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- To conserve biodiversity of the paddy ecosystem, changes in eco-friendly rice cultivation methods are required and
continuous monitoring of paddy organisms is important.
- Macroinvertebrates are among the most abundant species in paddy fields and play an important role in the trophic level of

the paddy ecosystem food chain.
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Abstract: Paddy fields provide important habitats for biodiversity conservation
within the agricultural ecosystem. Their importance is gradually increasing as their
ecological value is better understood. Benthic macroinvertebrates dominate paddy
fields. They play an essential role in maintaining the biodiversity of paddy ecosystems.
This study aimed to analyze characteristics of benthic macroinvertebrate communities
and main environmental factors affecting the distribution of golden apple snails
(Pomacea canaliculata). Results showed that the diversity index (H') of the benthic
macroinvertebrate community was the highest at the Sangju site (St. 12) but the lowest
at the Sancheong site (St. 18). Total Dissolved Solids (TDS), salinity, and Electrical
Conductivity (EC) values were the highest in Gimhae and Yeongam based on Canonical
Correspondence Analysis (CCA). Numbers of P canaliculata (m™) were relatively low in
Gunsan and lksan where water temperatures were high. Therefore, changes in geographi-
cal characteristics and environmental factors might affect the distribution of P canaliculata
and characteristics of benthic macroinvertebrate communities. Results of this study can be
used as primary data for biodiversity conservation and ecosystem service evaluation in
agroecosystems.

Keywords: benthic macroinvertebrates, golden apple snail, organic farming, paddy field,
Pomacea canaliculata
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LaValle 2011; Han ef al. 2013; Rasche and Steinhauser
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353 (macroinvertebrates)< 5 A Y e} A &] Ho A}
FFAA A Fagt kS ot %12‘34, =59 A
2L AFEE Qloh(Monge et al. 2005; Castillo et al.
2006; Rizo-Patrén Viale et al. 2013; Han et al. 2022). E3SF
FAT 257, o179 Hold o2 FAEA ettt
J& Aok Hl T8 A 2915 AHA]%t (Han et
al. 2007; Wood et al. 2010).
2+ o (Pomacea canaliculata)~= ‘g1] oFE ] QAHA]
= FoA= F= e B AEE ol Ax=AE Al
sto] et oz x5 WASH] o) o]gxof ¥t
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Fig. 1. A map of environmentally friendly paddy field research
sites in South Korea. Numbers in parentheses indicate numbers
of survey points.
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Table 1. GPS coordinates and altitude of study sites in environmentally friendly paddy fields

Province City Station GPS Altitude (m)
" St 1 36°07'34"N 127°00"14"E 7
san
St. 2 36°06'31"N 126°65'40"E 10
JB St. 3 36°00"19"N 126°51'47"E 22
Gunsan
St. 4 36°01'56"N 126°49'24"E 5
Sunchang St.5 35°20'05"N 127°06'13"E 106
St.6 34°47'04"N 126°38'26"E 15
Yeongam St.7 34°47'13"N 126°39'07"E
St.8 34°47'47"N 126°36'41"E 1
JN
St.9 34°36'24"N 126°31'33"E 15
Haenam
St. 10 34°27'00"N 126°40'39"E
Goheung St. 11 34°3524"N 127°19'47"E 4
) St. 12 36°24'51"N 128°10"19"E 54
Sangju
St. 13 36°23'48"N 127°67'47"E 274
) St. 14 36°30'39"N 128°25"16"E 71
GB Uiseong
St. 15 36°2120"N 128°27'41"E 49
) St. 16 35°50"13"N 129°06'42"E 71
Gyeongju
St. 17 35°55'69"N 129°05'50"E 170
Sancheong St. 18 35°28'49"N 127°56'03"E 370
GN Gimhae St. 19 35°18'42"N 128°45'54"E 1
Goseong St. 20 35°03'48"N 128°12'08"E 57

JB: JeollaBuk-do; JN: JeollaNam-do; GB: GyeongsangBuk-do; GN: GyeongsangNam-do

21, A LRI Z=AF A

AT WA= A AT =
O FH A& Ao 47)9] &, 12709] A
Al 2071 A38S AAsHASH (Fig. 1). ZAF 2

T AT o Foolo] U sk

Z =(A84 B)o

r-Ll

° N &g

rl

et

[*]

—

Hir
fo rx g rlo

Ao% O{N

O_u_4

ol

128 (©2023. Korean Society of Environmental Biology.

=

T (OAF

-y 11—

o

745+ 21 (Shin et al. 2021), AeHEE (9] A
), AEpd e (9 s, 1°8) 281 AAEE (A,
A, A%, AARGE (AH, A8, 74 A9 ZF 207 2|4
2 AAste] @FEALE 435619 TH(Table 1). A
ol AAshs $AEES YRt e Al

ol 2021 703} 89 S BHEAE AASHAT,

O:
o o A

oﬁ

O

-

" FIF IO
i

iﬂ_rsé

[¢]

l
E

2.2,

)
2

AL S ZALUE
%473 =9 4 A8 0E XA fl& dFell
A S8 2 EA4 7] (Multi-Parameter PCSTestr TM 35;
Oakion, Singapore)E ©1-8-5}°] pH, WT (Water tempera-
ture), EC (Electrical conductivity), TDS (Total dissolved

riek



solids), Salinity S 574531t} A4 P FHF5E2]
P ThFet AAZE SR HPF(1x1m) ZAE
33] HHEsto] a5t lar, - WeolA= E4(30%30
m, T527] 1 mm)E o-&ste] HgF AL stk A
MEES AHlA 90% B L= st Ae
2Hteto] ME Z2H7] (Sorting) 2Hd< 428t

1] (Leica DE/MZ 7.5; Leica, Germany)< AH-&-
o] T3 TH(Yoon 1995; Kawai and Tanida 2005; NAIST
2008; Jung 2011, 2012; Kwon et al. 2013; NIBR 2018; Shin

O
ol et

olt
o

Benthic macroinvertebrate community characteristics

(Dominance Index, DI) = (n1+ n2)/N (N: & 7RAI, ni,
na: A1, 29852 7RAIS), ThS = (Diversity Index, H') =
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Table 2. Dominant and subdominant species of benthic macroinvertebrates in environmentally friendly paddy fields

o} small (< 3.0 cm), medium (3.0~5.0 cm), and large (>5
cm). 90 W] ZARE WL S 2o £R

Province City Station Dominant species (%) Sub dominant species (%) DI (%)
" St.1 Limnodrilus gotoi(41.3) Chironomidae spp. (27.3) 0.69
san
St.2 Hydroglyphus japonicus (32.6) Hippeutis cantori(25.0) 0.62
JB G St. 3 Hydroglyphus japonicus (60.5) Pomacea canaliculata(10.3) 0.71
unsan
St.4 Sigara substriata (49.7) Berosus lewisius (28.8) 0.79
Sunchang St.5 Limnodrilus gotoi(55.7) Hippeutis cantori(25.0) 0.81
St.6 Pomacea canaliculata (29.6) Gyraulus chinensis(22.2) 0.52
Yeongam St.7 Neocaridina denticulata (43.8) Pomacea canaliculata (37.5) 0.81
St.8 Chironomidae spp. (51.4) Limnodrilus gotoi(22.9) 0.74
JN
H St.9 Ischnura asiatica (50.0) Chironomidae spp. (28.6) 0.79
aenam
St. 10 Physa acuta (60.8) Chironomidae spp. (17.3) 0.84
Goheung St. 11 Hippeutis cantori(27.3) Limnodrilus gotoi(20.0) 0.47
Sanai St. 12 Hyphydrus japonicus (33.3) Neocaridina denticulata (16.2) 0.50
angju
9 St. 13 Chironomidae spp. (44.1) Limnodrilus gotoi(32.4) 0.76
) St. 14 Hydroglyphus japonicus (48.3) Gabbia misella(12.2) 0.61
GB Uiseong , ) ) )
St. 15 Chironomidae spp. (42.1) Polypylis hemisphaerula(26.3) 0.68
G ) St. 16 Pomacea canaliculata (74.7) Hydroglyphus japonicus (5.3) 0.80
eongju
yeond St. 17 Pomacea canaliculata(72.3) Physa acuta(9.2) 0.82
Sancheong St. 18 Chironomidae spp. (89.5) Noterus japonicus (5.6) 0.95
GN Gimhae St. 19 Hydroglyphus japonicus (35.9) Physa acuta(26.9) 0.63
Goseong St. 20 Chironomidae spp. (57.4) Sigara substriata(10.3) 0.68
JB: JeollaBuk-do; JN: JeollaNam-do; GB: GyeongsangBuk-do; GN: GyeongsangNam-do. DI: Dominance Index.
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2 10m ol5alelA W) 45 molsili, 2o 29
o] Bmol| JFG ulA Fa FAalL ersr] 9l

Canonical Correspondence Analysis (CCA)S AF851%
T}(Ter Braak and Verdonschot 1995).

3. 22 Y
30 TAY USHESE 2T 54

AA| 2070 ZAF 21 A AR A HEFAFE
B T AT 10522 AAFF ol (Limnodrilus gotoi),
st (Hydroglyphus japonicus), 28 e (Sigara
substriata), ¥ 0| (Pomacea canaliculata), 5] ©]
(Neocaridina denticulata), 25+ (Chironomidae spp.),
OA|oFAA}R (Ischnura asiatica), YEC1 =24 °] (Physa
acuta), T3 EotH =2 ©| (Hippeutis cantori), T2 7H
(Hyphydrus japonicus)7t WWEFHIL, o9 E-2 1350 =
UERS T (Table 2). -+ A]5(DI)= A28 (St. 11) A4
AA 0.472 71 A WrERAL, HEEel] AF (st. 18) A
ol 0.95% 7 =A Uebtom, o] 219 452
ZatL3 (Chironomidae spp.)©1th 2 A Aol A 4
T A7 o4 A ] oFe 2|47t 7P E=A VT
(Table 3). ©] A1 9] HF2 242t =7 (Hyphydrus
japonicus) 33.3%2} W3 7H (Hydroglyphus japonicus)
32.6%= g os W2 SHES HArh d2y 4HY
AGoNM = dsEet e A7t 7P WA Yebt
o|efet Axh= ZAwLF (Chironomidae spp.)7F 2F 90% 78
T AR AE Held dutd oz o e gt

A AFZEO R o] g5 1 YrH(Kim ef al. 2013). 2wt
Tt S-oks S SR AR 5 gle4agrY 2
=5+ 4= ot A9 Ao

°Q
W sHgol A tidAe 4 Uthy B ASHIT (Jung
et al. 2022). & A7+ B A= AR A 27
(Chironomidae spp.)7} tI'dAgsto] vkt A4/ thad+
AFEE0] EASHA] ¢ A o= HAl,
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Table 3. Biological indices of benthic macroinvertebrate assem-
blages in environmentally friendly paddy fields

Province City Station H’ E RI
St. 1 1.35 0.62 1.41
lksan
St. 2 1.90 0.86 1.99
JB St. 3 1.53 0.60 2.18
Gunsan
St. 4 1.33 0.64 1.37
Sunchang St.5 1.28 0.55 1.66
St.6 1.78 0.86 1.59
Yeongam St. 7 1.14 0.82 0.77
St. 8 1.16 0.84 0.84
JN
St.9 1.03 0.94 0.76
Haenam

St. 10 113 0.63 1.14

Goheung St. 1 1.79 0.92 1.50
] St. 12 2.08 0.71 2.95
Sangju
St. 13 1.30 0.81 1.13
) St. 14 1.76 0.67 2.60
GB Uiseong

St. 15 1.40 0.87 1.36
) St. 16 1.19 0.42 2.84

Gyeongju

St. 17 1.05 0.46 171

Sancheong St. 18 0.47 0.26 1.01

GN Gimhae St. 19 1.76 0.77 2.07

Goseong St. 20 1.68 0.62 3.32

JB: JeollaBuk-do; JN: JeollaNam-do; GB: GyeongsangBuk-do; GN:
GyeongsangNam-do. H': Diversity Index; E: Evenness Index; Rl: Richness
Index.

(S OIE A, o, A5 183 9 AR 9] EC,
TDS, Salinity a2 =7 UEFTH(ES TS = 25,
g og Rt Frietd FHo] FX1Eo] drt St
Sl AFS Holn, ECot ik o AJTEAE Bel

o}, Ad) Aol e Fa AAR 9 LTSS Aol
At WA H9E HolBR drd] TVt e A5
of] A2l JFE F 1 (Muresan et al. 2020), ESH =
< Bk spdofl AAskes T EFEsE o= oF
FFS FATH( Metzeling 1993). 18|11 -2 TDS #-2
ot WetH =9 EALR Qloto] P FH =52 o
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Table 4. Physicochemical characteristics of water in environmentally friendly paddy fields

) . ) WT EC TDS Salinity
Province City Station pH Q) S cm”) (mg L) (mg L)
St. 1 - - - - -
lksan
St. 2 76 34.7 287 203 139
JB St. 3 72 35.0 214 151 102
Gunsan
St. 4 73 32.7 369 262 177
Sunchang St.5 - - - - -
St.6 79 24.8 299 212 144
Yeongam St.7 8.2 25.6 277 197 133
St. 8 8.6 319 1415 999 698
JN
St.9 - - - - -
Haenam
St. 10 7.7 29.0 195 144 105
Goheung St. 11 76 29.0 98 68 53
) St. 12 - - - - -
Sangju
St. 13 71 316 184 130 90
. St. 14 8.5 34.7 215 154 115
GB Uiseong
St. 15 74 32.1 330 231 159
) St. 16 8.2 23.1 140 100 89
Gyeongju
St. 17 74 24.2 160 225 108
Sancheong St. 18 - - - - -
GN Gimhae St. 19 75 30.5 671 467 319
Goseong St. 20 72 32.1 110 80 58

JB: JeollaBuk-do; JN: JeollaNam-do; GB: GyeongsangBuk-do; GN: GyeongsangNam-do. WT : Water Temperature; EC: Electrical Conductivity; TDS: Total
dissolved solids.

ol AR FFe & A= wHEH(Lubanga et al. b oA Hx HHAIE Qo) =04 & #E s W

2021). 2ol & &gl met At g FAF529] A&
2 AT Aol A e = 2070 A1 O Bt B A FFE = 4 Yokl T (Suhling et al. 2000; Bazzanti et

T 14109, #SE AFE 0.690]t) A9 AelAE= al. 2003). WekA] A A P FAF5=2] /R4

A= 28470 A|H 9] =of| A&tz FAFHFEES o Al Aol =31 ajlof whet gefd 4= 9lom —/F%l

FE A (109)% FEE A5 (04205 A7 AEAAT  BAagle] AR T =57 ulas} Basith Syt
(Kim e al. 2012), 2 A7 ATHRTH B2 tobe b2 B o A5 T krrk 97 kol AN HRTass

Atk of2fet Aib= Y =3t e =0 W Al A =9 A7 = A WeEFE AL (Kim et al. 2009), 205
of W zto]= Helth, T FoF AMESHA] o (Chironomidae spp.)7F 571 Al =0l A Eol] 4251
2 e =o] B =Rt A g FHFTE=Y] o Urh= A2 2 AT et FARE Ao ® Hel,

FAgo] =A YEFHTH(Wilson et al. 2008). T3 771 A
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Table 5. Density by size of apple snail dominant in environmentally friendly paddy fields

No. individuals of Pomacea canaliculata(m™2)

Province City Station
Small Medium Large Sum (%)
St 1 2 2 - 4(0.8)
Iksan
St. 2 - - - -
JB St. 3 28 - - 28(56.3)
Gunsan
St. 4 36 1 - 37(70)
Sunchang St. 5 3 2 - 5(0.9)
St. 6 22 2 - 24 (4.6)
Yeongam St. 7 2 - - 2(0.4)
St. 8 68 - - 68(12.9)
JN
St.9 - 3 - 3(0.6)
Haenam
St. 10 - 1 - 1(0.2)
Goheung St. 1 22 1 - 23(4.4)
Sonct St. 12 - - - -
angju
9 St. 13 - - - -
, St. 14 15 1 - 16 (3.0)
GB Uiseong
St. 15 5 1 - 6(1.1)
i St. 16 127 3 - 130 (24.7)
Gyeongju
St. 17 141 - - 141 (26.8)
Sancheong St. 18 - 3 - 3(0.6)
GN Gimhae St. 19 28 1 3 32(6.1)
Goseong St. 20 - 4 - 4(0.8)
Total (%) 499(94.7) 25(4.7) 3(0.6) 527 (100.0)

JB: JeollaBuk-do; JN: JeollaNam-do; GB: GyeongsangBuk-do; GN: GyeongsangNam-do. Apple snail (Pomacea canaliculata) size classes include small (<3
cm), medium (3-5cm), and large (>5cm).

3.2, Yoo K2 BE w2 g2 Bt 319 =04 S e-gol
o] A ZAF 2)-ntct o2 B2E W 9ITh(Table 6).

AR o] SASKE FFel A Al meF o gosio] Wl £ AdHo R tEg Ad Ay 7
£ $EE HAHTable 9. UL W B0 3 ofel gl xofsich, A9 A4 Gk s 19) A

o] Aol o

HYH O
To=

small (<3 cm) L&A 499714 (94.7%)
2 2|5kt &

Ab 219 —Er?tOﬂH% AZF A9l st. 17914 141704
(26.8%), 12|11 St. 16 130704 (24.7%) 7} A =] o] 7}
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Table 6. Numbers of apple snail egg clutch observed in environ-

mentally friendly paddy fields

No. of Eggs clutch

Province City Station 10m (%)
St.1 2(1.1)
Iksan
St.2 -
JB St. 3 12 (6.6)
Gunsan
St. 4 1(0.6)
Sunchang St.5 4(2.2)
St.6 3(1.7)
Yeongam St.7 2(1.1)
St.8 5(2.8)
JN
St.9 1(0.6)
Haenam
St. 10 21 (1.6)
Goheung St. 11 -
Sonct St. 12 -
angju
9 St. 13 -
] St. 14 4(2.2)
GB Uiseong
St. 15 1(0.6)
s ) St. 16 1(6.1)
eongju
yeond St. 17 3(1.7)
Sancheong St. 18 22(12.2)
GN Gimhae St. 19 71(39.2)
Goseong St. 20 18 (99)
Total 181 (100.0)

JB: JeollaBuk-do; JN: JeollaNam-do;

GyeongsangNam-do.

GB: GyeongsangBuk-do; GN:

o] Slth(Lee et al. 2019). AP Aol dao] =7}

o}54el geol EdsiAx

(Lee et al. 2002), ¥ A A}

oA TG W Aol ) W) A b

(Table 6). £+ o] 7}
3|7} o]

T Qo™ (Lee et al. 2002), A241A]<]
golo] ] 4o} /A o] JFS = 5

al. 2002).

CCA 42 387 =l A4st= 4+

= qst] 9

stel 24} Aol Wiro] G F9E 7K

¢ol Ak

A ol ge %

ATH(Estoy et

ol 72t
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[e]
Gyeongju

No. individuals

Sancheong

CCA2 (24.8%)

pH Altitude
© Yeongam TDS
Salinity

o EC

Gimhae

O Haenam

Sangju
Uiseong

o
O Gunsan Goseong

lksan

WT

5 4 3 2 g 0 } 2 s
CCA1 (52.1%)

Fig. 2. Canonical Correspondence Analysis (CCA) revealing the

distribution of apple snails in relation to water environmental

factors and study sites in environmentally friendly paddy fields.

WT: Water Temperature; EC: Electrical Conductivity; TDS: Total
Dissolved Solids.

T4 RISV JUBAE Kol Foh(Fig. 2). TDS,
Salinity, ECt= CCA 153} 29 ot o™, Zsfjet 4
ol M= T2 W2 Hol= W, sigat AFollie W2
g Btk 2(WT)2 3%, CCA 253 9] ¥
Ag BRI, w4, eatell= w7 vk Z1Eal

9] HAY F9-Fol MAl= CCA 253 F9 ”‘_J&ﬁl
£ BT, Al A et eole] Ba
ool wet 4z che 47 BERdel ofd Agd 4 3

0

o}, dRbA o = PEO] Fixe= 250 FFE 7] Eﬂv‘f—oﬂ
TEEY A4 FHE 2k 270 w2t gebd
(Bae and Park 2015). & A Aato Ak Lo E]'E} <&

Sejo] A BE GIFE F AL B 5 Urk(Fig 2). 5
8] OMbe ST e Wl - o] AL A et
R A% A 2wk AR AL ol theRder.
Aol W el LI Aol FEPFoIL =2 P
22 Fo) F9wol AL Mskste] ARlEo] o] 55}

A, Ao = sl Al 2717 Fadt FF Aew
H It} (Holomuzki and Biggs 2006; Lysne and Koetsier

2006; Seuffert and Martin 2012). =3+ &4 HS55 ¢
7|17ke] 2| FFeefo] Apol= o] AARhg o] |
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515 7HAE 4 glom FeRolt e Xog fEEA

L ol 5 S 7 & AUTh(Lee et al. 2002).
£ ATE 9ol ¥ ofe 118 =2 o=
78 =0l AFolA A bste &

Sl A= 5’}%300] A2 2712 215t ¥ 15|
2 Hg BAZ Qe FrtH oz goolE
=} kA 2 ﬂ:r“’ﬂ/ﬁ ZA} 2] eroFolo] 27
T B 7Pk <g--dole] wdA 2
Ta] Q7 (NIAS 2013)70] W2 = 7Pgate]of &-¢-o

2 =5t @ Az 0|l = ARl WA Lhe, 9
ol Algtoll ] MA] A7 oF 602 oluo] TS

72 aL glem 13]of| oF 157~1,300709] ¢S Atstshe A
o5 dHA vt whEbA] EH T4 o] A=
2 A 715 Foll AIe] HEr SUFE 4= 9le
o 4 F4 909 F-F¢ A 291
ol fAEe] Berb 28E 4= Stk 3L w7kt ¥
£ Aulishz e 7]eo] e 4= Q7] wiioll, & A+ 2
ko] AutstE QoA = FF 711 A7t Hast

A 54 A S BN AL O AgT 9]

A} jz]-_g_ oz

(Shin et al. 2021). F-FFolE &8 WA= AXAE

AH&-oHA] 4t —9-44 o=z FxE AAS L

HE A2 AR Al FFE &= A

olo] A A §F 5 Al nA = FHE

ii}ﬁ}ﬂ fAah % —171—01]/\1% B4 7t e
o

l J)rﬂ 11 e %—/l\‘ﬁa]— T A= FH

I} AL §A] A A7) mUHRS B

gl
Ao A ] e AR5 vid st glok Tt A
7)ol M oflE E A 7]&o] tiet AF-E S3skal 9L
om e Yolg Hr} F 8o gasty P|d 4= 9l
T kg ofal Qltt. whetA] AR AL A&7
Ay

2

lo

97 FHUSO] Bue} TRl A A4
BUHH Bast glov] o|dd @F doleg 2z
SYAENA e Wore Sslol gk webd 2 97 3

THe S BB BAS 913 V| 2daE
89 % glom Be ABSo] FEsh BaAe g

- [ |

ik
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71215 Aled B ohzt ohefRt A AR AE Al

X 9
=0 =AM A AETIFAS RS Fa% A4F
7ro g T Ageisty 7ix)7t 58 wromA Fa/do]
A AR k. XA HPFHFEEL = st
1 glom =AEA AETFFS FA5HE Fas 4T
S ofal it mEbA B Ao A gkt E 2] [
3 =2 o= HAAG dYRASFFE 21 B4
T o] Hao] JFE nxe F4a P acls B4
sttt A+ JJr AXAG JPFH2FE 2] o=
A5 (H)= A5 A7 (st 12)014 71 =A) ek, A
/_\;'4 E‘T’"h

8 A1 (st 18)01]/\1 7P @A UeRd T CCA 2
Aafiet GtellAl TDS, Salinity, EC2] gko] =7 Urebstet.
= A, gkl 2 (WT)ol &l 9] HAT

o] A = AH o2 WA yehdt, wabA 2
24l B3 8 B 8810 Rishs F9Holo] X
S} AN HPFAFsE 2 548 WA 4+ A
o 2 A7 2k FAAEA %’%D} &3 BTt A
A2 B7HE 9%t 712w E 282 4 qlrh
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