Sehtele] AA 73RS 1,000~1,800 mm A o]}

Korean J. Limnol. 39 (2) : 167~177(2006)

< = = =
=459 27 o /73 54 AF
olatet - EMA - ol B - Heg!
delst . 5129 - UM 7? - UYH?
(FAN S BT, e sta A e, At et

A Study of Water Quality and Fish Community in Lake Doam. Lee, Sang-Ha, Jae-seok
Choil*, Kwang-yeol Lee?, Young-su Jang?!, In-soo Lim?, Woo-myung Heo, Jai-ku Kim? and
Bomchul Kim? (Department of Environmental Engineering, Samcheok National University,
Samcheok 245-711, Korea; !Department of Biology, ?Department of Environmental Science,
Kangwon National University, Chuncheon 200-701, Korea)

Both fish community and water quality in Lake Doam were investigated from
September 2004 to August 2005. The turbidity of Lake Doam located in the upper
region of the Songchun River in the South River system, Korea was high whole year
due to the effects of distributed non point source pollutions in the watersheds.
During the experimental periods, mean concentration of chlorophyll-a in epilimnet-
ic layer (0~5m) was 18.5 g L™! and transparency ranged from 0.3 m to 2.4 m. Average
TP and TN concentrations were 111 g L™! and 4.1 mg L%, respectively. Lake was
classified as eutrophic state based on the nutrient concentrations suggested by U.S.
EPA (1976). Total number of fish collected in Lake Doam was 9,600 individuals in 26
species of 6 family. Both dominant and subdominant species in the lake were P.
herzi (34.6%) and Z. platypus (22.5%), respectively. Occurrence of water column
species was high at upper region of the lake, whereas benthic type of species highly
appeared in downstream area. The different fish assemblage between upper and
lower area would be considered as the difference of bottom substrate and concen-
trations of suspended solids. In addition high appearance of Comat type of fish that
is hybrid between gold fish (C. auratus) and C. auratus was found in the lake. It was
unclear the reasons that high proportion of mutant species appeared in the lake.
More researches are required in this area in future.

Key words : Lake Doam, eutrophic state, fish community, pollutant barrier, hybrid

o), $424, A71E 53 2e

M 2 o} (Watters, 1996). 21} =}edalA ol A

A
dez=el W

gol §71% % JFRFE) ARE 274713 A

3 5 A 2

Aape F3 A AL 4T o

4713 Aoz ol Bierel ATHR, vy
o 3 A FA A TR olg TPeT AL

W 25 A oleh Fhel: oF 18,000709] =3 2
& dgsr) glem, oF HEe Whes, +A8 B

A7} ¢l5} (Naiman and Melillo, 1986; Johnston, 1995).
E3] 7)o A= pEe] YelERe) Hoemxo
SHES Y L ARG 2 AN 23, Aol
7L A A Aol s AeiA Akl A

Nl

mln

2
|
2]

A

* Corresponding author: Tel: 033) 250-8405, Fax: 033) 251-3990, E-mail: gobiobotia@hanmail.net

— 167—



168 oAbl - E|xHA - o] . R4
2 W3s 2930H(F 5, 1999).

e s AT =9 SRl AAEH, e
W AR 0L ol o WA 49 dHges
44" Qs wtse FdETe] 1449 km?,
Zx)2x2Fo] 5,100 m?, S-&A5aFo] 4,000 m?, Z=2]5HA
A FA|7ke] 0.3949, HF2Ao] 26 mel vlwA %3 <l
Fzgelth(F 5, 1995h). =5ks ool of 700]7]2]
TR 54, 27, B2 9 2R Fol 25T Qo]
B 2ddEe] FUE A AAelu 53] 19904
o o] & A& =713 wElR] Aaw B S 09ddo
2RE f5E o] eguslek o fel AFAY
o= BT} T wF 27| HE ¥ojoks) #AMS Moot

=30 A ¥ A7 =950 FoJoFE Al
(A %.1995b), $AFFFAL] $4 9 ednelTF E
ol a3t AT (3] ¥, 1995) ¥ $HRAe] $ARNAEA
3B 32 (3] 5, 2001)7F 9lew, AYejAlel 3
T AT IEAETAF Baxel A R 8 EA
A i AR 2AH(1994)9} gHpe) =9t g
WA g £4H2001), 29 E S SR A
A gl SeAe) A 24H2002)7F §lE o] Aol w4
o) ATE FAHSHAM o] Foixlon, AehAl %

; 4
I \ ﬁl
'Hoenggye-ri

Doam-myeon

1"
'st.1
| Gangwon-do
Pyeongchang-gun
®5t.2
Suha-ri
St.3.4
r’ St. 7. Lake Doam
}' stiam " al
e &
St.5 St.6 Daegi-ri

St. 8
i

L-"'"' . 0 1

2km

A0l - 3 2Y - AT - AHA

ATE SR oz o]FfH A wlg- w|n]FE AR o]
. B8-0] 199433} 20023 =9 &L A FAF B 119
5 FAAEA (FEER, AN FHFFE, o7
zARIl o, ol sl & A7 sk &3t
& A= o]Folx ] AR AT AA |
e =935 W] AeAE BE g5 H RookstE
olgh v A sPHAE A L] Wsh= v8y shetalr] o
Hyoge AzEc 2 AT w3 sy FA
o2 ARsbdat shRebde] Eeldshd el A

A o, T g

)

B E4E shebstel, 25 FA6 Wbl mE B
7140 gAY A7) xR AT
A gk,
ME Wy

I ER

SR 2= 20049 9YEE] 20059 5YU7FR] Au]A]7]
£ AS)3k % 83 AT AL =9E 9]
S 4 A7 V) A4, 29 6 A4 2 2 37
S 1) A4 Agshadet (Fig. 1a). 244 2 A7)
£ bt Aok

\ i y
I \ #
‘Hoenggye-ri

TSt 1w

Doam-myeon

b Slt' 2 Gangwon-do
Pyeongchang-gun

oSt 3 yeong g9-9

Suha-ri
St.4 =
Lake Doam
St 5 " ake Doal
-

St. 6 Daegi-ri
Ll

0 1 2km

(a) Water sampling

(b) Fish sampling

Fig. 1. Map showing the sampling site in Lake Doam.



A Study of Water Quality and Fish Community in Lake Doam 169

(
-~

AA 1
A4 2:
A4 3:
AA 4

YA =4
Sote] mghE U
et 912 (EhA4)

48] 72 0.5km spi}

O O- 0O

oft ofl ofh ofh
3

o o
Mo e
f
o
=D R = o)

A4 59T ok eke) Wek 1km A
A 617 = ahel W 05km Y

AR 7 AR w3 ek B (@A)
A% 8: 744 Skl U7 whiel (H5hR)

12} ZA} 1 2004 99 249
23} A} 120049 109 139
33} A} 120049 1149 189
4z 24} 1200449 129 169
53} A} 120059 49 149
63} A} 120054 4% 299
72} A} 120054 59 13
82} 24} 120054 59 259

34 A8E AA 744 44 0, 2,5, 10, 20, 30 ¥ 40
mej| Al PVC Van Dorn =715 o] §-3}e] A 4=3}9] om,
3 8 AHE mFoA Ak Alses AR &
"k ZA] GFI/C filter paper2 o] 3}3}3] o n, o I} 1
FXF 397t chlorophyll-a 5= ZAel AH3-31ic).
Chl. a =%* Lorenzen (1967)2] H}H& Al&3le] AAE
S3ieh Ashole gEaele) 2 (DIP) % A23A (NHy
N, HOs-N)ol| AR8-3}9iom F11(TP) ¥ FAA(TN) &
A Are odan @ Ang Agsd $71¢
(DIP)-2- Standard Methods (APHA, 1992)2] ascorbic
acidj o2 BA3IY] on, &g (TP)2 A8 250mLE Y
2R #5153 vl7) Standard Methods2] persulfate diges-
tionz} ascorbic acid¥el] we} &A%}t AAE= cad-
mium YYo= BAM3F9l (BRAN+LUEBBE, Auto-
Analyzer3). COD: F7Habs (2o TAHAE
ez, B xE 30cm FHERS ARt SA 3
dow, B4EA (55 AF FHPoz 24
P2 (2 224, 4 FEAM4 (Azide modification), A7]A
E%(YSI 30) 2 pH (Mettler Toledo, MP120)= &}
A 2559

JCEES

o]RzAl= EA72 A|95lT 20054 4YHE 8Y7}

A 38le) AR AAslon], 2GS £45E T
oz $5 4 A7 ) AR, 30 20 A4,
T3 9 ek 1) ARE w3 o) AE A
Qe (Fig. 10). 2404 2 A7) oo 2en

A4 1373 =5 AR 2 opA

A 2: B =91 F3te

AA 3BT =41 k] =EE AN

A4 4G =9 ek 2 (EWAA)

A4 51 AT =9 45k WS 1.5km A
(EHA14)

A% 6: 7054 Skl U171 wighel (Fak)

12} ZA}F 120059 49 99U ~4Y 239
22} A} 12005 59 209 ~54Y 304
3x} 24} 120059 8% 264 ~8Y 314

o fmee] AR spve) Agelns
5x5mm, 20 X 20 mm)-2- 48A| 7} AX|q & o] F
shelom, f1ahd 9 W SRe) ARelAE T (2%
7x7mm: 143)2} S (FE 4X4mm: 408) 2 ALEF
Ack AR o7 Aol A 10% z=dAge oz
At ¥ A= ksl §A4 - ERsksla, FEe A
A3}t $FFE ZARG. o7 FANE A A
X wER AR (R, 1977 3 5, 1090; A 7,
1993; 71, 1997; 7=} 1}, 2002)2 o]&-3kg] o], H7) Al
= Nelson (1994)& u}gte}. A %= Cummins (1962)
o e} Hfalalc.

i
=
a
Kl
ik

ZA7)17F E9)F 428 4.0~225°Co|glom, 8%} xA}F
Al St. 80| 225°CE =9}, 53} FAFA] St. 72 $4]
30me} 40 mej|A] 4°C2 ket (Table 1). 22| AHH
A FEZE 13 AR A 5m Bl A -0k
743 HAE R o 43 AN E $FE7) (turn-
over)o2 <lsf A fFo] 1274 EFHAH (Fig. 2a).
ol 7| Fel &3l 3450 Yuk¥al dAto=w 2
FoA = YeEldt} (Horne and Goldman, 1994). pH:
6.5~9.60]9] o™, 82} FAFA] St. 504 9.607 =9},
32} 2AHA] St. 62] 224l 5mellA] 6,55 Wit} (Table 1).

ol A mE HEEFIES H3A el He=



170 ol4kst - HAHA - O|TY - BYF -

Table 1. A statistical summary of physical and chemical
parameters (average date of all site).

Mean SD SE Range N
Transperancy 08 05 00 03-24 116

(m)

T(Gz','g)perat”re 105 49 04 40~225 115
pH 74 08 01 65~96 132
Conductivity .

S em-) 1221 214 19 67.4~211.0 132
Turbidity (NTU) 248 254 22  1.6~130.0 131
DO (mg L™Y) 89 26 02 10~126 130
BOD (mg LY 1.0 08 01 01~45 116
SS(mg L™ 169 164 1.4 2.8~904 115
COD (mg LY 34 14 01 09~6.6 130
TN (mg L™ 41 09 01 31~80 130
NO,-N (mg LY 36 08 01 21~72 130

NH;-N(mg L™ 0.036 0.041 0.004 0.000~0.287 130

TP (ug LY 111 91 8  23~475 130
DIP (ug LY 35 19 2 2~85 130
DOC (mg LY 20 10 01 09~71 129
Chl. a(pg LY 63 91 09 00~387 110

SD: Standard Deviation SE: Standard Error (SD/N°®)
N: Numbers sampled

Helth B e= 0.3~24mygoen, 83 xAFA] St. 59}
6ollA] 2.4m=E =9ka1, 33} FRAFA] St. 264 0.3m=E
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Fig. 2. Seasonal and stational variation of quality in Lake doam (St. 7).
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T wRLE F2AT7] Wil Ao Alsdnh
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Table 2. List and individual number of fishes in Lake Doam.
Site
Species Total RA Remarks
1 2 3 4 5 6
Cyprinidae
Carassius auratus 1 232 106 339 35 Pr
Carassius auratus (Gold-type) 1 6 7 0.1 Pr
Carassius auratus (Hybrid-type) 57 26 83 0.9 Pr
Acheilognathus signifer 1 1 0.0 Pr, E
Pseudorasbora parva 6 36 862 2 906 9.4 Pr
Pungtungia herzi 1 97 288 2,882 50 3,318 34.6 Pr
Pseudopungtungia tenuicorpa 1 1 0.0 Pr, E
Coreoleuciscus splendidus 8 8 0.1 Pr, E
Ladislavia tazanowskii 48 124 5 356 2 535 5.6 Pr
Hemibarbus longirostris 22 187 437 1 647 6.7 Pr
Hemibarbus mylodon 9 1 10 0.1 Pr, E
Pseudogobio esocinus 3 11 1 5 20 0.2 Pr
Microphysogobio yaluensis 2 3 1 6 0.1 Pr, E
Microphysogobio longidorsalis 3 2 13 17 35 0.4 Pr, E
Rhynchocypris oxycephalus 3 3 0.0 Pr
Rhynchocypris lagowskii 9 9 0.1 Pr
Rhynchocypris kumgangensis 233 122 70 76 3 504 5.2 Pr, E
Zacco temminckii 1 1 37 6 70 20 135 14 Pr
Zacco platypus 15 209 904 977 55 2,160 225 Pr
Cobitidae
Orthrias nudus 47 22 3 72 0.7 Pr
Lefua costata 4 1 5 0.0 Pr
Misgurnus anguillicaudatus 9 9 0.1 Pr
Iksookimia koreensis 44 7 48 46 145 1.5 Pr, E
Koreocobitis rotundicaudata 1 163 11 175 18 Pr, E
Siluridae
Silurus microdorsalis 9 2 11 0.1 Pr, E
Amblycipitidae
Liobagrus andersoni 1 1 2 0.0 Pr, E
Osmeridae
Hypomesus olidus 2 24 411 15 452 4.7 Ph
Salmonidae
Onchorhynchus mykiss 0.0 Ph
Family 2 2 3 2 5 6 6
Species 7 11 15 9 19 16 26
No. individuals 338 338 486 1,737 6,472 229 9,600

E: Korean endemic species, Pr: Primary freshwater, Ph: Peripheral freshwater, RA: relative abundance

tazanowskii) 5.6% (53571 )) 52 o= Pt (Fig.
4). o] ¢} zro] Aol F=2 AA e oFoz UHA =
7] (P. herzi)7} $AZFo= ZJ3 A 34 A
ZF 53 Atet Ao v o] £ 349 A F
Z7|8E RS Ryva 7 5 (1995h)> Hi
sglom, B Al E Roj e = vElyiel 1Ejn
2 B 22 1A a4z EEjHel swsie) B
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Fig. 4. Relative abundance of fish species collected at [] Cobble(64~256mm) [ Gravel (2~16 mm)
Lake Doam.

Fig. 6. Substrate composition of 4 sites in Lake Doam.
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Fig. 5. Fish composition of pelagic and benthic species in v Lo Ac‘(\e"“gp

the sampling site.
Fig. 7. Analysis of C. auratus collected at three lakes.
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Fig. 9. The photographs of C. auratus (Hybrid type).

738k B (C. auratus)7} o] AA=FCh 23 (H,
2005b)9} A7 5 (3, 20052)2] 7% A FFHo] 9
A7 QFsPel= B3k 5ol (C. auratus)?] &3
FAhe 7tz 2470 A) (0.3%), 3270 A (0.7%)F H.9] b el
B oA 428704 (4.5%) 2 w]$- =9k} (Fig. 7). o]&
=37, 5 °ﬂ‘°§°"‘“‘ gl T WA A=) Sl
223l Aks

E ]"1 %91%l Aoz Hel: Comat (Gold fishyo]zt=
o] (C. auratus)El 3 F23} wxkEl 2o (C. auratus-
Hybrid type)7} A2 WA vlzA =2 u|fql
21.0% (9071 A= el 7 o))} (Figs. 8, 9). =3t walE
o (C. auratus-Hybrid type)] H]&2 A rgn|, HA =2
Qo) 5o o4 58 A AEIG o wold 7

o2 AT WA el WAL ok = Ao
W A, Fejeh, aogead, sastd 5, el
el 9 ALY AT ohEeldet B Aow A

ZAH1994)9} =9 RAIY S 2AE =9 3R &
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3} 20024 ZAWIAE 27 33 15% 2 63} 225 ] 3
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o B 2N AE FET 5L AV W5
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costata), 18] 12 F-X|7) 4o (O. mykiss) 5 4%Fo] &qlE
Atk (Table 3). & FAlA Z#3 HEX] (R. oxyceph-
alus), H &7} (R. lagowskii)= AFZHAI 2] AFF-3bAdel Al
Ashe Aoz dezlen, o 59 FUL s 4
e £AFe P Aow ARdch 53 W)
(R. lagowskii)&= F2 Fd|toz fY=+& o =
= Aoz oA et (#, 1997) A - el 2 R
t M= 48 Rx3tx gduar F(1973)% A
(1989, 1998)°] ¥ 313+ u} )}

elM dgg 32l g5 (C. auratus-Hybrid type)
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Table 3. Comparison of previous and this investigations
on the fish communities in Lake Doam.

1994 2002

Present

Species (inflow) (outflow) study

Cyprinidae

Carassius auratus ° .

Acheilognathus signifer ° °

Pseudorasbora parva ° °

Pungtungia herzi . . .

Pseudopungtungia o o .

tenuicorpus

Coreoleuciscus splendidus . ° °

Ladislavia tazanowskii . . °

Hemibarbus longirostris ° . °

Hemibarbus mylodon . .

Pseudogobio esocinus . ° °

Microphysogobio yaluensis . ° °

Microphysogobio longidorsalis e ° °

Rhynchocypris oxycephalus °

Rhynchocypris lagowskii °

Rhynchocypris kumgangensis e ° .

Zacco temmincki ° ° °

Zacco platypus ° ° °
Cobitidae

Orthrias nudus . . .

Lefua costata °

Misgurnus anguillicaudatus . ° .

Iksookimia koreensis ° .

Koreocobitis rotundicaudata . ° °
Siluridae

Silurus microdorsalis . °
Amblycipitidae

Liobagrus andersoni . .
Osmeridae

Hypomesus olidus ° ]
Salmonidae

Brachymystax lenok

tsinlingensis ®
Onchorhynchus mykiss °
Total 3/15 5/22 6/26

Aaha gle] olel] & ATsh vwe] mx) A A
714 2AF Bediekn Abzdot 3 19944 AL
Nz 2aGAT B 2N S 238A] e Fe
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=
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(0~5m)e] 185pug L%, F91-> ¢ 11ipg L, 34
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oA AAIG Redfst A es A pEoIA o A
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w59 R4S % 63 26% 060071417 AR H
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