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Biological Stream Health and Physico-chemical Characteristics in the Keum-Ho River
Watershed. Kwon, Young-Soo and Kwang-Guk An* (School of Bioscience and Biotech-
nology, Chungnam National University, Daejeon 305-764, Korea)

The objective of this study was to evaluate biological health conditions and physico-
chemical status using multi-metric models at five sites of the Keum-Ho River during
August 2004 and June 2005. The research approach was based on a qualitative habi-
tat evaluation index (QHEI), index of biological integrity (IBI) using fish assemblage,
and long-term chemical data (1995~ 2004), which was obtained from the Ministry of
Environment, Korea. For the biological health assessments, regional model of the
IBI in Korea (An, 2003), was applied for this study. Mean IBI in the river was 30 and
varied from 23 to 48 depending on the sampling sites. The river health was judged to
be “fair condition”, according to the stream health criteria of US EPA (1993) and Bar-
bour et al. (1999). According to the analysis of the chemical water quality data of the
river, BOD, COD, conductivity, TP, TN, and TSS largely varied depending on the
sampling sites, seasons and years. Variabilities of some parameters including BOD,
COD, TP, TN, and conductivity were greater in the downstream than in the up-
stream reach. This phenomenon was evident in the dilution by the rain during the
monsoon. This indicates that precipitation is a very important factor of the chemical
variations of water quality. Community analyses showed that species diversity index
was highest (H'=0.78) in the site 1, while community dominance index was highest in
the site 3, where Opsariichthys uncirostris largely dominated. In contrast, the pro-
portions of omnivore and tolerant species were greater in the downstream reach,
than in the upstream reach. Overall, this study suggests that some sites in the down-
stream reach may need to restore the aquatic ecosystem for better biological health.
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Fig. 1. The sampling locations in Keum-Ho River
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Table 1. Biological stream health assessments, based on the 10 metric model of the IBI, using fish assemblages during
monsoon, post-monsoon, pre-monsoon. The criteria for the 1Bl values were categorized as five ranks of excellent
(Ex), good (G), fair (F), poor (P), and very poor conditions (VP). In the table, R-B species indicates a riffle benthic
species as habitate guilds.

Charactersitics of
ecological indicators

Species richness &
Individual health
Stream

Sampling ;=\, M, M, Ms M, M, Mg Me My Bl health

Trophic structure

site/metric SCOTe  criteria
Total R-B  Sensitive Tolerant Omni- Insecti- Carni- nu-rl;i)l;cgll' of Exo- Anom-
species species species species vore vores vores individuals tics alies
S1 12(5) 8(5) 7(5) 1(5) 21(3) 64(5) 13(5) 67(5) 0() O0(5) 48  Ex
s2 63 3B 1(1) 27(1) 51(1) 9(1) 40(5) 53(1) 0(5) O0(B) 26 FP
gjtrvey S3 5(1) 0(1) O0(1) 80(1) 80(1) 0(1) 20(5) 5(1) 0(B) 0B 22 P
s4 5(1) 1(1) 1(1) 6(3) 6() 12(1)  8(5) 16(1) 0() 0() 28 F-P
S5 3(1) 0(1) 0(1) 15(@3) 8(5) 8(1) 77(5 13(1) 2(@1) 0() 24 P
S1 8(5) 5(5 3(5 3(5) 5(5) 57(5) 24(5) 37(3) 0(5) 0(5) 48  Ex
S2 10(3) 3(3) 3(1) 33Q1) 46(1) 20(3) 33(5) 54(1) 1(1) 0(5) 24 P
gﬂgvey S3 3(1) 0(@) 0(1) 100(1)  100(1) 0@)  0(1) 3(1) o0() 03B 18 P
sS4 2(1) 0(1) 0(Q1) 0(5) 0(5) 0(1) 100(5) 23(1) 1(1) 0() 26 F-P
S5 3(1) 0(1) 0(1) 0(5) 1(5) 0(1) 99(5) 77(1) 1) 0() 26 F-P
S1 10(5) 6(5) 5(5) 0(5) 8(5) 69(5) 23(5) 36@) 0(5) 0(5) 48  Ex
S2 8(3) 3(3 2(1) 30(1) 40(3) 20(3) 40 (5) 27(1) 1(1) 0(5) 26 F-P
g{fr'vey S3 5(1) 0(1) 0(1) 5(3) 5(5) 1(1) 94(5) 235(5) 1(1) 0() 28 F-P
S4 6(3 1(1) 1(1) 12(3) 12(5)  4(1) 84(5) 95(1) 0(5) 0() 30 F
S5 2(1) 0(1) 0(1) 0(5) 0(5) 12(1) 88(5) 17(1) 0(G) 0(B) 30 F
A" 19 H A= AgE 4824 At (Excel- 35 Hlom vehd
lent)q]l WHH, 2]A 2, 4, 52] HA3k> 25~28 H=A
BE-obslel 2 vebgon, A4 39 Hi ApE 2. Za)H ANz ARE
27 (23)8 o] spe) = vehder 2, A4 39 A7
= AL AT 88 2uw]e] FA3 FAE B F37 oAl Barbour et al. (1999)¢] AA1z] 7)==
ol el YAt AETH 7A7=rt F43] d3kHE He (Qualitative Habitat Evaluation Index, QHEI) 4]0
= ehdeh A4 3ol olgA W ke mQAL F wam, AakR gl BH A4 AREE FRD A
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] 70% o] itE Hel EEH AAA] o3EAE K 3~50A3= QHEI Zko] 747t 104, 108, 9224 R E L E)
AESY A= Aged = odedddes FUe Ho= Als (Fain= S =3l (Table 2). 214 A]4#] M4 1174
Ack g, 318719 Al (inl A7), 570, 0l @7k =S 24 @55l dal A - shRae) wlmaA
upet AJ7HA We] B4 A maw, v A4S o wt2H, £2 W7 = (Channel alteration), A% <A
3 ABsbA Az}w A 5zke Aul A7), F7), 2o 2+ = (Bank stability):= “BREAME|"2 zlo]7} AL $lgith
7 30,28, 3224 ARWE 2 AolE welA Y3te 2, ol 7e] AAA B2 vehile s A
(Table1), 7 A48 SHE Wolg modeh A%k ARY = 72+ JrREAUAD 80 F4E vjEx
3pH o] EAS Hol: A 12 AAA WHo|E A B (Embeddedness) % 3}4Fe] AAHE =4 = (Sediment
o] R] ok ubH, w o] 3~5 X|FHEL UK Fo]Z B deposition):= 7tz 2 A-wEAME] g oz -wEAE R

o (Fig. 2). Fig. 2014 5= whe} 2ol A 3~40]) 3} sl Weless qrasis 4ee 1wk s A4
4719 ABRA A4S At A7) L F7le] s of o) clepde dEhin g4/ (Velocity/depth



150 A%

180
160+
140+
1204
100+

80
601
401
20
0-' T

FMAM J AS O N D

Precipitation (mm)

€ Month =
c c
S £ 250 600 £ S
28 2001 £51995~2004 500 £ 8
s 2004 ~ 2005 =
8., 1501 -~ 400 g4,
S8 1001 300 58
> 501 200 § o
S o0 : . ; 100 = £
3 PRE MON POS 3
50 ©
> —o— PRE i Ex] <
c:» 45+ —v— MON ‘E
3 —o— POS S
£ 401 lolz
% 351 g
3 | Fl 5
S 30 &
2 z
o <4 —
2 25 . 3
S 20 ¢ 2
- VvP|
15 [

s1 s2 s3 s4 S5
Sampling site

Fig. 2. The mean monthly precipitation during 1995~
2004, mean precipitation during 2004 ~ 2005 (pre-
monsoon: May and June; monsoon: July and
August; postmonsoon: September and October),
and the index of biological integrity during pre-
monsoon (PRE), monsoon (MON), and postmon-
soon (POS). The biological criteria of “Ex”, “G”, “F”,
“P”, and “VP” indicate the excellent, good, fair,
poor, and very poor conditions, respectively.
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Table 2. Qualitative Habitat Evaluation Index (QHEI) at five sampling locations in Keum-Ho River.

Sampling locations

Habitat parameters

S1 S2 S3 S4 S5
M; Substrate/Instream cover 15 18 15 12 10
M, Embeddedness 16 18 8 8 6
M; Flow velocity/Depth combination 15 13 10 10 8
M, Bottom scouring & sediment deposition 15 13 10 10 6
Ms Channel flow status 11 15 13 13 13
Mg Channel alteration 10 10 6 8 8
M- Frequency of riffles or bends 13 13 10 6 3
Mg Bank stability 10 10 8 8 8
M,y Bank vegetative protection 14 14 12 12 10
M;, Riparian vegetative zone width 14 12 6 10 9
M;,; Dam construction impact 10 10 6 11 11

Total score 143 (Good) 146 (Good) 104 (Fair) 108 (Fair) 92 (Fair)

Table 3. Ecological indicator species in the stream sites. The species list was arranged by a sequence of the tolerant (T),
intermediate (I), and sensitive species (S). The symbol of “*” and “RB” indicates an exotic species and the riffle
benthic species, respectively. The values before and within the parenthesis indicate the number of individual

sampled and the relative abundance, respectively.

Tolerance

Feed Habitat

Species guild guild  guild S1 S2 S3 S4 S5
Zacco platypus T (0] 1(0.7) 45(33.6) 14(5.8) 12(9.0)
Silurus asotus T C 1(0.7)
Misgurnus anguillicaudatus T H 1(0.9)
Squalidus japonicus coreanus T (0] 1(0.7) 1(0.9)
Carassius auratus T (0] 7(5.2) 1(0.4) 1(0.9)
Cyprinus carpio T (0] 1(0.7) 3(1.2)
Opsariichthysuncirostris amurensis | C 24(17.9) 214(88.1) 109(81.3) 95(88.8)
Leiocassis ussuriensis | C 1(0.7)
Odontobutis platycephala | C RB 22(15.8) 13(9.7) 2(1.5)
Pseudobagrus fulvidraco I C 1(0.7)
Pseudogobio esocinus I 1 1(0.7) 1(0.4) 2(1.5)
Cobitis cf. sinensis I 1 RB 7(5.0) 14(10.4)
Tridentiger obscurus I (0] RB 1(0.7)
Microphysogobio yaluensis | (0] RB 9(6.5)
Coreoperca herzi S C RB 2(1.4) 3(2.2)
Niwaella multifasciata S H RB 1(0.7)
Zacco temmincki S | 34 (24.5)
Hamibarbus labeo S | 4(3.0)
Pungtungia herzi S | RB 26 (18.7) 6(4.5)
Coreoleuciscus splendidus S | RB 22(15.8)
Gnathopogon strigatus S | 1(0.7)
Liobagrus mediadiposalis S | RB 1(0.7)
Acheilognathus lanceolatus S (0] 9(6.7)
Rhynchocypris oxycephalus S (0] 8(5.8)
Micropterus salmoides C 10(7.5) 9(3.7) 4(3.0) 6 (5.6)
Squalidus gracilis majimae* | 2(1.4) 1(0.4) 2(1.9)
Lepomis macrochirus* | 1(0.9)
Total Number of Individual 139 134 243 134 107
Total Number of Species 16 12 7 7 7
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Fig. 3. Community analyses, based on the species rich-
ness index (d), community evenness index (J'), spe-

cies diversity index (H'), and dominance Index (A)
in the sampling sites.
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Fig. 4. Long-term annual trends of chemical parameters
and precipitation during 1995~ 2004. The chemi-

cal data was obtained from the Ministry of Envi-
ronment, Korea.
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Fig. 5. Spatial variation of water quality based on site
average of BOD, COD, total phosphorus (TP), total
nitrogen (TN), conductivity, and pH.
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Biological stream health (as I1BI)
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Fig. 6. Seasonal changes of BOD, COD, total phosphorus (TP),

MON=During Monsoon, POS=Postmonsoon].
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Fig. 7. Spatial comparisons of biological stream health,

based on the index of biological integrity with phy-
sical habitat health as Qualitative Habitat Eval-
uation Index (QHEI) and the chemical criteria as
BOD values. The abbreviations of “Ex”, “G”, “F”,
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conditions, respectively.
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