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Abstract
Current plantation management policies have evolved into focusing on both
conserving biodiversity and maximizing economic benefit. Before designing effective
means for conserving biodiversity of plantation forests, we should understand the
difference in species characteristics between natural and plantation forests subjecting
to different degree of thinning. In many terrestrial ecosystems spiders are the most
diverse and abundant arthropod predators. Spiders rely on a distinct complex of
environmental factors and are sensitive to changes of the habitat due to forest
succession, natural disturbances or forestry practice. Therefore, spiders are considered
as a good indicator for comparing the biodiversity of various environments and for
assessing the effect of disturbances. In this study, we compared the spider community
structure and guild composition of plantation forests receiving different degree of
thinning (0%, 25% and 50%). The study site was located in Cryptomeria japonica
plantations in central Taiwan. The diversities of spiders as well as microhabitat
structures and microclimates were quantified once every three months for two years.
Before thinning, spider family compositions did not differ significantly among three
plantation forest types. Results of analyses showed that two years after thinning spider
family compositions of three plantation forest types differed significantly. Plantation
forests receiving differential thinning treatments, including the unthinned forests, had
different spider family compositions in different year. Such results indicated that there
were temporal variations in spider diversity. Two years after thinning, the understory
vegetation densities in all three plantation forest types were higher than those
recorded from the first year. Thinning treatment might have changed the structures of
dense understory vegetation and consequently resulted in declines in species diversity,
individual density and changes in composition. Moreover, the heterogeneity in
understory vegetation recovery rate, and temporal variation of spider diversity, might

further generated variations in spider diversity.
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o~ AR EARE BT et il LA P S HRidpdic (mean+SE) %

ANOVA 4 4% Tukey A 3% (@S 5i— #u T4 (s §- &v %

TR - £ FFHFPRF: X ARBEARUPF: A3 4 1 45> 25% !

B AR R 25%2. A 14k 50% -

B AR R 50%2 4 14k o

P fE %8 Richness Evenness Wsiziglrl?r? d;x Simpson index
(a)
PRF 14.6 £ 0.16° 18.8+0.21°  4.6+0.08" 0.96 + 0.013° 2.56+0.041°  0.97+0.012°
UPF 11.0+0.15° 202+0.23° 3.4+0.07°  0.92+0.018° 2.18+0.042°  0.91+0.017°
25% 125 £ 0.15° 253+0.23"  3.6+0.08 0.87+0.019° 2.18+0.048°  0.87+0.021°
50%  12.0 £ 0.12° 24.6+024°  3.5+0.07° 0.88 + 0.023° 2.19+0.044>  0.89+0.022°
(b)
PRF 8.2 + 0.14 11.2+0.18"  3.0+0.07° 0.95 £ 0.020 1.94+0.051  0.92+0.023
UPF 7.7 + 0.13 17.4+ 024  24+0.07° 0.87£0.019 1.71£0.050  0.91£0.017
25% 8.1 + 0.13 16.4+0.24* 2.6+0.07° 0.88 £0.022 1.80£0.048  0.85+0.025
50% 7.7 + 0.12 126 £0.17°  2.7+0.07° 0.92 +0.020 1.84+£0.046  0.89+0.023
()
PRF 73 + 0.16° 10.9+£0.20°  2.6+0.09° 0.94 +0.015 1.73+0.640  0.87+0.027
UPF 121 + 0.15° 29.1£029*  3.3+0.07° 0.88 £0.019 2.16+£0.041  0.89+0.017
25% 9.9 + 0.17° 23.6+027°  2.8+0.09° 0.84 £ 0.025 1.84+0.057  0.81+£0.027
50%  11.6 + 0.17° 2124025  3.5+0.08" 0.88 £0.019 2.13+£0.045  0.89+0.019
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R AR R TR & B R A 2L A S 8 2 ANOSIM
AFRE o (QEE BT - Edekked o (DB S- Edekkie D o (OF B S S -

Eimbkie S o PRF: X AR EHR > UPF @ Agn s A 1 4k 25% & s 542 R 25%2
A3k 50% ¢ ogm B ARR 50%2 A T Fk e

R P

(a) Global R 0.354 0.001
UPF vs. 25% 0.024 0.285
UPF vs. 50% 0.073 0.099
UPF vs. PRF 0.821 0.001
25% vs. 50% -0.04 0.738
25% vs. PRF 0.802 0.001
50% vs. PRF 0.818 0.001
(b) Global R 0.172 0.001
UPF vs. 25% 0.025 0.228
UPF vs. 50% 0.061 0.063
UPF vs. PRF 0.392 0.001
25% vs. 50% 0.038 0.151
25% vs. PRF 0.363 0.002
50% vs. PRF 0.256 0.001
(c) Global R 0.188 0.061
UPF vs. 25% 0.085 0.005
UPF vs. 50% 0.163 0.001
UPF vs. PRF 0.372 0.379
25% vs. 50% 0.024 0.264
25% vs. PRF 0.236 0.001
50% vs. PRF 0.254 0.01
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2 A imw EIEE TR B REeR a $ 8723 4 53 B 2 ANOSIM
ATz S o (Q)Fn B - Eierkled o (b)iR S (- Ederkled o (OB ¥ =
Edebke D o PRF: % A E+k > UPF: A5t 4 1 Hh > 25% : 25%3x 5 A2 R 2
A3 4k 50% 1 50%s5 B AR 2 A T ko

R P
(a) Global R 0.337 0.001
UPF vs. 25% -0.034 0.669
UPF vs. 50% -0.014 0.576
UPF vs. PRF 0.666 0.001
25% vs. 50% -0.017 0.541
25% vs. PRF 0.625 0.001
50% vs. PRF 0.736 0.001
(b) Global R 0.279 0.001
UPF vs. 25% 0.081 0.063
UPF vs. 50% 0.207 0.003
UPF vs. PRF 0.475 0.001
25% vs. 50% -0.016 0.528
25% vs. PRF 0.453 0.001
50% vs. PRF 0.462 0.001
(c) Global R 0.149 0.003
UPF vs. 25% 0.129 0.032
UPF vs. 50% 0.356 0.001
UPF vs. PRF 0.191 0.014
25% vs. 50% 0.037 0.196
25% vs. PRF 0.04 0.168
50% vs. PRF 0.15 0.021
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Zu A b AR TR LRk L H R AT A A e T2 ANOSIM
AT % o (QE BT - Eerke S o (DRSS Y - Ederked o OB
- Egmprr A o PRE:X AR EAR - UPF @ a5 X 1 4k 0 25% @ 25%¢% 5 42 B 2.
A3k 50% 1 50%E AR R 22 A 1 Fk oo

R p
(a) Global R 0.416 0.001
UPF vs. 25% -0.044 0.791
UPF vs. 50% -0.031 0.211
UPF vs. PRF 0.77 0.001
25% vs. 50% -0.047 0.85
25% vs. PRF 0.825 0.001
50% vs. PRF 0.837 0.001
(b) Global R 0.202 0.001
UPF vs. 25% -0.036 0.732
UPF vs. 50% 0.09 0.063
UPF vs. PRF 0.253 0.002
25% vs. 50% -0.021 0.571
25% vs. PRF 0.413 0.001
50% vs. PRF 0.54 0.001
(c) Global R 0.074 0.041
UPF vs. 25% 0.033 0.227
UPF vs. 50% 0.186 0.026
UPF vs. PRF 0.06 0.134
25% vs. 50% 0.033 0.223
25% vs. PRF 0.063 0.103
50% vs. PRF 0.074 0.103
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27 A the fBHEH HT A & R BUerkst i 3 24 2 (714 PRIMER #0482 SIMPER #

AT R ek EE S R L R TR

(a) before thinning (b) one year after thinning (c) two year after thinning

contribution(%) cumulative(%) contribution(%)  cumulative(%)  contribution(%) cumulative(%)

UPF vs. 25%  Average dissimilarity = 25.92 25.47 25.67

=R A 59.38% 59.38% 59.55% 59.55% 66.06% 66.06%
TR e ) 15.69% 75.07% 19.24% 78.79% 18.49% 84.56%
7] 4 3 18.43% 93.50% 16.98% 95.77% 13.06% 97.62%
UPF vs.50%  Average dissimilarity = 24.89 27.77 30.83

=R A 55.32% 55.32% 55.57% 55.57% 55.63% 55.63%
TR e ) 21.48% 76.80% 21.08% 76.64% 21.76% 77.39%
7] 4 3 17.52% 94.32% 19.82% 96.47% 19.66% 97.05%
25% vs.50%  Average dissimilarity = 21.45 23.79 25.73

=) 54.35% 54.35% 53.76% 53.76% 51.07% 51.07%
TR e 3] 21.73% 76.08% 22.96% 76.72% 23.74% 74.81%
7] 4 3 16.95% 93.03% 19.79% 96.51% 21.89% 96.71%
UPF vs.PRF  Average dissimilarity = 41.26 26.73 32.03

=) 23.55% 23.55% 46.18% 46.18% 58.18% 58.18%
TR e 3] 34.07% 57.62% 37.93% 84.11% 29.28% 87.46%
7] 4 3 39.92% 97.54% 11.63% 95.74% 10.73% 98.20%
25% vs.PRF  Average dissimilarity = 38.01 26.06 29.68

=) 25.21% 25.21% 42.78% 42.78% 52.59% 52.59%
TR e 3] 31.07% 56.28% 37.75% 80.54% 30.79% 83.38%
7] 4 3 40.68% 96.96% 15.45% 95.99% 15.05% 98.43%
50% vs.PRF  Average dissimilarity = 33.81 29.50 31.89
= A8 ) 24.65% 24.65% 45.54% 45.54% 42.84% 42.84%
T et A 27.84% 52.49% 34.51% 80.04% 30.42% 73.27%
Tk 44.74% 97.23% 16.78% 96.82% 24.41% 97.68%
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Fos AR

w AT R KT K 7 I bekkt 0 3 B A2 ANOVA A 45 2 Tukey A 3

EERoc(@mda-# (b)disd- F ()i % - & -PRF: X AR E k> UPF:

AFLB A TR 25% 1 25%Fn B AR R 2. A TR 0 50% 1 50%gr B AR 2. A 1 R

(a) £ e A ¥ A e 3 oA ) 7 4 4 B8 e R B A

UPF 10.8 £0.15° 1.0 £ 0.09 0.7 +0.08 9.0+0.22° 445+038°  0.0£0.0
25% 13.6 £ 0.20° 1.2+0.09 1.0 = 0.09 92+0.19° 513+037° 0.0+0.0
50% 17.75 £ 0.20° 1.0 +0.09 0.8 +0.07 9.1+0.18° 499+036°  0.0+0.0
PRF 35.3 £0.19° 0.3 +0.06 0.5+0.08 38.4+0.29° 37.7+£026°  0.0£0.0
(b) R e 3 ¥ & pete 4 AL RS A g Rl

UPF 12.8 £0.19° 0.0 + 0.00 1.1+0.10 6.4+0.15° 37.6+£034°  0.0£0.0
25% 12.7+0.18° 0.0 +0.00 0.8+0.09 9.9+0.16° 36.8+0.32°  0.0+0.0
50% 13.1 +0.20° 0.0 +0.00 0.5+0.07 10.6 + 0.20° 273+£025°  0.0+0.0
PRF 25.8 £0.22° 0.1+0.04 1.1+£0.12 6.6+0.18° 432+021°  0.0£0.0
(c) R peie 4 B 4 e A BoE ) IF) e 1] 2 RE e R B A

UPF 15.7 + 0.23¢ 0.0 +0.00 0.8 +0.08 7.7+0.16° 53.1+039*  0.0+0.0
25% 15.8 +0.16° 0.0 = 0.00 0.6 £0.07 10.3£0.19° 41.1+£035°  0.0£0.0
50% 20.6 +0.25° 0.1 +0.04 0.4 +0.07 16.4 +0.26° 34.8+032°  0.4+0.1
PRF 23.6+0.31° 0.0 +0.00 0.3 +0.06 6.6+0.17° 41.6+0.41°  0.0+0.0
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oS S AR N AR L b A R R ek Al LS
RFe(@midn- e EFHE by - g TFER (OB =

25%:25%% B A2 R 22 A 1 1K050%:

R EERE. S (meantSE) 2 ANOVA % #7 % Tukey P& %
Fw FFERoPRF: X BRBEH - UPF: Agn 5 4 3 4k
50%sgx 3 42 & 2. A 1 +keRichness (Dmg), Evenness (J), Shannon-Wiener index (H”), Simpson index

(D) -
(a) One year before thinning
Habitat  Families” Species” Adults Overall | D J H’ D
UPF 19/19 41/41 43.0+£2.74 73.25+5.977 43 +0.63 0.83 £ 0.005 236+0.26 0.85 £ 0.063
25% 19/19 53/53 47.5+17.56 79.50 +9.323 5.6+0.53 0.90 +0.017 2.77+0.12 0.93 +0.012
50% 2121 51/51 49.5+7.73 91.75 + 13.55 48+1.03 0.90 +0.017 2.77+0.12 0.93+0.012
PRF 22/22 67/67 56.5 + 13.34 106.5 + 19.89 6.6 +0.86 0.91+0.011 2.96+0.16 0.94 £ 0.007
(b) First year after thinning
UPF 20/21 34/59 16.75 +3.04° 52.00+11.55°  4.0+0.59° 0.95 +0.012° 2.36+0.21° 0.95 +0.022°
25% 16/20 30/68 25.75+3.42° 101.5+3.12° 3.2+0.23° 0.86 + 0.048° 2.07+£0.18° 0.85 +0.056°
50% 2124 41/70 43.0+4.18° 132.75+ 15.88" 4.6 + 0.48" 0.89 +0.017% 2.56+0.14° 0.91 £0.019*
PRF 19/23 50/95 4275+ 12.19°  10525+21.16° 5.7+0.61° 0.91 +0.026® 2.77 £ 0.08 0.95+0.010°
(c) Second year after thinning
UPF 21/23 51/80 37.0 £ 7.95° 85.75+23.97°  5.8+0.07 0.93 +0.019° 2.85+0.03*  0.95+0.010°
25% 20/23 54/91 96.75+1524°  157.5+20.92° 54+0.19 0.79 + 0.042° 254+0.13° 0.88+0.024°
50% 21/25 56/90 180.0 £41.27*°  310.5+52.14°  5.9+0.28 0.72 + 0.024° 246+0.05°  0.85+0.012°
PRF 1724 45/111 445 +13.15° 72.0 + 16.78° 53+0.80 0.93 +0.015 275+021*  0.95+0.006

#: total sampling plots numbers

27



N~ A e i AU TR R AR A HREEE A E R R A N T2 A A 3 2 pairwise permutation ANOVA 4

Yo B o (BT - Ebpkid o (D)FE 51 ¥ - Eiebhed > (OFE BT ¥ - Eierkd o PRE:X AR E > UPF @ 4555 4

IR0 25% P 25%En B AR R 20 A 34k 0 50% 1 50%Er B ARR 20 A I fk oo

Comparisons (a) Before thinning (b) First year after thinning (c) Second year after thinning
Pseudo-t p Pseudo-t p Pseudo-t p
UPF vs. 25% 1.071 0.35 1.39 0.087 1.48 0.058
UPF vs. 50% 0.91 0.68 1.64 0.027 2.09 0.027
UPF vs. PRF 2.17 0.029 1.64 0.029 1.54 0.028
25% vs. 50% 0.96 0.515 0.76 0.799 1.25 0.119
25% vs. PRF 1.88 0.026 1.91 0.029 2.09 0.027
50% vs. PRF 2.06 0.029 2.26 0.027 2.56 0.029
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FA4 ~ A Ge fAiEs JF EA N TR LR B A E bRl s e R T2 3 S R P 2 pairwise permutation ANOVA 4 47
2R (- Elekked o (D) - Elerkie S o (OB Y - Eiprkied o PRE:X ABE R UPF: Apnis 4 1

R0 25% 1 25%FR B AR R A 1tk 50% : 50%F B ARR A 1 tkoo

Comparisons (a) Before thinning (b) First year after thinning (c) Second year after thinning
Pseudo-t p Pseudo-t p Pseudo-t p
UPF vs. 25% 1.08 0.341 2.03 0.028 1.52 0.05
UPF vs. 50% 0.97 0.052 2.36 0.03 2.74 0.024
UPF vs. PRF 1.87 0.032 1.89 0.029 1.33 0.085
25% vs. 50% 0.89 0.478 0.59 0.75 1.78 0.05
25% vs. PRF 1.52 0.05 1.85 0.05 222 0.027
50% vs. PRF 1.78 0.029 1.90 0.05 3.15 0.029
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L NG e A FH N AT LR AR Rk L E AR 22723 A $ I 2 pairwise permutation ANOVA

A2 R o (EE S - Eiprka S > (D)EE S - Eipbk e S o (OB S (5 ¥ - Elekkie X o PRE:X B E 4+ UPF: 455 5

AL AR 25% 1 25% R B ARR A 14k 0 50% 1 50%ER B ARR A L ke

Comparisons (a) Before thinning (b) First year after thinning (c) Second year after thinning
Pseudo-t p Pseudo-t p Pseudo-t p

UPF vs. 25% 1.09 0.312 1.68 0.059 1.78 0.11

UPF vs. 50% 0.95 0.463 2.34 0.06 3.18 0.029
UPF vs. PRF 1.72 0.061 1.70 0.082 1.01 0.43

25% vs. 50% 0.86 0.63 1.04 0.399 2.18 0.026
25% vs. PRF 0.99 0.288 1.59 0.086 2.49 0.031

50% vs. PRF 1.26 0.239 1.15 0.336 3.28 0.029
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-~ A iGe AEE AR 7 bkt i B A B2 ANOVA ~ 17 2 Tukey post-hoc test ~" 3 5% % o () B - £ > (b)sr B 1 %

- #Eo(C)pnBieF - & oPRF: X AR E R UPF @ Agn B A 145> 25% * 25%5r B A2 R 4 1 4k > 50% : 50%r 542K A 1 4k o

(a) One year before thinning

Habitat Burrow dweller Foliage runner Ground runner Ground weaver Orb weaver Space weaver
UPF 18.8+3.50° 4.5+0.65 12.3 £ 7.40 16.8 £2.50 1.5+0.29° 19.5+2.02°
25% 145+3.80° 43 +1.44 19.8 +4.03 143 +3.73 23+1.03° 245+2.18"
50% 14.8+1.032 6.5 +2.63 28.8+9.39 20.0 £ 4.42 0.8 +0.48° 21.0+297"
PRF 8.5+2.33" 6.5+1.19 26.5 £ 6.01 22.8+7.16 6.0+ 1.73* 36.3+9.72°
(b) First year after thinning

UPF 20+123 33+1.32° 15.5+5.36° 5.0+ 1.47° 2.3+0.48 24.0 + 4.78"
25% 23+1.11 23+132° 44.8 +11.98° 3.5+0.87° 0.8 +£0.25 48.0+8.41°
50% 2.5+1.50 4.5 +1.04° 63.5 + 16.89° 13.0 £2.20° 1.5+0.96 47.8 +538°
PRF 1.5+0.50 8.8 +3.71° 21.8+5.98 26.8+9.01° 2.0+ 1.41 443 +10.44°
(c) Second year after thinning

UPF 2.5+0.96° 45+1.71° 34.3 £19.29° 11.5+222° 0.3+0.25 31.8+4.44
25% 1.5+0.50° 8.3 +0.95° 90.5 +20.39° 12.8 +3.33° 0.3+0.25 42.8+5.62
50% 53+0.75° 6.5+1.50° 229.3 + 48.67° 243 +2.50° 0.3+0.25 43.0 + 8.01
PRF 1.8+1.03° 3.0+1.16° 9.5+1.71¢ 27.3+9.84° 1.0£0.71 29.0 £ 6.67
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