Korean J. Limnol. 43 (1) : 24~34 (2010)

Ao AR BARA BAAENA THAE
5F7HA Y chpd W R

of M E -9 I
LR EELED

z;_—_

Analysis of Various Ecological Parameters from Molecular to Community Levels for Ecologi-
cal Health Assessments. Lee, Jae Hoon and Kwang-Guk An* (Department of Bioscience and
Biotechnology, College of Biological Science and Biotechnology, Chungnam National Univer-
sity, Daejeon 305-764, Korea)

This study was carried out to analyze some influences on ecological health conditions,
threaten by various stressors such as physical, chemical and biological parameters.
We collected samples in 2008 from three zones of upstream, midstream and down-
stream, Gap Stream. We applied multi-metric fish assessment index (MFAI), based on
biotic integrity model to the three zones along with habitat evaluations based on Qua-
litative Habitat Evaluation Index (QHEI). We also examined fish fauna and composi-
tions, and analyzed relations with MFAI values, QHEI values, and various guild types.
Chemical parameters such as oragnic matter (BOD, COD), nutrients (TP, NH;-N), coli-
form number (as MPN), and suspended solids (SS) were analyzed to identify the rela-
tionship among multiple stressor effects. Using the sentinel species of Zacco platypus,
the population structures and condition factors were analyzed along with DNA dama-
ges related with genotoxicant effects by comet assay. This study using all these para-
meters showed that stream condition was degraded along the longitudinal gradient
from upstream to downstream, and the downstream, especially, was impacted by
nutrient enrichment and toxicant exposure from the point source, wastewater treat-
ment plant. Overall results indicated that our approaches applying various parameters
may be used as a cause-effect technique in the stream health assessments and also
used as a pre-warning tool for diagnosis of ecological degradation.
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Fig. 1. The map showing the sampling sites in the Gap
Stream.
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Fig. 2. Water quality at each sampling site, based on data of March~ May in the recent 5 years (BOD: biochemical oxygen
demand, COD: chemical oxygen demand, TP: total phosphorus, NH;-N: ammonia nitrogen, MPN: most probable
number of coliform, SS: suspended solids).
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Table 1. Fish fauna and compositions, based on tolerance, trophic, and habitat guilds in the Gap stream.

Species Toler'ance TI‘O]E)th Hab.ltat Us Ms Ds Total RA(%)
guild guild guild
1 Coreoleuciscus splendidus* S I RB 0 35 0 35 10.90
2 Odontobutis platycephala S C RB 12 0 0 12 3.74
3 Pungtungia herzi S I RB 1 4 0 5 1.56
4 Iksookimia koreensis* S I RB 2 4 0 6 1.87
5  Pseudobagrus koreanus S I RB 0 3 0 3 0.93
6  Iksookimia choit** S 1 RB 0 1 0 1 0.31
7  Hemibarbus longirostris S I - 4 3 0 7 2.18
8  Acheilognathus lanceolatus S 0 - 3 3 0 6 1.87
9  Zacco temminckii S I - 7 0 0 7 2.18
10  Odontobutis interrupta™ I C RB 7 13 0 20 6.23
11 Microphysogobio yaluensis* I (0] RB 0 9 0 9 2.80
12 Rhinogobius brunneus 1 I RB 0 7 0 7 2.18
13 Cobitis lutheri I I RB 0 1 0 1 0.31
14  Pseudogobio esocinus I I - -3 3 1 7 2.18
15 Acheilognathus koreensis* I 0 - 8 0 0 8 2.49
16  Gnathopogon strigatus I 1 - 0 7 0 7 2.18
17 Squalidus gracilis majimae* I I - 7 0 0 7 2.18
18  Rhodeus uyekii* I e} - 1 0 0 1 0.31
19 Sarcocheilichthys nigripinnis morii* I I - 0 1 0 1 0.31
20  Pseudobagrus fulvidraco I C - 0 1 0 1 0.31
21 Zacco platypus T (0] - 60 47 7 114 35.51
22  Hemibarbus labeo T I - 0 0 30 30 9.35
23  Carassius auratus T (0] - 1 2 4 7 2.18
24  Pseudorasbora parva T (0] - 5 0 0 5 1.56
25  Cyprinus carpio T O - 0 0 4 4 1.25
26  Micropterus salmoides T C - 0 2 0 2 0.62
27  Misgurnus mizolepis T H - 0 4 0 4 1.25
28  Carassius cuvieri T (0] - 0 4 0 4 1.25
Total Number of Species 14 20 5 28
Total Number of Individual 121 154 46 321

*: Endemic species, *: Endangered species and natural monument, Tolerance guild (S: Sensitive, I: Intermediate, T: Tolerance), Trophic
guild (I: Insectivore, O: Omnivore, C: Carnivore, H: Herbivore), Habitat guild (RB: Riffle Benthic), Us: Upstream, Ms: Midstream, Ds:

Downstream, RA: Relative abundance
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Fig. 3. Relative abundance of anomalies (DELT: Deformi-

ty, Erosion, lesion, Tumor) and exotic species in the
Gap Stream.
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Fig. 4. Adjusted species and individuals based on maximum species richness number and population analysis of sentinel

species, Zacco platypus in the Gap Stream.
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23} AN F AAS D 5 F71E 29, H4A
3 o AARY B - 33kl AA kel A F
78l 7] B3 (Karr, 1981; US EPA 1991)9t= &
X3, o) A Aol HAFHANE 32 =
AstH ol Al uls) FF2 245 AHAE A 2
A 2 =AM $UEE Ase 5 Aedded o8
d3Fe wo] W Q)] wFelvh =3 F 900,000t
42 AEse d R e iAgd ez &35
2 slet FAF 5 EEH AR mEtel] =&3 5549
gol 23 ke AR o= vy 9l FAH F
< WA Fo] 97% (45N ANE. e, 917tEe] 33}
A oo} 74N s7A Y AejA ) 2o AFH R =
Z3 o] L& AAkEE

AXA e BA Ad) AR H oz 34 F (158714, 49.22
%)o] ZA1ZE (124704, 38.62%)l w3 A A YR}
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Fig. 5. Variations of tolerance, trophic and habitat guild along the gradient of upstream to downstream in the Gap Stream.

AR B - 3bepH gl A Al dledsle =
ABPH e A48 Vel a glovt AR EA A
s} 2L A 3 7k BAA Aol MolR| Adstm, o
3|8 shFollA A Fe] E3, 2AFo] ol dA
&+ YT (Fig. 5). o] RS 7) S = B3
2 el A AR T F AT AF L FF7el 1)
s W3 A e, A 46704 S A7) 30704 =
65% A% AAISHHA FA4F vlgo] g v Aoz
Ata o) 9, AR A= BEAGNE AF 9 F7A
oA 18%, 50% A% EH3F A A e]E(Riffle-
Benthic species)o] slFA - 3 slA] ¢kgk, o
U= A=RMat Zo] sFAHe] Az AEs)L
ek g 2.9l o o3 P e Aoz vehdy
(Fig. 5).

4. MFAI ¥ QHEI 34

o]F-8 o]g8 Tl 7l X B AL H
Z 293 (m=3)0.2 REAH (Fair)& Reolal glort A

77} "olxlchi= US EPA (1993)8] ®e} 3|3l
E3] 7|29 7l Wig 2ar(qk %, 2001a; wj e} <k,
2006)9}% -FAFEE AdE Bolx gt el &4
oA AAHew WAAEMYS wv]Eo] 5296%% 7
veht 71 @ vlEY A5 RoFgon, AR
2 7P @ e A7 E Bel sERdA oA
AME My 2 NEMe) A FHIA g, §)
Axpgo] v F5Mp) L WA M7t B84 2
BIAARE 238 M0l s Hs) w247} Hodsgl
oh BelA AMAx Hried BA AdoA i 145.3
(n=3)02 ks~ REAHE Beln glov], AYHos
BEAN) o]Ake] AMAIA] AME Mol 3isich wlimA
zAe2RE Holx glo] AHA e Hibz ¥ gl
= AR A 8] QHEI 3h& 1812A 7 Sl
A} #A~FsAEE el 2 9ol (Fig. 6). 18y F
FAA 136, )t IHAAHAL, Y5~ H)S =4
o} Agke AHH e Wy glon, olFA|ule] FAF e
gle] WA gs Bol AeiH oz Afel w3 WA Ex
3131 9ledth A& (Substrate)®] 24 2 Abe] EA A
¥ AL 90% o) ApEE. o] FolA gl of-ge] o
Bxsle dbd, 3lHE 24S 2 9 AFoR )
FAH I B F718 A oE A7 A3 4FH % 7
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Fig. 6. Ecological Health assessment, based on Multi-
metric Fish Assessment Index and Qualitative
Habitat Evaluation Index with the result of tail
extent moment from Comet assay.

= ol WASHT o] ALl A AW
Atk

5. Comet assay ¥4

AR 27 2 3 4 2ARACNA AR 2
3/MA A zE EAFte] eld DNA fragmen-
tatione] ¢FAMS Al R, Tail extent moment, Tail
DNA % 2 Tail length 4 R% AMFelA slF2 24
= Z7lslz 9low, B3 ARt sFAAA el f2 7
2}e) (P<0.01)7} ¢l Aoz Jepydt)(Table 2, Fig. 6).
Sz AN FE2 DNAE &AM Aoz
UV d 22 da A Al 24, 5o, 5945 5 A2 &
dE 4 glE 98 7B 545424 (Genotoxicant) 5
o] <& (R 5, 2003; A F, 2006; ¢ F, 2007;
Lee and Steinert, 2003), 1504 874 o 9d&d=z =
A<l 72 PAHs So] B3 v} leh (4 o, 2008; 7
= 2005). 572 742 DNA &4o] 2718-e 3H5A
Aol o]E SGEA o3 xFH Y&S vl
%3} Ladeira et al. (2005} Al77199] A= DNA &
Abshe] AdatA 2 RE] AFol |8 AHE-e] DNA strand
break7}x] fr=3cia B g wlol wiet sHFAG] ¥
2 MPN $X9t% $44 2d9xFo] 4349 4 32
A|AFRIH,

@A oz A AN FFAY olF3A 4
AEA, EFed MR BA 9 o {FF o|4-3 vekit A
233 EAxE 9 23 AE B4 5& 53l AvE

Table 2. Summary of DNA damage, assessed by Comet assay from sentinel species, Zacco platypus along with up to down-

stream in the Gap Stream.

Sit Sample Tail extent moment Tail DNA (%) Tail length (pm)
ite
(n=25) Average Range Average Range Average Range
1 4.79 0~19.71 13.47 0.02~44.06 22.59 0~112.2
U 2 4.50 0~22.99 15.14 0.62~46.86 22.49 0~64.63
s 3 4.68 0~24.24 11.52 1.07~42.12 25.98 0~175.61
Total 4.66 0~24.24 13.38 0.02~46.86 24.02 0~112.2
1 6.16 0~24.66 17.65 0.98~52.43 25.36 0~64.63
Ms 2 5.73 0~27.74 16.00 0.01~56.01 25.37 0~64.63
3 6.88 0~29.21 18.26 0.02~54.44 29.07 0~57.32
Total 6.25 0~29.21 17.30 0.01~56.01 26.60 0~64.63
1 29.49 0~118.31 31.72 0.44~69.80 61.17 0~169.51
D 2 13.02 0~61.62 22.33 0.65~50.03 50.34 10.98~123.17
s 3 11.54 0~40.76 29.00 4.2~60.98 35.66 0~107.32
Total 18.02* 0~118.31 27.68* 0.44~69.80 49.06* 0~169.51

Us: Upstream, Ms: Midstream, Ds: Downstream, n=observed nucleus number in each sample. Asterisk means P<0.01.
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