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Effect of Habitat Diversity through Comparison of Spider Diversity between Upland and Paddy Fields
in Agroecosystems of South Korea. Hyung-Kyu Nam (0000-0002-9619-2478), Young-Ju Song (0000-0003-
5590-6622), Jinu Eo (0000-0003-3577-9942) and Myung-Hyun Kim* (0000-0002-5590-6622) (National Institute of
Agricultural Sciences, RDA, Wanju 55365, Republic of Korea)

Abstract The study of spiders that function as predators in agroecosystem can broaden the understanding
of agroecosystems. This study investigated the effect of heterogeneity at different spatial scales on richness
and abundance of spiders in upland and paddy fields. We collected 48 samples using pitfall traps at upland and
paddy fields, respectively. The total species richness of spiders estimated by sample- and coverage-based rarefac-
tion and extrapolation curves. The total species richness was high in the upland fields at the total study sites,
whereas the average species richness per study site was high in the paddy fields. We confirmed that the diversi-
ty enhancement of spiders was influenced by the structural complexity of habitat at field-scale, and crop diver-
sity at broader scale.
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N = o) AL LHT SHONA VFE TreE Fehi o
E9 F AT Fo A E 7HItte & dEA
A2 Z] o]AA] 7} (habitat heterogeneity hypothesis)< Z|qk(Davidowitz and Rosenzweig, 1998), 0| 22 A¢} 4

st A Fa3 Edi7} == 7go]th(Simpson, 1949;
MacArthur and Wilson, 1967; Lack, 1969). o] 7}d-& EX

gk 29 NARYFE FEA ot AHE S
AT 5 glon, Ao tefet &80 71537 Wi
of 3F58LE F IS T7HIZE & ok 7
(Bazzaz, 1975). YRFA O = thofet {129 AAA = A&
39 E24 Aol Y3 ZAHr}(Lawton, 1983). A&
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Al Atox= A= ARtE = A A7t EEEH7| =
th(Tews et al., 2004). A¥tE = Zil= B2H0] 25
A ol G v|A = ohgFR 8%, 3 2ALY 24
2 Qg A7 tx9] o]z Q3| TAYgT)(Ralph,
1985; Sullivan and Sullivan, 2001). T3t A& X]9] A5 A
o] Fofl Wt & 4 7] Wwol E4 FolAle AAA
72 942 B9 AL A4S AT TE
ZToAE AAA DI 22 BPAQ J3FS v)E £ 9l
TH(Okland, 1996). whebA], o FE 9] A 21| thef/dol| o
@ FAH olalrh Basht

FUAHAANAE BEY AAFTHCRA AR FL2

Jz rsL' 1w 3o 0H1
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gojepae] B te BAlol AR Se 9lo

EUPAS FANT] e e A7E0| 4En
ATH(Swift et al., 1996; Krebs et al., 1999; Recanati and
Guariso, 2018; Mashavakure et al., 2019). Ad 4 & 5
S A AAXE FHAR B 5Y EF S §
3 FHBAEL A FTFSFAARE, A A AR et
HHstz PETFH ] S48 E°1= Ut (Aebischer,
1991; Sotherton, 1998; Chamberlain et al., 2000; Donald et
al., 2001; Tscharntke et al., 2005; Liu et al., 2010). &=
o2 gig 2A AAR 2 Qs Fagt JEHFIS 5
A A ANA ZA} st FA Yol BEs] dojubar ¢l
t}(Swift and Anderson, 1994; Altieri, 1999). 5 JA A=
1Ao7 AEg Aufste 7oA AQulsts A9
FHo Al ol whet kgt 25 Ak ol gt
ot FxRE AEAA e AAAR 7Este AE
oFA 3A 9GS v]A T (MacArthur and MacArthur,
1961; Tscharntke et al., 2005).

Auls sAAEA AN BETFEAN 2A 7145k Q)
o A3l AESHE WA Fad Hs Tt (Marc
et al., 1999; Symondson et al., 2002). 7 0]+= t}oFst L&
= ZASte ZAREA Fo| tgst MAeTE g
oheFet AEALE AU gl 7 w3te] vizsty] i
of SAAEA L BT 7|50t TS, A, &
73 Hstol| tiet B7HE ffsf &=L th(Clausen, 1986;
Rhushton and Eyre, 1992; Churchill, 1997; Perner and Malt,
2003). mretA] An] 27 EAS AT FE 4R 9
o= ZEsta 45 7Hed dFEe 2 5 Ut
(Duffey, 1962, 1968; Rushton, 1988).

2 A= FAAEHAL dEHQ 3 L =ofA
Al teF S vwstr] s AT Lt =2 A
v 2hEof whet A4 F27F Tfst, Al ZARIZA
LEF7E FHET L& F8 AARAR 0] &3] wZof
29 ¥ EUFE Aol &3tk (Harwood er
al.,2001). @ebA ZE F70 O A= o E 25 F
Aohs B =oflA An Y F tFgel rAE FFS &
ste] FHAEA Y E4S wHofstar} gt

2 L
o

O

Mz L g
1. ZAL X[ L EALAZ7]

£ AFE 201397 20159 299 A AHEE 974
M7 Aehdw 87 Aol AT Wt oA AAEHY
T (Fig. 1). ZAF 219 9] 23} =2 BT 3y 5] ¥y
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Fig. 1. Map of study area.
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(o]

2 255 Aistal e, B = Be ToR 74
£ ®A°] lha ol dd A9& AATAT. oF A=
Hjg]d #Ano &5 A7IE 1L2st AF6D)T 7B
) F 228 s 2AF AY A ToA = 7HA,
A2k, ok, gl g, 5 F 315 AES At
I e, =olhe ¥ & TR FEe Auista A
ok Z i 2AF A F A= 1~3F5 79 A=) AuiEar ol

1t} (Table 1).

2. ZAl gt

23]

-

v 3] Anle] A2 T E (pitfall trap)H= &
AL, ZF 2AF A QoA 371 A FE AL, A & 5
Ae) B4 EUE oF 3~sm Ao ARkt EAL
AR A7 90mm, Eo] 95mme] £ FAE HE o]§
3tg o, 5214 (95% ethanol : ethylene glycol : wine=2:
1:DE ZF Efo] 5o0mLA g1 Ho) A7t AHat 53y
st=g A5t B7E el =i 2l =9l
US7] 2ol ==of A5t EYS w3 An| F
oY Al S5 AZHE Este] Ad AXE F ofzt
& TP 124020] A b o] AT (Choe et .,
2016).
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Table 1. Cultivated plants, richness and abundance of spider at each site in upland and paddy fields.
Field Region Site Crops Richness Abundance

Upland fields Young-Kwang Site 1 Eggplant, potato 3 4
Site 2 potato 5 16

Site 3 red pepper, Angelica 3 6

Young-Am Site 4 sweet potato, onion, red pepper 7 10
Site 5 red pepper, gigas bean 4 5

Site 6 potato, corn 2 2

Jin-Do Site 7 onion, Italian millet, tabacco 5 10
Site 8 tabacco, pea 4 5

Site 9 tabacco, chive 1 1

Hae-Nam Site 10 chinese belflower 0 0
Site 11 potato, seasame 4 6

Site 12 perilla peanut, Italian millet 4 7

Go-Chang Site 13 chinese yam, Angelica 1 2
Site 14 onion, chive 1 2

Site 15 garlic 1 1

Kim-Jae Site 16 chinese cabbage, Angelica, chinese cabbage 8 12
Site 17 turnip 3 3

Site 18 miung beans, walnut pumpkin 4 5

Im-Sil Site 19 chinese cabbage 3 4
Site 20 black berry, ginger 2 3

Site 21 chinese cabbage, sorghum 2 2

Jeong-Eub Site 22 mulberry 2 4
Site 23 ginger 1 1

Site 24 turnip 1 1

Paddy fields Young-Am Site 1 Rice 9 112
Site 2 Rice 7 15

Site 3 Rice 5 8

Mu-An Site 4 Rice 3 6
Site 5 Rice 5 5

Site 6 Rice 1 1

Hae-Nam Site 7 Rice 5 128
Site 8 Rice 5 94

Site 9 Rice 4 131

Wan-Do Site 10 Rice 4 5
Site 11 Rice 6 9

Site 12 Rice 5 5

Jang-Su Site 13 Rice 3 8
Site 14 Rice 2 2

Site 15 Rice 4 4

Jeon-Ju Site 16 Rice 2 7
Site 17 Rice 6 61

Site 18 Rice 5 12

Bu-An Site 19 Rice 6 38
Site 20 Rice 5 65

Site 21 Rice 5 20

Kim-Jae Site 22 Rice 7 714
Site 23 Rice 4 15

Site 24 Rice 5 16
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Table 2. List and total number of collected ground-dwelling spiders between upland and paddy fields.

Alopecosa cinnameopilosa
Arctosa chungjooensis
Arctosa coreana

Arctosa ipsa

Arctosa kwangreungensis
Arctosa subamylacea
Lycosa coelestis

Lycosa coreana

Pardosa astrigera
Pardosa hedini

Pardosa herbosa
Pardosa isago

Pardosa laura

Pirata clercki

Pirata piratoides

Pirata procurvus

Pirata subpiraticus
Pirata tanakai

o —
O = B~ B~

Order Family Scientific name Upland fields Paddy fields
Araneae AMAUROBIIDAE Draconarius kayasanensis 1 0
AMAUROBIIDAE spp. 1 0
ARANEIDAE Neoscona adianta 1 0
Neoscona tianmenensis 0 1
ATYPIDAE Atypus quelpartensis 1 0
CLUBIONIDAE CLUBIONIDAE spp. 1 0
COELOTIDAE Coelotidae spp. 1 0
CORINNIDAE Orthobula crucifera 2 0
Phrurolithus sinicus 1 1
CTENIDAE Anahita fauna 1 1
Anahita sp.1 2 0
GNAPHOSIDAE Drassodes serratidens 1 0
Drassyllus sasakawai 1 2
Drassyllus yaginumai 0 1
Gnaphosa muscorum 0 1
Micaria dives 6 0
Odontodrassus hondoensis 2 1
Zelotes wuchangensis 1 0
GNAPHOSIDAE spp. 1 2
HAHNIIDAE Hahnia corticicola 2 0
Hahnia nava 1 0
LINYPHIIDAE Bathyphantes gracilis 0 1
Erigone koshiensis 7 5
Erigone prominens 4 0
Gnathonarium gibberum 2 1
Meioneta rurestris 1 0
Nippononeta projecta 0 1
Nippononeta ungulata 0 1
Orientopus yodoensis 2 0
Gnathonarium dentatum 0 0
Paikiniana vulgaris 1 0
Ummeliata insecticeps 2 2
LINYPHIIDAE spp. 3 2
LIOCRANIDAE spp. 1 0
LYCOSIDAE Alopecosa albostriata 3 0
0 1
0 4
1 0
5 0
1 0
3 9
3 0
1 0
7 1
8 0
1 0
1 0
2
0
1
4
1
0
4

Trochosa ruricola

=
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Table 2. Continued.

Order Family Scientific name Upland fields Paddy fields
Pirata sp.1 11 5
Pirata sp.2 36 670
MIMETIDAE Mimetus testaceus 1 0
NESTICIDAE Nesticella brevipes 1 0
Nesticella mogera 0 1
PHILODROMIDAE PHILODROMIDAE spp. 1 0
PISAURIDAE Dolomedes sulfureus 1 0
PISAURIDAE spp. 2 0
SALTICIDAE Mendoza canestrinii 0 1
Neon reticulatus 1 0
Pseudeuophrys iwatensis 0 1
Sibianor pullus 0 1
Sitticus avocator 1 0
Talavera ikedai Logunov 1 0
SALTICIDAE spp. 1 0
SEGESTRIIDAE Ariadna insulicola 1 0
TETRAGNATHIDAE Pachygnatha clercki 1 4
THERIDIIDAE Paidiscura subpallens 1 0
Steatoda cingulata 1 0
Stemmops nipponicus 2 0
THERIDIIDAE spp. 1 1
THOMISIDAE Xysticus concretus 1 0
Xysticus hedini 0 1
THOMISIDAE spp. 2 1
TITANOECIDAE Nurscia albofasciata 4 1
ZORIDAE Zora spp. 1 0
Number of species 64 36
Number of individuals 168 787

Hastelon, Tit =olA Z2+7} 247] MES S5t
278 ABL ofolauts B  AYPAR o|Edte] 5
4371 Aol 70% ethanolo] HEsHth T4 & H|
7 (Leica DE/MZ 7.5)% o] &3}o] &eQl3tga, 2 e &
¥-& F3131th(Kimura, 1987; Namkung, 2001; Kim and
Lee, 2007; Namkung et al., 2009; Koyblyuk et al., 2012;
Kim and Lee, 2013). 532 £ &2 7|&22 913
A, F FETA 40l FUHA & 5 £ (Genus)ol
U I (Family) =& 7H4] 535t

P

Brhsted Wit oAl HelE)s
< v|wslr] Y %‘—3,1 %2 FA (rarefaction curve)T} F4=
F 248 3354t (Ugland
AEL ol &8st +3 =
Adstp e, 34 T4
0|83} 1,0008 2] permu-

F2 34 (extrapolation curve) B

et al.,2003). i} =of| A &olF
At 24 A4S 53 S+4E
S o
=2

Jack-knife2} Bootstrap ¥

tationS £33 & gz 2 ZhzF Jebich 3 T A9
4 AL BT 95% Ao 2 AT Tt
o)A TAE Au|e B 242 7JA4E= Mann-Whit-
ey U test® ol81e] Afo] TIsioich, BE BAL R
A 22O HA 343)2 o]-€35+93 (R Development
Core Team, 2017), ¢ ¥4 JAFH F¢ 4 JAHAL

vegan package (Oksanen et al., 2017)5 ©]-&3}tt.

2 I

23} ol R Al F 78 9554} DAY
ThH(Table 2). AA] 2AF A HoNA SR Foe =Hoh
oA © Wkl (upland fields = 1.25 (abundance/site), paddy
fields=0.71 (abundance/site)), 7| A= TR} =04 §
Wekth (upland fields = 3.29 (abundance/site), paddy fields =
15.43 (abundance/site)). T} =04 FAlof| TZH F2
22Fo| L, ol Aut EE FL 42F, =oAnt Tk
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Fig. 2. Box plots of number of species and number of individuals in upland and paddy fields at fine spatial scale. Boxes indicate the interquar-
tile range at each land use, and lines within each box plot denote the median value; whisker include the majority of points; outliers
are identified by circles. Sample size for each land use is given above the box plots. The stars represent significantly different between

upland and paddy fields according to Mann-Whitney U test.
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Fig. 3. Rarefaction curves of observed species richness (a) and estimated richness by first-order Jack-knife (b) and bootstrap (c) at upland and
paddy fields. Lines represented mean values, and ellipses represented 95% confidence intervals for observed richness and standard
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Z2 14%0] 3t} (Table 2).

Z} 2AF A FolA 28T Anl9] H+t T A=
BT =o)X &4 YEGT(Fig. 2; Mann-Whitney U test;
Number of species, W=1,091, p<00001; Number of indivi-
duals, W=779, p<0.0001). & 2-22] F7Fof wz} x}o|7}
Ao (> =8.96, df=2, p<0.05), | £72 & ZEo]
A A" 7HE w2 F57F UERR T (number of
species: 1 crop=2.00%0.45; 2 crops =2.70+0.40; 3 crops =
6.6710.89) (Table 1).

F4 A 34T 34 24 T4 B9 $09 AU
A e 37 2AL(1~5A 24 Aol =4
FASH $47H Wold FRSH T4t 05% AT

= %]
=)

=

FEAA FABIAY S & AR %
7F 2AL (57 2AF AR ool A& el x
F71H & Aoz FH T (Fig. 3).
AA 2AF A A glE 3 A4S AHEYH S

7] 7} (LCOSIDAE), % A| A 1] ZH(LINYPHIIDAE), 48] A
1] 7} (GNAPHOSIDAE)7} <=AH| 2 o] &35ttt 5
Av) T wro| A= oF 5536%2] H]5-S 2pA3 uhHo] =
A= oF 95.55%F AAeH= A= UK TH(Table 2;
Fig. 4). 974 1] 7H(ARANEIDAE), W7 1] 3} (ATYPIDAE),
o4 v] 7} (CLUBIONIDAE), 7HA| A 1] 7} (COELOTI-
DAE), ¥ 137 u] 7} (LIOCRANIDAE), 34} ] 7} (MI-
METIDAE), Zo}7] 7 u] 7} (NESTICIDAE), A$-7] A u] 2}

> oo
HHN'

e oriu

ofN of

Olt
)



2o =0l AHojQ iy Hlw 157

100 Il ZORIDAE

I TITANOECIDAE

I THOMISIDAE

I THERIDIIDAE

I TETRAGNATHIDAE
| SEGESTRIIDAE

I SALTICIDAE
PISAURIDAE
PHILODROMIDAE
NESTICIDAE

B MIMETIDAE

Il LYCOSIDAE

I LIOCRANIDAE

B LINYPHIIDAE

B HAHNIIDAE

Il GNAPHOSIDAE

Il CTENIDAE

I CORINNIDAE

Il COELOTIDAE
CLUBIONIDAE
ATYPIDAE

B ARANEIDAE

B AMAUROBIIDAE

Proportional abundance (%)

o S S 3 3
|
|
|

Upland fields
Land use

Paddy fields

Fig. 4. Proportional abundance of the spider families collected in
upland and paddy fields at broader spatial scale.

(PHILODROMIDAE), ‘2% # 1|3} (SEGESTRIIDAE), Z
7 u] 3t (TETRAGNATHIDAE), 2 427 u]3}(ZORIDAE)
= o M7 &%t (Table 2; Fig. 4).

n

i

re
e

78 Fol Avle 23 FEE $A49A dE

=3
Q) B7hel Wk oA FHF HolE Bt ol F
ZF 24190 whet dehks AR ] o] AL At A
gyoz o83y froz BEHLh Avlel AR ol
$9 BPPE e B2 AALANE 2 AH BAY
2ol o 2 9P WAT 2 ¢ AALANE B2
5O BpHoR A% T2 BFAol § 2 GFL 1
e Ao webE

2 3 2AYA AA 24 AR AHF B2
FHE wol bk o gyl Ee] ¥ 24 AWE

AA A A F471 EXR o] Uehd Aoz AZte
oh.Au o] AARE Aol F57, 4o mak A4 ol 7
2 7PgAE FE) ol sl 3 ol 2 H o]
23t F7HA okl weEk Al AAR] ool gt
At} (Ysnel and Canard, 2000; Caprio et al., 2015) B ZA}F
Aol Wik oA Aak I AEEL Azl 7}
Ae T, 4 24, =17t k= Al ‘%"ﬂ"]‘/} 40l
we} Fpgabe) e wme chec) 4, B ZEo| )

£ o Ao] A4 727 4R |, chek
g ZAEo] AuE= B2 AnloA FRH o= ohekdt A

A f+8e AEst7] diel An e AA F47F w@el &

st Aoz AghE v o] 9 ZHEo] AuiEE =
AR 2o Z ZolE YERRA] ¢7] wiZ
dojA Tk Au|o AA| F57F AA &4
o Rt 2RO A4 0 134
2350] NAA A54L AT Lawton,
1983). BHE ZAH 239 2WL 0|5 Yol = st
An] R &S t|X| A D}t (Nyffeler and Benz, 1988;
Mansour and Heimbach, 1993; Miyashita and Niwa, 2006).
Anl oS chpshe], A FL 2] B A4
£ FAFHoE AYst= AR & d#A Stk (Turnbull,
1973; Morse and Fritz, 1982; Morse, 1990; Nentwig, 1993).
wehA Bol Qo HIshe AARY a2 24
Apol thet Wl mj 4 7|39 5, A A, A Aks §
3 Theret 720l A4S kel Aust Adgden
o] &st= A2 WAHETh(Askenmo ef al., 1977; Uetz et
al., 1978; Foelix, 1996; Gunnarsson, 1996; Henschell and
Lubin, 1997).

é_a
N

H« PO
|o
fu

Ano] AA 28 T4t Lol =Roh BRAN A F
b AALR 2AF AHE EHE Av| 9 Bt T4 A
F= l=°ﬂ*1 o] @o] #AE. o= ZF A AHE &

5 A= =0] o gtttk AL Aulsi, ZF 24}
11@01]/\1 Al & gl vt AAshs AvY FF
7b Zolstth= AL Auldtth. 22 3t D9 (field-scale)
Al shto] 2AF A oA Bl EH, =0l A Auf =]

ZE0] v Aul Z7He] RAF A FL A
Tit= T2 Brh AiEe 29, 28 S8 =58
92 A2t o= A 29 PEH—J FHolu AeA &
thokst 4B 2 A9 A% A& Z&3 1 9 th(Bamba-
radeniya and Amerasinghe, 2003; Katoh, 2009; Okada et
al.,2011; Natuhara, 2013). ThFgt =82 270 ute} A

 thre A8 2 AvlelA) cheber P2 vl anA
A] (microhabitats)S A58 4= $lth(Bambaradeniya and
Amerasinghe, 2003). &, 22 37t @92 sl =AF X
BolAE o] Wt waqAAY AR P27} chepel
7] Wgo] Av] F4ot AASE EolA B Aoz wg
A,

B APE AAR o A4 7M. R e
HARAN Ag 2Ho] BAe) BelH 7xE
g &2oll A& £l o FE 2o AN (lnteraC-
tions)°o] 2 A ¥ WA Hh(Lawton, 1983; McCoy and
Bell, 1991). & Aol A= A=Al HA st AnlE

rlr

B3 B 24 A (@S B2 HhIAE chopat ml
AAAE B ofd 24 A @ BT Bl
o 4BL TPFE AR PRl £ HAANA A
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ulo] F tFdo] o= AL T 5 ANtk 2= 4
2219 2 9 ZEO] FRof o3t FHAYE A 41X
9] o]ANL BTk 283t 942 22T o
™ (Whittaker, 1972; Benton et al., 2003), ©| 23t Y&}tk
Aol IS H|R= AAA] o]AAFL FF AAL wet

gepAthe A AT 4 99t

x
|

kO

MAA oA BT 28 7 AXAIEeE A
S0l S7HTE MEoR AR ANAE 28
o] 7}s3lt}. 53] %‘ﬁ*gﬂﬁlﬂlﬁ 5 =d go] x4
AR 7153 AE ol&E A5 sAHAY At
3t ofsfe o ¥ ﬁlﬁf.% A= FElvet w4
AEiA ] EAQ A FF T =olA Al o F
dol F3t AL wet ouHE SA4S UEeA &
Stazl stk P EHPS A8t oA 2471 A
S5, =0 2470 AEE A F3 LA L e
Wit =9 Fee v FAY Y A4S T3 Bk
o A 2AF AH SN S TollA =A e =
A AME B e =04 =4 UEigth o8 F
A2 3 2ALNAM = AR F29 B0l 2 33
L2ALANME 2 F7Y dFAol AvlY vl IF

2 ulRE AL AT 5 YT

MAZIGE Ada%: dat, dud, $u e a2
A g ARAR: o0, PP, AR o}, U
T 2ok g, A3 14 9B, 595, 41 9.

FE T, dA S 9
O|3H2tA| The authors declare no conflict of interest.

2| & AL TSR SN G A

HAL (AT E: PI01249002)9] Aol 28) o] Eof
Yt

AMAL AW o] FA O =& FA F8F YA A=
dys
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