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Abstract: The objective of our study was to analyze the distribution and composition
of fish species and their community characteristics in agricultural waterways in the
six water systems—Mankyung River, Seomjin River, Namhae Region, Tamjin River,
Yeongsan River, and Dongjin River—during 2017-2018. Little is known about the distri-
butions and community characteristics of the aquatic biota of agricultural waterways
in Korea, even if the water bodies have important roles as spawning areas or habitats
for fish. In this study, we identified 3,633 fish individuals in the waterways, belonging
to 53 species, eleven families, and six orders (dominant species: Tanakia koreensis,
T. lanceolate) and 7,108 fish individuals in the main rivers, belonging to 57 species,
fifteen families, and nine orders. Moreover, three endangered wildlife (designated by
the Ministry of Environment, Korea)— T somjinensis, Acheilognathus majusculus and
Coreoperca kawamebari—were found in the waterways. By fish guild analysis, we
found that many waterways had a lower proportion of sensitive species and a higher
proportion of omnivore species than those of the main rivers, which indicates a feature
of a disturbed environment. In addition, by grouping with environmental variables, we
found the group of waterways with high substrate complexity had a higher diversity
index (Shannon index) and a lower dominance index (Simpson index) than that of
simple substrate complexity. Overall, our study represents the characteristics of fish
habitats in agricultural waterways and suggests the need to manage them and study
further.

Keywords: agricultural waterway, endangered fish species, fish fauna, community
characteristics, fish guilds
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55 3t (Herzon and Helenius
o]Fo] Holdo] He T2 EFIAE ¥
v H AR 22 ohekst AHA 71Eol 8% I
= o7 dHA Ut (Hata 2002; Katano ef al.
2003). 51, Yo (Cyprinus carpio), M7 (Silurus asotus),
Gasterosteus aculeatus aculeatus 5= Jo17} 5425 o7}
™ Akshal, 2ol A7) Eet A Ash, A7 gARRRoL
7} (Acheilognathinae) ©1 752 S5-=ol4 442 HU=
Ao g A Qlrh(Hata 2002). 1HTF ol gl o Eof 4]
HE91718% ATt} o7 (Rhodeus atremius suigensis)
= FrE7F T AAA T shutehal 4 AT (Nakata
etal. 2017). 5, a7 2E S AHA Y 7 SHA &
@oJAIT, ol F AFHA] 715 5 AH 715l $87d] 3l
Thl A, d23 JHE 5] of g 57kl A thA el
TR Q75 AEshal itk sl e sl
Aol A o] gt BElA] 7159 Fa4S QIAISkL o
A 1= = R, AQsHdS ddste AHlE=ol &
A17 AP C}J\E]'(Jang et al. 2009).

S2uete] FA A= 2018 715 HE WA oF 8.5%
of] @oh= JFRo] ™ (Statistics Korea 2019) S22t A
o = e §r=et vz FAYL 183,000 kmE
ZALE| AT (Jang et al. 2009). F-2UEtol A= 215 9 &
7 ok dAE= FES w2 A7 E2A5h, 5
FRAA MAstE £F o, AAEE T T 4 H
T3 EAJo Tt A= vlu|gh Aot} (Moon and An
2007; Jang et al. 2009; Kim et al. 2011b).
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AR SR 2 (25H QAR SolA 914
9] o] F ZAT AYE X S L (Nam et al. 2009; Lee et al.
2013; Park and Joo 2015; Jang 2019; Kang et al. 2019; Na et
al.2019), 52+ =7 2L 2 Q1 A Tl A] ZAL
7} 7e] ool 2|4 e Aolth mabd £ AT 1]
A Aol o] & 4 ol

g__'l_ HitH

od

1 ZA X 371

2 AT A= 2AE Tl R EY9E SHeR 2R
ot A2d Sl s HASIT I A @
& 2AE 9 A 0.1m o3 F4EE A 1
S 9T a2 FEo] FAHA &2 32 Aol Al2ls
Aot Z25A s w37 A 270 A3, AR A 370
214, dalld A U1 AA, 307 A 11 A, 9
2> 1

L1: A5 E S5t 555 142 (W37 A)
L2: HetRE A 93T AE (W87 5A)
L3: Metee AT w2d g (437 A)
L4: bR A o[ A (4307 7))
Ls: Apd e RAT 5 202 (A7 4)
Le: Jebd e FFA Fda At (Fald A)
L7: Mebd = 8= FA 7159 (F307 A1)
L8: FFFHA Pt A2 F (T A)

L9: ARl G5 saE (S )

L10: A2t r AH W 2A2 (527} 54))

2 Aol AFER F 43] (1~421) IF AP A
= AT (L10-2 3~42RF AA)). 12} ZAR= =4 (2017 9
4 30€~10¥ 3¢), 22 A= A (2018 1€ 26Y,
29 3~4%, 29 17~189), 37} A= EA4 (20189 5¢Y
5~79), 42+ ZAR= 5HA] (2018 8 2~5Y)ofl AP
o 5HA 2AbE AS2E elote] 35 Ul 2 4971 8l
AE A71E AU w2 AR B9 BA XA 7]
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Fig. 1. Map showing the sampling locations (L1-L10). The map was obtained from Google Maps. The axes of the graphs represent decimal
degrees of latitude (lat) and longitude (lon). M: the point of the survey of the main river; P: the points of the survey of the agricultural water

way.
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Tk oyt ¥ EXo|A U EZAEo] Aoqlrt 5t
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3. 0|F =AL

TR A= ERe T2 7|£9] CPUE (Catch per
unit effort) 7} A-857] oA, A& W T2 A7
A o E H-S 2158 o (Katano et al. 2003; Ohira et
al. 2015). ¥4, #5429 7% G422 50~1000 m 2]
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71E %<& 4 o (Ohira et al. 2015). A X 25, HitfZo]]
A E4 (4 x 4mm) 2t ZT] (4 x 4mm)E ]85 30 F
ot olF A& DA 2AF L2 7 A T 3410]
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7 2AE 9d 485 A4 (Simpson index;
1; Simpson 1949), & T 2= (Shannon index, H';
Shannon 1948), & &5 Z|4*(Margalef’s richness index,
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J'; Pielou 1975) A4ttt
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Table 1. The definition of categories regarding the environmental variables of the agricultural waterways

Variables n Category 1

Category 2

Stream width 10 Narrow; <1.4m (3)

Wide; >1.4m(7)

Simple;

The thickness of sediment is less than 1 cm or
the proportion of Silt and Fine sand is over than

Substrate structure 10
50% (4)

Complex;

The thickness of sediment is over than 1cm
and the proportion of Silt and Fine sand is
less than 50% (6)

Numbers in parenthesis indicate the number of samples collected at the corresponding location.

Table 2. Physical habitat characteristics of the agricultural waterways

Site Bank type Width (m) Water dep. (m)’ Sd. thick. (cm)? Substrate structure (%)

L1 Concrete 2.7 0.5 >1 SF(36), Sa(36), GP (20), CB (8)*

L2 Concrete 2.0 0.5 <1 SF(50), Sa(33), GP(10), CB(3), C(3)
L3 Stone 2.0-2.2 0.6 >b SF (40), Sa(20), GP (20), CB (20)

L4 Concrete 0.6-14 0.35 >1 Sa(62), GP (16), SF (12), CB(10)

L5 Concrete 0.7 0.3 <1 SF (34), GP(25), Sa(19), CB(18), C (5)
L6 Concrete 0.6 0.3 <1 GP (41), Sa (30), SF(25), CB (5)

L7 Concrete 15 0.4 >5 Sa(34), CB(25), GP(24), SF(13), C(5)
L8 Concrete 4.0-70 0.8 >5 GP(29), Sa (25), CB (25), SF(18)

L9 Concrete 1.56-6.0 0.5 >1 SF(27), Sa(43), GP(17), CB(11), C(2)
L10° Soil 2.0 - >5 SF(70), Sa(20), GP(10)

L10° Concrete 2.0 0.35 >5 SF(50), Sa (30), GP(20)

"The data of water depth was measured at 4" survey; “The thickness of sediment on the stream bed; 3The first point (P1) was conducted at 3¢ survey, while
the second point (P2) was conducted at 4™ survey (Fig. 1); *SF: Slit and Fine sand (particle size: <0.25mm), Sa: Sand (0.25-2 mm), GP: Gravel and Pebbles (2-64

mm), CB(>64 mm): Cobbles and Boulders

Al =3 2HJ-2 R version 3.6.3 (2020 The R Foundation for
Statistical Computing )} RStudio version 1.2.5033 (2009-
2019 RStudio, Inc.) & ©]-8-5F31tt.

2
1. 22X MAX £4

SR XA A2 L3, 110 (3% ZAHE AlQlshd =
T 23 E QAR =of QISITH(Table 2). FF= 9] 515
(Stream width) ¥} 55> 2 (Width of flowing water)= 4=
o] Zof wiet A= FHE whet 4P 718 Ae

3971 okt ?HH, L3t L9l A f4= Eo] 7|71 H
H B3} 2 AR ol AAEIA] WTh L4, LS, L6
0.6~1.3m%| F2 5h53 7H4 9™, L1, 12,13,18,19,L10

2 2~7m9| {2 SFES 2= o7 YET 52 |
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Fig. 2. Water temperature of the sampling locations.

2.01F 4 W RE 54
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Jim

2 A7 BE T2 AN F 65 113} 53F
3,633707419] o177 =@ FT (Appendix 1). ¢-5E2 of
LHF2 IIAT (Tanakia koreensis, RA: 12.8% )2t HAF
(T lanceolata, 11.9%) AT}, 7H B2 2| HofA &g
T2 e AolA EA 12hm] (Zacco platypus) STt
TR DA A Ed% WA HoF2 3F 241704
= Uehgth & FolA BE917] oI E e o= A
9 AAGARE= AT $AR L3 L5 9] FaRollA &
22571A17F @5k BE917] oM E e o= A7
B ZEGAF (Acheilognathus majusculus) = L32] 4=
oA 1270A7F 2@t o H, BF7] oI E IE o=
21735 AR 7] (Coreoperca kawamebari)+= L5t X7 4~
A L79] Fr=olA F 470A7F S Fskeict. ?hH, it
T RS2 17F 1,4457071 (39.8%) = UERA. <llF
(Exotic species)< 2°& 18704 (0.5%) 7} @ Tt

RE 25 ZARIME F 95 153 575 7,10871741 9] ©f
F7F 2830t (Appendix 2). 257 ZAMS] HFI} of-¢
AE2 T2hr] (31.2%) 2t HAF (10.1%) = UERGT &
F ZAF Ao A MY HEFL 5% 158704 (2.2%) =
LERETE Rl A BE917] oI E 11l tHEAo]
(Lethenteron reissneri)= 237 A L4l A 270A171 &
Aot AEAT= L3d} LsollAl & 100704171 23
sttt FEEAF= L33} LsollA F 32704, BEH7]
oPYAYE 15?1 TAF (Liobagrus obesus)= VAP A1
L8Ol A 3714, AA 7]= Lset L7olA & 2170417F =3dst
k. o, St THF-2 215 2,731707401 (38.4%) = U

ERg . 9l E-2 2% 296704 (4.2%) 71 E I At

42 A ATE SAER BR75ke] B Ayl
Bt 477 A0 =F3tEl s AoR Izl dAgRt
22X A7 A9 L3} Lso| A =etE]o] £@5Hge

™ 17.9%°] H| 1A =2 At FHEE eI (Table
3; Chae et al. 2019). 27} AT} A9 Y57t SA =
HauE FEGAELt 457 (Iksookimia longicorpa)= L3
oAl =3tE]o] ZASEATEH(Chae et al. 2019). =7} 9
A o R St Ao r gl SN (L
hugowolfeldi)+= © 317+ A|Q1 L70oA =gt=]o] ESdsHA
T} (Chae et al. 2019).

24 AR SAET P9 AES BAG B, 55
2 Yol A dArRolute] Sots of o] S HE Ei ofg-

AEo2 et 32 62 - 22 YERITH Table 4). T]2F
07t 4F Fe oF TR e A2 47230
Qich ?HH, 13, LS, 18, L9, L109] -3 EFof|A Q-4 Z0]
L ol HFT o & Yehd Fo] siRolA $H-FoH of
FHAFoR YA gt 59, 257 AR LoollA
E-FZ (Lepomis macrochirus)©] oF¢-8-E S =2 L10o|A Z
HAE7E ofF o2 UEHHAIRE, 22 A9 F=
ZAb A S JRA . Z@okA] FdTh ¢, & A A
T Z-2 5hS AR A9Y oA B Ao B X
AL ATt Adeds] Aot 7397t AAAIT (Jang 2019;
Kang et al. 2019; Na et al. 2019), L82] QI+ +9-& Eg
Sl Lee et al. (2013) 2] 874 2AF A7 9] At o]
FRoA obrHFOE et REFA] (Pseudogobio
esocinus) 7t A Aol LHF R Uit F97t 9L
Aok T B AA0] 13, L4, LS, L7, L10T} 2139 2|4 9]
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Table 3. Locally found fish species in the agricultural waterways classified according to the water system

Mankyung riv. Seomjin riv. Namhae reg. Tamijin riv. Yeongsan riv. Dongjin riv.

T somjinensis (17.9)

Locally A. chankaensis A maj USC.U/US“'O) A yamatsutae‘(2.3) A. rivularis (0.3)
found 0.011) C. splendidus(0.2) I. hugowolfeldi(3.7) H. leucisculus (0.3) R. oxycephalus (0.6)
species ' S. chankaensis tsuchigae (0.2) S. scherzeri(1.4) ' '

|. longicorpa(1.1)

Numbers in parenthesis indicate relative abundance of the fish in each item (%).

Table 4. Comparison of dominant species and subdominant species between the survey locations

Mankyung' Seomiin
L1 L2 L3 L4 L5

Dominant ) "

species T. lanceolata (34.7) T. lanceolata (42.3) T. koreensis (16.2) Z. platypus (35.3) R. uyekii (37.6)
Waterway )

S::gzr:'”am Z platyous (177)  Z platyous (16.3) T lanceolata(15.0) P herzi(176) R. brunneus (24.2)

Dominant .

species Z. platypus (28.5) Z. platypus (45.8) A.chankaensis(31.9)  Z koreanus (45.6) Z. koreanus (35.4)
Main river ]

S::gg;”'”am L. macrochirus (20.9) R, uyekii(172) Z platypus (255) P, herzi(170) T. somjinensis (18.6)

Namhae Tamjin Yeongsan Dongjin
L6 L7 L8 L9 L10

Dominant ) ) . . . . .

species T. koreensis (69.0) H. longirostris (23.4) R herzi(18.0) R. uyekii (27.9) M. mizolepis (42.7)
Waterway ]

i::gg;”'”am Z platypus (9.9) Z temmincki(12.5) P esocinus (15.5) T, lanceolata (25.5) M. anguilicaudatus (31.6)

Dominant L C .

species Z temminckii (25.9)  Z temminckii (16.2) L. macrochirus (37.6) Z. platypus (40.5) T. lanceolata (27.2)
Main river )

Subdominant Z. platypus (22.8) T. lanceolata (11.3) Z. platypus (31.6) L. macrochirus (31.3)  T. koreensis (21.7)

species

*The result is calculated from the data of 1% and 4™ survey; 'Mankyung, Seomijin, Namhae, Tamijin, Yeongsan, Dongjin: The name of river system of the
locations; Numbers in parenthesis indicate relative abundance of the fish in each item (%).

A9 Q7o) AT} A7S oA Aol G o 99l 3, UAE U MAl SN A

T} (Nam et al. 2009; Park and Joo 2015; Kang et al. 2019). ©

23t Zpol= A9g A<} O‘X]O}X] A2 ZAF Ao 2 WdEet A4 54 24 A= WA E ol8Rt A
= Aol 7190 7Hs/de] ek shATE & A= oFY] o R YT A4 FrzolA AR o7
B F23F 542 (Moon et al. 2019) ZAFSHA] ¢E917] WAL A== WS (Sensitive species; SS)©] 5.2%, &
jRof 5429 BB o] £ XA 2jo] AL 54 = A 7+& (Intermediate species; 1S)©] 82.2%, W/d-& (Tolerant
A1) Ao gt F7HA 0l ZAPF Has Ao 2 AtR L] species; TS)O| 12.6% = UEtF o EEd Ao 9
i 5213 (Carnivore species; C)©] 1.9%, &2 (Insectivore

152 ©2020. Korean Society of Environmental Biology.
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Fig. 3. Relative abundance of tolerant guilds (a) and trophic guilds (b) in the sampling locations with data collected in the 1%t and 4™ surveys.
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27F 232 Hl&2 e (Fig. 32). L19] ¢ W13E9
WA =7t %01]/\1 30.9% 2 LFEREA|T %ﬁ?i‘jﬂ/ﬂ =
FSHA] QE3haL, Ls O] A4 WIFol ERollA 36.3%= Lt
ERAAR s 2ol A 0.3% = LERE T ofd, WAEo] 7
G- ol2let Aol FlsHA UEhtA] Tt ol= L1
785 2ol WdEA EF20] 209%= oF-HFLR
UERg AT, T zollA $HEol ST obHFL
2 UENEIL, 189] A% EFolA 2720l 37.6%% 4

T FAF0] 3.3%, T4
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E
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FoR UEgAE, S4reld $7H50] $AET of%
AEo = teht Ao 71 Q1gkeka BAE gle S, Lagh

L1oolA W/dE9] vHlgo] ERET 4=t w4 W
=it §HH, 41E0] 49 1L1,14,LS,1L6,L9, L1004 &

FHEOH FE7F =2 HER T AT (Fig. 3b).

T 242 129} 43F 2AF AFRE 018
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51Tt (Table
LAHE: 241+ LeollA 0.502.2 7}
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1 L7, L8°lIA 2.42~2.489] H|W A &2 4] F, LS, L10]
A 1.48~1.589] H|W A e 222 Rt £ ZH L
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Table 5. The results of fish community analysis

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

r Waterway 0.18 0.22 0.09 0.17 0.26 0.50 0.1 0.1 0.17 0.30
Main river 0.17 0.27 0.20 0.26 0.20 0.17 0.08 0.26 0.29 0.16

o Waterway 2.10 2.02 2.57 2.15 158 1.10 2.48 242 2.15 1.48
Main river 2.00 1.82 2.07 1.75 2.00 214 2.7 1.59 1.52 2.13

d Waterway 3.53 3.28 3.81 3.03 2.03 1.38 3.92 3.27 2.88 1.68
Main river 2.18 3.37 3.63 2.14 3.61 3.12 4.23 1.84 1.94 3.17

J Waterway 0.73 0.67 0.83 0.79 0.60 0.50 0.83 0.82 0.74 0.67
Main river 0.78 0.55 0.63 0.70 0.64 0.73 0.83 0.69 0.61 0.70

*The result is calculated from the data of 1%t and 4" survey; %: Dominance index (Simpson index), H': Diversity index (Shannon index), o: Margalef's species

richness index, J': Pielou’s evenness index

Table 6. The results of the Mann-Whitney U test and permutation test by grouping according to category

Width M.° Sub. M.° Man-Whitney T.¢ Permutation T
Indexa e -
G1° G2° G1 G2 Width Sub. Width Sub.
A 0.31 0.17 0.32 0.14 0.183 *%0.010 0.075 **0.005
H' 1.61 2.17 1.54 2.31 0.267 **0.010 0.100 **0.005
d 2.15 3.19 2.09 3.41 0.17 0.067 0.083 *0.019
J 0.63 0.76 0.61 0.79 0.183 *%0.010 0.083 *%0.005

The result of community analysis (Table 5); ®Group 1 & Group 2 according to the categories (Table 1); “The mean value of the group of width or substrate; “The

p-value of the Mann-Whitney U test or Permutation test; : p-value <0.05, ™

WA w2 £A5 eI L5} L6olA 0.5~0.62] H|IL

A e 25 Vet SEH 0= 137} L7 =2 o
P A5t FHE A4, HeE AGE e o] Bl A
FFAQ] EHFZXE FAote AR EAE T (Kang
etal. 2019). 2790 7% A SHE X7} LoollA 71
wokon, At FHE o] 71.8%<] TEtu|et EFZ
FFS T2 Aor BAHED F odE AgE L7olA

2712 7V B9, Lol 1522 713 Werek 179] 4
9 55} Baol U A%, FRE A5, #EE A
S7h 7 et A8 A Lehiic 9, 132 L6

T L10E T TR EA A B2 O E Aot ¥ ¢
A 255 Ui Agh 255 240 = e 2|47t
2.07~2.14, $HE A7} 0.16~0202.2 2 Z}o] & e}
W2 ekt

5. B2 MAK S43 2T 29| 37
= 2

ORISR

i)
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. p-value <0.01,

" p-value <0.001 (Two sided tests)

Table 7. The list of freshwater bivalves found in the agricultural

waterways
Site Freshwater bivalves
L1 Unio sp., Lanceolarias sp., Corbicula sp.
L2 Unio sp., Anodonta sp.
L3 Unio sp.
L4 Corbicula sp.
L5 Unio sp., Pronodularia sp., Corbicula sp.
L6 Unio sp.
L7 Unio sp.
L8 Unio sp., Anodonta sp., Lanceolarias sp.
L9 Unio sp.
L10 Not found

stal ZF 120] WAk AT (Table 6). 1 A}, 58
18(G2:L1,12,1L3,L7,18, L9, L10) = 514}
o] B4t 118 (G2: L1, L3, 14, 17,18, L9)°] 1¥ =] ¢k
5 (GL: G27h obd A1) Het w2 2 A A %

[e]
Fol {2



T, =t A= A T
of T34l 52Tt (Table 6; p < 0.05). <& A A, o
of AR 22 A% =0l Hell Fofet AE UER
1, F FHE 2] eI R F 59 Zol7t feold
H(p<0.05). ¢HH, 2 & HFO| Bqt= 5 1Y 2% &
OJ_t AW7E EhgA] oFgktt.

H

2o
AT A}, Rl gARoTe ojFo] $HE
o ol AT o el Aol Rolget, el 5t

B AQollA Had ofmiuflFo] Aol WAL (Table
7), Ak otate] Aol P4l olufulse] 24171 %
Q5= A-S v]Fo] HOol(Kim et al. 2011a; Park and Joo
2015) %271 WAool A4el] ke Brole

A AbrEE 22]A FRoA EELY] oMIAE I
A AT} BELN7] oY= IIT}J ZEFAF
o AR 7] AAo] gelk] o], A7 G117 #4190 &
FROA F BAS ot A7t 2e T 3&2
o} §HH, o] Fof| Wt §-9 &7t thEH, Ao ok %—/—.ﬁ
22hA (Moon et al. 2019), 5529 §-52 o]F9 &
of 2 FFS v A o2 A=z H T} Nakata et al. (2017)
2 552 W R. atremius suigensis®] B2 9ol 44
S AR T AVT 44 B AT, T,
Kadowaki et al. (2017) = 552 W o]F72] HALS 95 ¢+
THeh 9 S 7E g @Stk FA R weEb A s RO
ojF I w W E Sl o] HS a4Fo] aEE Bavt
ATl A= T

WiaE 92 g4 54 24 29, soEe AR 2R
Hop 9i7E 9o Aok &3 i44159] Hlgo] vl 4
=2 7)¥o] wotth ddty o
L AAA] wh)7F dojupH WA AE 24 Ay 1S
o % % % A 7 Bashy, WA F 5 2 A
7} S7F (Na et al. 2019). E24] ZE 0] 79 513 9
A1 ) A Ago] LA 5 450] Al o] 1t
Aokl FAFo] Sutote Aoz 4 QUth(Na et al.
2019). o]t 74 Ait= TRt 2R wete

3
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Appendix 1. The fish fauna in the agricultural waterways

Species name folerance - Trophic .-, 13 14 5 16 L7 L8 Lo Lo A

guilds guilds (%)

Tanakia koreensis* IS O 81 382 1 12.8
Tanakia lanceolate IS O 45 197 42 40 3 103 11.8
Rhodeus uyekii IS 0 38 2 253 4 4 105 2 N2
Zacco platypus IS 0} 23 68 26 42 15 42 9 74 22 3 89
Rhinogobius brunneus IS | 29 3 185 17 14 27 76
Tanakia somjinensis* " IS 0 53 172 6.2
Misgurnus anguillicaudatus TS 0 5 1 2 12 5 8 135 38 57
Pungtungia herzi IS | 1 14 34 40 13 24 21 48 10 5.6
Acheilognathus rhombeus IS 0 20 29 6 22 27 3.0
Pseudogobio esocinus IS | 13 28 5 3 2 38 10 2.7
Zacco temminckii SS | 14 1 38 24 22 2.7
Carassius auratus TS 0 4 4 5 8 38 16 21
Hemibarbus longirostris IS | 4 25 2 2 33 5 2.0
Misgurnus mizolepis TS 0 1 2 5 1 59 1.9
Pseudobagrus koreanus* IS | 3 7 1 19 21 12 1.7
Sarcocheilichthys nigripinnis morir* IS | 3 6 3 37 1.3
Zacco koreanus* SS | 1 12 22 7 2 5 1.3
Cobitis nalbanti IS | 2 3 2 30 4 1.1
Gnathopogon strigatus IS | 3 10 1 12 10 1.0
Sarcocheilichthys variegatus wakiyae* IS | 17 17 0.9
Microphysogobio yaluensis* IS O 1 1 22 1 0.7
Odontobutis interrupta* IS C 2 8 10 5 0.7
Rhodeus notatus IS 6} 23 1 0.7
Aphyocypris chinensis TS O 8 13 2 06
Pseudobagrus fulvidraco TS | 2 1 3 3 1 4 6 0.6
Hemibarbus labeo TS | 2 13 2 2 0.5
Iksookimia longicorpa* IS | 10 4 0.4
Acheilognathus majusculus** IS ¢} 12 0.3
Coreoperca herzi* SS C 2 6 1 0.3
Lepomis macrochirus® TS | 1 10 0.3
Iksookimia koreensis* IS | 6 2 1 0.2
Squalidus gracilis majimae* IS | 7 1 1 0.2
Iksookimia hugowolfeldi* SS | 8 0.2
Silurus asotus TS C 1 1 1 1 2 2 0.2
Acheilognathus chankaensis* IS O 1 6 0.2
Liobagrus somyjinensis* SS | 3 4 0.2
Micropterus salmoides* TS C 4 3 0.2
Odontobutis platycephala* SS C 3 2 2 0.2
Acheilognathus macropterus IS 0 4 2 0.2
Cobitis tetralineata® IS | 2 3 1 0.2
Macropodus ocellatus TS | 5 1 0.2
Acheilognathus yamatsutae* IS 0 5 0.1
Coreoperca kawamebari' IS C 2 2 0.1
Monopterus albus TS C 2 2 0.1
Pseudorasbora parva TS 0 1 1 2 0.1
Rhynchocypris oxycephalus SS | 4 0.1
Coreoleuciscus splendidus* SS | 3 0.1
Cyprinus carpio TS ¢} 1 2 0.1
Siniperca scherzeri IS C 3 0.1
Squalidus chankaensis tsuchigae* IS O 3 0.1
Abbottina springeri* TS 0 1 1 0.1
Abbottina rivularis TS O 1 <01
Hemiculter leucisculus TS O 1 <0.1
Total number of individuals 167 459 385 157 716 514 217 365 525 128 3633
Total number of species 20 24 24 17 16 12 28 26 19 9 53

*: Endemic species; ": Endangered species; *: Exotic species

158 ©2020. Korean Society of Environmental Biology.



Fish community characteristics of agricultural waterways of Korea

Appendix 2. The fish fauna in the main rivers

Species name Tolerance  Trophic 1 12 13 14 15 16 L7 18 19 Lo A
guilds guilds (%)

Zacco platypus IS 0 71 1374 400 5 70 73 40 42 119 22 312
Tanakia lanceolata IS 0} 493 32 3 42 150 101
Zacco koreanus* SS | 38 1 263 78 158 23 35 40 9.1
Acheilognathus chankaensis* IS 0} 78 500 60 9.0
Rhodeus uyekir* IS O 517 18 10 22 80
Pungtungia herzi IS | 2 20 64 29 47 61 38 6 3.8
Acheilognathus rhombeus IS O 103 70 1 5 1 17 2.8
Lepomis macrochirus* TS | 52 1 50 92 2.7
Tanakia koreensis* IS (0] 46 1 15 3 120 26
Squalidus gracilis majimae* IS | 118 15 2 15 27 25
Zacco temminckii SS | 10 83 60 2.2
Micropterus salmoides* TS C 8 18 19 12 44 1.4
Tanakia somjinensis** IS 0 17 83 14
Rhynchocypris oxycephalus SS | 16 80 1.4
Rhodeus notatus IS 0 74 4 7 1.2
Rhinogobius brunneus IS | 12 M 5 M 8 6 3 0.8
Coreoleuciscus splendidus* SS | 32 6 15 1 1 0.8
Iksookimia koreensis* IS | 16 30 6 0.7
Sarcocheilichthys variegatus wakiyae* IS | 13 17 20 0.7
Hemibarbus labeo TS | 5 19 16 0.6
Coreoperca herzi* SS C 6 7 15 1 5 3 0.5
Carassius auratus TS O 19 5 2 3 1 5 05
Squalidus chankaensis tsuchigae* IS O 14 2 3 15 1 0.5
Acheilognathus majusculus*" IS 0] 25 7 0.5
Hemibarbus longirostris IS | 8 6 15 1 0.4
Cobitis nalbanti IS | 16 9 1 3 0.4
Gnathopogon strigatus IS | 2 20 2 5 0.4
Microphysogobio yaluensis* IS (0] 15 9 4 1 0.4
Pseudobagrus koreanus* IS | 4 5 2 1 3 5 04
Pseudogobio esocinus IS | 14 4 6 1 2 0.4
Iksookimia longicorpa® IS | 3 15 1 5 03
Odontobutis interrupta* IS C 23 1 0.3
Coreoperca kawamebari® IS C 16 5 0.3
Odontobutis platycephala*® SS C 1 5 4 5 1 2 1 2 0.3
Macropodus ocellatus TS | 13 4 0.2
Pseudorasbora parva TS (0] 7 4 1 2 1 0.2
Opsariichthys uncirostris amurensis TS C 5 7 0.2
Channa argus TS C 10 0.1
Cobitis tetralineata® IS | 3 1 5 0.1
Iksookimia hugowolfeldi* SS | 6 0.1
Liobagrus somjinensis* SS | 3 1 1 0.1
Acheilognathus macropterus IS 0 4 0.1
Oryzias sinensis TS O 4 0.1
Silurus asotus TS C 4 0.1
Liobagrus obesus** SS | 3 <041
Plecoglossus altivelis IS H 1 2 <0.1
Rhodeus ocellatus IS 0 3 <0.1
Sarcocheilichthys nigripinnis morii* IS | 3 <0.1
Lethenteron reissneri' SS 0O 2 <01
Siniperca scherzeri IS C 2 <0.1
Squalidus japonicus coreanus* TS 0 2 <0.1
Abbottina springeri* TS O 1 <01
Acheilognathus yamatsutae* IS 0 1 <0.1
Anguilla japonica IS C 1 <01
Cyprinus carpio TS 0 1 <01
Misgurnus mizolepis TS 0O 1 <0.1
Pseudobagrus fulvidraco TS | 1 <01
Total number of individuals 249 3003 1569 171 320 446 371 1833 294 552 7108
Total number of species 13 28 27 12 19 23 26 10 12 21 57
*: Endemic species; ': Endangered species; *: Exotic species
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