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Abstract

The present study was carried out to develop biological criteria for aquatic ecosystem health assessment using
composition and diversity of collected species. The sampling sites were a total of 67 sites in the Han River (29 sites) and
the Nakdong River (38 sites), May and September 2012. During the survey period fish were collected totally 93 species.
In each water system, 73 and 61 species were collected in the Han River and the Nakdong River respectively. The
current composition of fish species between the Han River and Nakdong River showed similar pattern. The dominant
species was Zacco platypus of the Han River, and the Nakdong River was Opsariichthys uncirostris. In particular,
ecological characteristics of O. uncirostris frequently appeared in general polluted waters. In conclusion, in the
Nakdong River, average value of FAI (Fish Assessment Index) was averaged 41.3, indicating a “poor condition”, and
the Han River was 53.1, indicating a “poor condition”. The aquatic health of the Nakdong River assessed based on FAI

was considered to be worse than that of the Han River.
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Table 1. GPS information of study sites the Han River.

52 vyt 97 9 4%
on) oUW ATARE F
[e]

2. Materials and Methods
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tH{MOE and NIER, 2012).

No. Sites Latitude Longitude

1 HR52 Han River52 N37° 10" 55.0" E128° 28' 32.0"
2 PR13 Pyeongchang Riverl3 N37° 10" 17.0" E128° 27' 20.0"
3 HR53 Han River53 N37° 9' 27.0" E128° 29' 53.0"
4 HRO06 Han River06 N37° 1' 17.1" E127° 55' 20.0"
5 DR02 Dalcheon Stream02 N36° 56' 23.0" E127° 55' 15.0"
6 HR13-1 Han Riverl3-1 N37° 12' 16.6" E127° 44" 45.0"
7 SR03 Seom River03 N37° 14" 30.9" E127° 44' 51.2"
8 HR15 Han Riverl5 N37° 13' 434" E127° 42' 11.9"
9 HR19 Han Riverl9 N37° 29" 11.5" E127° 29" 27.0"
10 KA03 Kyoungan Stream03 N37° 25' 46.0" E127° 18' 30.0"
11 NR06 North-han River06 N38° 5' 34.9" E127° 45' 26.7"
12 NR10-1 North-han River10-1 N37° 55' 19.5" E127° 43' 10.9"
13 IB03 Inbuk Stream03 N38° 5' 18.0" E128° 11' 0.0"
14 SYO07 Soyang River(07 N37° 55' 40.3" E127° 47" 26.0"
15 NR19 North-han River19 N37° 44' 22.0" E127° 30" 39.0"
16 HC10 Hongcheon River10 N37° 40' 32.0" E127° 36' 41.0"
17 NR25 North-han River25 N37° 34' 33.7" E127° 20" 10.2"
18 HR22 Han River22 N37° 31' 37.7" E127° 16' 27.5"
19 HR33 Han River33 N37° 33' 9.9" E126° 53' 45.0"
20 HR38 Han River38 N37° 38' 49.5" E126° 42' 51.0"
21 1J03 Imjin River03 N38° 3' 21.3" E127° 1' 22"
22 1J09 Imjin River09 N37° 55' 4.5" E126° 49' 39.8"
23 HT10 Hantan Riverl0 N38° 1' 6.5" E127° 1' 54.1"
24 AS05 Anseong Stream05 N36° 58' 47.3" E126° 58' 29.6"
25 SH Seonhaeng Stream N37° 44" 7.6" E126° 29' 19.0"
26 BA03 Balan Stream03 N37° 4' 22.1" E126° 52' 58.1"
27 YNO3 Yangyangnamdae Stream03 N38° 4' 29.8" E128° 37' 50.5"
28 KNO04 Kangneungnamdae Stream04 N37° 45" 52.0" E128° 54' 43.5"
29 S003 Samcheokoship Stream03 N37° 25' 56.9" E129° 10" 41.7"
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Fig. 1. Map showing the sampling sites (Left : Han River, Right : Nakdong River).

Table 2. GPS information of study sites the Nakdong River.

No. Sites Latitude Longitude

1 WP04 Wangpi Stream04 N36° 57' 50.9" E129° 23' 50.6"
2 YDO03-1 Yeongdukoship Stream03-1 N36° 24' 10.8" E129° 22' 24.7"
3 BB10 Banbyeon Stream10 N36° 33' 3.2" E128° 45' 54"
4 NDI15 Nakdong Riverl5 N36° 34' 45.0" E128° 45' 53.5"
5 ND20-1 Nakdong River20-1 N36° 33' 53.6" E128° 17' 49.9"
6 NS10 Naeseong Stream10 N36° 35' 13.3" E128° 18' 19.5"
7 YRI11 Yeong Riverll N36° 31' 44.1" E128° 15' 53.3"
8 BS03 Byeongseong Stream03 N36° 26' 4.0" E128° 14' 8.8"
9 ND23-1 Nakdong River23-1 N36° 24' 153" E128° 18' 18.8"
10 WRI11 Wi Stream!1 N36° 24' 19.8" E128° 19' 48.9"
11 ND24 Nakdong River24 N36° 21' 17.0" E128° 17' 41.0"
12 ND25-1 Nakdong River25-1 N36° 16' 23.2" E128° 20" 33.7"
13 GR0O7 Gam Stream(7 N36° 13' 30.4" E128° 20' 8.2"
14 ND29 Nakdong River29 N35° 58' 49.8" E128° 23' 26.3"
15 HS04-1 Hyeongsan River04-1 N36° 0' 3.9" E129° 20" 36.3"
16 ND31 Nakdong River31 N35° 50" 31.8" E128° 27' 39.2"
17 GHO7 Geumho River07 N35° 50' 49.9" E128° 28' 18.6"
18 HR03 Hoe Stream03 N35° 36' 55.7" E128° 21' 52.5"
19 ND33 Nakdong River33 N35° 45' 10.8" E128° 23' 14.5"
20 ND35-1 Nakdong River35-1 N35° 37" 20.9" E128° 23' 29.4"
21 HWO04 Hwang River04 N35° 37' 55.3" E127° 59' 6.0"
22 HWI11 Hwang Riverll N35° 34' 20.1" E128° 20' 33.5"
23 ND39 Nakdong River39 N35° 26' 23.7" E128° 22' 45.1"
24 NRO8 Nam River(8 N35° 16' 55.5" E127° 57' 43.1"
25 GY03-1 Gonyang Stream03-1 N35° 2' 58.0" E127° 58' 33.0"
26 BR Bong Stream N34° 49' 54.6" E127° 54' 9.0"
27 YC Yeoncho Stream N34° 54' 11.8" E128° 38' 45.5"
28 1102 Jinjeon Stream(2 N35° 6' 8.5" E128° 25' 38.9"
29 NR18 Nam Riverl8 N35° 23' 14.0" E128° 25' 45.0"
30 ND39-1 Nakdong River39-1 N35° 22' 51.8" E128° 28' 27.1"
31 ND44-1 Nakdong River44-1 N35° 22' 55.5" E128° 49' 44.5"
32 DJ02 Daejong Stream(02 N35° 45' 1.2" E129° 27' 57.5"
33 THO3-1 Tachwa River03-1 N35° 32' 574" E129° 20" 25.1"
34 HY06 Hoeya River06 N35° 24' 38.8" E129° 18' 39.1"
35 MY 04 Milyang River04 N35° 24' 422" E128° 47' 37.2"
36 ND45 Nakdong River45 N35° 18' 55.5" E128° 58' 25.8"
37 ND47-1 Nakdong Riverd7-1 N35° 12' 25.4" E128° 59' 23.1"
38 SY04-1 Suyoung River04-1 N35° 9' 42.4" E129° 7' 56.6"
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Metric 5(M5) : &F2&Y MAF H&
Metric 6(M6) : U &9 F4F MAS &
Metric 7M7) : AFE FHEZY T MAF
Metric 8(M8) : ¥ ZFE9] /A4 H &
23. TMEf AZM "It S2
ARE ol &3 FAHA FrteFdS dA 2 9 FAH
A GEE AESE A ols| R oA FEF SFTER &

A5HA 4HAZ 87.5~1002 “FHH(ASH; Excellent)”, 56.2
~874€ “YZ(BEF; Good)”, 25.0~56.12 “BECST;
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3. Results and Discussion

31. 7 SxM 4 Bx &g

dF 2 G557 FAY 2AHE F 67 A”GE 29 A
A, 4574 38 AA)AA EdH AFE 14 115 227 59
£ 93% o2 ZAMH QT

F FA ZA Xl%jow H“é}% O RE AWrd 53
& 73502 H 125 EHNIA Seom River03 AFH(AEZ

%39), Hong Cheon Riverl0 x]%j(—g—zyg SA D)ol A 18
FToR VM IFR FXEE BANFig 2). 4 A
ZAF A FA 9 o FY FRPL 024 615010 HF
9%0°] EdstAth AHE EF P42 Gonyang Stream
03-1 AFANA 16 FL=E 7 B2 %9 38 EQL
H(Fig. 3), &2 2 G587 FAd £dste AFY T2
2 Z AolE HolA &Egtrh

=

l

=l

ul
1w

=
o

rr

dF FA Fo st MAste ofFd Ed AAF
E B 244 NARNLH Imjin River0ON(LAZF 37 52

o) AAANA 39 AAZE 7+ AYLe™ Imjin River03(L 3

400
300 A
200 -

100 A

Total abundance (Individuals){(—)
o

7 3
AR SR
& & & §

Sites

25

20

15

10

Number of species(Species) (-0-)

O N D S P > 2 @ @ & O
% J ) O < Q & O (N3
gL S ‘<~ & & &S

Fig. 2. Number of species and individuals at each study site in the Han River.
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3 A7 529 AFANA 831 MA=R Mg B2 &4 A
AFE HAOH(Fig 2), +HES W AH Z
Zacco platypus(Z ) E YetEth 454 FA F8
AAXE Ha 191 /A2 YeE Nakdong Riverl5(2Hs
AT SENA 22 MAZ 71 H YT Hoeya River06
(Bokd A NA 2,121 AAZ g B2 AAFE U
ER o H(Fig. 3) FH A T4 7=, AI3AY, 2H44
Y Tl 9t ofF A=A otste] wt HF A A
o4 42 28 AASFE YERT

HEY7IHEAE [ Fo2 AHFH oFL FdolAe &
kA gkem GE5ANAME Gobiobotia nakdongensis(¥
Zu}Ah) 7} Nakdong River20-1(1 7WA]), Gam Stream07 A3
A A(12 7HA) EdsATE BB E T Fol g5t
£t &2 3FAM Pseudopungtungia tenuicorpa(7F=E317],
27 WA, Pungitius sinensis(7YA 71, 17 7NA), Gobiobotia
macrocephala(F*+T-2), 21 7WA), Gobiobotia brevibarba(E’s
o), 19 7NA), Acheilognathus signifer(5gA-F, 3 A,
Cottus hangiongensis(Rb5a7/N, 25 WA 7t @A oH, &
B4 XE Cottus hangiongensis7} Wangpi Stream04 X3 ol
A7 AA E@sETh HZS A 4 2 F58 AH
B2E &5 gtk

AeAnS MEZ AFGH Micropterus salmoides(¥] 2~)}
Lepomis macrochirus(332)9 &3 4 FANAME
M. salmoides7} 41 WA, L. macrochirus7} 45 /WA &4d3s}t

I 9G53 FANNE M. salmoides7t 183 7WA|(2.5%),
macrochirus?t 167 MA2.3%)2 FF FA H5d
39S BEH{TL EF M salmoides®t L. macrochirus
FAHed &-AF E93E, M, AL, FA2F &
oA, AR & T Holg HAgte T2 A
JoI(Byeon et al., 1997; Choi et al., 2012) ¥< F Aol

2

¥ o rlo Hr & 3
rlo

Table 3. The dominant species and sub-dominant species of fish in Han River and Nakdong River (Parenthesis

of accumulation dominant frequency).

9@ +AUA mal FF 1A Ao
Z FANA ARARS 9 BE 9 B
AT/t BLF Ao= ARk

32. RS

&7 9 953 FA AA 6770 AR F 3470 A-ANA Zaceo
platypus7t $AELE Y 7Hg w2 FAHANES B3
O, Opsariichthys uncirostris, Squalidus chankaensis®= %<
FHSHARNEE YeR ATH(Table 3).

Fo HE o7 FHFES AR 2, FAAME
Zacco platypus7t 2170 A-ANA 335t 7HE £2 F4 4
HEE BTHTable 3). Zacco platypusS B Ugel 7 §&
e B de o2 FE FF 7S Aok A oF
o] thKim et al., 2005). G4l X = Opsariichthys uncirostris
7F 197 AN -6t 7HE w2 FAHSANES Bl
o, o] 2 FAZF, AL oF AHshe 44 Fol,
S ool Eddte FE2AM 294 KM= WHS 2=
m

Z 2 2 (Choi et al., 2012; Ki al., 2005) =AU

@ ojn
o

—

[§

L

33. /e 28 =M

AFE ol &S 2 A 2 3 FA A
(Dominance index)+= Hantan Riverl0X]Z 1A 0.885% Ul
e BE¥oer Y% A (Diversity index)¥ #5% AT
(Evenness index)= 2+t 0.733, 0.30622 HAZs HAT
(Table 4). o]9} 22 A= Hantan Riverl0AF A Zacco
platypus7} 83% ©17(459 7HA)Y £ - g3 T2
2 dgdrh 34 3 E A= Han River22 A3(0.308)
o2 Uegten o XY FHE AS(Richness index)
(3.672) E TIFE AFQ567)E HAUHH S BA $1= A

9 ERE 2 OIE ASE whE BAS BAFAT

o T

Ta = X]‘/‘F‘

: the number

Total

Han River Nakdong River

Zacco platypus

Dominant species .
P (34 sites)

Opsariichthys uncirostris
(19 sites)

Zacco platypus
(21 sites)

Opsarichthys uncirostris

Sub-dominant species @1 sites)

Rhinogobius brunneus
(5 sites)

Zacco platypus
(13 sites)
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Table 4. Diversity index of Han River and Nakdong River.

Sites Dominance index Richness index Diversity index Evenness index
HR52 0.603 1.632 1.659 0.798
PR13 0.519 3.186 2.082 0.769
HR53 0.422 3.126 2.276 0.863
HRO06 0.741 0.910 1.248 0.775
DR02 0.528 3.028 2.121 0.749
HR13-1 0.491 2423 2.024 0.767
SRO3 0.513 2912 2.142 0.741
HRI5 0.755 1.388 1.335 0.642
HR19 0.547 1.554 1.820 0.828
KA03 0.738 2.057 1.630 0.656
NRO6 0.521 1.676 1.881 0.817
NR10-1 0.554 1.642 1.829 0.794
1B03 0.518 2.295 2.107 0.760
SYO07 0.671 0.942 1.366 0.849

Han River NR19 0.784 1.297 1.381 0.628
HC10 0.506 2.662 2242 0.776
NR25 0.682 2.340 1.632 0.657
HR22 0.308 3.672 2.567 0.906
HR33 0.427 2.994 2351 0.848
HR38 0.818 1.321 1.230 0.686
1J03 0.563 2.380 1.902 0.671
1J09 0.436 2457 2.086 0.906
HT10 0.885 1.585 0.733 0.306
AS05 0.571 1.431 1.699 0.817
SH 0.585 2.015 1.716 0.781
BAO03 0.546 2511 2.000 0.780
YNO3 0.390 1.936 2336 0911
KN04 0.640 1.749 1.774 0.714
S003 0.597 0.969 1.511 0.939
WP04 0.542 2.256 1.910 0.769

YDO03-1 0.913 2.074 0.865 0.328
BB10 0.621 2217 1.746 0.758
ND15 0.818 0.971 1.123 0.810
ND20-1 0.591 2.206 1.851 0.772
NS10 0.744 1.362 1.347 0.692
YRI11 0.888 1.305 0.813 0.391
BS03 0.680 2.082 1.641 0.684
ND23-1 0.682 1.441 1.519 0.691
WRI11 0.684 1.484 1.502 0.772
ND24 0.803 1.152 1.234 0.634
Nakdong River ND25-1 0.721 0.948 1.278 0.794
GRO7 0.487 1.717 1.861 0.808
ND29 0.851 1.039 0.989 0.615
HS04-1 0.556 1.871 1.814 0.825
ND31 0.586 1.883 1.693 0.771
GHO7 0.837 0.771 1.076 0.776
HRO3 0.828 0.891 0.919 0.663
ND33 0.550 1.717 1.773 0.770
ND35-1 0.523 1.438 1.772 0.852
HWO04 0.578 1.524 1.677 0.728
HWI11 0.765 1.434 1.372 0.660
ND39 0.582 1.995 1.812 0.787
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Table 4. Diversity index of Han River and Nakdong River. (continue)

Sites Dominance index Richness index Diversity index Evenness index
NROS 0.612 2.399 1.845 0.743
GYO03-1 0.481 2.739 2.127 0.767
BR 0.628 1.480 1.745 0.794
YC 0.713 2.058 1.629 0.680
1302 0.860 1.482 1.169 0.532
NRI18 0.592 2278 1.922 0.774
ND39-1 0.535 2.111 1.895 0.823
ND44-1 0.679 1.769 1.673 0.727
DJ02 0.697 1311 1.581 0.760
THO3-1 0.679 1.200 1.431 0.889
HY06 0.901 1.436 0.670 0.270
MY04 0.506 1.558 1.903 0.866
ND45 0.449 2.036 2.008 0.837
ND47-1 0.480 1.158 1.735 0.968
SY04-1 1.000 0.243 0.663 0.956
G54 FANA SHE AFE Tridentiger obscurus(62% -
100 - H Han river
o)1), Mugil cephalus(37% ©17) 2 o] S Suyoung Nakdong river
River04-1 Aol A 1.0002 NS AN TFE A5 —
OIT A5e 47 0243, 066302 43S B b 4
% BUA $HE A% % BHE, 0T A5 Qollz vl o |
g #AE YERH ATH(Table 4). g
5 w0
34. iFe| ME| X|HE EM
A7 AR WE A 2FE A9Ed &+ FQa 20 -
FAANE F 7073 AAF ARHACH F1Fo] AF m
Z 235 H@é}% A2 ZAF Q5,141 AA, 72.7%), 0 . d '

9454 Fo stddA= ARE F 7248 A 5 WHE
o] F2 AAste= A2 YEN(3,867 A, 53.4%) S,
g5 FA 19 LME 58L& AolE HAAFIAth(Fig.
4). 3k QYA W f71E 37 o84 Ws 52 W8S
S 7RG EAEI glew(Barbour et al, 1999),

Choi et al. (2007)& H&4 T4 &FA 72 255
WAEY JHAF7E F7betH ole FAHEA a@s whgs)
3 Qi ATHATG o9 gL ARE HFo 2 0
100 - W Han river
Nakdong river
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Fig. 4. Tolerance guild in the Han and Nakdong River.
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Fig. 5. Trophic guild in the Han and Nakdong River.
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FAE(30.7%), 24%(28. 8%) F4%(259%)2 H=3 =
ANIEE Ueion JUFoz §24F(14.6%) EEE
AA GebskthFig. 5).

35, TMENAH AT EHI}

4F 9 G8d FA F8
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A1 9072 S el en B 532(C 5, E8)=E U
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Fig. 6. Fish assessment index (FAI) in the Han River.
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Fig. 7. Fish assessment index (FAI) in the Nakdong River.
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4. Conclusion
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