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Assessments of Ecosystem Health in Middle Reaches of Suyoung River
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Abstract

Biological monitoring was conducted in 2009 for diagnosis and evaluation of ecosystem health in the middle reache of Suyoung
river in Busan. These Biological monitorings included four parts(benthic macroinvertebrates, phyto - zooplankton, fishes and habitat

& waterfront environment).
The results were as follows :

1) Total observed species of benthic macroinvertebrates were 35 at the study sites, The stream health condition based on the

index of Korea Saprobic (KSI) indicated "good ~ fair".

2) Total observed species of phytoplankton were 96. among these species Bascillanophyceae, chlorophyceac were major dominant
taxa and total observed taxa of zooplankton were 13 at the study sites. Among observed taxa of zooplankton, rotifera were major

dominant taxa and Cladocera wasn't found.

3) The stream health condition based on the Index of Biological Integrity (IBI) values indicated "good ~ poor" and physical
habitat condition based on Qualitative Habitat Evaluation Index (QHEI) indicated "good ~ fair".
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Fig. 1. Map of the Suyoung River showing sampling
sites A : Hanmul-gyo B : Dongchun-gyo, C :
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Table 1. Survey period by items
water & macroinvertebrates  zoo & phyto plankton fishes waterfront environment

1st survey 2008. 9 2009. 3 2009. 8 2009. 9

2nd survey 2009. 3 2009. 5 2009. 10 2009. 11

3rd survey 2009. 5 2009. 9 - -

4th survey 2009.
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Table 2. Results of water quality in middle reaches of Suyoung River

. . DO  Conductivity BOD  COD SS TN TP Chl-a Total NH;-N
period e PP gl (mhofeml  mg/l) mgll) (gl (mgl) (mgll) (mgm) Colform (mg/L)
Hanmul—gyo - - - 15 - - 2.684  0.039 - - 0.019
sulr\itey Dongchun—gyo - - - 2.4 - - 1.460  0.030 - - 0.496
Sukdae Jct - - - 2.4 - - 4.035  0.139 - - 0.488
Hanmul—gyo 76 127 234 3.4 4.4 4.6 0.831  0.09 329 92000 0.220
sfrr;(iy Dongchun—gyo 7.8 10 1816 4.0 8.8 7.7 7474 0511 13.6 160000 0.396
Sukdae Jct 75 101 384 4.1 6.0 152 0.180  0.035 15.6 35000 0.198
Hanmul—gyo 81 115 246 0.6 3.4 6.5 5221  0.029 1.3 2200 0.103
sugr]\r/dey Dongchun—gyo 7.7 9.2 1610 2.2 6.6 131 6935  0.147 8.3 24000 0.460
Sukdae Jct 77 105 460 2.2 8.8 195 3.245  0.090 25.6 3300 0.764
Hanmul—gyo 8.6 7.6 243 0.7 5.0 3.1 2745 0.101 - 1700 0.070
suli]\r/dey Dongchun—gyo 7.5 74 2507 1.6 74 6.4 4438  0.192 15.2 16000 0.402
Sukdae Jct 7.3 6.3 167 1.9 5.4 11.8 1526 0.101 115 790 0.379
Table 3. Total number of selected taxa in benthic macroinvertebrate
phylum class order family species
1st survey 2 4 6 9 17
2nd survey 9 18 27
3rd survey 3 5 8 9 13
4th survey 3 5 9 15 21
total 3 5 11 20 35
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Table 4. Individuals of the selected taxa in middle reaches of Suyoung River

(unit : Individuals/mz)

1st survey 2nd survey 3rd survey 4th survey
total number of individuals 12444.4 34944 .4 13455.6 14774.1
(the number of species ) (17) (27) (12) (21)
Platyhelminthes - - - -
Annelida 6188.9 7311.1 7088.9 1748.1
(2) (2) (3) (2)
7.4 270.4 14.8
Mollusca - w o w
Crustacea 14.8 44.4 148.1 366.7
(1) (1) (1) (1)
Enhemeroptera 1085.2 344.4 674.1 7274.1
P P (6) (6) (3) (6)
3.7 7.4
Odonata 1) ©)
Plecoptera - - - -
Megaloptera - - — -
Insecta 3.7
Coleoptera - - o
(1)
Diptera 5129.6 26963.0 5263.0 5344.4
(5) 9) (4) (6)
Trichoptera 25.9 251.9 11.1 14.8
(3) (6) (1) (2)
18.5
Collembol - — -
ollembola w
sum 6240.7 27581.5 5948.1 12644.4




9% F5 B9 Y 24T 99

1st survey Hanmul-gyo Dongchun—gyo  Sukdae Jet 2nd survey Hanmul-gyo Dongchun—gyo  Sukdae Jct
total 17444 2963.0 7737.0 total 24281.5 5844.4 4818.5
Platyhelminthes - - - Platyhelminthes - - -
Annelida 11.1 1651.9 4525.9 Annelida 3.7 5048.1 2259.3
Mollusca - - - Mollusca 3.7 - 3.7
Crustacea 11.1 - 3.7 Crustacea 29.6 - 14.8
Ephemeroptera 896.3 140.7 48.1 Ephemeroptera 344.4 - -
Odonata - - - Odonata - - 3.7
Plecoptera - - - Plecoptera - - -
Megaloptera - - - Megaloptera - - -
Insecta Insecta
Coleoptera - - - Coleoptera - - -
Diptera 825.9 1155.6 3148.1 Diptera 23781.5 796.3 2385.2
Trichoptera - 14.8 11.1 Trichoptera 118.5 - 133.3
Collembola - - - Collembola - - 185
sum 1722.2 1311.1 3207.4 sum 24244 4 796.3 2540.7
3rd survey Hanmul-gyo Dongchun—gyo  Sukdae Jct 4th survey Hanmul-gyo Dongchun—gyo  Sukdae Jct
total 3474.1 2455.6 7525.9 total 10081.5 3922.2 770.4
Platyhelminthes - - - Platyhelminthes - - -
Annelida 1555.6 1529.6 4003.7 Annelida 40.7 1407.4 300.0
Mollusca 270.4 - - Mollusca - 3.7 11.1
Crustacea 140.7 3.7 3.7 Crustacea 366.7 - -
Ephemeroptera 666.7 - 7.4 Ephemeroptera 7248.1 259 -
Odonata - - - Odonata 74 - -
Plecoptera - - - Plecoptera - - -
Megaloptera - - - Megaloptera - - -
Insecta Insecta
Coleoptera - - - Coleoptera 3.7 - -
Diptera 829.6 922.2 3511.1 Diptera 2411.1 2474.1 459.3
Trichoptera 11.1 - - Trichoptera 3.7 11.1 -
Collembola - - - Collembola - - -

sum 1507.4 922.2 3518.5 sum 9674.1 25111 459.3
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Table 5. Dominant species and rate at sampling site

. dominance dominant specie & its proportion
survey period . ) ) . .
index 1st dominant species 2nd dominant species
1st 0.75 Caenis Caenis Kua 37.4% Chironomidae sp.2 37.4%
2nd 0.95 Chironomidae sp.2 92.8% Chironomidae sp.3 2.0%
Hanmul—gyo . . . . .
3rd 0.60. Limnodrilus socialis 43.4% Chironomidae sp.6 16.8%
4th 0.70 Caenis Caenis Kua 51.1% Ephemera orientalis Mlachlan — 19.0%
1st 0.75 Limnodrilus socialis 55.6% Chironomidae sp.1 18.9%
2nd 0.93 Limnodrilus socialis 23.3% Chironomidae sp.6 6.8%
Dongchun—gyo . . . . .
3rd 0.87 Limnodrilus socialis 62.3% Chironomidae sp.2 24.4%
4th 0.69 Chironomidae sp.2 42.7% Limnodrilus socialis 26.7%
1st 0.85 Limnodrilus socialis 57.8% Chironomidae sp.2 27.7%
Sukdae Jt 2nd 0.86 Limnodrilus socialis 44.1% Chironomidae sp.2 41.7%
ukdae Jc
3rd 0.91 Limnodrilus socialis 51.3% Chironomidae sp.2 39.4%
4th 0.82 Chironomidae sp.2 47.1% Limnodrilus socialis 34.6%
20 5
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Fig. 2. Dominance Index at each sites during the study
period.
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Fig. 3. Diversity Index at each sites during the study
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Fig. 4. Health assessment by site using KSI.
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Table 6. Health assessment by site using KSI
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54F, A FRARC] 14For A IdRAH Tt
7HE wol Edstglen, Al ke, A R, §d
A AFor ApE F7Rs A o® YT

AP S AEH 0 R SHIHE T8 F-L2 Asterionella
sp. Aulacoseira sp., Melosira varians, Synedra sp,
Nitzchia sp, Fragilaria sp., Cymbella sp, Navicula sp. &
o7 HIE JJRF &3 TS0t o] £ Asterionella
sp.= A AHolA @o] EdsIem, Melosira sp.«= H|LA
e Aol Wol EHBIRAL, Synedra sp.@} Fragilaria
sp.= SN FRAH Wol FAsIct 2R ]2l9]

Hedo &3l AEESHIAELS 2% Chlamydomonas
sp. ot SHREF Cryptomonas sp.7} o] &@sIL
Chlamydomonas sp.+= 22} ZALo|A Wo] &3 AoR ek

Wk

. 57l

site period BOD water condition KSI biological condition

1st 1.5 Ib 1.1 B

2nd 3.4 il 1.2 B

Hanmul—gyo 3rd 0.6 la 3.9 D

4th 0.7 la 1.1 B

avg 1.6 Ib 1.8 B

1st 24 I 4.3 D

2nd 4.1 45 D

Dongchun—gyo 3rd 2.2 I 4.5 D

4th 1.9 Ib 4.4 D

avg 2.7 I 4.4 D

1st 24 I 4.5 D

2nd 4.0 4.2 D

Sukdae Jct 3rd 2.2 la 4.5 D

4th 1.6 la 45 D

avg 2.6 I 4.4 D
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Fig. 5. Total number of phytoplankton species and individuals.
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Table 7. Total number of phytoplankton species

species Hanmul—gyo Dongchun—gyo Sukdae Jct
Bacillariophyceae
Achnanthes atomus +
Achnanthes lanceolata Grunow + +
Achnanthes lanceolata ssp. frequentissima +
Achnanthes minutissima + + +
Achnanthes subhudsonis + +
Asterionella formosa +++ ++++ +4+4
Aulacoseira ambigua +++ +
Aulacoseira granulata + +++ +
Aulacoseira sp. + ++ ++
Cocconeis plancentula Ehrenberg + + +
Cocconeis plancentula var. euglupta + +
Cuclotella meneghiniana ++ + +++
Cuclotella stelligera +
Cumbella minuta + +
Cvmbella tumida +
Cyumbella sp. + + +
Diatoma vulgaris +
Fragilaria sp. + ++++ ++
Gomphonema clevei + +
Gomphonema parvum + ++
Gomphonema pseudoaugar + + +
Gomphonema sp. + +
Hannaea sp. +
Meridion circulare var. constrictum + +
Melosira ruttneri + + ++
Melosira varians ++ + +
Navicula pupula + + +
Navicula sp. + ++ +
Neidium sp. +
Nitzchia ampibia ++ + +
Nitzchia dissipata + + +
Nitzchia incospicua + + +
Nitzchia fonticola + +
Nitzchia lineata +
Nitzchia palea + + +
Pinnularia sp. + +
Pomidium sp. + +
KReimeria sinuata + +
Stauroneis sp. +
Stephanodiscus hantzchii Grunow + + +
Surirella angusta + +
Surirella minuta +
Svnedra acus + ++++ +++
Svnedra rumpens + + +
Svnedra ulna ++ ++ ++
Svnedra sp. + + +
Tabellaria ventricosa +
Thalassiosira bramaputrae +

Chlorophyceae
Ankistrodesmus bibraianus Korshikov +
Ankistrodesmus falcatus + +
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Ankistrodesmus westii G. M. Smith + +
Chlamyvdomonas sp. +++ ++++ ++++
Chlorella sp. + +
Closterium comu var. upsalience Nordstedt + +

Closterium sp. + + +
Coelastrum microporum Nigeli +
Coelastrum rectangulare

Cosmarium turpinii

Dictiosphaerium ehrenbergianum Nigeli
Euastrum ansatum

Euastrum glabeminum Hirano +
Eudorina sp. + +
Golenkina paucispina W. et G.S. West +
Monoraphidium contortum

Pandorina sp.

Pediastrum biradiatum +

Pediastrum borvanum

Pediastrum duplex

Pediastrum simplex

Schroederia setigera Lemmermann
Senedesmus acuminatus
Senedesmus bernardii
Senedesmus ellipticus
Senedesmus intermedius
Senedesmus quadricauda
Senedesmus spinosus +
Spirogura sp.

Staurastrum cingulum

Staurastrum construens

Hvalotheca sp.

+ 4+ + o+

+ o+ o+ +
+ 4+ + + + + o+
+ 4+ + o+ 4+ o+ o+

+ 4+ o+ +

Dinophyceae
Ceratium hirundinella

Euglenophyceae

Euglena viridis

Phacus sp.
Trachelomonas abrupta
Trachelomonas amata
Trachelomonas cervicula
Trachelomonas hispida
Trachelomonas intermedia
Trachelomonas labiata
Trachelomonas robusta
Trachelomonas superba

+
+

Chrysophyceae
Merismopedium glauca
Svnura sp.

Cyanophyceae

Ocillatoria sp. t * +

Cryptophyceae
Cryptomonas sp.
Rhodomonas sp.

++ ++ 4+

+: <30cells/mL, ++: <1x102cells/mL, +++: <5x102cells/mL, —++++: <1x103cells/mL
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Brachionus,

Filinia

WA U7FR] &7 s A2 5ol dts] F2ksto] AAlSl=  sp., Polyarthra sp., 2A} ZAMO= Brachionus sp., Lecane
27O Sl sl ks HolA A Holo] EA4E& 7 sp., 33 ZAfolli= Monostyla sp., Lepadella sp.7t $515+51
& & 4 A3l oM 12} 2AW| M 23} ZAJOIA] AL W BHEas =
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Table 8. Dominant species and dominant rate at sampling site
dominant specie & its proportion
site period ) ) ) i
1st dominant species % 2nd dominant species %
1st Chlamydomonas sp. 45.0 Svnedra sp. 9.0
Hanmul—gyo 2nd Melosira varians 36.5 Asterionella formosa 25.0
3rd Melosira varians 18.2 Cyclotella meneghiniana 16.4
1st Svnedra sp. 36.5 Asterionella formosa 25.0
Dongchun—gyo 2nd Chlamydomonas sp. 41.7 Asterionella formosa 16.7
3rd Fragilaria sp. 34.0 Aulacoseira granulata 255
1st Svnedra sp. 39.1 Asterionella formosa 25.6
Sukdae Jct 2nd Chlamydomonas sp. 66.7 Asterionella formosa 6.7
3rd Cuclotella meneghiniana 21.4 Cruptomonas sp. 18.6
1208
[ Ratifer
1600 | [ Copepoda
g 200 4
3
é 600
g
T 400
g
=4
200
o
Hanmulgyo Dongchungyo Sukdaa Jot.

Fig. 6. Total number of zooplankton species and individuals.



Table 9. Dominant species at sampling site

A} 2T 105

site 1st survey

2nd survey 3rd survey

Cuclops sp.

Hanmul—gyo Colurella sp.

Filinia sp.
Dongchun—gyo Pl o
Sukdae Jct Filinia sp.

Polvarthra sp.

Cuclops sp.
Trichocerca sp.

Brachionus sp.
Trichocerca sp.

Lepadella sp.
Nauplius

Brachionus sp.
Svncheata sp.

Monostvla sp.
Colurella sp.

Lecane sp.
Brachionus sp.

Table 10. Total number of Fish species and individuals

survey period species individuals
1st (2009. 8) 32
2nd (2009. 10) 26
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Fig. 7. Relative abundance of a collected fish fauna (a) 1st survey, (b) 2nd survey.
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Fig. 8. Tolerant guild in middle reaches of Suyoung River (a) 1st survey, (b) 2nd survey

SS=Sensitive Species, TS=Tolerant Species, IS=Intemediate Species.
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Fig. 9. Trophic guild in middle reaches of Suyoung River (a) 1st survey, (b) 2nd survey.

O=0Omnivores, I=Insectivores, C=Carnivores,

H=Herbivore

Table 11. Characteristic of Health metric using IBI (a) 1st survey, (b) 2nd survey

ecological characteristics

abundance &

tropic composition ..
P P health condition

f No. of

site 0 period No. of ifflo— No. of  proportion of proportion of proportion of ~ No. of proportion of
stream native . sensitive tolerant omnivore insectivore  domestic .
) benthic . . ) . o abnomality
species ; species species species species individuals MS)
(M1) Species (M3) (M4) (M5) (M6) (M7)
(M2)
a 8 (5) 1 (1) 2 (3) 47.8 (1) 30.4 (3) 34.8 (3) 23 (1) 0.0 (5)
Hanmul-gyo 2
b 5 (3) 1 (1) 2 (3) 43.8 (1) 375 (3) 37.5 (3) 16 (1) 0.0 (5)
a 3 (1) 0 (1) 0 (1) 100.0 (1) 100.0 (1) 0.0 (1) 6 (1) 0.0 (5)
Sukdae Jct 3
b 2 (1) 0 (1) 0 (1) 100.0 (1) 60.0 (1) 40.0 (3) 6 (1) 0.0 (5)
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Table 12. Characteristic of Health metric using IBI
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model value

health grade

site
1st 2nd 1st 2nd
Hanmul—gyo 22 20 C C
Sukdae Jct 12 14 D D

Table 13. Characteristic of Health metric using IBI of various site in Nakdong River

site model value health condition grade
middle area sampling point 1st 2nd 1st 2nd
Andong dam whanggee stream01 26 26 B B
Inha dam Banbyun stream01 12 14 D D
Nakdong Gumi Nakdong river25 10 16 D C
Gumho river Gumho river02 12 16 D C
Hapchun dam W?f‘;frzaa?fm 32 36 B A
Milyang river Milyang river0O1 16 16 C C
Nakdong tiver Nakdong river02 14 16 D C
ST K dons 02 1 a D :
Taewha river Taewha river02 18 20 C C
Suyoung river(O1 16 16 C C

Suyoung river
Suyoung river03 14 14 D D

source :

Ministry of Environment + NIER, 2008
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Table 14. Evaluation of vertical characteristics in Suyoung River

evaluation of vertical characteristics

period site mean
native vertical sandbank nature of river course
Hanmul—gyo 6 2 4
st survey Dongchun—gyo 4 1 3
Sukdae Jct 5 1 4
Hanmul—gyo 6 2 4
2nd survey Dongchun—gyo 4 1 3
Sukdae Jct 5 1 4
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Table 15. Evaluation of horizontal characteristics in Suyoung River

evaluation of horizontal characteristics

period site mean
width of river side river wall material of bank
Hanmul—gyo 10 3 4 3
1st survey Dongchun—gyo 9 3 4 2
Sukdae Jct 10 3 4 2
Hanmul—gyo 10 3 4 3
2nd survey Dongchun—gyo 9 3 4 2
Sukdae Jct 10 3 4 2
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Table 16. Evaluation of habitat characteristics in Suyoung River
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evaluation of habitat characteristics

period site mean
conditions of sediment horizontal structure

Hanmul—gyo 8 4 4

1st survey Dongchun—gyo 4 2 2
Sukdae Jct 5 3 2

Hanmul—gyo 8 4 4

2nd survey Dongchun—gyo 4 2 2
Sukdae Jct 5 3 2

Table 17. Evaluation of impaired characteristics in Suyoung River

evaluation of impaired characteristics

period site mean ) usage of outside land of usage of inside land of
sewage disposal facilities a bank 2 bank
Hanmul—gyo 10 5 3 2
1st survey Dongchun—gyo 5 2 1 2
Sukdae Jct 5 2 1 2
Hanmul—gyo 10 5 3 2
2nd survey Dongchun—gyo 5 2 1 2
Sukdae Jct 5 2 1 2
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Table 18. Health assessment by site using HRQI
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Fig. 11. Health assessment by site using HRQI.

model value

health condition

period
1st 2nd 1st 2nd
Hanmul—gyo 34 34
Dongchun—gyo 23 23
Sukdae Jet 25 25

Table 19. Health assessment, circumstances and measures in middle reaches of Suyoung River

) condition ) . plan of ensuring
site D — circumstances or problems main cause .
1st  2nd health condition
- left wall of bank being made up stone embankment,
right wall of bank preserved natural condition . .
. o ) -park -conservation of
Hanmul—gyo B B -river course maintained meandering o
. . - . -sports facilities nature
-level upped riverside utilize walking road
and sports facilities
-left wall of bank being made up concrete and .
o . -prevention of
artificial soil embankment residential area incomin
right wall of bank being made up concrete embankment 9
X . ) -road pollutants
Dongchun—gvo ~ C C -width of waterway narrowed compared with width .
-amount of -Jlasting supply of
of embankment . .
. . . el flowing  water maintenance
- level upped riverside utilize park, sports facilities
. water
and parking lot
-left wall of bank being made up artificial soil . .
. . -prevention of
embankment right wall of bank being made up |, . .
farm land incoming
concrete embankment
. . . ‘road pollutants
Sukdae Jet C C  -width of waterway narrowed compared with width . .
-amount of -Jlasting supply of
of embankment 0 .
flowing  water maintenance

- level
and parking lot

upped riverside utilize field,

sports facilities
P water
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Table 20. Comparison of health assessment in water quality and biological index

BOD benthos(KSI)
site
1st 2nd 3rd 4th 1st 2nd 3rd 4th
Hanmul—gyo Ib m Ta [a B B D B
Dongchun—gyo I m I Ib D D D D
Sukdae Jct I m I Ib D D D D
fish(IBI) habitat & waterfront environment
site

1st 2nd 1st 2nd

Hanmul—gyo C C B B

Dongchun—gyo - - C C

Sukdae Jct D D C C
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