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Abstract: Paddy fields are important habitats for maintaining the biodiversity of agri-
cultural ecosystems. Recently, as the need for safe food and biodiversity conservation
has increased, the rice cultivation methods have undergone changes. This study was
conducted to investigate the fish fauna in Environmentally Friendly Paddy fields (EFP)
and Conventional Paddy fields (CP), and compare the characteristics of Misgurnus
anguillicaudatus and Aphyocypris chinensis populations in EFP and CP. A total of 2,703
fish were collected and classified into six families and 13 species. Our results showed
that there was a difference in the proportion of fish populations in the two paddy fields,
and the number of individuals in EFP was higher than in CP. The weight values of M.
anguillicaudatus were higher in EFP than in CP, and the total length, body length, and
weight values of A. chinensis were higher in EFP than in CP. Conditional factor (K) values
also showed similar trends in EFP and CP. Our results indicate that the farming practices
in paddy fields have a significant effect on the characteristics of M. anguillicaudatus and A.
chinensis populations, and the results of this study can be used as basic data for securing
biodiversity in future agricultural ecosystems.

Keywords: Aphyocypris chinensis, farming practices, fish fauna, Misgurnus anguillicau-
datus, paddy field
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A W AEtrdde SISkl At (Lockwood 1999;
Ratnadass et al. 2012). T3t 2|+ F=EF EXJo]-§ W3}
o} 31HE 0] AFS T ITFEFE O R <l FAYENAL] A
St o] Z4askal ok (Lockwood 1999; Tilman et al.
2001; Benton et al. 2003; Ratnadass et al. 2012).

Iy Fells = A AevddS Hostar
A& 753 FRol et T ado] F7kste] ARk oHHe}
Aattdd SHS L5 dEdljof gtrhe ¢14o] S7tst
11 Slth(Chappell and LaValle 2011). whbA] £ A Z2A
ASA 12 AL ofetH] R o AR-S AlRtsto] T AT A2l
et e deletal SHtt HAE SHshy] 9%
B Zjuj BFAlo] HMketal QITH(Wingpvist et al. 2011; Frison
2016; Li et al. 2019). ©|2} Zo] = AgejA 2] ety F
Q7go] Eotdel whet BErhd/d ittt ofuet AJeiA A
v]2of thgh A7t F71okal ATk (Luo et al. 2014; Li et al.
2019; Rasheed et al. 2021).

= eiAl= HE Aulistr] f1el 478 717 B =l =
= 3uollof sh= 1 A= o 71 Fetel vkt
A ABESolA Yol MAAE AlE 7T (Kato et al. 2010;
Nishio et al. 2017). 55, 0|42 (Misgurnus anguillicaudatus)
o} = (Aphyocypris chinensis) = = e Al ] EA I

ole}, vl elar deld] LEstn gov )
o] folal tiret Bol g 4eh W44 olR
(Shin et al. 2018), 2 72| 9 Ho|dog HIEt
(Katayama et al. 2015). T3}, thE ofFo] H|of| &AL of
e =M MAsh7] dize] = A o] 273 et
et Fo 2 dfA 9lo] (Saito et al. 1988), = AJEH A
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AR F7kote ol 1837t F2= AT (Kim et al.
2017). ShE27N= s 9] ot T2t Ao E2t
il B 5o} QIth(Kim 1997). =70l tigh Ay I+
A= EAN O] AA F7] (Lee et al. 2000), AHete] 3H5 %
71 (Lee et al. 2001), FoF] st 54 A& (Lee and Yeom
2006) 5 AEA A7t FE o= = AE Aol A 3t
AHery A7t Bt Aol
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Fig. 1. A map showing the study site in South Korea. CP: conventional paddy fields, EFP: environmentally friendly paddy fields.
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AHE o7 T FAeIAH =(Cp) A&
o = (EFP)°llA sEFH 9d71A] uld SAste] A
o] oA AAsh= Ao g Hols off F, 7iAle
H|-go] =2 Ul (Misgurnus anguillicaudatus) 2}t SH-=7H
(Aphyocypris chinensis) & W3 2= 7HAIT 2415 sFlth
(Table 2). 1] 2}F R27H WAl 442 245H7] S,
A e FiAof tHote] X7 (total length), A1 (body
length), iﬂ%(weight)% ESA519 0, WA F2E ot
ofot7] flall 7HAl 2710 w2 ¥IEE A% Bl 23 (the
total length frequency distribution) = LEFATE.

2 Aol mF et = dFHE FESt
7] $1ol A3 A5 AIE HIF O =2 Age 0, Age 1, Age 2
2 FESIAT) 0] 3te] 9] 79, Kubota et al. (1965)94 =1
7] BFE 752 = Age 0(Age<17, S1mm ©]5}), Age 1

et R
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(1* <Age< 2%, 52~88 mm), Age?2 (2* <Age, 89 mm oAb
o7 TR HE7H] 7%, Kim et al. (2005)°] H L
S 8-S HIRF O 2 Age 0 (Age<1%, 39 mm ©]5}), Age 1
(1" <Age<2%,40~50mm), Age 2 (2" <Age, 51 mm ©|/)
o2 Relg

o] 72] 2% (total length) ¥t AH|Z (weight)= ©]-&2F 7HA]|
& Wl theT} e A8 AFgalsch

W=aTL",

A71A W= AlE (g), TL2 A% (mm), 1231 a, b= "i7H
¥ Z=o]t}(Anderson and Gutreuter 1983).

K=W/TL3x 10%,

917]4 K= HITHE 2]4=(Condition factor), W= A5 (g),
TL-2 %% (mm) ©]tH (Anderson and Neumann 1996).

= dojel= A 24 Mol R Z215E o]-§3}
o A48 A A ARt oAU BiE T
7t 7] wjZel Hl2S4 SAE AFESHITH(Bang and Lee
2019). HHFAAS = (Cp) & 5AA A 1= (EFP)
of AAlet= mlate|et =7 NATO] A4S vl
ot BA| E4-2 Wilcoxon rank sum testS AR5 L, o]
9] 4t 7RA4, A7 (total length), A7 (body length), A|
% (weight), 1211 H[FE 2|4 (K)+&= B} EEat=
LrERsTh

=l AR ol AL A3t 5 63}
13F0] SESATH(Table 1). T4 /= Yol
A 5Z(38.5%) 2.2 =7, a-of, W=tn], ¥5miA], 43
o|7F FRsIAAL, ROl 3% (23.1%) 2= W=
=, AR5, UEFEUse] dstalrt UHA] olf=
e

27423, HESold, SAE Tl A2 15(7.7%)

@ rlok
E o,

—~
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oX o
ol

D ol W olF JiASollA B =(cp)ol F
815704 183 X1g7 *=(EFP)°| & 1,8887N47} &35}
o 1317 =9 o7 /WA|=7 WY =H} oF 238 w2
7102 UERGTtH(Table 1). Tl =0l A= n]RLa]e} =
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Table 1. Distribution of individual fish species collected from conventional paddy fields (CP) and environmentally friendly paddy fields (EFP).

The number in parentheses is the proportion of fish (%)

Scientific name

CP EFP

No. of Individuals (%)

No. of Individuals (%)

Family Cyprinidae 0{z}

Carassius auratus 201 23(2.8) 311(16.5)

Pseudorasbora parva &0 1(0.1) 5(0.3)

Aphyocypris chinensis =7 201 (24.7) 225(11.9)

Abbottina rivularis B=0iX| 2(0.2) 1(0.1)

Zacco platypus L|2t0] 6(0.7) 6(0.3)
Family Cobitidae 0O|32|x}

Misgurnus anguillicaudatus O|312] 483 (59.3) 1,298 (68.8)

Misgurnus mizolepis O|F2tX] 4(0.5) 71(0.4)
Family Adrianichthyoidae &At2|1}

Oryzias latipes A2 53 (6.5) 11(0.6)
Family Centrarchidae ZH<&{1}

Lepomis macrochirus =2%24 4(0.5) 1(0.1)
Family Gobiidae Y=0{1}

Rhinogobius giurinus Z2US 3(0.4) 3(0.2)

Tridentiger brevispinis Cl2A™YUS 5(0.6) -

Tridentiger bifasciatus S22 US 2(0.2) -
Family Osphronemidae HES0{1}

Macropodus ocellatus HES01 28(3.4) 20(1.1)
Number of individuals 815 (100) 1,888 (100)
Number of species 13 1
Number of family 6 6

N7} oF 849%9] =2 /WA Hl-&-& 2|5t Qlom, vh
O 2= FAH (6.5%), e8] (3.4%), 501 (2.8%) =02
ZAFE| QI 2187 oAk 8l =3} H]5HA| it
oF PEAN ] ZRAIS vl ot HeHE = XA A9
oF 81%F AHA[ot3 oM, th-& 0 2= 501 (16.5%), HIEa
o1 (1.1%), AT (0.6%) 202 ZAFE|QIT % 1o
T2 o] R R E AT A1) W =0 vk A5
(H), #5E A4 (B), BHE A4 (RI)E 1.23, 0.48, 1.79
o, &4 =9 ¥k A|F, Fek A5, FHE A
= 247} 0.96, 0.40, 1.33°|TF(Table 2). Tl =3 12HE =
O] o7/ H3t= B Aful HHAlS] o= QI Ao R S
ok A dAellds B =3 1 =9 & 3
/J HskE HojEoh ¥ =9 g4 44 pHE EC= 7]
=ol Hlgto] =7 et o, E3t T3l =9] COD, T-P,
18|31 PO,-P7} 7] =l H]sto] =] FEFETH (Lee et al.

_{

o T

N, m

Table 2. Fish commmunity indices in conventional paddy fields (CP)
and environmentally friendly paddy fields (EFP)

Ecological index CP EFP
Diversity Index (H’) 1.23 0.96
Evenness Index (E) 0.48 0.40
Richness Index (RI) 1.79 1.33

2016). YA 2 7517 =8 Bl o] vl Sfo 4%
A A1 A Aet AFg g theb o]l A
Wl 4h1e] Zjol7} o}t WSHE F1AE 4 9Le Aolt,

2L = AEAIAM o7 Wt vFAUES olslish]

II

AL olf 54 Aol 22 4, G5 A7 5& 2
o5k 37 4BE BelA 1 S AT 4 e HoR
el

http://www.koseb.org 141



| I
Korean J. Environ. Biol. 40(2) : 138-147 (2022)

2. 7HHI9) 3B RIE BE

WA 2718 W% FArof A Tl =(CP) et Xehd +=
(EFP)°llA w32 (Misgurnus anguillicaudatus) 2] 7§ A5
7t AAA o 2 =A VN T (Fig. 2a). 9 W =1 %
2 =ollA S vt E A dAME AR Bl
£ S AV} (Table 3), F A4 Ttolli= Age 1, Age 2 AT

A EAASE FofRt 2kl )lHH(p<0.08). HeHE =
oA BE AFh e wlate] AAGTE =A e A2 H
e =0 T =Hot njRte] JfAlato] Asshr]of At
g A AR 2 Ag HojEth A9 Aol 3187 =
o] u|te] A7t g =Ht oF ouf o] =rh= A
< B9, B0 28 =2 w2 AolEo] Afetel]
of At AAgd o R AR §lom Z|of YW m]/o]
O JEELE =2 02 eIt (Shin et al. 2018). &

7N (Aphyocypris chinensis) 2] 73-%-, T X1l A {3k 7RA]
5 A5 DA WA= B0 e AT (Table 3), T3 =
(CP)Tt 18+ =(EFP)<] =7 Aol Al Foleh 2}
ol& AT Age 0 AN F 2 It A g= H]RE
HHHol, Age 1 AFolA= HeHE =9] AAS7F B8 =
ot oF 378 Wotth WA 2718 Wk RAoA: v
St ZgFo] UERGTH(Fig. 2b). T =4 A Ash= o7
4 = A H} okl k& ghEo] o1 o
HA el o3-S & 4= 3AtH(Choudhury 2018). 41
AN E AP FAAFET} 12 5 HA 9] of
NAF7 § ol EdsHL, o] 23t Ak FoF 59
JFo g AAgdo] Aetr] 7] mihize] o7 &9
0| 27 vepd Aoz 46t (Shin et al. 2011). &
o 2 el =2 AFAe AlxA, AFA L] AHEHIE
7} Eot A o]l HEEN = AdFFS E = ATt (Lee
and Ko 2021). A3 A= JA| (fungicide) 7t ©1F
o A, A Wt ofue} YEol AFHl JFE

t

= 4 ok B skt (Choudhury 2018). TSk A=A
(insecticide)+ = FAEES 9L 5, P&, A

— )

4 HFES] FREo| AEHA 92102 HIE ] (Ito
et al. 2020), WY = FA A= o) F NAERE of 2}

ol o] Blo] 4L AR 5 et

Age0 | Agel | Age 2
140 h as > «
(a) ! 1 .
120 + : = Misgurnus anguillicaudatus
%) oo N E
£ 100 |- no :
I i | bdcpP
3 =
> 80 : O EFP
=l |
= 60 i
[S) |
o L |
S 40 U [
20 ’_H' ill 5
O T T T = I T - T T T T T T T T
0 20 40 60 80 100 120 140 160
Total length (mm)
Age 0 | Age 1, Age 2
70 M S >
(b) M i ‘ e
60 Aphyocypris chinensis
» - :
~ 50 i
5 |
2 |
S 40 i mcpP
£ ! CIEFP
« 30
o
o
> 20
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0 T T T T I T T
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Total length (mm)

Fig. 2. Size-frequency distribution of individuals for Misgurnus
anguillicaudatus (a) and Aphyocypris chinensis (b) collected from
conventional paddy fields (CP) and environmentally friendly paddy
fields (EFP).

Table 3. The number of individuals of Misgurnus anguillicaudatus and Aphyocypris chinensis collected by age from conventional paddy
fields (CP) and environmentally friendly paddy fields (EFP). Data are expressed as mean £ SE of 10 replication sites

Species Treatment Age 0 Age 1 Age 2
. . CP 18.5+6.8 22.7+6.12 71+0.8°
Misgurnus anguillicaudatus b b
EFP 372+9.1 73.1+£11.1 19.56+35
Aoh s chi . CP 14.4+10.1 1.6+0.6 41+£16
ocypris chinensis
phyocyp EFP 14.3+4.0 6.0+2.0 22407

Different lower-case letters indicate significant differences (p<0.05).
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Fig. 3. Length-weight relationship for Misgurnus anguillicaudatus and Aphyocypris chinensis collected from conventional paddy fields (CP)

and environmentally friendly paddy fields (EFP).

Table 4. Total length (mm), Body length (mm), Weight (g) of Misgurnus anguillicaudatus and Aphyocypris chinensis collected from conven-
tional paddy fields (CP) and environmentally friendly paddy fields (EFP). Data are expressed as mean + SE of each group

Species Treatment Total length (mm) Body length (mm) Weight (g)
. . Cp 63.5+1.1 55.6+0.9 2.0x0.1°
Misgurnus anguillicaudatus b
EFP 65.4+0.6 56.4+0.5 2.1£0.1
L . CpP 35.2+0.9° 28.6+0.7° 0.5+0.04°
Aphyocypris chinensis b b b
EFP 377+£0.6 30.4+05 0.6x0.03

Different lower-case letters indicate significant differences (p<0.05).

M
1

w

r2

3-HE

M

WY =(CP)Tt 3187 = (EFP)ollA AAlsh= nl4te]
(Misgurnus anguillicaudatus) WA LS A=A (Total length),
A% (Body length), A5 (Weight) 4t B gt 27} (Table
4), 7+ A ZFell= AFolA FolRt Zol7h vrebyttt
(p<0.08). o]2Iet At WA 2718 HlZofA & & QL
0| (Fig. 2a), 7 A9 7+e] 7A]| 4=9] 2fol= AR 7HA]
2718 23 sjelo] frAfsto] WA A Hatol= Aol

7t glie AL R KAtk =N (Aphyocypris chinensis) 2] 73
7 Aol A MAsh= AAlwte Wt Ay, wal =
(Cp)Ert et = (EFP) 7HAl- 2] 7 (Total length),
A% (Body length), A (Weight) #ko] =71 Wttt
(p<0.03; Table 4). o|2{et A= Y =l A MAsH=
=7 AHAIES] gl ol WA (Age 0)= HIs=RE HE
e, g =ofls Agol E2 Al (Age 1) HIE
ol gt oz EA yehd”] Wiz Zolt (Fig. 2b).
v =3 AL =olA sk vl et HE
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1.5
(a) Misgurnus anguillicaudatus (b) Misgurnus anguillicaudatus
19 (CP) (EFP)
X Slope = -6E-05 . Slope =-0.0011
= R2=0.0002 . R2?=0.0492
o 09
o
&
= 06
o
c
o
O 03}
0 T T T T T T
0 40 80 120 160 0 40 80 120 160
4
(C) Aphyocypris chinensis (d) Aphyocypris chinensis
. (CP) (EFP)
5 3 Slope =-0.0045 - Slope =-0.0051
6 R2=0.0382 R2=0.0541
s
c 2r * B
2 .
% “evene Q.‘ * * 4 .o,
c ¢ i o : - Y g
8 1 .."o"’ ote e B o... NG peg.
e oo ' - « ° 24
0 T T T T T T
0 20 40 60 80 0 20 40 60 80

Total length (mm)

Total length (mm)

Fig. 4. The length-condition factor (K) relationship for Misgurnus anguillicaudatus and Aphyocypris chinensis collected from conventional

paddy fields (CP) and environmentally friendly paddy fields (EFP).

o B=/dH 9 A = F57] flsl, A 1,781
AL B2 426 WAE HF =2 A (Length-
weight) 9] A} BT 2|4 (K)E 24 5FATH (Figs.
3, 4). A5 AFHARNA 2 AAS b g WA
AREE e, dutA o g 3 0Eth o AS/dH
7t F2otth= A2 91|ett (Han et al. 2007; Wang et al.
2021). & A+ Aol A, W3 =(Cp)oll AAst= vl
2] (Misgurnus anguillicaudatus) A7) 2 AA S b 342
3.0010]H, 2187 1= (EFp)°ll AAlsh= nlHte] ZiAwe]
B AAS b 2 2.8851= LEFHTE HHE7H (Aphyocypris
chinensis) 2] 73, Tl =(Cp)°ll A4sk= WAL 51
Al b 72 2.8456°1H, 218473 = (EFP)°ll MA4{st= 7HA|
9] B FA b 7 2.8096. 22 HEFETE A9 A E
Tl A Y =9 S| AAS b Fho] HeE =Hh =7
UER o, of2]et Aib= w2 Hikeo] ok Afgt ~AEF
2} Bo] B Fofl oJet FFom FASHATH(Kim et al.
2017). T, P2 N Hrk= v]He]7t = 53] A A
S/3H7E Fostth= Ae HoEr Q2719 AAA=

144
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Aot gofiche] 2= FoHRO| AshdelA £ A
o] AAgteh= B117F 917] wiizoll (Lee et al. 2000), += A
BIAR = E2] 58°] Sl o AEiANA A5 AdH
7b ot Ao FHH) Bide| nl e o] AR =
ojuf =9] FAE FHelA gol AARItH Bavk QL
(KIST12022). 5] =] E°] Solet A4 Ae7t =, =
EFe wEA AL AAE7EE 5 Q1AL AT RERE
QIt} (Bosse and Frenzel 1997). ZL2{L} =
25, 5718 52 22 vl 9] Ho]
FH3}F A z2]o]th(NARIS 2022). E35H 0| fta]=
57 HEES B A4} WS BHAHE A
A 4 9l AR S0 k= S04 $H%0] B 2
S 2 HRITHNARIS 2022).

W +=(Cp)at 72 = (EFP)°ll AAsh= mlFte] 7l
AT (Misgurnus anguillicaudatus) ] H|THE 2|4=(K)E &
At Ax}, 213H7 =9] K 2%(0.58 £0.003)°] T3 =2] K
%5(0.55£0.005) B} SAIH O R = YERTH(p<0.01;
Fig. 4a, b). =71 (Aphyocypris chinensis) 9] 749 0]tg]




A2 BIRHE 2]4=(K) oF AR kS Hold, X173
=9 K 4£(0.99+0.01)°] Il =2] K %£(0.96+£0.02) Hr}
=2 Ao 2 YRt (p<0.001; Fig. 4¢, d). g3 =]
A o fteiet SiE7) RISl K ghol = A vEehd A
3 =Rt I st Ae YEH (Kim et
al.2017), Bo] o] kAL XA gt o] Fot A7 A7t
Uogt Ao 7 FAHFTH(Seo 2005; Han et al. 2007). L&
U & A+ Ao A= BRHE 242 (K) 9] slope to] L5
negative k-2 WEFHIL QIth gt X18H =l A negative
#rol v =7 YehA s o] st A&
HolEoh & A Aol A, e =2 Wl =Kot 1
2] RAIG7E oF 2,78 Wol ettt o2t A= X
2 =o] Tl =Hr} o] 7 iAol AESH ol ARl
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