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Effects of Clear-cutting on Forest Arthropod Communities at Two Different Vertical Levels (Crown
and Ground Surface). Park, Young-Seuk* (0000-0001-7025-8945), Young Kyu Park' (0000-0001-6426-0467) and
Hee Moon Yang? (0000-0002-6965-4497) (Department of Life and Nanopharmaceutical Sciences and Department
of Biology, Kyung Hee University, Dongdaemun, Seoul 02447, Republic of Korea; 'Korea Beneficial Insects Lab.,
Gokseong, Jeollanamdo 57507, Republic of Korea; *Division of Forest Ecology, National Institute of Forest
Science, Seoul 02455, Republic of Korea)

Abstract  Forest clear-cutting operations influence biodiversity through habitat changes and food resource
availability for inhabitant species. This study examined the effects of clear-cutting on forest arthropod commu-
nities. Arthropods were collected from two different forest treatment areas (clear-cut and control) in summer
and autumn. In each treatment area, arthropods were sampled from both crown and ground surfaces using
sweeping and pitfall trap methods, respectively. Then, the taxonomic order of the collected arthropod speci-
mens was easily identified. Results indicate that arthropod abundance and number of taxa present were higher
at ground surface than at crown levels in both clear-cut and control areas. At crown level, more homopteran
species were present in clear-cut areas than in control areas in summer. At ground surface, populations of
Isopoda and Opiliones were higher in control areas than in clear-cut areas, whereas numbers of Araneae,
Orthoptera, and Hymenoptera were greater in clear-cut areas. Cluster analysis and principal component analy-
sis showed distinct differences between clear-cut and control communities at crown level in summer and at
ground surface in autumn. Thus, our results indicate that clear-cutting significantly influences arthropod com-
munities, and higher taxa are valuable for conducting rapid biological assessments of ecosystem disturbances.
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A wo] 2L o] QIth(Kim and Um, 1997; Lee et al.,
2014). El AR oA Zhe At YR X H (2,462 ha)
AEFAAE B3 os A Hste] BEsta glo
ot —‘% Ao e A&7Hse A 7le i
Slste] = 2A, 29, 78, AHEY, 9uEY, 4gF
AEd =AY 5 E} o AHHAIAS AAlska Qo
(Lee et al.,2014).

WAL Aol A4 ABEY AAT} Bol A9l
of] J3FS Fo] AETIFA ] H3FS Fr}. Lee et al. (2014)
< 7H A ARAIAA A A 239 7ol
A& 51492 ™, Kwon et al. (2010)2 A 22X
o] AX5& FF=S 2Rz A= 9
| gt 7S B asint shE FoloH L 1k Sol
% A gl v FFel e B2 A7 Ak
(Lenski, 1982; Atlegrim and Sjoberg, 1996, 2004; Atlegrim
et al., 1997; Sugar, 2000; Torras and Saura, 2008).
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Table 1. Environmental characteristics of sampling sites.
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H AL JE|Ar 9 FAbo] 9= YU E HA O
Shdo] AR FA=FEBE s B SFHAA HAlS
FTh(Table 1). 0|32 &7t 2 A= lon, Adu
F7F A 29y 49S 223A7F EEEH §
o 2Abs 9g4S YA AA 3R 1~3), BF
SR 6~10)2 28k ARSI RARA] H2
= 800~900 moll &3t 12l A 1~32 HAE
A Nd) & 1de] B o2 7]7F 50cm o]l
£ A o] Testginh. 2AH 9 € 542 Table 19
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AAFES ZF ZAXFHERE A ;A4
TA4 ARFER RS ZH2 P EH (pitfall trap)
4 &7 (sweeping) 2 2 AT AH-2 20159

AAEE @ 4

Site Location Altitude (m) Vegetation Clear-cutting Tree height (cm)
1 37.25479N 800 Lespedeza bicolor Yes <50
128.28.23.2E Artemisia princeps
Vitis coignetiae
2 37.25.42.8N 829 Rubus crataegifolius Yes <50
128.28.22. 9E Lespedeza bicolor
3 37.25.49.6N 820 R. crataegifolius Yes <50
128.28.21.7E L. bicolor
6 37.25.61.3N 920 Cornus controversa No 1000
128.28.39 4E Magnolia sieboldii
Platycarya strobilacea
7 37.3543.7N 918 Quercus mongolica No 1000
128.29.0.3E C. controversa
A. palmatum
8 37.25.38.2N 945 Q. mongolica No 1200
128.29.154E M. sieboldii
A. palmatum
9 37.2546.2N 970 Q. mongolica No 1200
128.29.374E A. palmatum
M. sieboldii
10 37.25.30.5N 910 Q. mongolica No 1200
128.29.52.9E M. sieboldii

Sasa borealis
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(100% 9o, T2BAZZE §719 20% 71 A%
oul uE B $I5 £AL NS et £AE =

;o 7b zALe HEel FEHTE /A =4S ¢
AFAR 7hA L}, AL A o] &3to], EW S HAE &
obdl ¥ 80% YT A Wol YAl BESIGT EFL2
oA FF O R o] §E = ETtAE 87 (Z0] 6.3
cm, 3 A% 8em, v A% 6 cm)E AHESHAT ©] &
7l ZA71= AZo| AGE ® opl, A[E MES

£ 8712 &4 98 glo] AT &7|=2A4 AHgo] 7hs
517] wjiZoll A FE 2Abe] HesHA AHEE 4= AU

o7 €ARW7IT (A7: 38em, df Zo] 1m)y& ©
st} AR oA dojA olFstHA 22, BRI}
5359 S FALHOE 603 £old7] ARSHA
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(PCAYZ AABHETH CA L PCA= ZF EFTY 7HAls
of o]z} 5] @] e 21 W Qo] AASE A
235}99th. CAE Sorensen A8 S 0]-83}] Ward’s method
o wat B3} 2, PCAE Cross-products Matrix 2
variance/covariance=S A}g-5}%th. CA ¥ PCAE= PC-ORD
(McCune and Mefford, 2006)E ©]-&35} g t). o] AEAE A
2 BAZ 2% Statistica (StatSoft, 2004)E ©|-&3}t}.
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Eol71Hol 3l FRAA F 27 1150] A=A
T (Table 2). 1 5 2|5 (Diptera)®] 7HA|=7} 718 @3t
ot mju] & (Homoptera)> A Z| | A of Fofl go] EAYs}
=t ol AR Y 2ERE Ao 50l €7 o
2ot 7hole "2+ 2 HAR] 2T ofFo H]s
NA 47} a8t

AHEHE o]8sto] AP A& AAFTEL 57 245
o|loH (Table 3), LF oA L5740l 7H B2 5+ 4
NA+E Btk 234 FolA= otel & (Diptera), %74
Ha) & (Coleoptera), B (Hymenoptera) 5°] Wton, 7
0] 73+2] Au| & (Araneae) £ 2 g2 EATH FHHUAA
< Ado et dj2 2 HRR| A TR T ZolE H
o A Fol= dEFolA 205 78AE A E} &=
Qo 7hEo= AR A 215, 103970A 2 o =S
52 (Isopoda), 29 A B] & (Opiliones)& HA A Hoh=
=T A, 7 u]E (Araneae), W5 7] = (Orthopotera), ¥

Table 2. Number of individuals/site collected using sweeping methods during different seasons in different treatment areas (control and

clear-cut).
Summer Autumn
Class Order Acronym
Control Clear-cutting Control Clear-cutting

Arachnida Araneae Ara 5 4 7 11
Opiliones Opi 0 0 0 2
Insecta Lepidoptera Lep 1 1 2 1
Hemiptera Hem 1 2 1 7
Phasmatodea Pha 0 4 0 0
Coleoptera Col 1 4 3 4
Homoptera Hom 5 21 6 5
Orthoptera Ort 1 5 0 2
Hymenoptera Hym 18 10 7 5
Diptera Dip 20 18 16 14
Neuroptera Neu 0 1 0 0
Total 52 70 41 51

Number of order 8 10
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Table 3. Number of individuals/site collected at ground surface using pitfall traps during different seasons in different treatment areas (control
and clear-cut).

Summer Autumn
Class Order Acronym
Control Clear-cutting Control Clear-cutting
Crustacea Isopoda Iso 38 9 23 7
Arachnida Araneae Ara 55 73 28 188
Acarina Aca 19 3 71 12
Opiliones Opi 115 60 21 10
Insecta Notoptera Not 1 0 0 0
Unidentified insect Ins 0 2 0 1
Lepidoptera Lep 18 2 2 8
Hemiptera Hem 2 6 2 12
Psocoptera Pso 1 0 0 1
Archaeognatha Arc 2 1 1 0
Coleoptera Col 285 62 115 217
Homoptera Hom 5 5 1 18
Orthoptera Ort 23 29 32 61
Mecoptera Mec 1 0 0 1
Hymenoptera Hym 88 118 120 164
Dermaptera Der 2 0 0 1
Entomobryomorpha Ent 20 45 65 37
Diptera Dip 101 44 185 280
Neuroptera Neu 0 0 0 1
Diplopoda Julida Jul 6 5 11 9
Polydesmida Pol 2 2 5 6
Chilopoda Scutigerida Scu 0 1 0 0
Lithobiomorpha Lit 2 5 2 4
Scolopendromorpha Sco 0 2 1 1
Total 788 468 687 1039
Number of Order 20 19 17 21
Table 4. Two-way ANOVA (seasons * treatments) for both crown and ground surface habitats.
Variable Degree of freedom (Df) Sum of square (SS) Mean square (MS) F p
Habitat: crown
Treatment 1 573.50 573.50 1.8146 0.203
Season 1 932.20 932.20 2.9495 0.112
Treatment*Season 1 78.20 78.20 0.2474 0.628
Error 12 3792.67 316.06
Total 15 5299.94
Habitat: ground
Treatment 1 1170.4 11704 2.9624 0.111
Season 1 236.0 236.0 0.5974 0.455
Treatment*Season 1 33153 33153 8.3912 0.013
Error 12 47411 395.1
Total 15 9227.8
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o AXNFE 3L CA 23}, o So= dhx 3
(1FJ, 2FJ, 3F))°] t2+ 33 H&eHA T2= o,
7Fedle 230 A2 EAsTh(Fig. 1a, b). 3t A&
AAFE 234E CA 2, A= dAA 2] 3¢
IFANAE Zol B A9 2FNA dzet &3
He A%E ZHoh(Fig. o). 7Heole EAA <83 o
Z2 23 o] BEastA = =it (Fig. 1d).

PCA A3} E3 CA Z2THE W8l =3t =8
£ PCA 23, o goll= iz 9 dAA £ o] Fest
A FEEULH, 5 (Hym), 2] 5 (Dip) °] =279
Wokth(Fig. 2a). 18U 7ol A2 4loA] 23590
(Fig. 2b). o} 8o 2AHE A& AAFELH g PCA
A3}, A (1F], 2F) &= 7Hrto] YAt e, dixt+=
Z4A EAAA A 7+ Wel7t Atke AL B oh(Fig.
2c). 7F& At2o] Hi3 PCA 23}, YA & AZo], 27
£ 2EZF Aot Exste] gt zto] g ¥l ch(Fig. 24d).
7hEol AR oA = AulE (Ara)o] A&} 717to] 917
steh. 7ol WA A oAM= di 27l vlE] AulE, 4
He| &, whe] & Fo] AtiA o2 wol = Utk (Table 3).
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3l 31tk (Table 2). ¥FH 7holl= AH|
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7] ol olefl A AL E BEFEF zpo|7t
Aok wAst7)= oo 2y o#gt Aol o
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Fig. 1. Cluster analyses of arthropod communities collected from study sites (control and clear-cut) using sweeping (a and b) and pitfall trap
methods (c and d) in summer (a and c¢) and autumn (b and d). Sample naming conventions are derived as follows: leading numbers
indicate site sampled; second character indicates forest condition with regard to clear-cutting treatment within the study areas (C:
control/no clear-cut; F: clear-cut); final character indicates sampling month (J: June; S: September). No pitfall trap samples were col-

lected from site #3 in summer.



276 HrHA .

Fig. 2. Ordination of principal component analysis (PCA) of arthropod communities collected from study sites (control and clear-cut) at
crown level using sweeping methods (a and b) and at ground surface using pitfall trap methods (¢ and d) in summer (a and c) and
autumn (b and d). Sample names are explained in Fig. 1. Sample sites located within the same forest treatment condition (control
and clear-cut) are connected with dotted lines. Eigenvalues and variance percentage for each PCA are indicated as follows - a: axis
1 (eigenvalue: 979.40, variance percentage: 63.24%) and axis 2 (210.71, 13.61%); b: axis 1 (592.04, 44.43%) and axis 2 (436.36,
32.74%); c: axis 1(445625.7, 88.2%) and axis 2 (37487.6,7.4%); d: axis 1 (136846, 65.86%) and axis 2 (41746, 20.09%). Acronyms

for described taxa are shown in Tables 2 and 3.

(Araneae), M 57]5 (Orthopotera), = (Hymenoptera)<
A F7rekith AR R w2 SE Al ot i
AR et 2ol A AWAF7E A Zol7t Wk B
= 752 E FEIGS © A Fof 270 A A
ghgo] F7ketaL, A 2 Fadts AR dEA 9l
t}(Niemeli et al., 1993, Werner and Raffa, 2000, Lee et al.,
2014). & AFoA= Agole AL gHE S 9 1t
50| 2FoA ko, 7hEole HAA oA A
2 MASE B4t o]=E Aol AFE F 1A4Y
z}olo] 71913 = Ao 2 HIth Lenski (1982)= HA|7}
Argrgdy o] thefAdol A= Gl gt ATolA
HAf = F5 Alo]9] Hol AA o] FFE vIAA Hol ++4
o] HizlE Sttt eS¢tk 4 Huber ef al. (2007)2
A AlA 1| 2 (Linyphiidae), B]2A 0|2 (Amaurobiidae), 7+

Al A 1) 2 (Agelenidae), '3 A 7] 2} (Clubionidae) 52 A0]
F= 9A o 29 ool D&t IA HAH O A
FAX A4S SohA 0|2 Lycosidae)7} SE3H 3
the B8 skt o] g3t ik AAX] 9] ¥ste] 2
AEALY] WS 2 Wyl = Aol

ghE gHFEY 23 o3 AAFEFHLS dEde
AR e 27 FEsHA FREE QU 7ol 23
o] 2 AH ¥, A& A FELE oAFole A
o] o] HestA| ghokout 7hEo HAHA £ =
T 23o] HestA &2 =ik (Fig. 2). o]23t Zol= ¢
A =9E ZF AR £ S F WY = Aol
th & SRR AE A5 gx2TolA EE, aeEo] &
e, 7holl AR oA AnE, YEE o] =
7 =371 g olth(Table 2). 12|31 X & A2 An|&,



I XIS

H8e 2, el go] WA 8 B S BE &
8 ssich(Tave ). 0|21 Aske WA} %c}

_V,L o_>l FIO

g B7kske Aol %‘J‘lﬁ}t}—t—

E A7dAs 49 Eaael Bust AdA WsE T
Hozm stﬁ % 4 9deg ANstAT 447 ws)
Fet ek m| Aok o]& A

= 4z 25

2 QAL Be A
oz YRy A7
B RIS T 4 YA
A7 Slsk ol e e
SELMEL IS L)
3 qu e o

Mz

:‘ﬂ] oX O
=

lo

=l

du

offl ¢

ox

rlo

.ol °H‘

OHIPHJF-LI-IJFIHJFlO—‘?iozi

ru{u e e

CAY

2013, 2016). Kwon et al. (2016)-‘% B9 1087t
ZARSLIL B oA AnE FEste] A9 HIE
agAHor Hristglon, oy AFATE0] FHUAL F
7 Aol A A9 BERTol -8&5H AFEE & e A
2 B3}t (Ricotta et al., 2002; Baldi, 2003; Cardoso
et al.,2004). 13t AQESE AR O] A W o=
E3H AAE AT} (Rosser and Eggleton, 2012). & T2
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