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Changes of Ground-dwelling Arthropod Communities for 10 Years after Thinning in a Pinus koraiensis
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8133-9898) and Young-Seuk Park* (0000-0001-7025-8945) (Department of Biology, Kyung Hee University, Dongdaemun,
Seoul 02447, Republic of Korea; 'Alpha Insect Diversity Lab, Nowon, Seoul 01746, Republic of Korea; *Research Institute
for East Asian Environment and Biology, Seoul 05236, Republic of Korea; *Korea Beneficial Insects Lab., Gokseong,
Jeollanamdo 57507, Republic of Korea; “Division of Forest Ecology and Climate Change, National Institute of Forest
Science, Dongdaemun, Seoul 02455, Republic of Korea)

Abstract  Forest thinning brought the large variation to forest ecosystem including environment and animal.
Our study was result of long-term monitoring for ground-dwelling arthropod communities after thinning in
forest ecosystem. In this study, we conducted field study on plantation forest in Chuncheon, Korea in 2018, and
compared with previous study data (2006 and 2008). We found that the effect of thinning was still existent 10
years later from thinning with difference of habitat environment (depth of ground organic matter, coverage rate of
ground vegetation and canopy). And ground-dwelling arthropod communities showed changes of abundance and
taxa at the study area and thinning conditions. Ground-dwelling arthropod communities in 2018 were dominant
in the order of Diptera, Hymenoptera, Coleoptera (Insecta), Araneae (Arachnida) and Collembola (Collembola).
Among the conditions of thinning, Araneae (Arachnida), Coleoptera and Hymenoptera (Insecta) showed amount
of abundance in heavy thinning. And Collembola (Collembola) and Diptera (Insecta) were most common in area
of light thinning. In 2018 ground-dwelling arthropod communities, abundance of Diptera and Coleoptera (Insecta)
and Isopoda (Crustacea) were decreased although Hemiptera and Orthoptera (Insecta) were increased than 2008
arthropod communities. Arthropod communities in 2018 were more similar with those in 2008 (after thinning)
than with those in 2006 (before thinning).

Key words: forest management, ground dwelling arthropods, changes of communities, effects of thinning,
species diversity
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He xst AR A G o2 v @Itk (Park et al., 2016;
Moon et al., 2018). At o] A 9 AL FXA717]
AT B F S AHolA diEF o2 7H (thinning)
o] AlgElo] o1 girt ZhH-2 Ak Y £ U&7,
5% 74 9 599 ush 228 4 21 52 op]
Sk (Kang er al., 2014), A4 W 524 7% 2 B¢, 4
27& WHIA It (Grace et al., 2006; Olajuyigbe et al.,
2012). whA AbE @ o] Qlof, HHE A% AR A
W &S 223 sAlo 4 BEsa FAH o]
oS F3t= Aol 2 AR YFEHIZ th(Miranda
etal.,2017).

HREAS] Wt selsit HHoRE T3 5o
Z3E 49 ASE 2L A9 ATAEE A4S
8] 231 Qlth(Kitching et al., 2000; Maleque et al., 2009;
Kang et al., 2017). AR S5 AHAEA N w$ =2
YA S 7HAX ™ (May, 1988; Basset et al., 2012), F9F
29| o], 718 Edliet 22 AHA W 24 <=8l F
23 9e& w1 i} (Seastedt and Crossley, 1984). T3t
AAFE 8L 239 22 9 FRE, o] AEA
2 aao] o3 ZAH7] wzol, ALY AHE
AJ3t= Aoz 43 A 9tk (Menta and Remelli, 2020).
AANFTE 2-E o] &3 1} A-AgEA w3t of
| 5] 3o Sty 2 A Y &

o
=)
Mo
re
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N

FTUEE 4 FREE HaA 7, ZHEA Y Uy " EA
52 Ao ket o|efat Wk opo] ThopsA| Lieht
Aoz Ad#HA Utk (Schowalter et al., 1981; Schowalter et
al., 2003; Yi and Moldenke, 2005; Taki et al., 2010). 7FH 0]
Az G o A= FS A7 Lenski (1982)=
A2 Qe G FHo FohEAdoel FrhskithaL
AEFTh EoE TPHA = A D A4, AR
&ole HATE FHR=0 SR8AA 9FS A=
A A7 RaH vF QU (Verschuyl er al., 2011).

FH A= 7Hde] w2 A W =% A3k AXFE
4 5 W3} 5 ohFet A7 S Ee 23 itk (Kwon
et al., 2010; Choi et al., 2014; Park et al., 2016; Moon et
al., 2018). Kwon et al. (2010)2 AYFEZHZA] U] 7HHo|
AATE FRE 9 27T vA= IdFS A
T, Park ef al. (2016)2 AF W7} Al A E B9 &
2 Bxo] vz FFS AABFITE Moon er al. (2018)
< 70 ol o Abg Wi £ 9 JiA S HIE

2 K

B3}t
Iy AF7HA Il 3 ey dAsE A
ol did A4t diFE PEAE A5 Ao

A ePE AoR A o]F Ak e] | A Hste}
sto] gt A4E FET AAo|h
AH ] Wstol| wE HAFE
+39 B4 WIE 9s|7] 8l #A 7Hd A7
T E A% (Kwon et al. (2010)= HFe2 A= 74
A& ZAFEEAL, 7o M2 A7) HQ A FAFE 23

o wiste L5t

fle
‘e
-
i
N
i
>
o2 (&
-
o

Mg H U

1. ZAMX|H
E AT ofex A= FYE £HA] FH Aol ¢
25k AR YR A P o (F HA 118 ha, N

37°52', E 127°52"), AR 2R oo uat A, B, C
9] 37§ ¥ (Area)o 2 FEIHUTE A 792 1980d T,
Be} C #9L2 1960 o] 2PN, A9t B 792
1998~2000% Ato] 7HH o] XgY= o], 7hdo] H2] k2 C
Foo] YEUEIL 9138 ha'E 7P =on A9 B
o2 747} 556% ha”'F 367 ha o] Tk (Kwon ef al.,
2010). ZF 92 2007 ThA] g ® ZHHo] AJlE Qo
™, 7t Fzof wet F=HE HDY F=HE (LDE +
EotaL, o] H2] k2 X2 QR (CN)E &3t
(Fig. 1). LT+ & 45 AYE 3~4m A=E FA5
o AIYEeH, HTE H4 A&7 AYE 5~6m A
sho] AAEITE 2007 ZHER QlE) Y W= LT
A 32~44%, HTO A 63~67%7} ZH43tgct 7H8 o]&
Zt A9 7HEA R 240 2 d5 YWk Table
13} Zt

2. ZxS= & 28 =

2 dFodA= FHEHS ol &sto] HAFE +HS
ARG ZAF= 3A RAF(Kwon ef al., 2010)9F §-AF
gt A7]o) Y HRoRE U FHEHLS 2018
W 6¥ 3~497, 24 A 79 (A, B, O)0llA 718 A =9
o2 A2 27 (HT, LT, CN)°ll w2} 247} 292 5m 7+
oz o HAste], 9 & kAT 24E F 1871
o] AHEHS HAsrh FHEHe 2 ET42E &
7] (0] 63 mm, 97 95 mm)S AHLsE I, £7] AT
o] AFHIL} YA3teF EYE Fol B2 &, A5 F

- T —
$39) 20% =2 A9 Yok AN FHEBS 4
109 o 273543, AME BAFEL APAR 74
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Fig. 1. Location of field study sites at three study areas (A, B, C) with three different thinning treatments (HT: heavy thinning, LT: light
thinning, CN: control, no thinning). Black squares were the locations where pitfall traps were placed.

Table 1. Difference of forest stand condition at three different study areas after thinning at 2007 (from Kwon et al., 2010).

Tree density (Tree ha™")

Area Location (GPS) Altitude (m) Stand age (year)
CN LT HT
37°52'37.6"N
A 127°52'19 1" 404 40 538 400 200
37°52'48.2"N
B 127°52'29 8"E 373 60 369 225 169
C 37°53108'N 389 60 1,156 494 225

127°52'17.0"E

CN: control without thinning, LT: light thinning, and HT: heavy thinning

o} 80% EYIZE HE 5 27 ¥ At A
H A& FAT=L 5 (Order) $27H] A2, 2
7 GEAEL w5752 I (Family) FE7H4] 574
stEth A¥E dAsE ERTY 9L &5 F THA
SALBAA ATt F7HIEFSS (http://www.kbr.
gokr/)o] wet F7]8HA et EE ZF AL o gl ZHE A 2
20 g 2 54 wepstr] A8 e (EE 94
3) dol, w59 FuH, A FH A v=o} gv=
Attt AR EH] A" FHS dFe=, {71
ol & 797 o 937HA FAst] BHE T}
FLABL 79 W A vF F Hd 102771
gsto] Axkstaint. AEH A vEE=

Hol Aoz del vEg, ev=e 7
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QU +8e] FIUAY FAZ HETT

APE A AAFE 2HAEY SAHARE o83}
of ZHEA e 270 g Ao]E BT 2AMA H 9
7 EAE E4357] 93l vins SAYH Kruskal-
Wallis H8& AL, SAA F94S H 9l
93l Dunn tH5H| 3 HE $F3FATE AR A& A7
T8 74 ARe AR AAsE EFTLY MAFE A
T4 9 7hHA g 2AYZ 8|28 o|F, Bray-Curtis #
2 & o] &3 vAFH x4y H=W (Non-metric Multi-
Dimensional Scaling, NMDS) £4-& &34t o|F &
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Fig. 2. Differences of environmental condition at three different study areas (A~C) with three different thinning treatments (CN: control
without thinning, LT: light thinning, and HT: heavy thinning). (a) Depth of ground organic matter, (b) Diameter at breast height of trees, (c)
Coverage rate of ground vegetation, (d) Canopy. Different alphabets indicate statistically significant difference between treatments based on

Dunn’s multiple comparison test. Error bar presents standard error.

d A5 A4 FFE Kwon er al. (2010)2] 7HEA 2]
A 2= (20064, 2008'3)3 & A7 2A A= (2018
WE vushy, 23 24 33 2AF A=", A
27048 AE 2 S BAsE AR A58
Rz HAg dkE 24 AEEE Husty, 8 &
Faol tis = % BApEollM 20089 diH] 20183 FHA)

2o WMEtE 24 79 W ER 240 uet st
o} ojwf) A =t FUAHE A3, Kwon er al. (2010)
o Al AMESFA] Gh AT FofET JNET|H, 2374 o
g5, RV} BEEV| S AEe AQsgr +d £4 %
HO 2= Bray-Curtis 7 2|9} H+ 92 (average linkage
method)S ©]83t Al&ZA 33} (hierarchical clustering)
WS o853

2 Aol st A7 Hw 2 B4 R IR
Y (https://www.r-project.org) (R Core Team, 2017)& ©]-&
3to] A= QUT}. ‘stats’ package (R Core Team, 2017)2}
‘dunn.test’ package (Dinno, 2017)& AF&-3to] B4 HA
S ‘vegan’ packageS AME5te] NMDS £4 @ 3
A4S 4385} th(Oksanen et al., 2019).
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ZF 24 79 9 2rdAE 240 BE AR BHS
ZARRE Ad}, 2AF 9 (A~O)Eohs 7HEA e 20E=
Zpol7k B F3lo] YETh(Fig. 2). f71& Aole A T
q& AQde YA Lo CN 2204 7P 2L,
HTOA] 7H Wt A 9 JA] HTOA 7H @k,
CNZ} LT 272 A9 B3 Zol9 §71& 55 7HA
o v 2 HA A3k Be C 799 NI LT Rt
ofu|gt &o)7b yETh(Z p<0.001). F13FFE S B F
d9] HT9 C 799 CNS A9t tiF&e =AM &
AVSHA| YRt Bl R4 A A C oA CNejl 3l
HT, LT 2742 §AH o2 {23t zto]& 2 ch(CN-HT:
p=0.001, CN-LT: p=0.031). AEH A gz nE
Ao A CNo] 7 Wttt e A& o s CN 24
oA 7P a1, HTOlA 78 3t 3] B #9499 HT
ZZA0A LH %} 10% v|9ro 2 uf$ WA Uebytt
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Table 2. Number of arthropods collected at three study areas (A~C) with different three different thinning treatments.

A B C
Class Order Total (%)
CN LT HT CN LT HT CN LT HT
Araneae 91 104 119 79 100 353 175 167 221  1,409(11.0)
. Ixodida 0 0 7 1 1 1 0 0 0 10(0.1)
Arachnida L
Oribatida 24 128 48 10 22 22 30 17 9 310(24)
Opillionida 67 50 35 27 96 12 10 14 17 328(2.6)
Geophilomorpha 0 0 2 0 0 0 0 0 3(0.0)
Chilopoda Lithobiomorpha 2 1 8 0 2 1 1 0 5 20(0.2)
Scolopendromorpha 0 0 0 0 0 0 0 0 2(0.0)
Collembola  Collembola 42 31 143 75 187 230 175 432 156 1,471(11.5)
Crustacea Isopoda 2 0 12 3 6 23 3 3 5 57(0.5)
Julida 1 3 11 1 1 25 36 1 4 83(0.6)
Diplopoda Polydesmida 3 0 1 2 0 2 4 5 2 19(0.1)
Polyzoniida 0 0 0 0 1 0 0 0 0 1(0.0)
Archaeognatha 11 0 14 12 24 5 2 18 8 94(0.7)
Blattodea 0 2 2 1 1 1 1 0 2 10(0.1)
Coleoptera 100 118 281 158 210 309 227 154 144 1,701 (13.3)
Dermaptera 0 0 0 7 0 0 10 3 2 22(0.2)
Diptera 251 466 299 168 332 284 618 490 171 3,079 (24.1)
Hemiptera 109 114 147 51 58 27 58 70 60 694(5.4)
Insecta Homoptera 2 4 3 2 22 9 0 9 5 56(0.4)
Hymenoptera 262 235 368 156 371 504 433 319 206 2,854(22.3)
Lepidoptera 5 8 4 3 2 12 9 2 7 52(04)
Neuroptera 1 0 0 0 0 0 1 0 0 2(0.0)
Orthoptera 55 103 62 26 30 35 90 24 35 460(3.6)
Psocoptera 6 5 4 0 3 0 2 0 1 21(0.2)
Thysanoptera 3 1 5 1 2 0 0 0 0 12(0.1)
Total 1,037 1,373 1,575 783 1,471 1,855 1,885 1,728 1,063 12,770 (100)
CN: control without thinning, LT: light thinning, and HT: heavy thinning
2. X2 HXISE 28 74 Y 2N 9] LT AT, A7 A& (Geophilomorpha)-> A%}

C 7o) HT A, 257 WS (Neuroptera)& A

201849 =A A3, AHEHOR F 6/ 2570 & C FEY CN 24T AR AT £t 234
12,77070 A7} AR = SAth (Table 2). ©] 5 57 (Insecta) A& F ¥l (Staphylinidae) 4857]4] (28.5%), T
o] 9,05770A (70.9%)2 7} @1, tte o2 Aulzt M I (Carabidae) 28570 A] (16.8%), A A 2] 3} (Tene-

brionidae) 23570 A (13.8%), B}+1]2} (Curculionidae) 168

(Arachnida) 2,05770A] (16.1%), EE7]7 (Collembola)
5 AA (9.9%) €« L2 S-SR, HF7E F F5ol

LATIAA (11.5%) €22 Yebgt. 2374 SolAe o

2] & (Diptera) 3,0797§A|, ¥ = (Hymenoptera) 2,8547 A,
= HF & (Coleoptera) 1,70170A] £20.2 Bton, #u]

A= Avl= (Araneae)o] 140970412 71 @ol A /M A ® A FE L0 skl NMDS 245 4
HE AT =3f)717e] G 7] = (Polyzoniida)> B 79 7 A} (Fig. 3), A 5= TAFL A 793 7HEA

(Rhaphidophoridae)7} 394744 (85.7%)2 73 &2 7hA)
7} A3 = At} (Table 3).
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Table 3. Number of major family arthropods within Coleoptera and Orthoptera.
A B C
Order Family Total
CN LT HT CN LT HT CN LT HT
Carabidae 23 13 23 10 41 82 60 23 33 285
Curculionidae 20 24 32 14 29 13 27 20 9 168
Coleoptera .
Staphylinidae 24 50 171 90 82 10 33 24 25 485
Tenebrionidae 17 9 31 10 9 70 55 17 34 235
Orthoptera Rhaphidophoridae 55 103 61 26 24 10 89 55 26 394
A~C: three study areas, CN: control without thinning, LT: light thinning, and HT: heavy thinning
03 Table 4. Number of arthropods collected at each year.
» Neuroptera
0z Depth . Year
i o Taxa Class Order
® Major 2006* 2008* 2018
0.1+ Dermaptera x Minor
e A-LT A Ps:(opteva L Jlica Polydasmida LT :’e: . Araneae 2,498 1,77] 1,409
2 00+ % * Ve o HT o8 Arachnida .
< Thysanoptera _ BEN & oc Opillionida 624 285 328
A-HT .X ‘SODOda Treatment
= W ocN Scolopendromorpha 50 14 2
A LT
C-HT Geophil h: 3 0 3
02+ T "M Chilopoda 0 OmOPM
S i Scutigeromorpha 57 8 0
03+ X Polyzoniida Coverage & ciopeiiomontta Lithobiomorpha 0 45 20
T T T T T
5 e A:if q o e Crustacea  Isopoda 283 648 57
Fig. 3. NMDS ordination of arthropod communities (order level) Polyzon.iida 12 0 1
collected at three different study areas (A~C) with three different Diplopoda Glomerida 51 26 0
thinning treatments in 2018 (CN: control without thinning, LT: light Julida 49 16 83
thinning, and HT: heavy thinning). (Stress: 0.131 for the axes). Ma- Polydesmida 75 6 19
jor taxa indicate taxa observed with high abundance, whereas minor
taxa have low abundance. Among environment conditions, depth of Coleoptera 2,445 3,143 1,701
ground organic matter (Depth) and coverage rate of ground vegeta- Diptera 1,273 3,620 3,079
tion (Coverage) were showed significant correlation (p <0.05). Hemiptera 82 65 694
Homoptera 1,012 103 56
Insecta
. = oo . Hymenoptera 3,231 2,567 2,854
E3] KX A
g 279 wet FEE U 53] A9 C 92 NMDS 4 Orthoptera 435 432 460
oA FHe2 FEsHA LEEH, B Y92 1 Fto 94 Archaeognatha 263 121 94
ShT. AAIA B7ake] ABAS Selst At 44X & (Othe) a3 0o
AQA 2 07|18 Zlo Al o ] ©.0]3F AbTlT
392 % 4718 olgt A4 A foat JuTA ol st 12900 10979
7F YERETH(p <0.05). 2018 AR A B2 HAI7F AR )
% ° 14 %%; ({'_—%‘7()]' Ei]—ﬂi, I:H_‘?_ E]'%“?:_*Eﬂ%, lr:ﬂZH *Data from Kwon et al. (2010)
2 UE=7E A7} AnE AdAnE LoE EEY]
}EE 7])1_ E 24 AANA 2EH o2 2¥5HgT) Th(Table 4). Au]Z A 0| & (Araneae)t A7 A&
(Scolopendromorpha)@} 12]0}& (Scutigeromorpha), =
3.ZH 0|3 MX|ES 2T W5} #7174 F&=H 715 (Glomerida), 5% "= & (Homo-

#3724 Aol B A7 4
A A7) hE A BRad AAS W)

ptera), &5 (Archaeognatha) 9] 7fAl== ZHH o)A H]
8, 2007 7Hd o]% A&HOo g2 ZAstiTh AwFt
H A v & (Opillionida)} =77 ZF =271 & (Julida),
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0 =2 7] & (Polydesmida), 57 5 (Hymenoptera)2|
MAeE 18 A% Fastiohrt 2018d0) oAl F71st
At 53] AUF BA Y5 (Geophilomorpha)d} =27

2018

2008

2006

! T T T T 1
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Bray-Curtis distance

Fig. 4. Classification of arthropod communities collected at three
different years using data given in Table 4.
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7& @@ 7] (Polyzoniida)& 7HE A5 YEUA] gttt
7F 20180l thAl 2@sHGITh o]¢} Witz 71 o] H
£ UeAl ohd A7 E49% (Lithobiomorphaye 7+
d o]% SFsHa, 7HE A Fof vs] 2018 ] 7HAI=7F
Fastie. 447 5245 (Isopoda)d} 257 A EH =
(Coleoptera), 2] & (Diptera) ZHd 2|5 A7} 3 A
Z7kstg o, 201899l A7 Bastdnt 257
= YA E (Hemiptera)@} =% 7|2 (Orthoptera)d] 7NA|4+=
Hd A3 2 Zol7h IA yEhtA] ghgkent 2018l
Zobskch BA 2 @A 2ANA EAT AE AAEE
A AV 24T 2 (Fig. 4), 201849 AHHH A
AAFES 23 32 7 A5l 20089 A E

030
T o
A3 §Arse, 70 A9 20069 AT Aol B

LA B o

g, 20080l H]3 2018Wof AR E HAAFE EFT
Z Avg AvE AAsE EAE =24 F CN =24
ol Al FASFAIL, HTAIA ZA 57183t (Table 5). 7 1]
& AU ES HTE At U] 2404 AAS7t

Table 5. Change of arthropods abundance at three study areas (A~C) with different three different thinning treatments.

A B C Average (£SD)
Class Order
CN LT HT CN LT HT CN LT HT CN LT HT
—443 0.3 91.7
N Araneae 112 17 122 129 90 239 108 74 158 (£1322) (£833) (+£189.4)
L 14.7 34.0 =27
Opillionida 45 32 7 5 68 7 4 2 8 (£26.7) (£33) (£8.4)
—43.7 —-39.7 =57.0
Crustacea  Isopoda 33 78 88 94 42 74 4 1 9 (£459)  (£39.6) (+£422)
. . 10.3 0.7 12.7
Diplopoda Julida 1 2 11 4 0 23 36 0 4 (£22.3) (£12) (£9.6)
—-43 33 2.0
Archaeognatha 0 11 10 12 15 0 1 6 4 (£6.7) (£132) (£72)
=90.0 —-153 17.7
Coleoptera 149 51 104 91 44 15 30 -39 36 (£59.5)  (£517) (+£75.5)
. 66.3 67.7 63.0
Hemiptera 104 89 142 41 52 9 54 62 56 (£333)  (£19.1) (£75.7)
0.3 9.3 2.0
Insecta Homoptera 2 4 1 0 17 5 1 7 2 (£1.5) (£63) (£3.0)
—156.3 —45.7 -15.0
Hymenoptera 339 106 28 214 147 119 84 116 192 (£2173) (£1415) (£159.9)
. 2.7 =20 2.3
Lepidoptera 1 1 2 1 7 8 6 0 3 (£2.9) (+£4.4) (£5.5)
16.3 25.3 10.3
Orthoptera -1 71 40 -14 -10 5 64 15 -14 (£41.8) (£415) (£274)

CN: control without thinning, LT: light thinning, and HT: heavy thinning.

The values are differences between abundance of 2008 and 2018 (abundance in 2018 minus abundance in 2008).
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Fig. 5. Clustering of arthropod communities collected in 2008 and

2018 with three different thinning treatments (CN: control without
thinning, LT: light thinning, and HT: heavy thinning).
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=

A s €9 SHEE AN, 35, FFELE
+o B3 3+74& HIA 71t (Vesala et al., 2005). 1
188 SH =9 Wil & 5159 7SS
Z1th(Rambo and North, 2009). wahA 7HEL A A
A 9] M3LE of7|ste] Y& A4 3 & Holdo X
e, dAsE 52 T Y AR W A
FAloll 43FS m|ZIth(Moon et al., 2018). & d3=
A A o] BETFA ol m A= A7]AQl I
B7ket7] flete, 7 A$et 109 39 AAFE
v J7etgith 2018 AR A A4]R] g5 a4
71E Zol|, AxW A 1k, SH = 1A
o] WZ ol7} A3 Yol = Aoz Yelygth
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Table 6. Change of abundance of major families in Coleoptera and Orthoptera at three study areas with different three different thinning

treatments.
A B C Average (£SD)
Order Family
CN LT HT CN LT HT CN LT HT CN LT HT
. 10.7 13.3 19.0
Carabidae 9 1 0 19 23 50 42 18 7 (£305) (£127) (£27.1)
.. -15.0 1.0 10.3
Curculionidae 9 17 22 1 24 4 55 38 5 (£34.9) (+34) (£10.1)
Coleoptera ~1073  -413  -767
Staphylinidae -151 =59 62 -=71 -9 -—188 —100 -—-56 -—104 (£40.5) (£28) (£1272)
. 16.0 4.0 33.0
Tenebrionidae 4 17 20 1 4 54 53 33 25 (£32.1) (£259) (+184)
. . 26.7 29.3 8.7
Orthoptera ~ Rhaphidophoridae 5 80 53 5 0 11 70 8 16 (£375) (£44.1) (£38.5)

CN: control without thinning, LT: light thinning, and HT: heavy thinning.

The values are differences between abundance of 2008 and 2018 (abundance in 2018 minus abundance in 2008).
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I A 2300 weEt 2ol g Een, 3] A
79 7+ Aol7k A UEHg T (Fig. 3). NMDS 4]
Zt 24 79 9 7 AR 2Ade ASE 2%
of Rz AR 9 FTHE &7 FFe v
th A9 C 799 Ex= C T4 AYPEHA @2
7 SAEE = (Thysanoptera)o] 7 2 &=
A AR Holo, C-HT YA et FAv|
(Scolopendromorpha), A} C £ 2] CNoj| ATt LeElt &
AR E Zo] ALY =2 Gk u| Aoz AZHTH A
°F C FollA CNI} LT 2ol A% A5 <8 130
AR ATE ol A Aol U Hfo|E Holn,
Mx] 84 % 9718 Zoloh AuW A4 Yol J
24 B 799 4% CNo| AAEE 2L LT

sl.ur TS} §A13HTh A 47 87 a4k B 799 ON
o] HTEt= LT9 A | w2l ol= B 7% LTojA]
BF vehd Bled 7] =, LT AR et o2 mied) 7]
B9 G 24 ) FERE 2919 HoZ Az,

A 242 aPshd AAF o= AT} AnE, &

7 GRS 952 HTIA, SE717 57|15, &
52 LTOM M g2 MAeE B ole

L © 99 g2 FAE AR Y=

o d¥o] Atk Jﬂ A o] FA3FATH(Niemeld
et al., 1992; Michaels and McQuillan, 1995; Oxbrough et
al., 2005). it HE£0 Ao HE F tRES AA|5H=
Mol RAo] B ABstn e HEcN &
o Frlopde BATT Bud A% A7ehs oha %)
o]Z X ith(Holldobler and Wilson, 1990; Bruhl et al.,
1998). 3, EE7]&2 AFHAAEHA W —r?SHZH g
T8, 771 dol E A4 vz wElo] 9l (Fllser
2002), EF 2 2 7] 225 48R ste g EFe #
A glolot o AHATE e AR dHA U
(Paoletti ef al., 1996; Frouz, 1999). & ¢11¢] An| 23} ot
A2 HEo] W3} AL XAFAQ AR dAHLA
3 AEd Y=g f7lE 4o, SE7IEN w52 &9
718 dol, A4 H=o B3ta FFoR Hn &
AT 2o A AP LS ZAH Y et
g AR D AR YAl vzt 7%
a7} STk HE Bol A RARE AT B
Solatzl $HshE Ao Uehyth By H B3} o]
B0 9T HAA 4718 Hol W A4 Wzet An
o] Y= Aoz =AHL}

20089 A& HAF= 3 ZAIAE 20079 AT
7 18 FANOE SO3 Gl hehtA gharo
U (Kwon et al., 2010), 2008 A& H25E #3271
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n7 AvlE, 237 45 T gtk Ax A F
= 72 A7 2A Fasinh tdE A o)
g AE Ao Hake FATERT oty thefRt 4t
g AEddME et A& vEs ES W A4
St B85, &% AR, 27 SolA 1 A% ZE
A4 2 chpEe] gadiths A7Anst B gl
o} (Grialou et al., 2000; Hayes et al., 2003; Converse et al.,
2006; Sing et al., 2018). A F& EF7o] wret 7HH o]
T, 237 2 E 9 o253 go] Hd=E <QIet I
A2l S7h Be AU A ST =#7]7 g= 7]
B3} Zo] 7iA 28§79 a7t Yehdth gutEoz
ZHEAY A GoM= 23 ThHF, 2F % 22 A=Y
Al 9 des ARt wet F76ke Aoz 4EA
It} (Sullivan et al., 2001; Hagar and Friesen, 2009). 38t
ARsE 5 MR, G, AvE, SRS, |5F7]
&, juE 5 7P AlF o]F JE R Hoh ZHE X S oA
E—]-..,— FH3 AoZ dHA ok (Watt et al., 1997). 1}
Taki et al. (2010)2 7t A% 259 T4 4 AA|¢7F F
Astt 744 3 3do] AW Helk 239 tpd 3717
A e ghete, 79 JFe 23 2R e
= XPO]E Holtky Hustqich 2 AtolA THE AlF
74‘3]70‘ AEAn S =27 2=
z F718 oAM= A7 S7tekdle &
3] 237 iﬂxﬁ%ﬂ AAF7F 2A F74ekde =" A
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A E Q3 5H3AA F7He o] )l A
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7k oA <l 2006 E Tt 7HE 2] %<1 2008
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2 FREL 78 SFo] Z7kgl uet gasts Aow
B39 8F 91=1 (Yi and Moldenke, 2008), & A9 Ax}
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