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Abstract

The objectives of the study were to evaluate the aquatic environment of an urban stream using
various ecological parameters of biological biomarkers, physical habitat quality and chemical water
quality and to develop a “Multimetric Eco-Model” (Mn-E Model) for the ecosystem evaluations.
For the applications of the Min-E model, three zones including the control zone (Cz) of headwaters,
transition zone (Tz) of mid-stream and the impacted zone (Iz) of downstream were designated
and analyzed the seasonal variations of the model values. The biomarkers of DNA, based on the
comet assay approach of single-cell gel electrophoresis (SCGE), were analyzed using the blood
samples of Zacco platypus as a target species, and the parameters were used tail moment, tail
DNA(%) and tail length (um) in the bioassay. The damages of DNA were evident in the impacted
zone, but not in the control zone. The condition factor (Cr) as key indicators of the population
evaluation indicator was analyzed along with the weight-length relation and individual
abnormality. The four metrics of Qualitative Habitat Evaluation Index (QHEI) were added for the
evaluations of physical habitat. In addition, the parameters of chemical water quality were used
as eutrophic indicators of nitrogen (N) and phosphorus (P), chemical oxygen demand (COD) and
conductivity. Overall, our results suggested that attributes of biomarkers and bioindicators in the
impacted zone (Iz) had sensitive response largely to the chemical stress (eutrophic indicators) and
also partially to physical habitat quality, compared to the those in the control zone.
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Fig. 1. Three sampling zones in the Gap Stream; C.=
control zone(headwater region), T; = transition
zone(mid-stream region), |; = impacted zone
(downstream region), WWDP = waste water
disposal plants, IN CO = Industrial complex.
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sample) F41& Single—cell gel electrophoresis(SCGE)
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3 (Circular form)2o 2 T2rE|9l o, Ao t(Ty)<]
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(b)

Fig. 2. Image analysis after running the single-cell gel
electrophoresis(SCGE, comet assay). (a) Cell with no
DNA fragmentation, (b) cell with minor DNA fragmentation,
(c) cell with major DNA fragmentation.
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Condition Factor (C)

0.4 T T T
Cz Tz Iz
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—

-

1.2 4

-
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Clz Tvz Iz

Sampling zones
Fig. 4. Condition factor(Cr) of target species, Zacco platypus
inthe three stream zones during the premonsoon(Pr)
and postmonsoon(Po). (C. = control zone, T, =
transition zone, |, = impacted zone)
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Table 1. Qualitative habitat evaluation index(QHEI) based on 11 metric attributes in Gap Stream. (C. = control zone, T, =

transition zone, I, = impated zone, G = Good, F = Fair)

Physical habitat parameter Cz Tz Iz
M Epifaunal substrate / available cover 16 13 11
M Embeddness 16 15 11
M; Velocity / Depth combination 15 16 13
M4 Sediment deposition 15 11 11
M;s Channel flow status 10 11 10
Ms Channel alteration 13 11 6
M; Frequency of riffles or bends 15 6 5
Ms Bank stability 20 17 10
My Bank vegetative protection 20 20 13
Mio Riparian vegetative zone width 11 11 5
M Dam construction effect 11 10 11
Model values of QHEI 162 141 106
Health condition (Criteria) G G F

Fig. 7. The total number of individuals and the chemical water quality in the three sampling zones. (C. = control zone, T. =

(a) Premonsoon (P,)

(b) Postmonsoon (P,)
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Table 2. Multi-metric Ecosystem Health Assessment Model using target species, Zacco platypus population based on the
biological, physical, chemical metrics and Score at premonsoon and postmonsoon in Gap Stream.(P:r =
premonsoon, P, = postmonsoon, C; = control zone, T. = transition zone, | = impated zone, Dy = distance between
riffels, Rw= river width, G = Good, F = Fair, P = Poor, V = Very poor)

. Score Criteria P: Po
Metric Parameter
5 3 1 C. T, L C. T, L,
Tail length of DNA 182
Mi | 71 Comotassag,pm) <182| Lo 2354 2400) | 2660) | 491(1) | 2130) | 367(0) | 604(1)
M | Condition factor(Cr) >1.05 316075 >067| 09603) | L11(S) | 1.08(5) | 0.771) | 0.73(1) | 0.82(1)
Biologieal |1 fisize distribut w
réquency of S1ze distribution X
M: | ooy >666| o |<334] 333(1) | 66:63) | 333(1) | 996) | 6663) | 3330)
5 - -
M (f;ﬁ)b“"”“ahty oftargetspecies | o1 o1 | sy [ og3ny | 0s) | 0s) | o®) | 05) | 06)
Ms |Embeddedness(%) <30 | 30-80 | >80 | 205 | 803) | 60(3) | 2005 | 803) | 60(3)
Velocity/depth combination
hysid Mo | ogim numben 4 300 >3 ]33 | 45 | 30 | 30 | 45 | 30
Habitat Frequency of riffles or
Mr | endsDRe) <5 | 520 | >20 | 50) | 200 | 211y | 53) | 200) | 210
Ms | Bank stability(%) <5 | 560 [ <60 | 05) | 45) | 300) | 05) | 45) | 300)
My | Total phosphorus(TP, mgL"! <0.1101~03 | >0.3 | 0.173) | 0.09(5) | 1.23(1) | 0.17(3) | 0.08(5) | 0.63(1
phosphorus(TP, mgL") ©) ©) ©) Q)
Mo | Total nitrogen(TN, mgL! <13 | 13~30|>3.0 | 341 2203 12.8(1 3.03 253 10.1(1
gen(TN, mgL") (1) A) (1) 3) A) M
Chemical Chemical oxygen demand
M | COD, meL ) <5 | 59 | >9 | 475) | 520) | 96(1) | 316) | 346) | 660)
M2 | Conductivity(uSem”) <185 | 185218 | >218 | 195.53) | 190.8(3) | 453.1(1) | 204.73) | 190.6(3) | 404.3(1)
Model values 36 46 26 44 42 26
Health condition(Criteria) E-P G-F P-v F F P
6. LS JHAIZ 2= Tt oY Hhget =24 A% FEo® 7|2 EeE A4
B AT AE Table 29} Zo] AT g B7HRRAUQHERS 7o 2 =gtk Table 2)
o] EAputo] o 0} (Biomarker) A%, Feld Mz AN AL} mefl vlES Sk WEL
HAA A E, 3FeHa] 22| B2 Zalslo] thH 7 Z AR 9 s RS THIY Mee 7453
7 2 ATl ). 86 29 = AE 2okl 5EHTL wHoloks FEolo], ML
MM A AR o2 AHs} TabEe] ol MIES o) HAA by Brlets B
o M }_,_,__4 Bl AR DNA S EE = S o] Bela B4 2wtk MMy
Aoto] BB B 0 QB gj3t Z o 7] 2 QHEIS| BF A HE 5] LA5HTHTable 2)

T o] R3HATh Mo A0 BIEHE (Cr) A2 H E g Mo~Muee 54|9] 3114 =2 E40S vhY
B7pslol 4% HRES A Wz A 2 AT
PEREER T R R

A A4S Brlshe FEOR o] &t M= ol VIS Al 2= T 5P B S| ARRA
AERAAS: ARIB) 5 HAQ] Wy, AR5, & 7IEe HReR AASItH(Table 2). Mo F4)
o|, g& &4, 78S 7, A2 9, 5% 59 (TP)9] %=, M2 2AA(TN)] =8 245}
Yy 75 ddske AEEYS o183t AT 29=E B7Ieke ARR o] &5tH

HEZ Ms~Ms BE AAA Y =d04 B4 Mu2 3184 A48 F%F(COD)E 545t {7
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Table 3. Index of Biological Integrity(IBI) of 8-metric community model during the premonsoon(Pr) and postmonsoon(Po).
(Pr = premonsoon, P, = Postmonsoon, C; = control zone, T. = transition zone, |, = impacted zone, G = Good, F =

Fair, P = Poor)
L . P: P,
Index of Biological Integrity c T I C T o
M Total number of native fish species 14(5) 18(5) 5(1) 19(5) 17(5) 11(3)
M, Number of riffle benthic species 1(1) 5(5) 0(1) 5(5) 433) 1(1)
M; Number of sensitive species 33) 3(1) 0(1) 4(3) 2(1) 0(1)
Metrics M. Proportion of individuals as tolerant species | 54.6(1) | 39.0(1) | 97.8(1) | 36.7(1) | 33.8(1) | 42.1(1)
Ms Proportion of individuals as omnivore 64.5(1) | 44.8(3) | 32.6(3) | 56.0(1) | 67.6(1) | 41.7(3)
Ms Proportion of individuals as native insectivore | 19.8(1) | 45.5(5) | 67.4(5) | 34.03) | 26.3(3) | 53.3(5)
M; Total number of individuals 121(3) | 148(3) | 46(1) | 150(3) | 343(5) | 240(3)
Ms Proportion of individuals with anomalies | 0.83(3) | 1.30(1) | 2.17(1) | 0.00(5) | 0.00(5) | 0.00(5)
Model values of IBI 18 24 14 26 24 22
Health condition(Criteria) F F P G F F
= Y 29=d AeE Adshs ARR o|§3t /o] vto]2lt) A o] E (bio—indicator) #HF oh]
A Mee A7RAEESs S48 522 & 2, Hiol b (biomarker) S AHE-517] w<Zol AYE
E g% =8 & Yl #EAREA o] &H A7} meky] o] o] DNA 42, Aty 4
AtH(Table 2). T TAEE A 4= 7] wiieoll AeiA 3ol
AEE7E 2y A Aol whar, ubdz)of of gt 27174 HA| A8 (Pre—Alarm system)& A&
2(C) A7) mEghe 3670 “HE-OISA sl A A v o
]é]

B (F-P)= WeRaL, Zofi(T)oll Al EAZe: 46

s

o2 “HE-FBAY G- tehit, e,
2 sh53e] LAY L)IA BUGEE 262024 “of
sh-o golspAbel (P V)2 ke, S, ol

710l 2H(Co) AR HAZRS 447 A “HSAFE
(F)2 F4= %L, Aolth(T,)olA EH‘%EQ 422 A
CHEAE(F)Z Uehiten], & shRRel e H(l)
oA mEZe 30024 “SAIE"(P)2 LERGT,

AAE Hol BAo] wEH, AntEy)o= Anbd
7ol w3l o e wagr Y
Heled ol= A4 Af-= sl S71st] &
HEHY Fr7t A Eo] F3 E nll ALor AL
25

2 Aol A EAE o AT WEY B7F 2
& (Population model, Pm)©] Z1§3HA] W] uEA5}
7] 918ked 2008 A= E o]-§-5to] 87 HlEH S
=2 :r“éﬂ 3% 712 & (Community model, Cm)
3} vl B43F Adl= Table 39F €}, Adams et
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