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Arthropod Diversity in Walnut Orchards
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ABSTRACT: This study was conducted to investigate the community structure of arthropods, including various insect pests and their
natural enemies, in walnut orchards. Furthermore, we tried to compare the species richness and community structure of arthropods by
three different sampling methods, including beating, funnel trap, and pitfall trap. Arthropods were surveyed in three walnut orchards
located at Gimcheon, Buyeo, and Hwaseong in South Korea from May to September, 2016. A total of 408 arthropod species were
identified from 4,372 individuals, and 63 species were collected in all study sites. The species richness was the highest in funnel trap,
while the abundance was the highest in pitfall trap. The species composition of the insects collected by the beating method was more
similar to that of the funnel trap than the pitfall trap. Although the distributions of the economically important pests were different
according to the study sites, six species, including Dichocrocis punctiferalis, Pseudaulacaspis pentagona, Gastrolina depressa, Lycorma delicatula,
Metcalfa pruinosa, and Pochazia shantungensis, are the potentially important pests in walnut orchards. We also found a variety of predators
and parasitoids, which will be important for walnut pest management.
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Table 1. Comparison of the number of individuals (abundance) caught by three different sampling methods during the sampling months
(May to September). The repeated measures analysis of variance (RM ANOVA) was conducted for the statistical analysis, and Tukey's test
was performed for multiple comparisons

Functional . Sampling month Statistics”
feeding Sampling Tukey’
group method May June July August September Fa6 P l:eset}l: s
Fungivores  Beating 0 0 0 0 0.3+0.33 2.303  0.181
Funnel - 10.0+6.94 13.0+639 2.0+1.00 2.0+2.00
Pitfall - 27+267 6.7+6.67 13.0+12.50 1.0+0.58
Herbivores Beating 13.0+4.58 223+3.84 16.7+6.57 6.0 £2.65 4.0+£2.00 5.539 0.0434 F>(P=B)
Funnel - 25.7+12.25 50.3+24.84 240+6.69 35.7+8.76
Pitfall - 10.3+4.81 19.0+9.85 22.0+10.39 143+9.84
Xylophages  Beating 1.0+£0.58 23+1.33 0 0 0 12.126  0.0078 F>(P=B)
Funnel - 38.7+898 25.7+536 157+9.39 38.0+32.18
Pitfall - 03+033 0.7+0.67 0 0
Nectarivores  Beating 0 0.3+0.33 0 0 0 1.216  0.36
Funnel - 0 1.3£0.00 03+133 0.0+0.33
Pitfall - 0 0 0 0
Mixed Beating 27+1.76 4.0+4.0 1.3+0.88  0.3+0.33 0 8.442 0.018 P>(F=B)
Funnel - 36.7+16.74 36.0+9.94 12.7+15.10 6.3+0.58
Pitfall - 30.3+£10.48 39.0+9.17 62.0+16.82 111.0+12.74
Saprophages  Beating 0 0.3+0.33 0 0.3+0.33 0 2.864 0.1339
Funnel - 1.7+0.41 30+£0.88 0.0£0.67 1.7+0.58
Pitfall - 53+£533  47+233 9.0+£8.00 463+33.75
Predators Beating 27+0.88 123+273 83+491 20+£0.58 43+0.88 70.387 <0.001 P> (F=B)
Funnel - 263+£6.53 23.0+348 6.7+517 83+145
Pitfall - 139.3+£28.09 141.0£17.16 96.0+21.08 118.0+40.77
Parasitoids Beating 1.3+0.88 0 0 0 0.3+0.33 7.721 0.0219 F> (P =B)
Funnel - 37082 1.7+0.67 1.0+1.00 33=1.76
Pitfall - 0 0.3+0.33 1.3+£1.33 1.3+£1.33
Unknown Beating 0 0.3+0.33 0 0 0 3326 0.1067
Funnel - 0 03+033 0.7+£033 0.3£0.33
Pitfall - 0 0 0 0

®In RM ANOVA, data from May were excluded because traps of two sampling methods (freely hanging funnel traps and pitfall traps) were
placed at May and first samples were sampled at June.
® Abbreviation of sampling methods are: B, beating; F, freely hanging funnel trap; P, pitfall trap.

Table 2. Comparison of the number of species (species richness) caught by three different sampling methods during the sampling months
(May to September). The repeated measures analysis of variance (RM ANOVA) was conducted for the statistical analysis, and Tukey's test
was performed for multiple comparisons

Functional ) Sampling month Statistics®
feeding Sampling Tukey’s
B~ method May June July August September Fos P rost®
Fungivores  Beating 0 0 0 0 0.3+£0.33 8.134 0.0196 F>(P=B)
Funnel - 2.7+£1.22 3.7£1.15 1.3+0.33 0.7 £0.67
Pitfall - 0.7 +£0.67 0.3+0.33 0.7+£0.33 1.0+ 0.58
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Table 2. Continued

Functional . Sampling month Statistics”
feeding Sampling Tukey’s
group method May June July August September F s P test”
Herbivores Beating 50+£0.58 10.0+1.15 37067 27+088 23+0.33 7.195 0.0255 F>(P=B)
Funnel - 13.7+£449 16.7+6.11 9.7+3.18 7.7+0.88
Pitfall - 63+267 9.0+4.16 67267 47+2.19
Xylophages  Beating 1.0+ 0.58 1.7+0.67 0 0 0 27.188 <0.001 F>(P=B)
Funnel - 7.7+082 73+£1.76 33+088 33+0.58
Pitfall - 03+033 0.3+£0.33 0 0
Nectarivores  Beating 0 0.3+0.33 0 0 0 1.242  0.3537
Funnel - 0 0.7+0.00 03+0.67 0.0+£0.33
Pitfall - 0 0 0 0
Mixed Beating 1.3+£0.67 1.0£1.00 13+£0.88 03+0.33 0 16.23 0.0038 (F=P)>B
Funnel - 11.0+£2.86 9.7+2.00 43+233 3.7+£0.33
Pitfall - 53+120 8.0£0.00 57+120 4.7+0.88
Saprophages  Beating 0 0.3+0.33 0 0.3+0.33 0 8.084 0.0198 P>F =B
Funnel - 0.7+0.41 1.3+£0.00 0.0+0.67 1.0+0.33
Pitfall - 1.0+1.00 1.7+0.67 1.7+0.67 2.0+1.00
Predators Beating 2.7+0.88 9.7+2.19 33+£2.03 2.0+058 3.0+0.58 90.01 <0.001 P>F>B
Funnel - 147+1.63 127+088 53+2.19 53+0.88
Pitfall - 263+0.67 273+2.60 24.0+6.03 24.7+2.33
Parasitoids ~ Beating 0.7+0.33 0 0 0 0.3+0.33 12.158  0.0078 F>(P=B)
Funnel - 33+041 1.7+0.67 1.0£1.00 2.7+1.15
Pitfall - 0 0.3+0.33 1.0+1.00 0.7+0.67
Unknown Beating 0 03+0.33 0 0 0 3326  0.1067
Funnel - 0.0+0.00 03+£033 0.7+033 03+0.33
Pitfall - 0 0 0 0

®1n RM ANOVA, data from May were excluded because traps of two sampling methods (freely hanging funnel traps and pitfall traps) were
placed at May and first samples were sampled at June.
® Abbreviation of sampling methods are: B, beating; F, freely hanging funnel trap; P, pitfall trap.
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Fig. 4. Non-metric multidimensional scaling (NMDS) ordination based on arthropods in three walnut orchards (a) with three different
sampling methods (b).
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Table 3. Analysis of similarity based on Bray-Curtis dissimilarity
between predefined groups (region and sampling method).

Factor Groups Global R P
Region Buyeo vs. 0.213 0.032
Gimcheon
Buyeo vs. 0.207 0.031
Hwaseong
Gimcheon vs. 0.213 0.023
Hwaseong
Sampling Beating vs. 0.770 <0.001
method Funnel trap
Beating vs. 0.999 <0.001
Pitfall trap
Funnel trap vs. 0.990 <0.001
Pitfall trap
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Fig. 5. Non-metric multidimensional scaling (NMDS) ordination
based on arthropods during sampling periods (May to September)
in (a) beating, (b) freely hanging funnel trap, and (c) pitfall trap.
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Appendix-1. List of abundant arthropod species (> 10 individuals) in walnut orchards with feeding functions.

. . -
Fu;(:itll((i):al Scientific name Korean name ?j:ﬁ(l)?f Bitudyéieglorll_lw Total
Herbivores Adoretus tenuimaculatus Waterhouse FeHHAF o] B,F 14 6 20
Corythucha ciliata (Say) H Sk ) B,F 17 17
Chrysomelidae sp.1 QT sp.1 B, F 4 13
Chromaphis juglandicola (Kaltenbach) - B 4 4 11
Entiminae sp.1 ZHltu| ok} sp.1 B,F,P 10 10
Gastrolina depressa Baly SEUE I B 7 11 18
Geotomus pygmaeus (Dallas) ofj =AY F, P 27 5 35
Heptophylla picea Motschulsky It o) F, P 2 3 14 19
Hygia lativentris (Motschulsky) 3] 2] = HA P 18 7 25
Lycorma delicatlua (White) ZLufju] B,F 1 33 34
Macroscytus japonensis Scott oA F,P 4 21 30
Meimuna opalifera (Walker) ofjufj =] F 1 16 2 19
Metcalfa pruinosa (Say) EESIEL ) B, F 70 70
Mordellidae sp.3 227} 5p.3 F, P 26 2 34
Melolonthidae sp.1 AR F o]} sp.1 B,F,P 18 9 33
Orsillinae sp.1 N7l Aot} sp.1 B,F,P 11 42 6 59
Riptortus clavatus (Thunberg) Eohg7lu s =g A B,F, P 1 51 3 55
Pochazia shantungensis Chou and Lu ZrAd7luf o)== B,F, P 24 24
Pseudaulacaspis pentagona (Targioni-Tozzetti) — EUFZFXHY) B 12 12
Togo hemipterus (Scott) njo] F3EH7 1 = A P 3 16 19
Xylophages Debus defensus (Blandford) EHUYEE B,F 9 3 17 29
Hypothenemus eruditus (Westwood) yEsE F 162 13 14 189
Hypothenemus spp. Hypothenemus spp B,F 24 36
Xylosandrus crassiusculus (Motschulsky) g B AR S F 5 4 13
Xyleborinus saxesenii (Ratzeburg) AH ZA| o} EE F 16 22
Scolytidae sp.5 £} sp.5 F 11 16 1 28
Mixed Agrypnus binodulus coreanus Kishii & ool B,F,P 1 31 31 63
Anisolabis maritima (Bonelli) A A" P 178 24 1 203
Borboresthes cruralis (Marseul) AL A T )| B, F 38 38
Elateridae sp.1 vlolH | 1} sp. 1 B,F,P 5 27 4 36
Elateridae sp.2 vlolH | 7} sp.2 B,F,P 4 8 32 44
Nitidulidae sp.1 DA H ) 7} sp.1 B,F,P 4 9 16 29
Nitidulidae sp.2 a2 H | 17} sp.2 F 9 2 11
Nitidulidae sp.3 a2 H | 17} sp.3 F, P 29 6 1 36
Nitidulidae sp.4 a2 H| 17} sp.4 F, P 8 2 10
Nitidulidae sp.5 a2 H | 1} sp.5 B,F, P 3 25 68 96
Nitidulidae sp.13 WA Hy| 7} sp.13 F 14 14
Pedinus strigosus Faldermann A F=AA 2 P 94 49 143
Teleogryllus emma (Ohmachi et Matsuura) o= aln] P 75 49 68 192
Throscidae sp.1 AR H | 1} sp.1 F 1 3 31 35
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Appendix-1. Continued

Fu;jit;g:al Scientific name Korean name iil:tllﬁ)cl)lclll*g Bitudyéeiglor:lrw Total
Predators  Anahita fauna Karsch yata] An) P 21 15 20 56
Anisodactylus punctatipennis Morawitz Zdlo|H x| Hy| F,P 19 7 26
Anthocoridae sp.1 Z-HAY T} sp.1 F, P 6 7 2 15
Chlaenius naeviger Morawitz AL 2| )| P 30 20 13 63
Coptolabrus smaragdinus branickii Taczanowski 2]-S-THE-4 H | P 25 9 12 46
Diplocheila zeelandica (Redtenbacher) e ARRPH A ) P 1 1 14 16
Drassyllus biglobosus Paik - Zlal 7w P 7 1 11 19
Drassyllus vinealis (Kulczyn'ski) 3 =2k A u] P 19 19
Eusilpha jakowlewi (Semenov) ZulHSAdy F,P 119 146 265
Gnaphosidae sp.1 S8 Au] T} sp.1 P 6 10 16
Harmonia axyridis (Pallas) Hokdd) B,F 3 2 13
Histeridae sp.1 Zdo] 20|} sp.1 F, P 63 4 67
Itatsina praticola (BbsenbergandStrand) Z A8 AH] P 27 11 38
Linyphiidae sp.1 A A1)} sp.1 F,P 6 7 10 23
Lycosidae sp.1 St A o)} sp.1 1 8 12
Nebria chinensis chinensis Bates AR P 20 6 7 33
Ocypus weisei Harold CEE AR P 10 12 22
Ozyptila nongae Paik I 25 A AN P 14 14
Parasteatoda tepidariorum (C. L. Koch) 2 rulA ) B,F,P 9 2 11
Pardosa brevivulva Tanaka H7IA S A 1) P 40 40
Pardosa herbosa JoandPaik ZE=t)Au| P 52 52
Pardosa laura Karsch 7HA1 S A 1] P 7 3 56 66
Peirates turpis Walker AARFE YA =HA) P 10 10
Pheropsophus jessoensis Morawitz ZehH X H | P 26 28
Piratula procurvus (BosenbergandStrand) Z=t) A | P 24 12 38
Platydracus brevicornis (Motschulsky) A=l P 44 3 1 48
Pterostichus microcephalus (Motschulsky) Zhe 2 H A g P 9 1 10
Sibianor pullus (Bdsenberg and Strand) Hka1 2|7 A ) F,P 10 10
Staphylinidae sp.2 Bl 1} sp.2 F,P 20 4 26
Staphylinidae sp.3 Hhd 7l 7} sp.3 F,P 6 2 10
Staphylinidae sp.5 Hhd 7l 7} sp.5 F, P 1 6 10
Staphylinidae sp.10 B 7)) sp.10 F,P 1 9 10
Stemmops nipponicus Yaginuma AR EA| 7n} AT P 3 1 6 10
Synagelides agoriformis Strand o] g 7flu] A u| P 33 33
Synuchus arcuaticollis Motschulsky S2AGZIH 2] EH )| P 10 10
Synuchus nitidus (Motschulsky) SR H R ) P 42 3 2 47
Trochosa ruricola (DeGeer) ZE| 5| An] P 12 12
Vespula flaviceps flaviceps (Smith) oz F,P 17 27 45
Xysticus concretus Utochkin ) A A \] P 4 13 22 39
Xysticus sp.1 - B,F, P 1 7 5 13
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Appendix-1. Continued

Fu;sitll(c;:al Scientific name Korean name iil:tlﬁ(l)l;f Bitudyéeiglor:lrw Total
Yemma exilis Horvath A=A B 13 1 14
Zelotes wuchangensis Schenkel A=A etAn]| P 26 11 37
Parasitoids  Braconidae:Ichneumonidae spp. DA HI}HAH}spp. B, F, P 7 14 20 41
Saprophages Aphodiidae sp.1 ZZdo]}sp.1 F,P 2 14 16
Dermestidae sp.1 FAH o]} sp.1 F 6 1 7 14
Cholevinae sp.1 oA ok} sp.1 P 1 10 11
Onthophagus atripennis Waterhouse SIS HAASEEY 0] F, P 2 10 16 28
Onthophagus lenzii Harold YR AEZd o] P 10 10
Onthophagus fodiens Waterhouse RIS AEZG 0| P 10 8 18
Onthophagus sp.1 - P 118 118

* Abbreviations of sampling methods are: B, beating with visual; F, funnel trap; P, pitfall trap. Bold letters indicate more or less suitable
sampling methods for each species.

Abbreviations of strudy regions are: Bu, Buyeo; Gi, Gimcheon; Hw, Hwaseong.
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