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Effects of vegetated field margins on the distribution of epigaeic carabid beetles

and spiders and aphid development in adjacent wheat fields
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Abstract: Enhancing enemy diversity to increase pest biological control by managing the semi-natural habitats is a
fundamental issue in current ecological agricultural research. To understand the influence of different vegetated field margins
on the abundance of ground-dwelling enemies and their biocontrol effects on the wheat aphid of neighboring wheat fields, we
investigated the abundance and distribution of two important natural enemy groups, carabids and spiders, using pitfall traps

at the sites 0, 15, and 30 m from border in wheat fields with different vegetated field margins ( woodland, planted grassy
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strips, and natural succession grassy strips) at Zhaoquanying Town, Shunyi District, Beijing. We also recorded individual
aphids in the field and detected the influence of the vegetation structure of field margins on the carabid and spider
compositions. The results showed that carabid, spider, and aphid densities were all significantly higher in wheat fields
neighboring woodland than other habitats. The carabid and spider compositions were distinct among wheat fields with
different vegetated field margins. Field margin width and tree coverage were the main factors influencing the carabid and
spider distributions in the neighboring wheat fields. There was no significant difference between carabid and spider densities
in either dispersal direction. However, the spider density decreased from the field border to the inner wheat fields
neighboring woodland. In the wheat fields bordering planted grassy strips and natural succession grassy strips, the spider
density was significantly higher at field borders than that in inner fields. The results showed that the interface between the
semi-natural field margin and wheat fields had a higher spider density and they tended to disperse into farmland. However,
higher enemy densities were not associated with lower pest populations. A better understanding of the relationship between
enemies and pests, and the factors influencing the enemy-pest relationship is essential for enemy conservation and pest
biological control in the future. In addition, because of the highly heterogeneous species composition of natural enemies
among the different vegetated field margins, it is important to investigate the different roles of vegetated field margins in

maintaining natural enemies and their activity at the habitat interfaces.
Key Words: enemy diversity; the relationship between enemy and pest; vegetated field margin; spill-over effect
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Fig.1 Geographical location of research region

WW . BB A T A AY/NZE T, wheat field neighbored by woodland; AW . Hit4B A T R4t 5045 B9 /N 22 [, wheat field neighbored by plant grass
strip; NW . WA [ SR R4 (/N 22 HT, wheat field neighbored by succession grass strip
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Fig.2 Layout of sampling sites
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2.1 RECHFK LK

2014 4E 5 10 HZE 6 J 9 H  FERFFE X HAT AN [F) 38 RUR 300 S 19 /N2 F Y L4 3120 1 1094 3k (3%
1), 5@ T 29 ANFh, Hrpsm b2 18 28 B (Asaphidion semiliucidion) , (73 3R 25 H ISR 13.7%
W LR ELEE DU BE /N B ( Tachys gradatus) BAV53525 W ( Scarites terricola) \FE255 W ( Harpalus griseus) N384
H ( Harpalus bungii) B ( Oxycentrus jelineki) , 535 di il 3545 B A AU 12.0% 11.4% 9.9% .9.6%
M 9.3%, Ak 2229 3k 0@ T 14 A8, HA LR BARBRE!, &8 ik S A% 58.4% 8 DL
By IURAL R R, 53531 o 4l ) ke S A0y 13.8% 1 13.5%

R1 SRELEBERDRFERMBEE BT L RIMBMBAR RS

Table 1 Composition and distribution of carabids and spiders at wheat fields adjacent to different vegetation borders

K 38y L1 Pae:

A EL Carabidae SP1 Agonum sp. 0 1 0 1
SP2 SERamE A Amara brevicollis 1 0 0 1
SP3 KItws A B Amara macronota 1 0 1 2
SP4 ZHITHH Anssodacrylids signatus 0 1 9 10
SP5 PR Asaphidion semiliucidion 90 47 13 150
SP6 e & S Calosoma Chinese 30 8 19 57
SP7 AW Carabus brandti 1 0 1 2
SP8 SPEFF AW Chalenius posticalis 0 0 2 2
SP9 HPETT AW Chlaenius micans 3 11 11 25
SP10 F s W Curtonotus giganteus 0 0 2 2
SP11 AW Doliohus halensis 10 1 1 12
SP12 Wk A B Dyschirius hiogoensis 62 8 16 86
SP13 FLLAE S Harpalus amputatus 0 2 0 2
SP14 Ve3E W Harpalus bungii 51 27 27 105
SP15 Hi4A5 4 W Harpalus chalcentus 1 9 6 16
SP16 B AW Harpalus corporosus 0 1 4 5
SP17 S Harpalus crates 1 0 0 1
SP18 BAEEH Harpalus griseus 98 2 8 108
SP19 8k Harpalus microdemas 72 14 4 90
SP20 WA Harpalus pallidipennis 6 0 0 6
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SP21 B Nipponoharpalus discrepans 1 1 0 2
SpP22 AN Oxycentrus jelineki 5 48 49 102
SP23 FaM9L W Peronomerus auripilis 0 0 3 3
Sp24 K Fa 2 Poecilues gebleri 0 0 1 1
SP25 BAYTIEL ! Scarites terricola 48 56 21 125
SP26 SRR A B Stenolophus difficilis 0 1 0 1
SP27 R MG Syntomus pallipes 35 3 6 44
SP28 PUBE/ N H Tachys gradatus 22 64 45 131
P29 Tachys sp. 0 2 0 2
&7t Sum 538 307 249 1094
Wk 5 Spider Fal I3 WRBE Agelenidae 0 0 3 3
Fa2 el kAl Araneidae 7 1 8
Fa3 FHLKEL Clubionidae 1 4 1 6
Fa4 SEREWRRL Gnaphosidae 158 61 83 302
Fa5 ik R} Hahniidae 25 4 2 31
Fa6 MR} Linyphiidae 88 117 102 307
Fa7 JeE B} Liocranidae 35 10 4 49
Fa8 RIREL Lycosidae 990 134 178 1302
Fa9 B ERA} Philodromidae 28 1 4 33
Fal0 il i Wk AB} Phrurolithidae 36 13 19 68
Fall YRRl Pisauridae 0 1 0 1
Fal2 kRl Salticidae 42 4 7 53
Fal3 BRIEA} Theridiidae 4 2 3 9
Fal4d B WAL Thomisidae 30 7 20 57
£t Sum 1444 358 427 2229

WW: WESB A TR/ [T, wheat field neighbored by woodland; AW Wit A T FAE B4 19 /N2 [, wheat field neighbored by plant grass

strip; NW . HIEA] H SR8 7417 19/ N 2 HT |, wheat field neighbored by succession grass strip
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TR By L B N T A Beafy R &8 4 /N 22 T R 25 R R RIER 1 755 3 % BEAH B 22 R JE i vk 22 5 (&1 3)
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Fig.3 ANOVA of Carabid and Spider activity density in different habitats
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Fig.4 Non-linear multi-dimensional scaling (NMDS) based on Chord Measure for natural enemy assemblages at wheat fields with different

field margins
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Fig.5 ANOVA of aphid and enemy-aphid ration in wheat fields with different field margins
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PFhe 2L A (SPS) 58 WA UBE/NEH (SP28) A5 W ( Harpalus microdemas) (SP19) FEE 4345 T 5 A
TARHBAR B/ F v 5 TR AR S5 B LA R AR A Bty B8 8 B2 IR AR G OG AR i DL AR B 14 20 Y (SP25 ) D) 32 2
OIATAES— R, 5 TR R R 55 B KA gl s ey 9 BE 52 SR G SC &R 5 i DU AP B 4K 2D BT (SP18) (AR IR 20 i
(SP22) 5##ALHI (SP14) W) = 273 A T JC v K 2 B 55 19 8 9K 188 RO AH &R I /N2 | b T A A 4
Agonum sp. (SP1) GG H (Amara brevicollis) (SP2) VA M 582525 W ( Harpalus crates) (SP17) W H7ES5 A
TTRMAE ELA AR /N

X2 RDA BARFFEMBRAGTEZUMNRREET

Table 2 Monte Carlo significance test of environmental factors to the RDA models

R WEE ¥ fig R % FAH Pl
Enemy group Environmental factor Explaination rate/% F-value P-value
- Carabid AF G 23.1 3.0 0.006
TR E 20.4 2.6 0.008
gk Spider R 38.9 6.4 0.002
TR 32.9 4.9 0.004

Wik RDA HEFF B P AFRIEAR (A2 A0 0.459, RDA HEFP EISE — Sl Fl R 55 BABTHERF N 39.0% , Te K2
5 RIVRE Bt 0 S B B AR 5 — T e i B IR A 0 5 5 — i R W Rl R B R STERR N 6.9%, RDA HEFF Al
BR(E 6) , EHFHREKE(Fa8) 5% WRFT- IR (Fad) 400 T45—hA5 M, 5 7% A2 36 B DA KA 130 s
PR IEAHDEOE R, 1T H WAHILIRR (Fa6) ) =22 H BLYE 5 0 TR S AR SR I /N L e
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Table 3 GLS models of carabid activity density response to margin type, sampling distance and direction
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