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Fish Community Characteristics and the Effects of Water Quality on River Health in the Anyang

Stream, Korea
Jae-Woo Joo’, Myeong-Hun Ko*"
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ABSTRACT

This study conducted a survey two times at 20 points from April to June and from August to October 2022
to characterize the fish community and reveal the health of the Anyang stream. The survey collected 3,186
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individuals belonging to 5 orders, 10 families and 34 species. The dominant species was Zacco platypus
(43.4%), followed by Carassius auratus (10.1%), Cyprinus carpio (7.6%), Zacco koreanus (6.2%), Pungtungia
herzi (5.2%), Oryzias sinensis (5.1%), Pseudorasbora parva (4.7%), Squalidus gracilis majimae (4.4%),

Rhynchocypris oxycephalus (3.5%), Hemiculter eigenmanni (3.3%), Rhodeus ocellatus (1.4%), and Chelon

haematocheilus (1.0%). Among the emerged species, 5 species (14.7%), including Rhodeus uyekii, Squalidus

Japonicus coreanus, and Odontobutis interrupta, were endemic to Korea, and 4 species (11.8%), including

Cyprinus carpio (Israeli type), Lepomis macrochirus, Micropterus salmoides, and Poecilia reticulata, were

exotic. The fish community analysis showed that the dominance was higher at the upper reaches of the Anyang

stream and decreased downstream, and diversity, richness, and evenness were higher in tributary than

mainstream. Stream health (fish assessment index, FAI) was generally poor, as it was rated as moderate (C) at

seven sites, poor (D) at eight sites, and very poor (E) at five sites. Water quality was evaluated at eight sites,

and it was rated as poor (V) at two sites, slightly poor (IV) at one site, moderate (III) at four sites, and slightly

good (II) at one site, indicating that the overall water quality was poor and that the water quality had a significant

impact on river health and fish habitat. Moreover, it was found that many weirs without fishways were

constructed in the Anyang stream and became an obstacle to fish migration. Therefore, a systematic

management plan to improve water quality and add fishways is necessary to improve the stream's health and

conserve stable fish habitat.

KEY WORDS: COMMUNITY STRUCTURE, FISH ASSESSMENT INDEX, WATER POLLUTION
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Figure 1. Study stations of Anyang Stream, a tributary
of the Han River Drainage System, Seoul and
Gyeonggi-do, Korea. The black circle is fish
fauna survey station and the black star is water
quality measurement station.
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Table 1. Physicochemical and hydrological environments at the study stations in the Anyang Stream, Korea from April

to October 2022

Stations River width Water width Water depth p. type® Stream Bottom_structure (%) Etes®

(m) (m) (m) oder M S G P C B

1 25~30 1~5 0.3~1.5 Aa-Bb 3 50 10 10 20 10 C

2 40~45 15~20 0.3~1.2 Bb 3 40 10 20 10 20 C

3 15~20 1~3 0.3~0.8 Aa 1 10 10 30 30 20 W

4 30~35 3~5 0.3~1.2 Aa-Bb 3 10 20 30 40 w

5 70~80 30~40 0.3~1.2 Bb 4 10 50 20 10 10

6 30~40 15~20 0.3~1.5 Aa 2 10 30 60 W

7 100~110 50~60 0.3~1.0 Bb 4 10 50 30 10

8 150~160 60~70 0.3~1.2 Bb 4 60 20 10 10 P

9 250~300 100~120 0.3~1.2 Bb 4 30 50 20

10 200~250 70~90 0.3~1.2 Bb 4 40 40 10 10

11 25~30 5~10 0.3~1.0 Aa-Bb 2 20 50 20 10 W

12 25~30 3~5 0.3~1.0 Bb 2 40 50 10 P

13 20~30 3~5 0.3~1.0 Aa-Bb 2 40 10 30 20

14 50~60 20~25 0.3~1.2 Bb 3 60 10 20 10 W

15 250~300 20~25 0.3~1.5 Bb 4 30 40 20 10 P

16 30~40 5~10 0.3~1.2 Bb 2 10 20 20 30 20 w

17 30~40 15~25 0.3~1.0 Bb 2 30 20 10 40 10 w

18 30~50 10~30 0.3~1.2 Bb 2 20 20 40 10 10 P

19 70~80 20~40 0.3~1.2 Bb 2 30 20 10 20 20 P, W

20 500~700 80~100 0.5~1.2 Be 4 80 20 P

"River type: by Kani (1944); °M: mud (-0.06mm), S: sand (0.06-2mm), G: gravel (2-16mm), P: pebble (16-64mm), C: cobble
(64-256mm), B: boulder (256<mm) -modified Cummins (1962); °C: construction, P: pollution, W: weir
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Figure 2. Relative abundance of the fish species found
in the Anyang Stream, Korea from April to
October 2022.
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Table 2. List of fish species and number of individual fish collected in the Anyang Stream, Korea from April to October 2022

o Stations RA Rema
Scientific name Total /4/\a b
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 (%) -rks

Cyprinidae

Cyprinus carpio 22 16 19 39 17 12 7 14 16 25 5 7 12 4 5 15 7 242 7.60
Cyprinus carpio (Israeli type) 1 0.03 Ex
Carassius auratus 23 12 5 15 1 4 9 4 5 63 22 15 7 3 42 4 20 25 3 322 10.11
Rhodeus ocellatus 44 44 1.38
Rhodeus uyekii 1 6 022 E
Acheilograthus lanceolata intermedia 302 5 0.16
Acheilognathus macropterus 1 2 3 4 8 7 1 26 0.82
Pseudorasbora parva 5 5 8 12 3 23 89 2 151 4.74
Pungtungia herzi 63 33 8 54 7 1 1 167 5.24
Gnathopogon strigatus 1 6 4 8 19 0.60
Squalidus gracilis majimae 141 141 443 E
Squalidus japonicus coreanus 1 1 003 E
Hemibarbus labeo 1 4 0.13
Pseudogobio esocinus 2 5 9 0.28
Abbottina rivularis 5 5 0.16
Rhynchocypris oxycephalus 7 72 5 25 4 113 3.55
Zacco platypus 327 14 399 77 12 44 5 4 401 82 17 1,382 43.38
Zacco koreanus 199 199 625 E
Squaliobarbus curriculus 1 1 0.03
Hemiculter eigenmanni 15 50 17 7 4 10 1 104 3.26
Cobitidae

Misgurnus anguillicaudatus 1 2 2 5 10 0.31
Misgurnus mizolepis 1 0.03
Siluridae

Silurus asotus 1 3 4 0.13
Mugilidae

Chelon haematocheilus 32 32 1.00
Adrianichthyidae

Oryzias sinensis 36 5 22 5 3 55 35 161 5.05
Centrarchidae

Lepomis macrochirus 1 1 0.03 Ex
Micropterus salmoides 1 1 0.03 Ex
Odontobutidae

Odontobutis interrupta 1 1 2 006 E
Micropercops swinhonis 1 1 0.03
Gobiidae

Chaenogobius urotaenia 1 1 0.03
Synechogobius hasta 8 3 11 035
Tridentiger brevispinis 1 1 5 2 9 0.28
Channidae

Channa argus 1 1 0.03
Poeciliidae

Poecilia reticulata 8 8 025 Ex

Number of individuals 7 4 1 9 8 5 5 5 7 5 6 8 4 11 5 6 6 13 10 6 34

Number of species 462 53 72 465 130 407 129 42 28 35 152 117 46 65 30 493 24 275 113 483,186

“RA: relative abundance (%); °E: Korean endemic species, Ex: exotic species.
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Table 3. Community indices in the Anyang Stream, Korea from April to October 2022

Stations
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Dominance 0.845 0.789 1.000 0.928 0.754 0.835 0.798 0.819 0.805 0.885 0.932 0.629 0.913 0.569 0.897 0.927 0.681 0.661 0.604 0.811
Diversity 0.982 1.081 - 0.605 1.202 1.096 1.065 0.947 1.085 0.831 0.776 1.444 0.652 1.665 0.937 0.684 1.354 1.534 1.527 0.938
Evenness 0.527 0.868 - 0311 0.671 0.735 0.768 0.743 0.790 0.791 0.679 0.853 0.577 0911 0.853 0.403 0.905 0.727 0.873 0.677
Richness 1.016 0.763 - 1.103 1.195 0.658 0.764 0.824 1.187 0.688 0.566 1.289 0.638 1.737 0.740 0.818 1.477 1.644 1.439 1.064

Index
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Wst. 6 A2 ¢tk FHoll sigsts A 2= BOD,
TP, TOC, CODo||A EEII)] F= et Wst. 7 A
Ao = PGA AR gl A AHo R TPoA 7k &
S0 QY aL, upA o7 Wst. 8 2] H-2 SFeka 15
Agets AHORE TOC, CODOA (V) o &2 B}y

Figure 3. Dendrogram for the cluster analysis based on
similarity index of the fish species found among
the stations in the Anyang Stream, Korea from
April to October 2022.

et
4, SRZIZHEI}

SHIABHFADS 3 Aseo] w2t ke A, 7 o &
N AFESL 1, 3, 4, 6, 12, 14, 16)2 HE(C,

40.6~59.4), 871 AA(St. 2, 5, 11, 15, 17, 18, 19, 20)
UMD, 21.9~34.4), 57 A(St. 7, 8, 9, 10, 13)2
© mE, [2.5~18.8)0]th Hu A4z Wyt 2 A
2 L A7 ol ARl siEsk= St 431

QFFAO| oA U ol R A B AATE A
2} A3 2 AF A|32H(Byeon and Byeon, 2007a; 2007b;
Choi and Lee, 2009a; 2009b; 2009¢; Kim and Ju, 2010)2}
A|42}(Song and Hong, 2017a; 2017b) W 37} 2] Z9]
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Table 4. Fish assessment index(FAI) in the Anyang Stream, Korea from April to October 2022

Parameter” Stations

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Ml 31 31 00 63 31 31 00 00 0.0 31 31 63 3.1 94 3.1 125 94 63 63 0.0
M2 0.0 00 00 00 00 00 0.0 0.0 0.0 00 00 31 00 31 0.0 0.0 0.0 0.0 0.0 0.0
M3 31 0.0 31 31 00 31 00 00 00 00 00 00 00 31 00 31 31 0.0 00 0.0
M4 125 94 125 125 3.1 63 3.1 0.0 3.1 00 00 63 00 94 00 63 3.1 31 94 3.1
M5 63 00 63 63 00 63 00 00 00 0.0 00 31 00 00 31 00 31 63 0.0 3.1
M6 63 00 63 63 00 63 00 00 00 00 00 31 00 31 63 00 3.1 00 00 3.1
M7 125 63 63 125 3.1 63 3.1 00 00 00 63 63 00 94 0.0 125 63 3.1 63 0.0
M8 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 6.3 125 125 125
Total 563 31.3 469 594 219 438 18.8 12.5 156 156 219 40.6 156 50.0 25.0 469 344 313 344 219

(grade) © D © © D © & E E E O © E © O © O O O D)

*Ml1: Total number of native fish species, M2: Number of riffle benthic species, M3: Number of sensitive species, M4:
Proportion of individuals as tolerant species, M5: Proportion of individuals as omnivorers, M6: Proportion of individuals as
native insectivores, M7: Total number of individuals, M8: Proportion of abnormal individuals.

Table 5. Water quality status in the Anyang Stream, Korea from January to December 2022

Stations Water T. DO BOD COD TP TOC pH SS Grade"
°0) (mg/L) (mgl)  (mgl)  (mgl)  (mglh) (mg/L)
Wst. 1 16.2+7.2 10.0£2.0 1.8+1.4 5.6+3.2 0.1+0.1 2.6£1.7 7.7~9.1 19.9+49.9 11
Wst. 2 20.7+5.4 7.24+0.8 4.1+1.7 7.4+1.3 0.1+0.0 5.9+1.4 6.6~7.4 4.9+4.0 v
Wst. 3 19.5+£5.3 10.3+1.3 2.0+£1.3 6.44+2.1 0.1+0.0 3.441.1 7.3~8.9 4.2+43 111
Wst. 4 18.2+8.3 10.4+1.6 2.4+1.6 6.0£1.3 0.0+£0.0 4.7+1.3 7.6~8.4 8.6+4.7 1T
Wst. 5 20.9+4.8 9.6£1.4 34+14 8.8+1.9 0.1+0.1 5.0+1.3 7.0~7.9 8.2+8.2 A\
Wst. 6 17.7£7.9 92+£2.5 3.3+1.3 6.9+1.3 0.2+0.1 4.1+0.8 7.5~8.1 13.449.1 111
Wst. 7 15.1£8.3 10.6+2.4 1.7+£0.5 3.6+0.5 0.1£0.1 2.2+0.3 6.1~8.5 4.1£2.6 11
Wst. 8 18.1+£6.6 8.3+1.8 4.0+£3.5 9.44+4.2 0.240.1 6.8+£3.3 7.3~8.0 18.7+48.3 A\

* . o . .
River living environment standard grade.

o] 7/J(Byeon, 2018b) 5o] lom, A|3A} =2 AL e ZHAEel A
ZAPIA = 1671 AR(A 1~23] APol|A] 93} 23F 3,025 o] F¥sto] & AP 7P WdTh ofgA & AA
]

A7 SRIE AL, AR ARAADAZA AL 147 ofF 4 B FFIRE 47} gol AT AN 241
A 28] ZADelA T2 18% 134URAZE 34 AR A 47 2002 7Pg weki, A AW 28] RASIEC
o[ AByeon, 20180)& 37 XS 24o] BH 48] 24} wl, AN AABAo] AMEYY] RO FHEY

sfol 53} 195 78707 Table 6), = ZAOIAE Qbobd o, B3] wad o 22 AHRAFAPL o|FoiA
B30l 215 2070 AHE A 28] ARl 103 34% WA 4 lo] AME I AAZAL 3 o227} W29
3186047 Ao B4 Balut 11-16%0] © gol  om, 1 9| el = ol AU HroE
AR = At ERE APzl M SR =275 A3 Azt

A A=mAdgd 2 Al A A=A, 24, E5sAHE] 3%

AR A=At 2ARIA AAY, d5EAk] 2%,

Z5F9] o]FAKByeon, 2018b)ollA &EH A5 (Acheilognathus

yamatsutae), EFAE] 2F0] £E3H =], & AL
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Table 6. Historical record of ichthyofauna in the Anyang
ME ME Byeon Present
Stream, Korea from 2007 to 2022 Scientific name (2007 2017 (2(})118b) o
* y
2010)
ME ME Byeon Present
Scientific name (2007 4 Adrianichthyidae
« (2017) (2018v) study
-2010) Oryzias sinensis 21 10 161
Number of surveys 1~2 2 4 2 Centrarchidae
Number of survey stations 16 14 3 20 Lepomis macrochirus 2 13 1 1
Cyprinidae Micropterus salmoides 8 9 1 1
Cyprinus carpio 147 120 19 242 Odontobutidae
Cyprinus carpio (Israeli type) 1 Odontobutis interrupta 4 6 4 2
Carassius auratus 511 419 205 322 Micropercops swinhonis 1
Carassius cuvieri 93 Gobiidae
Rhodeus ocellatus 17 44 Gymnogobius urotaenia 1
Rhodeus uyekii 7 Synechogobius hasta 11
Acheilognathus yamatsutae 4 Rhinogobius brunneus 42 7 3
Acheilognathus lanceolata intermedia 6 5 Tridentiger bifasciatus 12
Acheilognathus macropterus 2 26 Tridentiger brevispinis 33 4 9
Acanthorhodeus chankaensis 146 Channidae
Pseudorasbora parva 39 61 34 151 Channa argus 1
Pungtungia herzi 20 93 37 167 Poeciliidae
Gnathopogon strigatus 26 1 19 Poecilia reticulata 8
Squalidus gracilis majimae 2 141 Number of species 23 18 19 34
Squalidus japonicus coreanus 3 1 Number of individuals 3,025 1,341 787 3,186
Hemibarbus labeo 3 4 *ME(2007-2010): The 3rd Nation Environment Investigation of
Pseudogobio esocinus 30 20 Freshwater Fish(Byeon and Byeon, 2007a; 2007b; Choi and Lee,
Abboiti vulari 9 3 2009a; 2009b; 2009c; Kim and Ju, 2010), ME(2017): The 4th
ot TIHEArS Nation Environment Investigation of Freshwater Fish(Song and
Rhynchocypris oxycephalus 393 110 113 Hong, 2017a; 2017b).
Zacco platypus 1,639 353 252 1,382
Zacco koreanus 17 199 APFAo A ES5IR oL H ZAoA] E8sHR] e =&
Squaliobarbus curriculus 1 B Carassius cuvieri), 23R, 7GR 2 (Acanthorhodeus
Erythroculter erythropterus 2 chankaensis), 73ZX|(Erythroculter erythropterus), “43|
Hemiculter eigenmanni 30 104 (Hemiculter leucisculus), 3032\ (Lefua costata), LY Rhinogobius
Hemiculter leucisculus 12 brunneus), NE5F=SE(Tridentiger bifasciatus) 75°]%]
Balitoridae th o] & 7GRSt 2YAIE, 7], AR Azl
Lefua costata Lo 4 P S 2 S S A 4] Selsigled
Cobitidae (Byeon and Byeon, 2007a; Byeon, 2018b), °]& &2 317}
- Hir =L =
Misgurnus anguillicaudatus 60 16 5 10 shrol WAl #Esh= o1F- O 2 (Byeon, 2018a), /;j”gfé/\]-
L 9] d O o}lok ALslod . X] 7ﬂ (0]
Misgurnus mizolepis 1 o= AA R SR st ATE A $-olit,
Siluridae 2 2APIAE P skl 22 AR 2o @‘fﬂ: Sog
/\]—E AAVSIR] BElal AN2=0] 7 Tlo] A Al E_
Silurus asotus 2 4 i O]’ ] O]— %]4‘ 'T_"] Hxﬂ ] i Q}Oq
Mugilida ZAPA] AR =] R] -% Aoz Z=AwCE Ku|al= A32k
ugilidae -
A4x}F A=A A ZrZF 1A &85k 7=
Chelon haematocheilus 10 32 o A A=A ARz 22 Y & |

o] gzt o5 a"«—i s 9]

As3HI0] Ak ofF0.
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2 2 ed B A4 Y Tz sl AAAeE AAIGT}
F2xshar Q171 wiizoll(NIBR, 2011) AJA1A] wisto] whe} 7iA)
7} assto] 2 ALl A YER] 982 Alog AgZE T
Yol= ABA} A AFASHE 2 ARl A 4270 A(Choi and Lee,
2009¢), Al4xF A=A 2 oA 77 A|(Song and
Hong, 2017b), Byeon(2018b)ol|A] 371747} && 35141,
NEFET52 AB3A Aaxpd st A A 12704 7}
Z35}H 211 (Choi and Lee, 2009b; 2009¢), = ZA}o]| A
SR oot A 4lehd st 5o Ydlo® AATNA4
7h F48] Hasto] & AboA AR EA e AR
cEddiag

2 AN Agoq FFeE T2 ojAgtdYo], ZHAE
o, =E7N(Squaliobarbus curriculus), v)F-2}R|(Misgurnus
mizolepis), Z-=ZX|(Micropercops swinhonis), A
(Gymnogobius urotaenia), Y%=, 7FEX|(Channa argus),
T} 8F0|3ek o] F ZHAFeole} mlFEAlE rloflA AR
Hlel, H2 =6 ABEHSAPE X8 (Constimes,
2020)=]o] o] A=A, P Ao AdxdE
{3l of77E W B Qled, old W A =EH L
2 o]Fsto] A4 F AYE A= YZETHYNA, 2004;
Munhwa Ilbo, 2007; Newsis, 2007; Aju Economy, 2019;
Newsway, 2019). X/, TAT, BuF%, 7127 452 Qb
W el SRolH YR Eo2 ofF ofvt av sl
WAl EEshs Ho® & ti(Byeon, 2018a), UAIA o HF
oA AT} AHE Ao AzbETE EEAs 27
B Aol A DRAZE AgEieded, olge 22 ARt
Gasto] B BAFOE AL 2AEIL 9
SRR S, A AT EE 7150] QLo
Aete defolAut Aalel= Ao HAIE GO (Kim,
1996), 2006 o) 7%= A9} TEA|(Kim et al., 2006),
201130l FFAH(Kim et al, 2011), 2012 o) = 7L =
Pt I=FA|(Back et al., 2022)014 A4jo] Hilwo]
Hrp G2 Helol A4t Aor A o]l =2
FTRL 28R Ao AAlehs Ao oA Sl
(Kim, 1997; NIBR, 2019), =27} A H 32 BABEA
o7 5g0] L 39| AR RRE 29 s Q.
g f71E0] fFdE o] 0|59 A4l A7t 2otk
TraAe 194 o FE(Kim, 1996), Jol= 4o Akt
T iR S7] giiZol 5Y o] %= AdolE Fohhy] TEaL
Z|o] 9] 7L~ A7|7} ol LAl ZHE AfRo] oY
ARE7] o] oA 717k o] oHth wEl= vt
=743 e skl Ak A2 dEA Ql=tl(Kim
and Park, 2007; Kim et al., 2005), Z}7 o= 71} 7t
HIo da] AAstg ot o= o] A4 JhAI4=7}
T43] 0] AAE ERIsh] ofel AR Halkal gtk

(Yoon et al,, 2012). & AN wE7l= =HA ShRellA
I74A|7F 4ol AR = =tll, AE 7HAl= A% 84mz
AR 210133 oA sfjof] Ejoid Z]oi7} = avisie]
XA E dEsiot QR E Aem S, o] SastA
A7) wfZel FEE Sl

Ay Aot 2 2AlA Ed 7150] Sl Y o)X
gt o], B0, 254, v, 39 5Fo|qlHh Haole
i Bleto Tt atR|olur 1972 P2l A0 R
=9E 3 ey Ao HRESIAL Ao @ooA
Aoz AAstal QIthKim and Park, 2007). $FFF oA
o5 ABAL A=A ALl 937A7F & 715
o] glo} o|F 2= FHEA| UL =t o= AP Y
ztol, JhAI4=9] T4, E= Aol ot AoE FHH.
e A et el EF43} wjAE o] ZAHChoi and
Lee, 2009b; 2009c; Song and Hong, 2017a; 2017b; Byeon,
2018b)&} & FAl mof| A A Ao ERIE Qi) S}
A= ZH2E 1969133} 1973 0] f-2juhete] Algo 8 =g
H o]F 51, W, ApAl To= S5 FARESLAL 19984
of AejA oI ER A G =l en, Aol FHojut
HEAE 3A akA]7]2 QItk(Son and Byeon, 2001; Ko
et al., 2008; Lee et al., 2009). & ZAP|A E241} vjA=
22k 1A Blelo] Alazle] wis) 28 ARG 24
oLk, WAele] Zetn A 2A| w717 el
A2:2Q) Prato] W asjehi Azkerh B 2Al)A A
FUT Aol Fe o] efaleolot 73] 250lgik. ol xeh
Aol HeA 7HEJole ol 2eal EeJole] Wil
o)) BHE EFOR, el 197340 HEz w9
Ho] 197595 FAlo] AFE YT, Aol 4URA
W R B o3 ol =ekKim, 1997). T3l £
oA 87NAI7E AR E o] FEE o] T2 Fdml A
o] UAFA|Ql ol7=E Y UEE 35t A AAA R
Weolz de] A=Al gL, feuetolA A7 A7}
A sl e ® f]dEo] AAskaL Gl Aol HarE itk (Lee
and Choi, 2015; Yang et al., 2019; Choi et al., 2021).
SEA|FE o] 52 10°C ©]5te] =204 TAIZE o]} k=g
AL AJHS= Ao® R o] 9lo)(Song et al., 2019)
Seluete] shHoAE ALE 9714 Fokal B HA ek
Ao 8 AYZhE|o] Lot 2T o HA] FFH A 247t
A& oz fofde et A= a0l f2Hoj
2 A7 A AA sk Ao BaEitkSong et al.,
2019). & Aol A B2 AATE XS Ao e
T Zofl o] 59 AAAHE D AT, A 5o 714
Ht7F asirial AZEn, SLu)7h o o4 AF shA o
HREA GES weete] a4tE i

ZAAAE o2 AN s B7F A3t B

Lo
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B O R AR VA PR, ol o
Aol =43HHe] FHIE wo] e¥Edo] ol FYHL
Lol Rl vlsl WAEF(19F) 0] 45k, HA|
st9] FEHE Wof A& AAFEM2 mjER])o] A4
T e o] WA ] whieo2 ATk weba ¢t
oA LA=E Foll o2t =8 Ast= sz dol
FF= vzl Aor AEE, eyt Ayt 5t
247370l tiet ot BlaA] gol HarE vl Qlek(Choi
et al., 2005; Lee and An, 2016; An and Lee, 2018; Na
et al., 2019; Park et al., 2019).
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Figure 4. The relationship between water quality status
and Fish Assessment Index (FAI) in Anyang
stream in 2022.

AFH FASAY 87 A7 e 4 HH(BOD, COD,
TOO)% 58275% A} /14 e 2409 o4
A7 A42 Wag A3, Fig 49 2o] 44 ghol
Fo} vhalEsh= Aol Sle A= U
Epti=t], o] SS, BOD, COD, TN(Z34), TP So| Z7}
42 SAAPAFADS Wolxi 202 B Park
et al.2019)9] AT} AXFAE. FH LA o] 1|47
oF FUHL Rt £AL NEF] AANSE FhA]
i, AAAG ofFH BG4 oF AATE ST
Aor REI QEH|(Choi et al., 2005; Park et al.,
2019), QFeFH 9] 1/ 14.7%= UEhY ) 279
AG3HE 17.9%(Byeon, 2018a)2} 3H7F ERE $95+=
AHEEH, BAA, Aes A% &4, S, A9
IG5 17.1%(Byeon, 2018b) W -2|fe} shH 9] Hot
1838 25.9%(Kim, 1995)E ) Wokir, A4 o]22 8
FQ4v)o] EAto] Hlgo] ekt olejst At 1t
SPAAZ T Aol wedE Aom AzkErh E
FHAAL 20 2L A 24 GFOT Hx] L of
AGHAE BarE|a Ql=d], 19974 74 2500] 7HA<]
F7F g ALt B E AjZFo & 2002 23], 2003
4 43], 20041 13, 2005 23]2] 015 HkAL ALl 7}
HuE3(SDI, 2006; YNA, 2005), 2009d, 2010,
2011139} @lojo] %], Qo] F| o F7h e Atahelct
(Seoul Economy, 2009; Newsis, 2010; MBN, 2011). 2015
W 4ol T QRF O] el 700~80071A €
olF7} MEreR sABIRCHE HI(YNA, 2015)7} o]
SAn 4 e "aro] Raw g,

1997 5-E] 2022W7HA] QbFH <] =4 W3}= Fig. 59}

o] YEhyth BOD, COD, TP, SS+= 1990t &HLoj|
B9 2 $A1E 7153 ol A FAsHs FAS Hol
T 903 DOE FAHOR F7bsHs PAS W Qi
ol o ZASL MYEY FATATE = o
o7 o]FsiH FAHO] uiETo] Hasto] o]Fojxl 4
g Btk FEIVRE Joms EyFe sigste Wt
7 Ao A 2000t SHE2010E ) Z2HES 7| {0 & TP,
Conductivity”} F73] Wojzied], of= =d o] o]
Folzl e EAAlor Qs o] A= HEo
2 A7tk QRpio) 4L w0l uls) AHAlEE o
S maL glar o3t Aik= XA AR sl A9
Z W3} oFAtYl QARSI THChoi ef al., 2021).
SHH AR 2071 F 870 AIellA] Bt AdA]Ele] Q1%L
il B oj=7 AR E o] QIA] gisht). o] AAH He
s B8-S oAlstel FASRo] Folk A 1%
H&S S7H17]13Ko et al., 2017), =24 GA= Qs

79] o5 AehA 4 wES f2shul(Choi o l.
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Figure 5. Historical record of water quality of Anyang stream from 1997 to 2022.

2013; Yoon et al., 2021), AA1X] 9 A2bAS wgkslo]
54 of$o] 4t FHES Wt Ao ded oo

(Yoon et al., 2021). S}AY Hoj 01E7} 92 AL o0&}
AR o584 QA Hof oleiat £4 wao] o AE
3| AE T Choi et al., 2013; Park and An, 2014; Kim et
al., 2015; Yoon et al., 2021). FFH o] E& 4 )20
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