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Abstract

In this study, a comprehensive field monitoring was conducted to understand habitat conditions of fish species in up and
downstream of Hoengseong Dam. Based on the monitoring data, riverine health conditions such as composition ratio of fish
species, bio-diversity (dominance index, diversity, evenness and richness), index of biological integrity (IBI) and qualitative
habitat evaluation index (QHEI) were assessed, and optimal ecological flowrates (OEF) were estimated using the habitat
suitability indexes (HSI) established for three fish species Coreoleuciscus splendidus, Pungtungia herzi and Microphysogobio
longidorsalis selected as icon species using the physical habitat simulation system (PHABSIM). The total number of species
sampled was 20 species, and two species of Zacco platypus (30.4%) and C. splendidus (20.9%) dominated the fish community.
As a result, it was revealed that IBI and QHEI values decreased from upstream to downstream along the river. The estimated
IBI value ranged from 24 to 36 with average being 30.9 out of 50, rendering the site ecologically fair to good health
conditions. HSI for C. splendidus were determined according to three different month in terms of season: Spring (April),
Summer (August) and Autumn (October). HSI for flow velocity were estimated at 0.7 to 0.8 m/s for the Spring, 0.5 to 1.0 m/s
for the Summer and 0.8 to 0.9 m/s for the Autumn. HSI for water depth were estimated at 0.3 to 0.5 m for the Spring; 0.3 to
0.5 m for the Summer; and 0.3 to 0.4 m for the Autumn. OEF was estimated at 4.2 and 6.5 m’/s for the Spring and Autumn,
and 12.0 m*/s for the Summer. Overall, it was concluded that the Hoengseong Dam has been relatively well protected from the
anthropogenic disturbance for the legally protected species including the endemic species studied in this study.
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Fig. 1. Location map of the study station.
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Table 1. The list and individual number of collected fishes at each station in up and downstream of Hoengseong Dam
. Sites Total
Species

St.1 St.2 St.3 St.4 Number RA(%)
Cyprinidae
Pungtungia herzi 4 34 3 1 42 7.25
°Coreoleuciscus splendidus 8 89 11 13 121 20.90
°Sarcocheilichthys variegatus wakiyae 1 1 0.17
Hemibarbus labeo 6 1 7 1.21
Hemibarbus longirostris 4 15 3 3 25 4.32
Pseudogobio esocinus 2 2 6 2 12 2.07
°“Gobiobotia macrocephala 1 27 28 4.84
°“Gobiobotia brevibarba 3 1 4 0.69
°Microphysogobio yaluensis 4 2 3 2 11 1.90
°Microphysogobio longidorsalis 6 24 5 1 36 6.22
°Zacco koreanus 7 23 9 39 6.74
Zacco platypus 9 71 36 60 176 30.40
Opsariichthys uncirostris amurensis 1 1 2 0.35
Cobitidae
°lksookimia koreensis 1 8 1 10 1.73
°Koreocobitis rotundicaudata 3 12 15 2.59
Amblycipitidae
°Liobagrus andersoni 4 13 17 2.94
Centropomidae
Siniperca scherzeri 1 1 0.17
°Coreoperca herzi 2 1 3 0.52
Odontobutidae
°Odontobutis platycephala 1 1 0.17
Gobiidae
Rhinogobius brunneus 6 21 1 4.84
Number of family 4 6 3 1 6
Number of species 12 17 14 11 20
Number of individual 58 322 87 112 579

° : Korean endemic species ~ : endangered species RA : relative abundance
29 whoTh 3] St 4
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Table 2. Velocity and depth distributions of collected fish species in up and downstream of Hoengseong Dam

. Velocity (m/s) Depth (m)
Species ; :
Min Max Avg Min Max Avg
Pungtungia herzi 0 1.0 0.4 0.2 1.0 0.4
Coreoleuciscus splendidus 0.2 14 0.7 0.2 0.8 0.3
Hemibarbus labeo 0 0.7 0.3 0.4 1.4 0.7
Hemibarbus longirostris 0 0.7 0.2 0.3 1.0 0.4
Pseudogobio esocinus 0 0.4 0.1 0.1 1.2 0.5
Gobiobotia macrocephala 0.5 1.3 0.9 0.2 0.5 0.3
Gobiobotia brevibarba 0.5 1.4 0.9 0.2 0.3 0.3
Microphysogobio yaluensis 0 0.4 0.2 0.2 0.4 0.3
Microphysogobio longidorsalis 0 0.9 0.5 0.2 0.7 0.4
Zacco koreanus 0 0.9 0.4 0.2 0.8 0.4
Zacco platypus 0 1.2 0.5 0.1 1.3 0.4
Opsariichthys uncirostris amurensis 0 0.6 0.3 0.5 1.0 0.8
Tksookimia koreensis 0 0.3 0.1 0.1 0.4 0.3
Koreocobitis rotundicaudata 0.4 1.3 0.8 0.1 0.4 0.3
Liobagrus andersoni 0.3 1.0 0.6 0.1 0.4 0.3
Coreoperca herzi 0.3 0.8 0.6 0.3 0.5 0.4
Rhinogobius brunneus 0 0.9 0.4 0.1 0.5 0.3
33, MErieE doma] B ATolA et Astei Bo] Ba
Table 39| AJETHY T B2 8T 4= H 3t Ao 2 AlREC M H5E A4=0.752 ek
#0512 FHREOL B ehr09 W ofgel R $E AR ke
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2 o4 0.25~0.5: ok U ?_Vﬁ, <0.25: o9 9 315 Atfol 4] 2000 ~2004 H o] LA o} thof e
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Table 3. Bio-diversity analysis of collected fish in up and downstream of Hoengseong Dam
. Sites
Species Average
St.1 St.2 St.3 St.4

Dominance 0.29 0.50 0.54 0.78 0.50

Diversity 2.36 2.17 2.17 1.38 2.25

Evenness 0.95 0.76 0.82 0.57 0.75

Richness 2.71 2.77 2.91 2.12 2.99

1BI 36.0 36.4 27.0 24.0 30.9

QHEI 170.0 166.0 165.0 150.0 162.8

IBI scores : very poor (<13), poor (13~25), fair (29~34), good (38~42), excellent (47~50).

QHEI scores : poor (<32), fair (90-46), good (148-104), excellent (>162).
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10179,

Dominance

QHEI

Diversity

Good

Fig. 2. Correlations among QHEI, IBI, dominance and
diversity at the 4 sites in up and downstream of
Hoengseong Dam.

3.5. MARIMEE X|4(HSI) AHY

AR o1 FE Ao & HSIE B7Fs7 |+ A7 7HA)
429] oFo] Zo] A 4= gl Qlth wheba] B Aol A
£ o] A9 tiaojFo R ], Ear7] 9 vzt
2 A3t Table 4). -§4:9] HSI= ko] 7P
ok 8Y(od=)o] 0.5~1.0 m/sec (2]2]), 0.7~0.9
m/sec (E117]), 0.0~0.7 m/sec (Bj7H )= 71 35
15 MRS ek 350 48 A- T A
2101 0.2~0.5 moj| A HSIE Yep olc). sH4-<] 744
7t 7HEAE(3.0) ~ SHHE(5.0) 2 YElter, &
7)1} v 7pAbE] s Hel ~ SR YElich

S PR A Afol| ofshd 4E]e]
9, Z[ojol|A] AJo717HA] 4531k 424001 0.1~0.8 m/s

Table 4. Season variations of HSI of velocity, depth and channel index

Species Season (Month) Velocity (m/s) Depth (m) Substrate size (mm)*
Coreoleuci Spring (April) 0.7~0.8 0.3~0.5 4.0~5.0
OreorenciSeiis Summer (August) 0.5~1.0 03~0.5 4.0~5.0
splendidus

Autumn (October) 0.8~0.9 0.3~0.4 3.0~5.0

Spring (April) 0.0~0.6 0.2~0.5 2.0~5.0

Pungtungia herzi Summer (August) 0.7~0.9 0.3~0.4 3.0~4.0

Autumn (October) 0.0~0.4 0.2~0.3 2.0~5.0

Microph bi Spring (April) 0.0~0.9 0.3~04 3.0~5.0

1CrOpIySogooio Summer (August) 0.0~0.7 0.4~0.5 2.0~4.0
longidorsalis

Autumn (October) 0.4~0.5 0.2~0.3 3.0~4.0

*¥1.0 (silt) : <0.062 mm, 2.0 (sand) : 0.062~2.0 mm, 3.0 (fine gravel) : 2.0~16.0 mm, 4.0 (coarse gravel) : 16.0~64.0 mm, 5.0

(cobbles) : 64.0~256.0 mm, 6.0 (boulders) : >256.0 mm.
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9}0.1~0.5 m, E117]=0.1~0.5 m/s<} 0.1~0.5 m,
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Fig. 3. Variations of WUA to discharge.
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Fig. 4. Variations of WUA (m’/1000m) to discharge of
Coreoleuciscus splendidus the 2 monitoring sites.
a: Spring (April), b: Summer (August), ¢: Autumn
(October).
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Table 5. Seasonal variations of flow rates for optimal WUA values

Discharge (m’/s) WUA (m*/1000m)
Species . .
P Spring Summer Autumn Spring Summer Autumn
(April) (August) (October) (April) (August) (October)
Coreoleuciscus splendidus 42 12.0 6.5 8856.9 18400.3 16140.1
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N 000 001
(a) Coreoleuciscus splendidus (5.7 cms)
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(b) Pungtungia herzi (4.3 cms)
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(c) Microphysogobio longidorsalis (6.3 cms)
Fig. 5. Changes of WUA(m’/1000m) for each species to discharge.



934 &S - 4 E

o= wgo] B lolth. Eat o] x|7]of 2} - Ske] A
e ul ) ShE Al 1A U A 2850}
Akt 2ol A £ A4S Algst, Ho
5 ofel Hoj7} Aoprlrlo] £ 2L AFTTR
SHATK(BIe 7, 2009). 109 EAA thEojFO R
AR 4o o2 F2e] fo] el 4, S4le]
e Aol AT o] Aolrrhs Salu §45 2
o] thas 7hagl Jolx A 4Jske] Helat Soke] 2
Mo] 7}l A0 wekelrk

Koi7)ell 3% 412, B17] Wl uj7bAbe] ] WUAL
427} 5 ofFrrhs 7 Lehgth 2ARK Aol A
HSIO|A] 42413 of ol 4] 2 Xjo] & HolA] gFout,
S04 HiZbAE] B SR 2t whe g
o] AASHE 2o Uieht olefah ko] Lehut
202 gk

£ 2| 7ollA] 2AE A5E 7|22 Sho] PHABSIM
O ARG APHT At Aol whet 24 go
o] Zjol% BejFglon, olof weby WUAE s}
2 Bojair. o] AYolA] 42, 317] Ul u7hale]
2 AR APPSO 23 24 U T ol
o= 2 gsto] AefHS ANNFE Hol Hlea
EPEEPICEL

—‘-1'—‘ oL

~

on, AT} o] FARE o] gdto] A4 A3t
T A5HSDE 43S
(PHABSIM) 2.2 22,
2 ke Ak
2 2o A ARE o= 63 20% 57909
o, S8 1] 2n)(30.4%), oF-HE-2 4121(20.9%)
2 Uepgth IBI9F QHEL:= A o= Wz
£ Hadls S 2ok IBl= 243638+ 30.9
A)Hoz FsAEolH, Hit QHEI= 162.8Ho =

A E ok 5459 HSI= 5] 7P Wt
H 8Y(IE)o] 0.5~1.0 misec (3]E]), 0.7~0.9
m/sec(EaL7]), 0~0.7 m/sec (H7IAEDZ 714 33
Q3 M$IE UERicE 3504 =4 AE I BAY
©] 0.2~0.5 mof|A] HSIE YeR It} s &+ 4
27} 7F=A(3.0) ~ SEHE(5.0) 2 VEbton, S
719} w7 AR = el ~SEkER UElyith 9f2]e] 4
© 4900)| 42 m'/s2HE 8K 12.0 m’/s9t 100 6.5
m’/s 2§20 S71E 2 uf, ZH A(cell)ol] T WUA
o] 44Kt} 8t 10¥o] 71 A= Yepyith &2
Aol A AR AR7E 7|22 3}o] PHABSIMO.2
RS AR A Aol whet 24 feke] 2
o|F Hojglom, olo wEta WUARE H3HE &
o8It o] A JoflA] 412, Za17] W w7 2 A
B2 APt o, 5 24 9 o oFoll=
- gato] el AlAlT= Aol vEA & A
o2 AlmEck

o

o 2 o

An, G. K, Jung, S. H., Choi, S. S., 2001, An evaluation
on health conditions of Pyong chang river using the
index of biological integrity (IBI and qualitative
habitat evaluation index (QHEI), Korean J. Limnol.,
34, 153-165.

Arthington, A. H., Bunn, S. E., Poff, N. L., Naiman, R.
J., 2006, The challenges of providing environmental
flow rules to sustain river ecosystem, Ecol. Appl.,
16, 1311-1318.

Bunn, S. E., Arthington, A. H., 2002, Basic principles
and ecological consequences of altered flow
regimes for aquatic biodiversity, Environ. Manage.,
30, 492-507.

Choi, J. K. Choi, J. S. Sin, H. S. Park S. C., 2005, Study
on the dynamics of the fish Community in the lake
Hoengseong region. Korean J. Limnol., 38, 188-195.

Gore, J. A., Nestler, J. M., Layzer J. B., 1989, Instream
flow predictions and management options for biota
affected by peaking-power hydroelectric operations,
Regul. Rivers, 3,, 35-48.

Hur, J. W. Kang, H. S., Jang, M. H., 2011a, Investigation
on physical habitat condition and fish fauna in Dal
stream of Han river basin,, Korean Soc. Environ.



oot
ox,
i)
o

ol

R EOEEEE EEDERR LR 935

Eng., 33(8), 564-571.

Hur, J. W., In, D.S., Jang, M.H., Kang, H.S., Kang,
K.H., 2011b, Assessment of inhabitation and species
diversity of fish to substrate size in the Geum river
basin. J. Environ. Imp. Asses., 20(6), 845-856.

Hur, J. W., Park, JW., Kang, S.U., Kim, J., 2009a,
Estimation of fish fauna and habitat suitability
index in the Geum river basin, Korean J. Env. Eco.,
23(6), 516-527.

Hur, J. W., Park, J.W., Kim, J., 2009b, Physical habitat
assessment of Microphysogobio longidorsalisin the
Han River Basin, J. Hydrol. Environ., 5(1), 49-56.

Hur, J. W., Park, S.Y., Kang, S.U., Kim, J., 2009c,
Physical habitat assessment of palechub (Zacco
platypus) to stream orders in the Geum river basin,
Korean J. Environ. Biol., 27(4), 397-405.

Hur, J. W., Seo, J. W., 2011, Investigation on physical
habitat condition of Korean chub (Zacco koreanus)
in typical streams of the Han river, J. Environ. Imp.
Asses., 20(2), 206-214.

Hur, JW., Kim, J., 2009, Assessment of riverine health
condition and estimation of optimal ecological
flowrate considering fish habitat in downstream of
yongdam dam, J. Korea Water Resour. Assoc.,
42(6), 481-491.

Jeon, S. R., 1980, Studies on the distribution of freshwater
fishes from Korea, Ph.D. Thesis, Choongang Univ.,
91 pp.

Karr, J. R. 1981, Assessment of biotic integrity using
fish communities, Fishieries, 6, 21-27.

Kim, I. S., Park, J. Y., 2002, Freshwater Fishes of
Korea, Kyohak Publishing Co., Ltd. 465 pp.

Kim, K. H., Cho, W.C., Jeon, B.H., 2000, Estimation of
suitable flow needs for maintaining fish habitat
conditions using water quantity and quality simulation,
J. Korea Water Resour. Assoc., 33, 3-14.

Lee, S., Kim, J. C., Hur, J.W., 2013, Assessment of
ecological flowrate by flow duration and environmental
management class in the Geum River, Korea.
Environ. Earth Sci., 68, 1107-1118.

Margalef, R. 1968, Perspectives in Ecological Theory,
Chicago, 111 pp.

Ministry of Land, Transport and Maritime Affairs, 2009,
Flow Rate Calculation Considering the natural and
social environment to improve regional river

maintenance and Procurement (Han River Basin).
Han River Flood Control Office, 928 pp.

Nelson, J. S., 1994, Fishes of the world, John Wiely and
Sons, New York, 600 pp.

Nilsson, C., Svedmark, M., 2002, Basic principles and
ecological consequences of changing water regime:
riparian plant communities, Environ. Manage., 30,
468-480.

Oh, K. Y, Jung, S. M., Lee, J. H., Choi, K. H., Kim, D.
H., 2008, Estimation of optimum flow needed for
fish habitat by application of one and two
dimensional physical habitat simulation model-
focused on Zacco platypus, J. Korean Soc. Hazard
Mitiga., 8, 117-123.

Petts, G. E., Maddock, I., 1998, Flow allocation for in
river needs, The river handbook hydrological and
ecological principles, 2, 289-307.

Pielou, E. C., 1975, Ecological Diversity, Wiley, New
York, 165 pp.

Plafkin, J. L., Barbour, M.T., Porter, K.D., Gross, S. K.,
Hughes, R. M., 1989, Rapid assessment protocols
for use in streams and rivers: benthic macroinvertebrats
and fish, A/444/4-89-001, Office of Water
Regulations and Standards, U.S.EPA, Washington,
DC, USA.

Simpson, E. H., 1949, Measurement of diversity,
Nature, 163, 688 pp.

Song, H. B., Kwon, O. K., Jeon, S. H., Kim, H. J., Cho,
K. S., 1995, Fish fauna of the upper sum river in
Hoengsong, Korean J. Limnol., 28, 255-232.

Sung, H. D, Park, B. J., Ju, K. J., Jung, K. S., 2005, The
estimation of ecological flow recommendations for
fish habitat. J. Korea Water Resour. Assoc., 38,
545-554.

Wentworth, C. K., 1922, A scale of grade and class
terms for clastic sediments. J. Geol., 30, 377-392.

Woo, H. S., 2001, River hydraulics, Changmoon
Publishing Co., Ltd. pp. 363.

Woo, H. S,, Lee, J. W., Kim,, K. H., 1998, Development
of a method for determination of instream flow
needs required for fish habitat conservation-
application to the Keum river, Korean Soc. Environ.
Eng., 18, 339-350.





