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Stream Ecosystem Assessments, based on a Biological Multimetric Parameter Model and
Water Chemistry Analysis. Bae, Dae-Yeul and Kwang-Guk An* (School of Bioscience and
Biotechnology, Chungnam National University, Daejeon 305-764, Korea)

This research was to apply a multi-metric approach, so called the Index of Biological
Integrity (IBI) as a tool for biological evaluations of water environments, to a wad-
able stream. For the study, we surveyed 5 sampling locations in Kap Stream during
August 2004 ~September 2005. We also compared the biological data with long-term
water quality data, obtained from the Ministry of Environment, Korea and physical
habitat conditions based on the Quantitative Habitat Evaluation Index (QHEI). We
used ten metric systems for the IBI model to evaluate biological stream health.
Overall IBI values in Kap Stream averaged 24 (range: 20~ 30, n=5), indicating a “fair
~ poor” conditions according to the modified criteria of Karr (1981) and US EPA
(1993). Exclusive of 4th survey, average IBIl values at the upstream reach (S1~ S3)
and downstream reach (S4~ S5) were 26 and 24, respectively. However, in 4th survey
the averages were 21 and 20 in the upstream and downstream reaches, respectively.
This difference was larger in the upstream than in the downstream because of physi-
cal condition disturbed during summer monsoon. Values of the QHEI varied from 75
(fair condition) to 148 (good condition) and values of QHEI in the S3 were signifi-
cantly (P=0.001, n=5) lower than other sites. Biochemical oxygen demand (BOD),
chemical oxygen demand (COD), total nitrogen (TN) and total phosphorus (TP) were
greater by 3~8 fold in the downstream than in the upstream reach. We believe that
present IBI approach applied in this study may be used as a key tool to set up specif-
ic goals for restoration of Kap Stream.

Key words : stream health assessment, habitat evaluation, water quality, biological
health, fish

(You et al., 1999), 347} 44| (25t
Uete] 3o SAldx 9] etsr) Al
2 0lgl Eojokd 71AEAF 9] A

5, 2000) &
M — 2t

A7Ae] wpzm W7} 24 (AL (A, 2004), AFH (A,

3 Al o]ed, o]
Aot & FAl= o

T gk ola A mATAE A2sr] A%
rxHoz FHT kA (4], 1999; 73} F, 2002), FAA
2002) FolA] sp24l0] St

A1, 1999), 57 A (A F-AE7 A, 2000), 57 44

3] Al=HI glen, o5 HE EUAAE Hheh] 4

* Corresponding author: Tel: 042) 821-6408, Fax: 042) 822-9690, E-mail: kgan@cnu.ac.kr

— 198—



sted gpoFat 7| Eel AAH -
AF7HA] ARt oz ol g4¥ 437 H |- %k
=34 (TN, TP), £71& 24 (BOD, COD), 54&
&2 o] 313b" =mulo] 7tz o] 3 BxHo=
P E2]d 54 (3], 2005)7F LI o] FoiA
= 2ol = AES o83 3] Frpl Al=H=
o dF = dRFS Qe 3= Uk 5
1996), A] - T3 SHol Ao AAA EA (e], 2001)e]
oI5t 7} Feo] djF-Foldct T Hu] ¥ fFRANAME
o]l FAHES ndst e 7t= Hrlmd (US EPA,
1993; Barbour et al., 1999)¢] 7|tEl v} g)31 Ao o]
£ AL AR selvta oot ol RHEES
Al - F7H4 Welrt B 7]Ee] 3 Hrte] EAlE
Bekate] (g1} 71, 2005; <t 5, 2005) FA A A A
7S N & Slde S vRl Aoz A
et
ABE ol8F $IA Hoh AIHES ABAS (biotic
index)el] 23t #A7}= Hr}, 27| E7 W (Early-warn-
ing biomonitoring)ell 23+ 7} W A =AAA  (Eco-
toxicity test)?] A 7[R = 23 4= Q5 (3, 2002). £

(<

AT E 5374 Hrpges ‘/‘ngl*’e 24313
Lo 9]=o] AS olu] 1900w Zubel| A A S
¥ SF9 o AEAgE FRI o] % (Kolkwitz and

Marsson, 1902) & o= 2=’ (Index of
Biological Integrity, IBI)Z& o]&3t I7}7]9 (Karr,
1981)0] 7= gie}. o] 7]¥-& E-nm] (Kovacs et al., 2002,
Walton et al., 2006)¢} 53 (Oberdorff and Hughes,
1992; Boéhmer et al., 2004; Lieven Bervoets et al., 2005)
S ¥]E3 A4l o8] 7} (Harris, 1995; Koizumi and
Matsumiya, 1997; Ganasan and Hughes, 1998) ¥ulo]
ohlet el BUT 77} BT UL 5,
2001a, b; An et al., 2002; ¢} 5, 2003). L |24 -2}
gl A o7 (9 5, 2000; g+ %5, 2003) 0141?? AE
3 AP A&EH oz pE T ol AR (A
I =, 2000), M3 3y FHF FE(H 5, 1992; )
%, 2003)2 48 H7t 4] o] Fo AL it

B AFLE= o]FE FLsle] AETA A A5
AFEEIITE o 7 P AiAlClA A AFS At
3 3le] 3 AjAE 7P AAE] wkedshs AELS
24 3shA SAEAS whedd Wl o AE 55
3 A9 2B, AAA B3 5o 2H WA
gt = SAE =9 AH 5 AT A
A AR BT 4 9le] T BEwA} A B
o o} fe 48 AR ABE A4 Aol Sleir]

AE T A

Karr (1981)7} A|AI3F 12742 W4 A9%el A4 o
Foll ZE A HellA FdsH HE2 4 gemz 4y
ghellM= 2 A2 S s Was A ste] AHE-
st Qw FllAE 94 FUEL A 14§
o= 2] 24P} o] e1Al uh7t 9lEH(4 %, 2000).

2 AT AL A e dres A4
Do FF(E 5 2008), T A} A5 (5
<} A, 1998), o} 7 2AH(E, 1994; ¢, 2001), AYE3HA
AZE (S 5 2009) 52] AF7} o Foi u} Lok, B
4 9 AEEA A%E Wl el T8 e
A% o]},

2 Q79 BAL WA, ATHY ALE ASE 4
g 4457 71%<l 1Bl Scores AlA| A 7—1%6#4
SARAL] WA bes wa, B, 710 shahA
el A% 4 FEe] WAE BHSH, AA 2
A AAA] H7}A] 4= (Qualitative Habitat Evaluation
Index, QHEI) S &&3lo] AEIA A7l= x40} o
AXE shetshd sk

= ATE A % 24 AR FRANA 54 A
¢ ARG (Fig. 1). S1, 52¢] A5 HegAe mo}
s puTde Aoz EHAe T, S3E EAA
o] ejahe Wiwh S4x 3km AR HHAE HES
FE0] ek 25km el WAe d g8

6x10°me® day* 729 stz
9] Qe e Aol s AAAAe) 3, 4799
de W3 FREFOl G A AHolch AHA

S1:HAdFdA A7 AdE 7Heda
S2: AFAA AT dHF

S3: A FAA AT A F HeH
S4: A FAA dEF ArlF A w
S5: AFAAN FATF 755 AT

S1~S3% 43} dlH |1 S4, S5 53} dPA o|H}. 2A}
0043 84, 104, 2005 5%, 74, 992 % 53¢
A AA S Karr (1981)F 19 Hd H7]&=
(Maximum daily temperature)7} 19°C o]3}<el 773} =
&7hge] oz AV BAAT A7) F& A
AFTA W 2elow AgAvim R vl ok



200 HicH Y -

oz

Republic of Korea ™,

Gum-River

Kap-Stream

(| — l6km

Fig. 1. The map showing the sampling sites in the Kap stream (WDP=Wastewater Disposal Plant, IC=Industrial Com-

plex).
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Table 1. Assessment Criteria Modified for the Index of Biological Integrity (IBI) Model.

IBI Criteria Characteristics
46~50 Excellent Comparable to pristine conditions, exceptional assemblage of species.
36~40 Good Decreased species richness, intolerant species in particular; Sensitive species present.
26~30 Fair Intolerant and sensitive species absent; skewed trophic structure.
1620 Poor Top carnivores and many expected species are absent or rare; omnivore and tolerant
species are general.
<10 Very Poor Few species and individuals present; tolerant species dominated; diseased fish

frequently.
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Fig. 2. Spatial comparisons of ecological indicator species
such as sensitive species, intermediate species,
tolerant species, insectivore, omnivore and carni-
vore species at the sampling sites.
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Table 2. Fish fauna, tolerance guilds (Tol.G) and the habitat guilds (Hab.G) at the study sites (R.A.=Relative abundance).

. Categories Sampling locations
Species
Tol.G Hab.G 1 2 3 4 5 R.A. (%)
Zacco platypus T 259 289 307 188 139 40.2
Acheilognathus rhombeus T 46 43 114 39 8.2
Acheilognathus lanceolatus S 63 46 82 5 6.7
Carassius auratus T 14 95 24 24 26 6.2
Hemibarbus longirostris S 23 76 23 13 36 5.8
Gnathopogon strigatus S 14 7 5 115 27 5.7
Microphysogobio yaluensis | RB 103 43 14 5.4
Hamibarbus labeo S 3 4 26 69 56 5.4
Opsariichthys uncirostris amurensis | 30 18 6 50 4 3.7
Pungtungia herzi S RB 15 64 13 2 3.2
Pseudogobio esocinus | 35 17 10 10 9 2.6
Acheilognathus macropeterus | 12 2 31 15
Coreoleuciscus splendidus S RB 15 20 3 1.3
Micropterus salmoides T 23 8 2 2 1.2
Pseudorasbora parva T 5 4 4 7 0.7
Hypomesus nipponensis S 14 0.5
Tridentiger brevispinis | RB 8 1 0.3
Cyprinus carpio T 1 3 2 3 0.3
Rhodeus uyekii T 5 0.2
Sarcocheilichthys variegatus wakiyae S RB 4 0.1
Squaliobarbus curriculus | 3 0.1
Carassius cuvieri T 1 2 0.1
Squalidus japonicus coreanus T 3 0.1
Channa argus T 1 1 0.1
Silurus asotus T 2 0.1
Acheilognathus yamatsuate S 2 0.1
Iksookimia koreensis S RB 1 1 0.1
Synechogobius hasta | 2 0.1
Pseudobagrus fulvidraco | 1 0.03
Sarcocheilichthys nigripinnis morii | RB 1 0.03
Rhodeus ocellatus | 1 0.03

S=sensitive species, I=intermediate species, T=tolerant species, RB=riffle benthic species
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Table 3. The Index of Biological Integrity (IBI), based on the 10 metric models in the Kap Stream.
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Samplingsitt  TNS RBS SS TS oS IS cs TNI XT Al (CIEZ?l 2

S1  13(5) 3(3) 5(3) 37.7(1) 47.8(1) 33.3(3) 58() 138(3) 55(1) 0.0(5 30()

s2 6(3) 1(1) O0(1) 70.6(1) 59.8(1) 54(1) 54(5) 92(1) 0.0() 0.0() 24(1-1V)
1st s3 9(3) 4(3) 4(3) 50.4(1) 81.6(1) 156(1) 2.8(3) 141(3) 47() 0.0() 24(1-1V)

sS4 8(3) 1(1) 2(1) 724(1) 87.4(1) 11.0(1) 16(3) 127(3) 23(1) 0.0() 20(1V)

S5 14(5) 2(1) 4(3) 323(1) 79.1(1) 12.0(1) 82(5) 158(3) 3.7(1) 0.0(5) 26(1)

S1 12(5) 2(1) 4(@3) 61.1(1) 558(1) 347(3) 2.1(3) 190(3) 1.0(1) 0.0(5) 26()

s2 93) 3(3) 4(3) 627(1) 675(1) 19.9(1) 2.2(3) 231(5) 0.0(5) 0.0() 30(1)
2nd  S3 11(3) 4(3) 6(3) 65.2(1) 79.1(1) 200(3) 0.9(1) 115(1) 0.0(5) 0.0(5) 26(1lI)

S4 8(3) 1(1) 3(1) 747(1) 69.0(1) 241(3) 12@3) 87(1) 23(1) 00(B) 20(V)

S5 12(5) 3(3) 6(3) 28.7(1) 611(1) 30.6(3) 83(5) 108(1) 3.4(1) 0.0(5) 28(Il)

S1 12(5) 2(1) 4@3) 754(1) 587(1) 56(1) 06(1) 179(3) 00(B) 00(B) 26()

s2 7(3) 0() 3(1) 742(1) 59.1(1) 13.1(1) 20(3) 198(3) 0.0() 0.0() 24(1-1V)
3rd  S3 9(3) 2(1) 5(3) 46.7(1) 822(1) 17.1(1) 0.7(1) 152(3) 0.0(5) 0.0(5) 24(1I-1V)

S4  10(3) 3(3 6(3) 66.3(1) 814(1) 186(1) 00(1) 86(1) 00(B) 00(B) 24x1-1V)

S5 8(3) 1(1) 3(1) 80.8(1) 923(1) 58(1) 1.93) 52(1) 0.0() 0.0(5) 22(1-1V)

S1 11(3) 1(1) 3(1) 305(1) =232(1) 589(5) 10.6(5) 151(1) 0.7(3) 0.0(5) 28(Il)

s2 9(3) 0(1) 4(1) 59.7(1) 51.9(1) 28.1(3) 105(5) 295(3) 0.0(5) 0.0(5) 28(l)
4th  s3 3(1) 0(1) 1(1) 50.0(1) 500(1) 50.0(5) 0.0(1) 6(1) 0.0() 0.0(B) 22(1-1V)

sS4 6(1) 1(1) 4(1) 381(1) 381(1) 61.9(5) 00(1) 21(1) 46() 0.0() 20(V)

S5 6(1) 1(1) 3(1) 44.9(1) 449(1) 449(3) 10.2(5) 49(1) 0.0(5) 0.0() 26(1lI)

s1 4(1) 0(1) 2(@) 357(1) 357(1) 643() 00(1) 42(1) 4.6(1) 0.0(5) 20(V)

s2 8(3) 1(1) 3(1) 80.2(1) 80.2(1) 17.6(1) 23(3) 131(1) 0.0(5) 0.0() 22(1-1V)
5th  S3 2(1) 0() 1(1) 66.7(1) 66.7(1) 33.3(3 0.0(1) 3(1) 0.0(5) 0.0(5) 20(1V)

sS4 3(1) 0() 1(1) 346(1) 346(1) 655(5 00(1) 55(1) 35(1) 0.0() 20(V)

S5 9(3) 0(1) 2(1) 468(1) 50.6(1) 304(3) 1.3@3) 79(1) 0.0() 0.0() 24(1-1V)

TNS=Total # of native species, RBS=# of riffle benthic species, SS=# of sensitive species, TS=% individuals as tolerant species, OS=%

individuals as omnivores, 1S=% individuals as native insectivores, CS=

% individuals as native carnivores, TNI=Total # of individual,

XT=% individuals as exotics, Al=% individuals with anomalies, I=Excellent Condition, 11=Good Condition, Ill=Fair Condition, 1V=Poor

Condition, V=Very Poor Condition
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Fig. 3. Biological health assessments, based on Index of
Biological Integrity (IBI) during the sampling sea-
sons (1st~5th sampling).
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Fig. 4. Qualitative Habitat Evaluation Index (QHEI) at
five sampling locations in Gap stream.

Table 4. Qualitative Habitat Evaluation Index (QHEI) at four sampling locations in the Kap stream.

Habitat parameters

Sampling locations

S1 S2 S3 S4 S5
Primary Parameters-Substrate structure and vegetation coverage
M; Substrate/Instream cover 13 16 10 16 18
M, Embeddedness 13 13 8 18 16
M; Flow velocity/Depth combination 10 20 13 18 20
M, Bottom scouring & Sediment deposition 18 10 16 11 13
Ms Channel flow status 18 8 16 13 10
Secondary Parameters-Channel characteristics
Mg Channel alteration 5 10 3 8 10
M- Frequency of riffles or bends 5 8 1 5 6
Mg Bank stability 1 4 1 13 10
Tertiary Parameters-bank characteristics and structure
M,y Bank vegetative protection 8 14 2 18 15
M, Riparian vegetative zone width 8 10 2 15 15
M;; Dam construction impact 11 13 3 11 15

Total score 110 (Fair) 126 (Good) 75 (Fair~Poor) 146 (Good) 148 (Good)
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