = (Mean Patch Fractal Dimension, MPFD)
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