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Abstract: Community composition and abundance of aquatic invertebrates are
important for ecological functions. Community characteristics of insects and gastropods
were compared in five regions to investigate the effect of geological factors in surveys
conducted between June and August to analyze seasonal changes in invertebrate
communities. Underwater traps were used to obtain a constant collection effect. Insect
communities were dominated by Hydrochara affinis, Rhantus suturalis and Sigara
nigroventralis, and nMDS analysis demonstrated the separation of their communities by
region. H. affinis and Sternolophus rufipes were not found in Haenam and Cheolwon,
respectively. The results showed the effects of regional temperature on the distribution
of aquatic insects. Pomacea canaliculata, Hippeutis cantori and Austropeplea ollula
were dominant in the gastropod community. The seasonal variation in the abundance
of P canaliculata was the most pronounced, and its abundance in August was 38.2 times
higher than in June. The abundances of several species including Hippeutis cantori
were negatively correlated with that of P canaliculata. These results suggest that P
canaliculata is a pivotal factor that drives seasonal changes in gastropod community.
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25t} (Lupi et al. 2013).
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US| WS} (Stoks et al. 2014). L5 H AA1A]
oA BiH 52 T 60%E AAohH HAFFE 14.5%,
AAEE 4% 522 /T (Balian et al. 2008; Dijkstra
et al. 2014). = FA|o)| A4S FAESS AR S
(Odonata), W4 &= (Coleoptera), == (Hemip-
tera)©] tiFE o2 A H|Eo] =Tth(Han et al. 2022;
Shin et al. 2022). @AE=Q E57= =2 gt |
Al 2k Qlof 1= A Ao AelsH, theft A =}o] |
ojdo] HFAY §71ES Edflol= 92 It (Gonzalez-
Solis and Ruiz 1996). TetA], o] 52 WAL Lo} Fix 7
Aol thet AR = = A ] 7]5-2 oldlish= ol T8

sk,

b

ek =

910l 54
H

o

utl

F5=9 HA} Ao YIS Fol o]F9] A=Y B2
U x4 o] St (Morin et al. 1994; Huryn et al.
1995). A0 2 = FAYES] WYL Lo} thF g2 ¥
old, AAA o84, Wi, TG Tl FFE T
™ (Salmah et al. 2017), B 9] A of wpat epzich
(Molozzi et al. 2007). T3H FZA|AE BHo2 ny7] &
B E 3ol (Pomacea canaliculata)+~ T3+ V=
A g]lo|t}, FeFoli= AABHAE wtch= Y
FTOoE BUET glom = AHA ML o] 59 FF=
Hrlsl= Zo] " @5ttt (Maldonado and Martin 2019).
2 Afes = SARESTEE 2HY A9 BT A

44 WEL BAstA shgek. AelA G vmely]
Sfof A S EASHE 5498 o 9,
LPY ARH WEL VAS] 95 6Bk o] Ak
Ak QT AW LIS “

2.1, ZAX|F B A7)

LR WE = 245E 2H0] Ao HolE u]

336 (©2023. Korean Society of Environmental Biology.

wsk7] Qo =4 HEEoR Xt A, X, M K
ek slig 5 574
). &A5E o )
7] th2Eel 68y A7) AQI 8o FAFSHOH,
2017~2020'd 437 AA|SHITEE o] 717t 2| P72
2 A9 10.4°C, FF 12.3°C, A 13.3°C, F<F 13.3°C, ol
F 13.8°CATHAWIS 2023).

2.2, AR

=2 Q] ol +FEHS o8t
700 mLe] =28 (9] 2174 9.8cm, 2
2173 2.5 cm)°ll AF|2e|E 1719} o] 3 ¢
AE ot Al&signt, ZF A/ qH = 8%]

AHNERE 3~ 4709 =2 Vo2 +FE
25t = EfS AXe thadol ESY
£ 70% EI-2 EESHATE FA7H
AA|AR7 MZ 7.5 (Leica Microsystems,
Wetzlar, Germany)E ©|-85}°], Han et al. (2008)= 311
= & 77 ST SAEE0 A5 759 AN
Ala—= Fatote] Altsteleh

2,
2 3

I
i)
rlo

o

o 4
o)
<o
]
o

> Kog
e
Olo —E

o
ol
o1
k=l

]_

S

=
i

M
I o o X o

4> o mle o

Mow
ol

A

]_

1
=2

}n_ﬁl

o

rflo

(¢}



2.3. SAHIEN
TR BEE5F |
FAE WA= ALterde, dAEEE A
< o]-gste], 2| Hlwoll= A
'8 H] W ofli= repeated measures ANOVAE 335} Tt
9] 2 9 zto]E E4517] 9J5l nMDS (non-metric

multidimensional scaling)2t MRPP (multiple response

[e) H]—AH ol EJ‘_:_ 21

ﬁ
nNmEE
_?LHJEH'U
o, |m
ETE)
2 B ofl

>~

Tukey testS &

5 -
Rl

N
38

[¢]

permutation procedure)E ZtZF =35} 1L, Species
Diversity and Richness package v.4.0 (Pices Conservation,
Lymington, UK)& ©]-&5}3ich &-9-ole} the %ﬁv
o FHBAE 451 Al HAITE Log (n+1)= gk

Aquatic insects and gastropods in paddy fields

Atstde. o4
A= SAS v9.1 (SAS Institute Inc., Cary, NC, USA)<
o] g3t

7} ATt

5}l Pearson coefficientS

3. 2% 9 %
3.0. #M259 XHE 2 548

FAELEL AN F 65 15,26871A17F 2
o}, Ab=E 9ol (Hydrochara affinis), N71="37H (Rhan-

tus pulverosus), A°3v-E"E 2 (Sigara nigroventralis) <

;d—ﬂ o]

Table 1. Dominant species (number of individuals per trap) of aquatic insects in paddy fields

Cheolwon Dangjin Jeonju Buan Haenam

June
Hydaticus grammicus 0.07£0.03%* 0.04+0.01° 0.14£0.06° 0.46+0.26° 0.04+0.02°
Hydroglyphus japonicus 0.00+0.00° 0.02+0.01° 0.02+0.01° 0.01+0.01 0.00+0.00°
Hygrotus chinensis 0.01+0.01° 0.11+0.05 0.00+0.00° 0.00+0.00° 0.00+0.00°
Rhantus suturalis 1.07£0.717 0.18+0.09° 0.11£0.04% 1.33£0.50° 0.03£0.01°
Hydrochara affinis 6.97+2.63° 0.07+0.02° 0.38+0.17° 9.42+6.15° 0.10+0.07°
Sternolophus rufipes 0.00+0.00° 0.00+0.00° 0.01£0.01° 0.04+0.02° 0.01£0.01°
Berosus lewisius 0.00+0.00° 0.00+0.00° 0.37£0.21° 0.02£0.01° 0.02£0.01°
Berosus spinosus 0.00£0.00° 0.00£0.00° 0.42+0.26° 0.01+0.01° 0.01+0.01°
Sigara substriata 0.04+0.03° 0.08+0.08° 0.05+0.04° 0.04+0.04° 0.23+0.22°
Sigara septemlineata 0.00+0.00% 0.00+0.00° 0.010.01% 0.08+0.08° 0.024+0.01%
Sigara nigroventralis 0.11+0.10° 0.24+0.21° 1.65+0.97° 0.84+0.64° 0.04+0.02°
Muljarus japonicus 0.00+0.00% 0.04+0.02° 0.00+0.00° 0.01+0.012 0.00+0.00%

Total 8.36+1.69%° 1.06+0.32° 4544077 12.97 +2.88° 0.83+0.24°
August
Hydaticus grammicus 0.39+0.12° 0.94+0.38° 0.33+0.06° 1.01+£0.29° 0.50+£0.18°
Hydroglyphus japonicus 0.00+0.00° 0.02+0.01° 0.07£0.04° 0.02£0.01° 0.02£0.01°
Hygrotus chinensis 0.00+0.00% 0.08+0.04° 0.00+0.00° 0.00+0.00% 0.00+0.00%
Rhantus suturaliss 2.5442.00° 0.36+0.18° 0.07£0.30° 2.38+£0.79° 0.08£0.04°
Hydrochara affinis 1.76 +£1.48° 0.01£0.01° 0.23+£0.07° 2.05+£0.47° 0.01£0.00°
Sternolophus rufipes 0.00+0.00% 0.02+0.012 0.00+0.00° 0.29+0.03° 0.05+0.04°
Berosus lewisius 0.00+0.00° 0.00+0.00° 0.07£0.04° 0.02£0.01° 0.00+0.00°
Berosus spinosus 0.00+0.00% 0.00+0.00° 0.01+0.01° 0.00+0.00% 0.02+0.02°
Sigara substriata 0.21+0.20° 0.05+0.05° 0.01+0.01° 0.32+0.23° 0.01+0.012
Sigara septemlineata 0.02+0.02° 0.01+0.012 0.08+0.08° 0.00+0.00% 0.00+0.00%
Sigara nigroventralis 0.02£0.02° 0.03£0.03° 0.61+£0.49° 0.58+0.33° 0.02£0.02°
Muljarus japonicus 0.00+0.00° 0.07£0.04° 0.00£0.00° 0.02£0.01° 0.00+0.00°

Total 5.01+1.54%® 1.97+0.45° 1.79+0.33° 789+2.10° 0.80%0.17°

Data represent the mean of four years (£S.E.). Different letters in the same row represent significant differences according to the Tukey's test (p<0.05).
Asterisks indicate significant differences between June and August according to repeated measures ANOVA: *p<0.05.
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o] Wgron} QAo 2 FEgt 432 ¢lSlth. Han et al.
(2007)-Z =°llA] 172F°] WA= U Bustglon), =
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o2 HQlth, FFEFL Hou} Hof] §RIx= Fo] T2
A E7] 2ol A g2 ZARE ] flaiAe X

2 o]-g-oh= o] 525t} (Yoon et al. 2017).
TAEZE T2 nMDS A4 AR HEo] H

O™ (Fig. 2), MRPP &4 A% 69 (A=0.162,

p=0.024)7+ 9 89 (A=0.152, p=0.012)°]l I5F 2] 7t
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Fig. 2. Non-metric multidimensional scaling analysis of the
aquatic insect community. (a) June, (b) August.
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sl Wk=d] Han et al. (2010) %= ©] o] SHE, A
2teo] 2 EXsh= A0 = HUSH{Th(Table 1). ©] &
2 Q% xU|Ajo}, Hejw, A7t go|eh HIEE, o
2, 5 5 SeuRtEn 91t W2 2] oofA ATt
(Darilmaz and Ahmed 2016). HIHo]| AF=Eddfo]= A
Hip BebolA gkt o] Ao E Ad o] FofA
T2 AR H 15| G1 0™ (Han et al. 2020; Kang et al.
2020), 2Aore} B7] 5 fEuRtE o 9127t w2 A
of|A] T2 T (Brekhov et al. 2013; Tasar 2018). °f
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Sk FO REA|Y Hehe 2d3le] S RYHAT
[e)

—
9l A ERE T8 5 9t

of

O

t}. Shin et al. (2022) = =0l 4] A £Z-0] AL =7}
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o 8ol 7ok ko] AN AlEEd ol sdol
FAadhs 7S Bt (Table 1, Fig. 3). w=¢l A Aoh=
TAETE B olFol AtetE AlRtetH HES] &
Z71%to] ot & Y& A7 wizoll 897HA] A& Wy
St A7 S7FE o Lot Foll weh AU o] A
A4 M52 TS 4= Atk (Saijo 2001; Yoon et al. 2020).
ehH, HollA 2020 8ol off7|=d et TAU =T}
A F7kE ¥ Ab=Edeo] o] T E e = Wt} o
738 ARle g o] Z[HofA 8 el 991.5 mm o] HF
S WL, B2 E 23.6°CE RH HS & &
ATHAWIS). 72 1Rt =29 £, 7| E=(EC),
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IS 1] 4= Qlth(Pakulnicka ef al. 2015; Taher and
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73.1%% 57, AU = 6dof Hls] 8dof
38.281 SISt F-¢-Hol= drl7t Y4t s 30°Cc7t
A= Ao A B g og-d WAS7 258
702 Holth(Seuffert and Martin 2013). Hitjz2 45 =
2 8ol Aashs Aol A= ole FeHolo o
For 35 7 v AR EE Yol = 499 A
717t &< 8ol B ewolet 5o AUTHAE EAl
o, viFEot =2 o] (Polypylis hemisphaerula)St &
olelZE ol (Gyraulus convexiusculus)'= F-=2 02 &
O] A TAIZL ATk (Fig. 4). FFPole= FAde=z ¥
o] Bl A Feletal, o 5579 dolut f52 24
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(Kwong et al. 2009). 2524 o]9] 79 59 A
7} glolet, EE5R9 ARt olu ol HERE

ufo] ol ntet ws) st 2ot 4 9lrk(Maldonado

—

g
25 T ARH BE JFL AL ST YR

alojehs e HojE

& o] I, =FA T ofy e}t AHAE7] o] A4
<= WA (Horgan et al. 2014). 1914 W go] S5
5 E&go] Eol5 HiE9 Ex7t F71Rth (Bae and
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ABEA wRto] Eold 4= QIth(Bang et al. 2003; Lee et al.
2019; Shin ef al. 2021). F-7Fol° TYD = 259 &
o] AWHAI7F 912 ™ (Chantima et al. 2020), 88 A
Tk Bl w2 asigelA 7 w37] dlwell =1
stof| et F-Fol7t AeAll vlA= FF AL 4 3
o, ofof] tigh F71AQ HUE P} P71t @

Table 2. Dominant species (number of individuals per trap) of gastropods in paddy fields.

Cheolwon Dangjin Jeonju Buan Haenam

June
Pomacea canaliculata 0.28+0.0.8°* 0.00£0.00° 0.17+£0.13° 0.11+0.07° 0.70+0.37°*
Cipangopaludina chinensis malleata 0.00+0.00° 0.09+0.08° 0.0140.012 0.04+0.01° 0.14+0.09°
Gabbia kiusiuensis 0.17+0.058° 0.18+0.06% 0.43+0.08° 0.19+0.06%° 0.08+0.03°
Austropeplea ollula 764+3.53° 0.23+0.14° 0.68+0.47% 0.31+0.16° 0.82+0.41%
Galba truncatula 0.20£0.20° 0.00+0.00° 0.09+0.09° 0.00£0.00° 0.00£0.00°
Physa acuta 0.00+0.00° 0.03+£0.03° 1.34£1.34° 0.01+0.01° 0.00£0.00°
Hippeutis cantori 0.81+0.72° 0.51+0.20° 2.92+1.82° 1.70+0.80° 0.33+0.15°
Polypylis hemisphaerula 0.13+0.11° 0.06+0.05° 0.34+0.24° 0.01+0.012 0.03+0.02°
Gyraulus convexiusculus 0.00£0.00° 0.11+0.07° 0.569+0.56° 0.01+£0.01° 0.01+£0.01°

Total 9.22+153° 1.23+0.44° 6.58+1.93% 2.37+0.71% 2.11£0.45%*
August
Pomacea canaliculata 11.43+1.36° 0.06+0.06° 1.69+0.91° 0.91+0.62° 33.81+9.60°
Cipangopaludina chinensis malleata 0.00+0.00° 0.00+0.00° 0.06+0.02° 0.20+0.02° 0.19+0.13°
Gabbia kiusiuensis 0.11+0.06° 0.25+0.14%® 0.78+0.11° 0.67+0.21% 0.23+0.06®
Austropeplea ollula 0.16+0.05° 0.03+0.02° 0.21+0.07° 0.03+0.02° 0.38+0.16°
Galba truncatula 0.01+0.01° 0.01+0.01° 0.02+0.02° 0.00+0.00° 0.00+0.00%
Physa acuta 0.00+0.00° 0.19+0.18° 3.86+2.38° 1.07£0.80° 0.35+0.21°
Hippeutis cantori 0.09+0.02° 1.11+0.312 1.51+0.63° 2.16+£0.93° 0.26+0.08°
Polypylis hemisphaerula 0.04+0.04° 1.45+0.47° 1.21+0.34% 0.06+0.05% 0.43+0.20%
Gyraulus convexiusculus 0.00+0.00° 0.08+0.05° 0.03+0.02° 0.08+0.05° 0.05+0.02°

Total 11.84+2.37° 3.34+130° 9.39+3.47° 5.26+161° 35.73+5.34°

Data represent the mean of four years (+S.E). Different letters in the same row represent significant differences according to the Tukey's test (p<0.05).
Asterisks indicate significant differences between June and August according to repeated measures ANOVA: *p< 0.05.
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June August

2017 2018 2019 2020

2017 2018 2019 2020
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Gabbia kiusiuensis
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- [
-1 0 1

Fig. 4. Pearson’s correlation coefficient between abundances of Pomacea canaliculata and other gastropods. * and ** indicate significant

correlation at p<0.05 and p<0.01, respectively.

N 9

ol AASHE SHEE 2
A W ATt A9H
Sha4 549S IO R 6T g
T APENE 27 Al &
Fo AERgYol, /1%
TGP, AgER FHo
AEBGGo] o] BEL I
2 W JOE BT BEF S %9
o], o7l Ego] Sol F2

] o
= Ta
0|9 AW WHo] /by Tt on, YU

B

o
[
2,

(g
A
ot 10 KU ol oox xR

i
2
1o
~N A
wE X

Am g
e o,
=2
N>
>
ol
o,

ol
il

=

A7
T o
>

ol
[m
oy, o2
o
oo
_O|L

o
=
ox. Mo
=
o
g
i
ol
o

Sy
b Ao
i)
32,
v
o
=

2
o

O

R}

12

i
O

g
ol = of

P
off o Jo I @ S N > e f

o
—

ol

X
_O'L
32
i)
o

N
—

i}
HT1
rlr
o
T
o
o
fo
o
10
&
)
N

O,
2
o
sl
0,

10

o
o
]
i
>
o
i
)
0,
o
o
=
10
et
of
ool ¥
o
f
& lo it orr 1o gl o

v
(o]
)
rO[l
i)
i)
rr
Ol
Ho
ol
o
N
rr
+
o
o
)
3
(e}
o
o
oo d

)
i
)
rE
off
<
3
ool
o
-,
rTr
ol
ko
o
ko
[
i)
rr
ju)

CRediT authorship contribution statement

J Eo: Conceptualization, Investigation, Writing-Original
draft, Writing-Review & editing. SM Jun: Investigation.
SK Choi: Investigation. SJ Yeob: Investigation. NH An:
Supervision.

Declaration of Competing Interest

The authors declare no conflicts of interest.

ACKNOWLEDGEMENTS

This study was carried out with the support of “Res-
earch Program for Agricultural Science & Technology
Development (Project No. RS-2020-RD009339)”, Na-
tional Institute of Agricultural Sciences, Rural Develop-
ment Administration, Republic of Korea.

REFERENCES

AWIS. 2023. Agricultural Weather Information Service. http://
weather.rda.go.kr. Accessed October 20, 2023.

Bae MJ and YS Park. Key determinants of freshwater gastropod
diversity and distribution: the implications for conservation and
management. Water 12:1908. https://doi.org/10.3390/w1207
1908

Balian EV, H Segers, C Léveque and K Martens. 2008. The fresh-
water animal diversity assessment: an overview of the results.
Hydrobiologia 595:627-637. https://doi.org/10.1007/s10750-
007-9246-3

Bang JH, IC Shin, YM Lee, DG Lee, MJ Park, S Lee, HJ Yoon, SG
Park, YI Kuk and SJ Hong. 2023. Characteristics of benthic
macroinvertebrate community and distribution of golden
apple snail in certified environmentally-friendly paddy field
complexes of South Korea. Korean J. Environ. Biol. 41:126-
137 https://doi.org/10.11626/KJEB.2023.41.2.126

Brekhov OG, HV Shaverdo, EV llyina and M| Shapovalov. 2013.
Water beetles of Dagestan, Russia (Coleoptera: Noteridae,
Dytiscidae, Haliplidae, Gyrinidae, Hydrophilidae, Spercheidae).
Koleopterol. Rundsch. 83:35-52.

Chantima K, S Lekpet, P Butboonchoo and C Wongsawad. 2020.
Diversity and abundance of gastropods in relation to phys-
io-chemical parameters in rice paddies, Chiang Rai province,

http://www.koseb.org 341


http://weather.rda.go.kr
http://weather.rda.go.kr
https://doi.org/10.3390/w12071908
https://doi.org/10.3390/w12071908
https://doi.org/10.1007/s10750-007-9246-3
https://doi.org/10.1007/s10750-007-9246-3
https://doi.org/10.11626/KJEB.2023.41.2.126

| I
Korean J. Environ. Biol. 41(4) : 335-344 (2023)

Thailand. Agr. Nat. Resour. 54:295-300. https://doi.org/10.
34044/j.anres.2020.54.3.09

Darilmaz M and Z Ahmed. 2016. Aquatic coleopteran from Paki-
stan: faunistic and zoogeographical contribution (Coleoptera:
Gyrinidae: Dytiscidae: Hydrophilidae). J. Nat. Hist. 50:149-
162. https://doi.org/10.1080/00222933.2015.1059515

Dijkstra KDB, MT Monaghan and SU Pauls. 2014. Freshwater
biodiversity and aquatic insect diversification. Annu. Rev.
Entomol. 59:143-163. https://doi.org/10.1146/annurev-ento-
011613-161958

Gonzalez-Solis J and X Ruiz. 1996. Succession and secondary
production of gastropods in the Ebro Delta ricefields. Hydro-
biologia 337:85-92. https://doi.org/10.1007/BF00028509

Han JS, CH An, JC Lim, KJ Cho and HG Lee. 2022. Analysis of
benthic macroinvertebrate fauna and habitat environment
of Muljangori-oreum Wetland in Jeju Island. Korean J. Environ.
Biol. 40:363-373. https://doi.org/10.11626/KJEB.2022.40.4.
363

Han MS, HS Bang, MH Kim, KK Kang, MP Jung and DB Lee.
2010. Distribution characteristics of water scavenger beetles
(Hydrophilidae) in Korean paddly field. Korean J. Environ. Agric.
29:427-433. https://doi.org/10.5338/KJEA.2010.29.4.427

Han MS, YE Na, HS Bang, MH Kim, KK Kang, HK Hong, JT Lee
and BG Ko. 2008. Aquatic Invertebrates in Paddy Ecosystem
of Korea. National Academy of Agricultural Science. Suwon,
Korea.

Han MS, YE Na, HS Bang, MH Kim, MK Kim, KA Roh and JT Lee.
2007 The fauna of aquatic invertebrates in paddy field. Korean
J. Environ. Agric. 26:267-273.

Horgan FG, AM Stuart and EP Kudavidanage. 2014. Impact of inva-
sive apple snails on the functioning and services of natural
and managed wetlands. Acta Oecol.-Int. J. Ecol. 54:90-100.
https://doi.org/10.1016/j.actao.2012.10.002

Huryn AD, AC Benke and GM Ward. 1995. Direct and indirect
effects of geology on the distribution, biomass, and production
of the freshwater snail Elimia. J. N. Am. Benthol. Soc. 14:519-
534. https://doi.org/10.2307/1467538

Kang JH, C Lim, SH Park, WG Kim, N Sareein and YJ Bae. 2020.
Genetic and morphologic variation in a potential mosquito bio-
control agent, Hydrochara affinis (Coleoptera: Hydrophilidae).
Sustainability 12:5481. https://doi.org/10.3390/su12135481

Kim M, M Han, H Nam, K Kang and M Kim. 2012. Geological dis-
tribution of aquatic invertebrates living in paddy fields of South
Korea. Korean J. Soil Sci. Fert. 45:1136-1142. https://doi.org/
10.7745/KJSSF2012.45.6.1136

Kulkarni MR, A Bagade and SM Padhye. 2021. Freshwater gas-
tropod richness patterns along an urbanization gradient in
tropical India. J. Urban Ecol. 7:1-5. https://doi.org/10.1093/jue/
juab035

342 (©2023. Korean Society of Environmental Biology.

Kwong KL, RKY Chan and JW Qiu. 2009. The potential of the
invasive snail Pomacea canaliculata as a predator of various
life-stage of five species of freshwater snails. Malacologia 51:
343-356. https://doi.org/10.4002/040.051.0208

Larson DJ, Y Alarie, RE Roughley and AN Nilsson. 2001. Preda-
ceous diving beetles (Coleoptera: Dytiscidae) of the Nearctic
region, with emphasis on the fauna of Canada and Alaska.
Ann. Entomol. Soc. Am. 94:769-770. https://doi.org/10.1603/
0013-8746(2001)094[0769:PDBCD0]2.0.CO;2

Lee SB, SM Lee, CB Park, CR Lee, BG Ko, KL Park, SG Hong and
JH Kim. 2019. The environmental adaptability of Pomacea
canaliculata used for weed control in wet rice paddies and
crop damage caused by overwintered golden apple snails.
Korean J. Environ. Agric. 38:23-33. https://doi.org/10.5338/
KJEA.2019.38.1.1

Lupi D, A Rocco and B Rossaro. 2013. Benthic macroinverte-
brates in ltalian rice fields. J. Limnol. 72:184-200. https://doi.
0rg/10.4081/jlimnol.2013.e15

Maldonado MA and PR Martin. 2019. Dealing with a hyper-suc-
cessful neighbor: effects of the invasive apple snail Pomacea
canaliculata on exotic and native snails in South America. Curr.
Zool. 3:225-235. https://doi.org/10.1093/cz/zoy060

Miloslavich B JJ Cruz-Motta, E Klein, K Iken, V Weinberger, B
Konar, T Trott, G Pohle, G Bigatti, L Benedetti-Cecchi, Y Shira-
yama, A Mead, G Palomo, M Oritz, J Gobin, A Sardi, JM Diaz,
A Knowlton, M Wong and AC Paralta. 2013. Large-scale spa-
tial distribution patterns of gastropod assemblages in Rocky
shores. PLoS One 8:€71396. https://doi.org/10.1371/journal.
pone.0071396

Molozzi J, LU Hepp and AS Dias. 2007 Influence of rice crop on
the benthic community in Itaja Valley. Acta Limnol. Bras. 19:
383-392.

Morin A and P Dumont. 1994. A simple model to estimate
growth rate of lotic insect larvae and its value for estimating
population and community production. J. N. Am. Bentol. Soc.
13:357-367 https://doi.org/10.2307/1467365

Pakulnicka J, A Gérski and A Bielecki. 2015. Environmental fac-
tors associated with biodiversity and the occurrence of rare,
threatened, thermophilous species of aquatic beetles in the
anthropogenic pond of the Masurian Lake District. Biodivers.
Conserv. 24:429-445. https://doi.org/10.1007/s10531-014-
0774-7

Ramsar Convention on Wetlands. 2018. Global Wetland Outlook:
State of the World's Wetlands and Their Services to People.
Ramsar Convention Secretariat.

Saijo H. 2001. Seasonal prevalence and migration of aquatic
insects in paddies and an irrigation pond in Shimane Prefec-
ture. Jpn. J. Ecol. 51:1-11.

Salmah CMR, AZ Siregar, AA Hassan and Z Nasution. 2017 Dyna-


https://doi.org/10.34044/j.anres.2020.54.3.09
https://doi.org/10.34044/j.anres.2020.54.3.09
https://doi.org/10.1080/00222933.2015.1059515
https://doi.org/10.1146/annurev-ento-011613-161958
https://doi.org/10.1146/annurev-ento-011613-161958
https://doi.org/10.1007/BF00028509
https://doi.org/10.11626/KJEB.2022.40.4.363
https://doi.org/10.11626/KJEB.2022.40.4.363
https://doi.org/10.5338/KJEA.2010.29.4.427
https://doi.org/10.1016/j.actao.2012.10.002
https://doi.org/10.2307/1467538
https://doi.org/10.3390/su12135481
https://doi.org/10.7745/KJSSF.2012.45.6.1136
https://doi.org/10.7745/KJSSF.2012.45.6.1136
https://doi.org/10.1093/jue/juab035
https://doi.org/10.1093/jue/juab035
https://doi.org/10.4002/040.051.0208
https://doi.org/10.1603/ 0013-8746(2001)094[0769:PDBCDO]2.0.CO;2
https://doi.org/10.1603/ 0013-8746(2001)094[0769:PDBCDO]2.0.CO;2
https://doi.org/10.5338/KJEA.2019.38.1.1
https://doi.org/10.5338/KJEA.2019.38.1.1
https://doi.org/10.4081/jlimnol.2013.e15
https://doi.org/10.4081/jlimnol.2013.e15
https://doi.org/10.1093/cz/zoy060
https://doi.org/10.1371/journal.pone.0071396
https://doi.org/10.1371/journal.pone.0071396
https://doi.org/10.2307/1467365
https://doi.org/10.1007/s10531-014-0774-7
https://doi.org/10.1007/s10531-014-0774-7

mics of aquatic organisms in a rice field ecosystem: effects of
seasons and cultivation phases on abundance and predator-
prey interactions. Trop. Ecol. 58:177-191.

Seuffert ME and PR Martin. 2013. Juvenile growth and survival
of the apple snail Pomacea canaliculata (Caenogastropoda:
Ampullariidae) reared at different constant temperatures.
SpringerPlus 2:312. https://doi.org/doi:10.1186/2193-1801-2-
312

Shah DN, JD Tonkin, P Haase and SC Jahnig. 2015. Latitudinal pat-
terns and large-scale environmental determinants of stream
insect richness across Europe. Limnologica 55:33-43. https://
doi.org/10.1016/}.limno.2015.11.001

Shin IC, MH Kim and J Eo. 2022. Analysis of community stability
and characteristics of macroinvertebrates in paddy fields by
cultivation method. Ecol. Resil. Infrastruct. 9:15-23. https://
doi.org/10.17820/eri.2022.9.1.015

Shin IC, YW Byeon, BM Lee, J Kim, HJ Yoon, JY Yoon, YM Lee,
EJ Han, SG Park, YI Kuk, DS Choi, IK Cho and SJ Hong.
2021. Distribution characteristics and overwintering of golden
apple snails, Pomacea canaliculata (Gastropods: Ampullarii-
dae) at the environment-friendly complex in Korea. Korean
J. Environ. Agric. 40:279-289. https://doi.org/10.5338/KJEA.
2021.40.4.32

Stoks R, AN Geertes and L de Meester. 2014. Evolutionary and
plastic responses of freshwater invertebrates to climate
change: realized patterns and future potential. Evol. Appl.

Aquatic insects and gastropods in paddy fields

7:42-55. https://doi.org/10.1111/eva.12108

Taher M and MS Heydarnejad. 2019. Ecological factors affecting
aquatic beetle species (Insecta: Coleoptera). Iran. J. Anim.
Biosyst. 15:137-146. https://doi.org/10.22067/ijab.v15i2.
81541

Tasar GE. 2018. Investigations on the Hydrophiloidea (Coleoptera:
Helophoridae, Hydrochidae and Hydrophilidae) fauna of San-
hurfa province. KSU J. Agric. Nat. 21:111-118. https://doi.org/
10.18016/ksudobil. 298369

Tonkin JD, DN Shah, M Kuemmerlen, F Li, Q Cai, P Haase and
SC Jahnig. 2015. Climatic and catchment-scale predictors of
Chinese stream insect richness differ with order. PLoS One
10:e0123250. https://doi.org/10.1371/journal.pone.0123250

Wakhid W, A Rauf, M Krisanti, IM Sumertajaya and N Maryana.
2020. Species richness and diversity of aquatic insects inhab-
iting rice fields in Bogor, West Java, Indonesia. Biodiversitas
21:34-42. https://doi.org/10.13057/biodiv/d210106

Yoon SS, MH Kim, J Eo andYJ Song. 2020. Temperature -depend-
ent development models and phenology of Hydrochara affinis.
Korean J. Environ. Biol. 38:222-230. https://doi.org/10.11626/
KJEB.2020.38.2.222

Yoon SS, MH Kim, SK Choi, J Eo, SI Kwon andYJ Song. 2017 The
development of a sampling instrument for aquatic organisms
in rice paddy fields: submerged funnel traps with attractants.
Korean J. Environ. Biol. 35:640-647. https://doi.org/10.11626/
KJEB.201735.4.640

http://www.koseb.org 343


https://doi.org/doi:10.1186/2193-1801-2-312
https://doi.org/doi:10.1186/2193-1801-2-312
https://doi.org/10.1016/j.limno.2015.11.001
https://doi.org/10.1016/j.limno.2015.11.001
https://doi.org/10.17820/eri.2022.9.1.015
https://doi.org/10.17820/eri.2022.9.1.015
https://doi.org/10.5338/KJEA.2021.40.4.32
https://doi.org/10.5338/KJEA.2021.40.4.32
https://doi.org/10.1111/eva.12108
https://doi.org/10.22067/ijab.v15i2.81541
https://doi.org/10.22067/ijab.v15i2.81541
https://doi.org/10.18016/ksudobil.298369
https://doi.org/10.18016/ksudobil.298369
https://doi.org/10.1371/journal.pone.0123250
https://doi.org/10.13057/biodiv/d210106
https://doi.org/10.11626/KJEB.2020.38.2.222
https://doi.org/10.11626/KJEB.2020.38.2.222
https://doi.org/10.11626/KJEB.2017.35.4.640
https://doi.org/10.11626/KJEB.2017.35.4.640

| I
Korean J. Environ. Biol. 41(4) : 335-344 (2023)

SUPPLEMENTARY MATERIALS

Appendix 1. GPS position of survey sites

Cheolwon

Dangijin

Jeonju

38°09'35”N 127°14'36"E
38°10'06"N 127°14'28"E
38°11'45"N 127°15'24"E
38°12"13"N 127°14'66"E
38°12'67"N 127°14'28"E
38°13'36"N 127°14'26"E
38°13"12"N 127°15'01"E
38°12"18"N 127°14'08"E

36°65'00"N 126°36'24"E
36°55'55"N 126°36'29"E
37°01'25"N 126°30'35"E
37°02'17"N 126°29'62"E
36°58'41"N 126°36'53"E
36°58'02"N 126°39'21"E
36°57'18"N 126°38'23"E
36°56'36"N 126°37'56"E

35°53'01"N 127°08'42"E
35°53'23"N 127°08'36"E
35°63'43"N 127°07'40"E
35°63'00"N 127°06'45"E
35°62'38"N 127°05'28"E
35°62'39"N 127°01'39"E
35°562'16"N 127°01'01"E
35°52"16"N 127°00'48"E

Buan

Haenam

35°46'37"N 126°40'05"E
35°46'33"N 126°41'15"E
35°46'39"N 126°41"13"E
35°44'09"N 126°41'49"E
35°43'23"N 126°42'25"E
35°42'35"N 126°42'15"E
35°40'25"N 126°40'36"E
35°37'52"N 126°40'07"E

34°40'30"N 126°40'00"E
34°39"14"N 126°40'38"E
34°38'29"N 126°37'59"E
34°34'41"N 126°38'54"E
34°33'09"N 126°39'09"E
34°31'62"N 126°37'58"E
34°32'05"N 126°35'44"E
34°31'41"N 126°33'34"E
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