Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 18, No. 4, November 2016, pp. 386-393 DOI http://dx.doi.org/10.17663/JWR.2016.18.4.386

— o [=] =
* = = 5 =
SEUEY 7y

The Comparative Studies on the Terrestrial Insect Diversity in Protected
Horticulture Complex and Paddy Wetland

Son, Jin-Kwan-Kong, Min-Jae:Kang, Dong-Hyeon:Kang, Bang-hun'-Yun, Sung-Wook: Lee, Si-Young*

National Institute of Agricultural Sciences
"Planning & Budget Officer, Rural Development Administration
(Received : 09 August 2016, Revised: 25 October 2016, Accepted: 25 October 2016)

PR AT ol ool S0ge), ABAAA, o7 4e B, BURE 5 o Aulag

Tl ALANRA] 2L BESHA Sgah G2ANH SAZ ) FeAA]
2 715 Aste] 9elo] B 2 Slrkn WHRLh veba] £ AT ATt 24 B gehot A EEe
LSt stk ATRIAE UG REAFS Telo) 9P, A5, feledE TR, =
4ot vlmekeleh, 2AF AL Ful, Hol, A%, PA| S0z AFstert £ 2N AWH L 92 383 T6%
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Abstract

Agricultural ecosystem is recognized as a space for providing a variety of services, in addition to the food production that
it originally encompassed, such as water purification, biological habitat, air purification, soil conservation, and landscape
development. The construction of greenhouses in agricultural landscapes can cause deterioration of ecosystem services because
of the increase of impermeable area and loss of biological habitats. This study aimed to compare insect diversity between
different types of constructed greenhouses and paddy ecosystems. The target study area was selected by considering the
distribution status of horticultural complexes and was classified as Single Vinyl Greenhouse, Multi Vinyl Greenhouse or
Glass Greenhouse and they were compared with four paddies. The study locations were in Gu—Mi, Bu—Yeo, Ginje and Jin—]Ju.
A total of 2,333 individual insects belonging to 9 orders, 38 families, 76 genus, and 80 species were collected. The composition
of orders was Hemiptera (22.37%), Coleoptera (18.42%), Hymenoptera (14.47%), Orthoptera (11.84%), and Diptera
(10.53%). The average number of collected species were in the order Paddy (39.38 species) » Single Vinyl Greenhouse (35.50
species) » Multi Vinyl Greenhouse (22.50 species) » Glass Greenhouse (24.00 species). The Diversity Index (H" ) was Paddy
(4.76) > Single Vinyl Greenhouse (4.57) > Multi Vinyl Greenhouse (4.12), and Glass Greenhouse (4.12). The Richness Index
(RI) was Paddy (7.72) and Single Vinyl Greenhouse (7.03) > Multi Vinyl Greenhouse (4.99) and Glass Greenhouse (5.32).
From our results, it can be seen that the biological diversity features of insects decreased when greenhouses are constructed.
However, Single Vinyl Greenhouse is noted to promote insect diversity more than that by Multi Vinyl Greenhouse and Glass
Greenhouse. Hence, when constructing greenhouses, it is necessary to consider insect habitat to conserve insect diversity.
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A7to] FEARRE AT et 7152 o] AH
AMH] A2 b (Daily, 1997; Palmer et al. 2004), o]A-2
ZtATt QI7Ee] AW, AAA oY Fo= HJHAri(Lee,
2013; Odum, 1959; Vihervaara et al., 2010). =W 53 Y=
Al(Agricultural Ecosystem)= | EHZA Q] ¢F 23%E 2|5}
= Xo= A7t el oAE Fa3 Ftes Hrt
Hrh(Kang, 2009). 5GHAY 8 752 AF844 &
Fo|AT Z42d, FEAAA, 71T} EGRA, F
=, £433} 5 Rt AMIAE AlFete 3o R Frhs
oH(Power, 2010; Kim and Oh, 2003; Kim, 2005; Kong,
2013; Lee et al., 2003; Son et al., 2015). SFA|qt SFStH]| R A}
&, TdF=E A, vHed 57 EAolE9 54T Wt
T2 ot 394 7152 AFstes @A 188l
o] ®Erh(Kim, 2005; Son et al., 2015).

1 F AR 2L FAES RIS dsAlA
AR Yozt B W 599 58 71&= A=sta AR
(GDI, 2009; Kang et al., 2015), 54 HH 02| A
A AET Hret T2 FAYEAY thFet 594 7150l
A5t E QAlo] Hrk(Palmer et al. 2004; Son et al., 2015).
olz|gt EXo] &1zl wfE Batte/del nAs ¥FE +4
Sh= A2 93 IA|o]H(Dunning et al., 1992; Bestelmeyer
et al, 2003), olH AAAelA AT Fo] WG JTTAR
A= A3 Zo)(Holt et al., 1999), £ EX|ol- 83 A&t
I Atole] AL AFE Bl Zot ¥ & ItHGustafson,
1998; Tischendorf, L, 2001; Turner et al., 2001).

AARCE 2 500 A3 ST G T2 AAA 9
T o] AlFH LM (Kang, 2009), 12Q1s) BT ESH
AA5] A4 Q= Aor PriEh vt BE BT
TZ-2 Aol 1009kg0] AAl Z1AEe] qlom, Hol
Aol Fa3t X E AAohs BRTo R T 5ol F870]
=] It (Gullan and Cranston, 2005; Park, 2012). ©]

r

4T R ol
N

d

et ofujet A LA, Gkt 5o e
S19(Odum et al,1962), SHRAiA <15 J
QlolAt oF B 20 GBS SAsH 208 B HHkPark,
2012). S-glutetell= 50334 14,188F0] EalEo] Qlat, oA
& T A4 250 oF 16~20% AR FAFTHKIm et
al.2010: Park, 2012). Qo R BEe 4 s U
BAS UET 23l ek 24, i el 97 e

= 2
EF FRF) T ALH 24, B o AgEA
gt HetE 5T 4 It FR AR BE 7RSI Park,

statzt skl Al ded A= hil
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Aoz o] ZFAdel Hiet vnE |
AA] Foll e 25 F oAl ouet = vlA]
A ottt At A wde &4, AAH
A 2AH A 257 98T Alvs s AAH
od, AFERE F-goto] A4 2ddA] =4e A
stazk skgint. ol#et A AdEs Fdtetd Ate 5 o
TR ZHAA] T ARRlell Hehd, AEiA Q] Al ded
24 28 7 xS did 5 =71 AR 2854
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Fig. 1. The location of study sites.
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Greenhouse) 2 G235}t /\]/‘ljj_gjoq]
2 tfFE =olgenz A4
=(Paddy)S <1dstA AA o}oq
FA®BY), A=), FrHGM), 7‘11](G]) 47H PSR
Aoz XAt cH(Table 1; Fig. 1).
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Table 1. The present condition of 10 study sites.

THEHL LHE2]4(Dominance Index; McNaughton,
1967), Tt =A]5=(Diversity Index; Pielou, 1969), Hx
Z]4=(Species Richness Index; Margalef, 1958), #5554
2~(Evenness Index; Pielou, 1975) AA|5}¥thHTable 2).
BAREAZ SPSS 19.05 o]-gsto] EAFA A 4ol whet
FEHE Zo|2AS AAItY A A ] A=

L5t AAlsHAAT

3.1 HACHEZR]

L S I
2,33370A417F A = A
FAGEAANA Hol i% H (I—Ierrliptera)l_’qL
A8 = (Coleoptera)©] 0/‘110}7%] Edoh=s Aor 24
AoHChoi et al.2007; Kang, 2009).

Sites Location Type Land-use Size
o O IN 367 34" 34, 74" . . o
GMp Gyeongbuk Gumi-si Gubong-ri . - - Paddy Mountain, River, Rice field, Road | 23.78ha
E 128° 27 80. 94
o N 35° 82" 52.29" o .
GJp Jeonbuk Gimjae Soon—dong - - - Paddy Rice field, Road, field, House 13.00ha
E 126° 91" 67. 60
CIN36° 1583, 36" L . .
BYp Chungnam Buyeo—gun Gandae-ri - - - Paddy Rice field, River, Road, Mountain | 93.27ha
E 126" 93" 83. 36
L N 35° 21' 49. 54" o i .
IIp Gyeongnam Jinju—si Gajin—ri - - - Paddy Rice field, field, Road, River 73.72ha
E 128° 20 98. 27
o _IN36° 33 51 69" . )
GMg Gyeongbuk Gumi-si Okgwan-—ri . - — Glass Greenhouse Road, Mountain, River 21.74ha
E 128° 27 94. 03
o N 35° 82'29. 68" ) o i
GJg Jeonbuk Gimjae Soon-dong - - — Glass Greenhouse | Mountain, Rice field, field, Road | 13.00ha
E 126° 91' 57. 73
O IN36° 16" 49. 27| ) . .
BYs Chungnam Buyeo—gun Gahoe-ri . - — Single Greenhouse River, field, Mountain, Road 77.24ha
E 126° 99" 26. 31
L . IN35° 1619, 37"| . .
JJs Gyeongnam Jinju—si Wonoe—ri - - — Single Greenhouse Mountain, House, River 29.97ha
E 127° 95 01. 45
N 36° 15 58. 84" . . .
BYm | Chungnam Buyeo—gun Cheongpo-ri - - — Multi Greenhouse River, field, Road 75.24ha
E 126° 98 64. 52
L [N 35° 2229, 20" . . .
JJm Gyeongnam Jinju—si Deokgok—ri . - — Multi Greenhouse| House, Mountain, Road, River | 81.04ha
E 128° 18 54. 71
Table 2. The analysis method of environment evaluation

Analysis Method

Explanation

Dominance Index

(McNaughton, 1967) Dl =@l +n2) /N

nl, n2 : 1,2 Number of individuals Dominant Species,
N : Number of Total Species

Diversity Index

(Shannon Index, H' 1963) H = =2 [ @i/N}n(i/N) |

i=1

i © i Number of individuals Dominant Species,
: Total Number of Species

Evenness Index

(Pielou, 1975) E=H/nS

. Evenness Index, H' @ Diversity Index,
S : Total number of species

Richness Index

(Margalef, 1958) RI=(¢ - D/ M)

. Richness Index, N : Total Number of Species,
S Total number of species

SREAIEE A18A AH4Z, 2016



of
Flok
Ho
ox
Ho
o
>
02

389

T

HERud 9% T+ F 80F 5 A AE(Hemiptera)
17%:(22.37%), A A=(Coleoptera) 14%(18.42%), H=
(Hymenoptera) 11%(14.47%), wI1%715(Orthoptera) 9%
(11.84%), =}=21=(Diptera) 8%(10.53%), W= (Lepidoptera) 8%
(10.53%), AF2}1=(Odonata) 4%(5.26%), THU]={Orthoptera)
3%(3.95%), PAEHE(Dermaptera) 255(2.63%) <02 X
AT 2R S MG £ 23337041 § = A
= 787/0AI(33.73%), B85 49870A1(21.35%), V| =
34070A1(14.57%), W5E715 18470A1(7.89%), BE 164714
(7.03%), =25 15670A4(6.69%), FATE]5E 143704(6.13%),
ofjulE 427041 (1.80)%, HAE== 197§41(0.81%) 2 ZAtE]
A}, olAL FALN(Park et al., 2014), FHAY 5]
(Choi et al., 2007), %A (Ahn and Park, 2012)9} -G-AF
e Ao dutHQ] Y SAeE SR w4
SJtHAppendix 1.).

ZAEZ G @ S AAAgl Wigt 18] 24 2

T 4TSS 0] 39.38+£4.50%F 145.38+20.2570A,
el 24.00+2.45% 81.00+37.2170A], HEI24
35.50+5.20% 136.50+27.0470A4], AF5H24 22.50+2.65
% 75.00+17.420A2 ARG ol2e FAHoR £
Mg A =7 9EEe §90] FUedn d5ge

99.99%9°] FoFFo R Q1 & 4 It wEtA A4
HA Y] SA4EE T OIS AoiAe 24T 95
249 ZFAAAME T FHiA] Hado] JAFEH A

3 WAECH(Table 4).
5 SAZFO el it ¥ ANOVARA ZHxt
LRAZEO] =94 9.13+1.36%F ZAHE ¥ G|, o
A

P24, ATP2HAA 550~6.75F°] A= 99%
oftfel TAA fFolde sty o] Qo= A

=, GAWAZ, elS £ o] ) ALLqBA 2
% % thpel RS BAHOR B9 ¥ 4 gtk A

Table 3. The number of insect species and individual at 10 study sites

Site Order Family Genus Species Individual
First 9 23 36 38 145
GMp
Second 8 20 38 41 181
First 9 23 32 33 124
Glp
Second 8 20 35 38 125
First 9 23 38 38 139
BYp
Second 9 28 48 49 137
I First 8 25 37 39 142
P Second 9 22 38 39 170
First 8 20 22 22 64
GMg
Second 8 19 27 27 135
First 8 19 22 22 51
Glg
Second 8 20 25 25 74
First 9 25 31 31 96
BYs
Second 9 18 33 34 151
I First 8 24 34 34 151
’ Second 9 30 43 43 148
First 8 19 23 23 79
BYm
Second 8 20 26 26 98
First 8 18 20 20 62
JJm
Second 8 19 21 21 61
Total species 9 38 76 80 2333
Table 4. The statistical analysis of insect species and individual at study site type
o Paddy Glass Single Multi
Classification F post—hoc
Mean S.D Mean S.D Mean S.D Mean S.D
Order 8.63° 0.52 8.00° 0.00 0.50 8.00° 0.00 4.42* GM <PS
Family 23.00% 2.62 19.507 0.58 24.25° 4.92 19.00? 0.82 3.79* MG (P (S
Genus 37.75° 4.62 24.007 2.45 35.25° 5.32 22.507 2.65 17.91%** 1 MG <SP
Species 39.38° 4.50 24.007 2.45 35.50° 5.20 22.507 2.65 22.42%** | M,G <SP
Individual 145.38" 20.25 81.007 37.21 136.50° 27.04 75.007 17.42 10.64*** | M,G < S,P

" Test result is statistically significant at the P = 0.05 level( * ), 0.001 level( *** ), N.S = Not significant result.
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Table 5. The statistical analysis of species numbers at study site type

Classification Paddy Class Single Muld F post—hoc
Mean S.D Mean S.D Mean S.D Mean S.D
Odonata 3.13b 1.13 1.00a 0.00 2.00ab 1.41 1.50a 0.58 4.930* G,M<(S<P
Dermaptera 0.88b 0.35 0.00a 0.00 0.50 0.50ab 0.58 4.825* G,S<MK<P
Orthoptera 3.38a 1.19 2.00a 0.00 0.58 2.25a 1.50 N.S G,M,S,P
Hemiptera 9.13b 1.36 5.50a 0.58 2.22 5.50a 1.91 7.211%* G,M,S<P
Homoptera 1.13a 0.99 1.00a 0.00 0.50 1.00a 0.00 N.S GM,P,S
Coleoptera 7.00b 1.41 4.75a 0.50 5.50ab 1.73 5.75ab 0.96 N.S G<S,M<p
Hymenoptera 5.00a 1.07 3.00a 0.82 2.65 3.00a 0.82 N.S G,M,S,P
Diptera 4.13b 1.25 1.75a 0.96 3.25ab 1.71 2.50ab 1.29 3.346* G<{M,S<P
Lepidoptera 5.63a 1.30 5.00a 0.82 0.00 4.50a 1.29 N.S SM,G,P
* Test result is statistically significant at the P = 0.05 level( * ), 0.01 level( ** ), N.S = Not significant result.
Table 6. The statistical analysis of individual numbers at study site type
Classification Paddy Class Single Multi F post—hoc
Mean SD Mean SD SD Mean SD

Odonata 12.38a 11.84 1.50a 0.58 3.86 5.25a 4.79 N.S G,S,M,P
Dermaptera 1.63b 0.92 0.00a 0.00 0.50ab 1.00 1.00ab 1.15 3.345* G<S,M<P
Orthoptera 11.25a 7.96 3.75a 0.96 12.00a 2.58 7.75a 6.65 N.S G,M,P,S
Hemiptera 48.13a 16.39 32.00a 19.15 41.75a 32.82 26.75a 16.86 N.S M,G,S,P
Homoptera 2.00a 1.85 1.75a 0.50 1.71 2.00a 0.82 N.S G,P,.M,S
Coleoptera 31.13a 15.04 18.75a 13.67 23.25a 7.14 20.25a 7.09 N.S G,M,S,P
Hymenoptera 9.38a 2.26 5.75a 3.59 5.16 7.50a 3.70 N.S G,M,S,P
Diptera 9.13a 2.59 5.50a 2.38 5.74 5.50a 4.04 N.S G,M,P,S
Lepidoptera 20.38a 6.55 12.00a 2.16 15.75a 3.20 16.50a 7.94 N.S G,S,M,P

* Test result is statistically significant at the P = 0.05 level( * ), N.S = Not significant result.
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Japonica, 43)), AAAFIEH(Coccinella septempunctat, 43)),
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Ql5}9let. o] AL M 723 Choi et al.(2007) 59| 917
o MlEWE W Leltete] Avhd S4EE FRAYOR
EHEICH(Table 7).

ZAAA S 2RAEA A3 SHEASD)E ol
0.23+0.05, AFFLA 0.25+0.02, FE5FLA 0.2740.06,
§224 0304006 02 RARAAN EAHoRL
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Table 7. The various community analysis at 10 study sites
Site Dominance Species Sub—dominance Species DI H RI El
GMp First Rhopalus maculatus Rhopalus sapporensis 0.27 4.65 7.43 0.89
Second Harmonia axyridis Cletus schmidti 0.17 4.90 7.69 0.92
Gip First Rhopalus sapporensis Rhopalus maculatus 0.27 4.52 6.64 0.90
Second Sympetrum infuscatum Orthetrum albistylum 0.18 4.80 7.66 0.91
BYp First Cletus schmidti Nysius plebejus 0.22 472 7.50 0.90
Second Pachygrontha antennata Sympetrum infuscatum 0.16 5.22 9.76 0.93
First Nysius plebejus Coccinella septempunctar 0.28 4.67 7.67 0.88
T Second Rhopalus maculatus Propylea japonica 0.29 4.58 7.40 0.87
GMg First Cletus schmidti Episyrphus balteata 0.33 3.99 5.05 0.90
Second Rhopalus sapporensis Coccinella septempunctat 0.37 3.98 5.30 0.84
Gle First Nysius plebejus Pamara guttata 0.22 4.26 5.34 0.95
Second Rhopalus sapporensis Cletus schmidti 0.28 4.23 5.58 0.91
BYs First Propylea japonica Rhopalus sapporensis 0.26 4.44 6.57 0.90
Second Paromius exiguus Pachygrontha antennata 0.21 4.69 6.58 0.92
First Nysius plebejus Pachygrontha antennata 0.36 431 6.58 0.85
Is Second Rhopalus maculatus Nysius plebejus 0.26 4.84 8.40 0.89
BYm First Propylea japonica Coccinella septempunctat 0.27 4.14 5.03 0.92
Second Coccinella septempunctat Propylea japonica 0.23 4.30 5.45 0.91
First Nysius plebejus Cletus schmidt 0.26 3.94 4.60 0.91
Jjm Second Propylea japonica Nezara antennata 0.25 4.09 4.87 0.93
Table 8. The statistical analysis of community analysis at study site type
o Paddy Glass Single Multi
Classification F post—hoc
Mean S.D Mean S.D Mean S.D Mean S.D
DI 0.23a 0.05 0.30a 0.06 0.27a 0.06 0.25a 0.02 N.S -
H 4.76b 0.22 4.12a 0.15 4.57b 0.24 4.12a 0.15 13.95%** | GMCS,P
RI 7.72b 0.89 5.32a 0.22 7.03b 0.91 4.99a 0.36 17.21%** | M,GSS,P
EI 0.90a 0.02 0.90a 0.05 0.89a 0.03 0.92a 0.01 N.S -

* Test result is statistically significant at the P = 0.001 level( *** ), N.S = Not significant result.

4. 4 = oz FEHAG =o] 39.38+4.50% 145.38+20.25704,
Fe4 24.00+£2.45% 81.00£37.21704], @4
59V E Al (Agricultural Ecosystem)i= 2ef /b Al 35.50£5.20% 136.50+27.04704), A5F4 22.50£2.65
it olgoe 25}, AEAAA, H7)HE EGEA, T 75.00+17.4270412 FAESITE FHFEA-H)E =
AL = gokslt MH|AS AT Z7to g Ho) e o] 4.76+0.22, GxP-240] 4.57£0.24, A5F247 &
o} AT AL ekr] 2L BEELWA sk g24o] 7} 4.1240.152 99.99% TA A Zo]7} E}lE]
HEAAA EAR Qe AEAAEIA 7)5A 6o ¢llo] & AUt FHE A5 EIF =o] 7.72£0.89, TEF-24o]
2= otk Wl wheba] B 3l Ao ekz] st 24 7.0340.91, fal240] 53240.22, 95H242 4.99+0.36
= AEet =AY 2EThekAdS Bl wst A} sigdth At 2 ZO%AAL9 22 99.99%9] EA A 2polE Fhelst
WA AR EEEFS 725 Single Vinyl Aot AFAT AlddAEa] 24 A 259 AETSA
Greenhouse, Multi Vinyl Greenhouse, Glass Greenhouse 7150l BolAls e & 4 X 24y d5FHE
2 FR35L, Paddy 47149} H] _ﬁ!_é]—cﬂl:]- B zAb A A S~ Hoh @53 Hdskeart 2% el fEst
AE 2o 9B 387} 764 80F 02 E 23337047 AU bg AdLddz 24 Aee 25 AAAE FE=2 Al
ek B 2L LARE 17222 37%) oA R (4% otst STt

(18.42%), H& 115(14.47%), "IF715 9&(11.84%), ot
g5 8%(10.53%), HHlE 8&(10.53%), A== 4%
(5.26%), wivl= 3%(3.95%), HAE=E 25(2.63%) &

olefst AT ATH: iR AAUNGH 7t et 2187,
g 5 QEs sk 2ot gAgae] Be
7\eygiet,

=
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