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Abstract

The key objective of this study was to evaluate trophic state and empirical water quality models along with analysis
of fish trophic guilds in relation to water chemistry (N, P). Trophic state index (TSl), based on total phosphorus (TP)
and chlorophyll-a (CHL), ranged between oligotrophic and hypereutrophic state, by the criteria of Nirnberg(1996), and
was lower than the trophic state of total nitrogen (TN). Trophic relations of Secchi depth (SD), TN, TP, and CHL were
compared using an empirical models of premonsoon (Pr), monsoon (Mo), and postmonsoon (Po). The model analysis
indicated that the variation in water transparency of Secchi depth (SD) was largely accounted (p < 0.001, range of R?
0.76 - 0.80) by TP during the seasons of Mo and Po and that the variation of CHL was accounted (p < 0.001, R? =
0.70) up to 70% by TP during the Po season. The eutrophication tendency, based on the TSltp vs. TSInp Were
predictable (R2 ranged 0.85 - 0.90, p < 0.001), slope and y intercept indicated low seasonal variability. In the mean
time, TSIn:p vS. TSl had @ monsoon seasonality in relation to values of TSI.p during the monsoon season due to a
dilution of reservoir waters by strong monsoon rainfall. Trophic compositions of reservoir fish reflected ambient
contents of TN, TP, and CHL in the reservoir waters. Thus, the proportions of omnivore fish increased with greater
trophic conditions of TP, TN and CHL and the proportions of insectivore fish decreased with greater trophic
conditions.

Key words: Artificial reservoir, Empirical water quality model, Trophic guild

M2 FoaA], Aesels 2 Usty Pyupge] TEAom

th=7] dizo]l Ao) e Rz 9 EA4Jo] Akt

Sjul 4= 98% ool A eR AH <l ol T2 7o & oA 9itiThornton, 1990; Wetzel,
Received 19 March, 2014; Revised 24 June, 2014; © The Korean Environmental Sciences Society. All rights reserved.

Accepted 1 July, 2014 @ This is an Open-Access article distributed under the terms of the

"Corresponding author : Kwang-Guk An, Department of Biological ~ Creative Commons Attribution Non-Commercial License (http:/
Sciences, Chungnam National University, Dagjeon 305-764, Korea creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
Phone: +82-42-821-6408 non-commercia use, distribution, and reproduction in any medium,
E-mail: kgan@cnu.ac.kr provided the original work is properly cited.



1322 3 - T - kg

1990). 53] thE A¥o= HlwA Y o] 349

| oet Fao] =7] wZ
(Thornton, 1990), A] - 31407 4gj=Fsh4 o5
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&5 2 Hkgsio] Carlson(1977)0f] 2fsto] 7= ek
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secchi depth (TSlsp), TSI chlorophyll-a (TSlchl), TSI
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Fig. 1. Map showing the location of 10 dam reservoirs
(solid squre, ) and 13 agricultural reservoirs (solid
circle, @).
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offol thet E=g] A= F4.2- An 5(2006)°]] ©lsi
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oA ERg AE #40f o]gH oFo] FAF
B (proportion of omnivore species, Omnivores
(%))} Z2] v} (proportion of insectivore species,
Insectivores (%)) & A= 0 & AbgslglaL, o]slsha]
5 54 (TN, TP, SD, CHL)ake] A5 £41519ct.
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3.1 A7IE SSE

Selu} 23719) | Q1S 9 58 A=A tigh
A oFAtel= Wetzel (1975) 2} Nurnberg(1996) 7} A4k

54 71200 ofAsto] B4l o, olof tigh T4
A F484 (TN), 321 (TP) 2 H54a (CHL) 9| J<
“Jelli= Fig. 29} 2t

FA4 (TN)Q] gk 1390 pgll, H$I= 676 -
3,732 g/l 2 YERGA Nirnberg(1996) 9] 7150 27
Sto] FGoF (529%0) 1} Y (47%) JE2 H71=S
th TNO| ste= Aupd7|Re Auksr]of o] 27714
A2 ZJol7} uje- Zglom, o]i= one-way ANOVA
HIAEO] Auolla] AI7ER ozt Zpol7} gl A
2 BAE|9t} (p = 066, n = 69, F = 0.42). Parkx}
An(2007)2- thd Q1E-5.0] A% TN 5e+= 1,784 pg
IL, Lee 5(2007)9] Atollxl= U8 AR Bt
TN 557} 1,320 pg/l, TNS] FQ B3z H9)= 600 ug
L oPgoleh= Auks Harslgal & Aolie =2
Batihke Bo| HPY T= APl Ao R BAE
QitiTable 2).

SEsoA F21 (TP)Y] e 44 (TN)] 52
o} F55H| tju|=l= A o2 Yl tiFig. 1). TP
FIeE Bl w2, F9F AJH (61%)<] 54250]
7P Eekom, FPe (30%), AU (9%) o= 24
E|QtHTable 2). 1efut A7 gopde] 4ol o=
H, Fupd7lolli= $9Y dH (52%)= 7P =A Vet
WL, Auprlells £ (52%), k7ol $3Y
(52%) el = VrEbsIT o|2fgh TPY] Jdel =2 &
2] Bt A ] RO E QIR TP 5=
71l ofgt A o= AlmEItKong 5, 2009; Lee 5,
2002; Lee =, 2010).

25 AAEF gt e s = gEi-a
(CHL)S] 5% Hloli= TP 5k Blo|2t FART HEFS
Hol= Ao & LethFg. 2). CHLO| FFade H7t
of| W=, FFU (44%), F-FU (39%), 1FY (9%),
H19%F (9%) o] oA = UiehL) 9FA] 21 TPRE-FARRE
73S BaL A7 CHLY| el dnbdr] &
B (56%), Fulr] FFF (48%), Fuker] TS
(4A%) JHE Hofo] 7t 2 N Bl 102 Vet
st oleet Aik= o W Ad (N) Eek= 21 (P) 2 &
Erb 1x; Aol 2]l RS vXitks Andt
Park(2002) 9] e} Hiel= Wgolztal & 4= ik
AEA O, 7] 372 IE o]8sto] T420] b
B B7 k= T TS 70 & 470l viRIsHA]
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Fig. 2. Box and whisker plot of total nitrogen (TN), total phosphorus (TP), and chlorophyll-a (CHL) concentrations in 23
artificial Dam reservoirs and agricultural reservoirs. Oligotrophic, mesotrophic, eutrophic, and hypereutrophic state

indicate OT, MT, ET, and HT.

Table 2. Seasona distribution of trophic status of total nitrogen (TN), total phophorus (TP), and chlorophyll-a (CHL) in the

23 reservoirs
) Total nitrogen (TN) Total phosphorus (TP) Chlorophyll-a (CHL)
Trophic class
Pr Mo Po Tota Pr Mo Po Tota Pr Mo Po Total

Hypereutrophy (%) 52 65 48 52 9 13 9 9 9 13 17 9
Eutrophy (%) 48 26 48 48 39 52 39 30 48 35 39
Mesotrophy (%) 4 4 52 35 52 61 56 39 14 a4
Oligotrophy (%) 4 4 9

QLOT(AN 5, 2008), WA 110] A et
o] Fa Hlow AREh

3.2, A|7|¥ Nutrient-CHL Z&X md

A7 TN-CHLE] 7] szl $49e] uh
(Fig. 38), ut7]9} gu}7]o] BAH0R ofet
O = vERe U (p < 0.05), Arrofl= fofskA] oF
Aoz BALqIct (p > 0.05; R? ¥9] = 0.04 - 0.24).
wbelol, TR-CHL =2slo] gk 29 3i7 24 2z}

rlo o rﬂ

(Fig. 3b)= W A7)0l BAR O R fofgt ZloR &
A1 (p < 0.001), R°ZEE 0.57 - 0.709] W= U
Bt TNECH= TP 5327} CHL 520 tsle] Aigk
JoFAFE A= 2 o0& BALQck TP-CHL =g
2] A7 EAlo] w2, Fulg]ol= R = 0.70 (p <
0.001) 0 & 7P -2 A Hel 7l o & et
AnT} Park(2002) 2] 915 Az}o]| oJa}H TP-CHL &
doflA] =2 71871 3k (@2ty EH7k (b)E ol8sto]
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Fig. 3. Simplelinear regression models of log - transformed TN - CHL (&), TP-CHL (b), TP-SD (c), CHL-SD (d).
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w, Aupd7] (a = 095, b = -0.46)2} HulF7| (a =
100, b = -0.49)= FARE ATLE Helo} Aul] (a
=0.87, b = -0.34)= Aol5 Hol= Aoz A HSICk
53], 47} Rk 4uig)e] TPe] S7H= CHL
T Ao F IS Fr= An 5(2003) 9] A+ At
o} Qlx]elck. 2 gupy|e} gulss|o) TP 5w 5
3| CHLO] 525 A58 5= QXY Anprlofl=t& +
A712} oFE2A| dj&E]o] a7 |7 B9t SAIFAIRE A,
Elpo) o 53} e Selroty Susl) agle
2 2-g3 7 0= LR,

221 (TP)h 5Ae) = (SD)o] ofigt 4% )
el FAof| w=w(Fig. 3¢), Aubd7], dnbr] 9 4
5] BE EAR0R fofgt 2o e BARI (p <
0.001). A|7|'H Ao w2, Hupbd7|e} vlwsto]
n7lo] o AwE (Fupdr), R=049; A

RP=0.76)& W11, mel4]o] a2} b ghollAlw Aup7]

e

(a=-0.56, b = 1.25)¢} A}7] (a= -0.81, b = 1.62) A}
olo] E2gt 2ol Hol= Hoz BAFL o]at
Ank= Aol JEEE 7400| ofsto] QlEs Wi
FRUERE HISRY 718 (NVSS)2] 371 et 314
/3 2l (PP)o] Z718laL o] & QI3 E: (SD)7} 7kl

£ 9 Aufe} AXFHANT} Park, 2002). 31, %
mke7lo] TR-SD =gl Aol 7bg &7 (R* =
0.80) LFERETL o= gulr] 0]3 &4 U] $A1FA7E 2
75 4Rl QP4 Bl o] e} U F-aH(Edmondson
3} Lehman, 1981) ¥ 7124 (9-109) = A= dA)
7 et Fo] Qe Aoz AlRE)

Oglesby 2} chaffner(1975)] 1o wh=w, QMg
H7IER 715 4 Qs 250) AAEF (CHL)S 1%
w7} 271848 By (SD)7} ghashs A 0E Bl
3hat Qlek. & oA i=aa (CHL)Q) =9} £
= (SD)of tat AFA mel Aol w=w(Fig. 3d) 4
u} A7), alr), 221 gulEr) nE 2o s &
oJ5t A 0 & LERAL (p < 0.001), R? Zk2] ¥$j=0.58
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Table 1. Seasonal mean values of trophic guilds (Omnivore & insectivore fish), ambient chmistry (TN, TP), chlorophyll-a
(CHL) concentration, transparency (SD), and Trophic State Indices (TSls) in the 23 reservoirs

. Reservoir N . Trophic guilds TN TP CHL SD
Reservoir type Abbreviation fish species Omnivores Insectivores ) () (gl) (m) TSlin TSl TSleu TSlsp
(%) (%)
Byeokgye Agricultural 1 3 0 33 676 22 72 41 55 49 50 40
Buan Dam 2 9 64 31 1130 12 31 46 58 40 42 38
Soyang Dam 3 14 62 37 1650 20 33 36 61 47 42 42
Yonggye  Agricultural 4 8 43 32 992 28 56 32 57 52 47 43
Geumpung  Agricultural 5 10 14 6 1195 28 124 27 59 52 55 46
Chuncheon Dam 6 8 8 30 1515 25 65 38 60 51 49 41
Wonnam  Agricultural 7 19 37 53 1232 47 73 25 59 60 50 47
Gucheon  Dam 8 14 9 90 1007 12 75 33 57 40 50 43
Yeoncho  Dam 9 12 31 69 859 31 98 19 56 54 53 51
Dongbok  Dam 10 17 40 24 893 16 61 35 57 44 48 42
Daechung  Dam 11 29 30 59 1607 22 91 38 61 49 52 41
Sinchon Agricultural 12 15 89 8 723 17 85 29 55 45 52 45
Daeryong  Agricultural 13 9 55 45 1046 20 55 46 58 47 47 38
Giljeong  Agricultural 14 10 29 43 837 23 55 32 56 49 47 43
Unmun Dam 15 18 7 91 1300 16 52 34 59 44 47 42
Namgang Dam 16 28 62 27 1243 26 6.7 46 59 51 49 38
Idong Agricultural 17 17 40 16 2364 54 144 18 63 62 57 52
Bulgap Agricultural 18 15 8 84 1479 36 107 27 60 56 54 46
Togyo Agricultural 19 11 31 34 809 68 146 2 56 65 57 50
Paldang Dam 20 15 66 28 2343 53 186 17 63 61 59 52
Y edang Agricultural 21 27 96 3 1444 69 236 16 60 65 62 53
Wangsong  Agricultural 22 7 89 3 3732 130 50 08 66 74 69 63
Masan Agricultural 23 15 95 4 1892 101 486 13 62 71 69 56
Mean 14 44 37 1390 38 126 29 60 57 55 45
Median 14 40 32 1232 26 75 32 59 51 50 43
Maximum 29 96 91 3732 130 50 46 66 74 69 63

Minimum 3 0

3 676 12 31 08 55 40 42 38
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Fig. 4. Relationships between TSIn.p and TSI+n (Left panels), TSIn:e and TSIte (Right panels)



AR ool IR Q1S WG ARANHL JPPHARTS), B S w W olR =R T 1329

314:7) 40, Fchgk 745 Vheh} MISJoRE] B 4

Eu)

of olZ7|7kx] 2 wWolE Ml Ao HAwo],
Nurnburg(1996)°]l 2Jal] AlAJEl Foeeio] 71wt 5

A= golet & =

Spolla] Q1 (P s (N)9] A= 27A8EA
£ ok A2 NP | oF wjeh wedo] gle
(Downingx} McCauley, 1992), Zlg]o] zlojof ul=}
Q, A Em Ql Has BT} AR YAE T A
4= Qi (Forsherge} Ryding, 1980). AJ71®H TSIty 1
TSlnpoll et A% 2] 40 Wh=ri(Fig. 4), = Al
7104 FAK R fFolRt Ayt mEEA] ehakent (p
> 0.05), TSIp} TSInp2] TAIA = HE Al710014]
Jslgon (p < 0.001), ¥ A (R* ¥k 085 -
0.90)5 Hel Aoz FAw]lch

H

3.4, 2ELs 0| WE Al7|'E TSlew 2| HO| IHEH

Z52] A (CHL) 4= Yol Fodolsts 4
A ol 22 9l AHel HE 288 5 9lon of
23t PR NP degn|of] oJsf) ek o w40
A TSIre- TSl 5250] 5.2 A =elohs 200] 7]
zs1o] AI71E TSInpet TSIcnol g TAE £499)
HSITkFiG. 5). A1 TSipo] B HISIE Fubity
0.70 - 2.95, A1}7] 0.72 - 2.02, A0}Z7] 0.62 - 3.36
o wagelth 58] Auple] TSipl 7 e 2
32 IS YERSITE olaRt Fake Anbr] set a4
2 Ful= SSefl &fste] TP =7t S7HAN Park,
2002)3+ 7 0 & sekEl) TSIveol Wl TSIgu = vk
wslel geptEle Uerhlek TSt 1 ofail

=~ =

TSlon @] =8 W9 (25% - 75%)= 46 - 66°.& L}E}

TR, Pl Exshe 2om EAEICk
TSIne HEP7FLS - 2 wf Aupxl7] 34 -4602 L}
U RIS, TPl sz 2 o2 HAE o] TSIvert
S7FE TSlond] H9] 2 dFdehe Aashe 4

a2 Uik

3.5, 0{F2 ERL 7dH|

olfo] Erm AeE HAsb] 15 Esel TN,
TP, CHL, SD2] oo tjgt 4] A= (feeding guild)
Ao wh=H, SA o 9 A o159 ZiAle H
& AA 2ol BolFSITHFig. 6). TN, TP @
CHL %t (BatAlr3EsHah o] 40 w=H, TN
2000 pg/L ©]3KFig. 6a, €), TP= 50 pg/L o|sHFig.
6b, f), CHL-> 20 pg/L oJsKFig. 6¢, g)ollA 54148 2
AV offt BT 90 R S Zlo R el
o} E3L A3 o H A oS ARl BleE
Z0] JefrA|e] 550 Tfal 5 - 0% Tyl
TSI Q= A0 BRItk et F44 (TN)]
=71 2000 ugll oA}, TP7F50 ug/l o)A}, CHLo] 20
1glL oV wholli= F-A1E0] oF 30% ol5ke] ZHAl4= Bl
&S veiol F78] Zasiglon] HA5L v
23t =7Hanz} An, 2008; Hwang 5, 2009)& =
of 5] Thgh WA Ash S R LA o
F0] AR Hlo] FHEO 2 BFEE A0 e,

5 Q3T % 54E A ole] B2 A=
S0l thet A TR (SD) 2] ol 244of whzr, <1
350] 77] 9 4m0] S0 djsl Tkt WA} Lhe

100

80

60

TSI(.‘I[I,

40

20

Fig. 5. Seasond variations of TSlch. against TSIn:p.



1330 91 -7

100 100
- -— -
S @ w» (b)
<
- —— [
& oW . [ —
5 : .
- >5— R
-5 40 _:___ . i
?} :"’,_“ e “j';—_f—_.'_-_
Z | . 20 .
= e =

ol e : e . :
1] 1004 2000 000 40 o S0 100 150
TN (pg L) TP (pg L")

100 100
- - . - . |
=
== 8 50
< (e) ("
o - e B — 1
@ 6 - (1]
- .
=
Z o et 0
E = = e
o 0 20 _—

- gt

0 1000 2000 3000 A0 0 50 100 150

TN (gL TP (ug L™

9 - Qbg=
100 | 100
s " () w — (d)
ol o T . '
wlk i, p—) .
[ = ree—
0 * . ! P '
0t . L= | g e
0 20 a0 60 w0 2 4 6 8
CHL (pg L") SD (m)
100 — - — T L
*1 @ " (h)
o (T3t L
a0 . 40 o s
B ¥ —
0 . 20
[ e,
0 . . . ! 0+ . . i
0 0 a0 60 w0 2 4 6 8
CHL (pg L™ SD (m)

Fig. 6. Relations of insectivores (%) (a - d) and omnivores (%) (e - h) to tota nitrogen (TN), total phosphorus (TP),
chlorophyll-a (CHL), and secchi depth (SD). Abbreviations: Insectivores (%) = the proportion of insectivore species,

Omnivores (%) = the proportion of omnivore species.

SrHFig. 6d, h). ERlE Firo] Hxl= Ay
35%= 2 m oA}, 65%= 2 m o]5}E H.on, A4
o} L RHANY o1572] AR 1l T o] 9F30 -
70%2] H9lolli] RESN= oz BAsglch Te
FA|2] Y=o gt (Bt EEHAD 9] MeP7E2 molst
2 2455l 79 F40152 5% oletz e L
T HlEE Holom, R 2 F2jolge 90% o o=
28] 2 WA Bl S Bk

ol At T AEA Ui ) (Pret= A& (N)F
=9 5Aje] B AR ZRHE (£5)9] 134
A¥E 9 ARl Q) SRR 1, oSS 21
ZuARl ojfre] ERY] gz HIVHHOR G
F=Zo02 LehY, 427|9] TSI (trophic state index)=
olte] 439] Holela) Fzol Fagh ke SRz Ao
= A=A

4. 22

B Aol Seere] 237 W olgs W g
A4jo]] Tt o|5ata] 4l of=o] Erulo) gigt
QA Thet o] A =ik

7, 1 AT A2 Nimberg(1996) 71220

oI5k o) TN R/ adepel, TPe}CHLE 2171 1%
FoIFIH He= uERdth Carlson(1977)¢)
TSIt % TSlcu 0159 9 AF= ot vlusls of AL
o YYTHE Bk =4, ERT] Hao] FolA mdl
(empirical model)&E-4Jo]| wh2m, CHL 2] ¥o|= TPoj|
ofsf T2 Arg =3l om, TN Argeo] 79| gl= 2o
= Uehgdth & & A5 AlEeis= o1 (P)ol 14+
Arede 248k AL AAkE B7EE QI AlEA HH
A FAoA= Aol ERg Hag 7ol 71
=& folds Btk A, TSI 2ol oJATE GE4
-a(CHL) 2] o]l o3t N:P2] FafaAlof uk=w, N:P
B2 A (N)of] 2E=A] ¢4at, <1 (P)ol] ofsf =24 =
o] EAIF 0= =0 0 ol (R*=0.85 - 0.90, p < 0.001)
= H3Itk TSle-TSIne K] 7123 TSIne-TSlcu
HEE TSIne7t 57 Rgoll whe} TSl e o] sk 2o
= YERdt YA, offel o] EAof uf=, ofs)
2 4 ofghe 44E (Omnivore) o] AiE-Fe=gs
S7MIFAL $241F (Insectivore) 2] Aria-ies 4
A= Aoz UEi, sofshs ofRe] Erg e
of M Ao Qe T 0w BAE,



A Bol SRt Q15 1 5948 AHOIA] 3

zAe =

B Q17 3R SR Eco-STAR 22
e (TR S B A9 B A
(08-IV-11)] €] A1 52 4| izs Ik

¥2g3

An, K. G., 2000, Monsoon inflow as a major source of
in-lake phosphorus, Korean Journa of Limnology,
33, 222-229.

An, K. G, 2001, Hydrological significance on
interannual variability of cations, anions, and
conductivity in alarge reservoir ecosystem, Korean
Journal of Limnology, 34(1), 1-8.

An, K. G, Park, S. S., 2002, Indirect influence of the
summer monsoon on chlorophyll-total phosphorus
models in reservoirs. a case study, Ecological
Modelling, 152(2 - 3), 191-203.

An, K. G,, Kim, D. S, 2003, Response of lake water
quality to nutrient inputs from various streasmsand in
-lake fishfarms, Water, Air, and Soil Pollution,
149(1 - 4), 27-49.

An, K. G, Park, S. S,, Ahn, K. H., Urchin, C. G., 2003,
Dynamics of nitrogen, phosphorus, algal biomass,
and suspended solidsin an artificial lentic ecosystem
and significant implications of regional hydrology on
trophic status, Journal of Environmental Biology,
24(1), 29-38.

An,K.G., Leg J Y., Bae D.Y., Kim,J H. Hwang, S. J,
Won, D. H., Lee, J. K., Kim, C. S., 2006, Ecological
assessments  of  aquatic  environment  using
multi-metric model in major nationwide stream
watersheds, Journal of Korean Society on Water
Qudlity, 22(5), 796-804.

An, K. G, Kim, J K., Leg, S. J., 2008, Reservoir trophic
state and empiricd model analysis, based on
nutrients, transparency, and chlorophyll-aaong with
their relations among the parameters, Korean Journal
of Environmental Biology, 26(3), 252-263.

An, K. G, Choi, J. W., Lee, Y. J, 2013, Modifications of
ecological trophic structures on chemical gradientsin
lotic ecosystems and their relations to stream
ecosystem health, Animal Cells and Systems, 17(1),
1-10.

FIEAHTS), B3 2 Bl gl o) ERg 1 1331

Barbour, M. T., Gerritsen, J., Synder, B. D., Stribling, J.
B., 1999, Rapid bioassessment protocols for use in
streams and wadeable rivers: periphyton, benthic
macroinvertibrates and fish, 2nd Ed, EPA 841 - B -
99 - 002. U. S. EPA office of water, Washington, D.
C., USA.

Brown, C. D., Hoyer, M. V., Bachmann, R. W., Canfield,
D. E. Jr., 2000, Nutrient-chlorophyll relationships:
an evaluation of empirical nutrient-chlorophyll
models using Florida and north-temperate lake data,
Canadian Journal of Fisheries and Aquatic Sciences,
57, 1574-1583.

Carlson, R. E., 1977, A trophic state index for lakes,
Limnology and Oceanography, 22, 361-369.

Dillon, P. J, Rigler, F. H., 1974, The phosphorus -
chlorophyll relationship in lakes, Limnology and
Oceanography, 19, 767-773.

Downing, J. A., McCauley, E., 1992, The nitrogen:
phosphorus relationship in lakes, Limnology and
Oceanography, 37(5), 936-945.

Drenner, R. W., Smith, J. D., Threlkeld, S. T., 1996, Lake
trophic state and the limnologica effects of
omnivorous fish, Hydrobiologia, 319, 213-223.

Edmondson, W. T., Lehman, J. T., 1981, The effect of
changes in the nutrient income on the condition of
lake Washington, Limnology and Oceanography, 26,
1-29.

Forsberg, C., Ryding, S. O. 1980, Eutrophication
parameters and trophic state in 30 Swedish waste
receiving lakes, Archiv fir Hydrobiologie, 89,
189-207.

Hwang, Y., Han, J. H., An, K. G., 2009, Water quality in
artificial reservoirs and its relations to dominant
reservoir fishes, Korean Journa of Limnology,
42(4), 441-451.

Kratzer, C. R., Brezonik, P. L., 1981, A carlson - type
trophic state index for nitrogen in Florida lakes,
Water Resources Bulletin, 17, 713-715.

Kim, B., Park, J. H., Hwang, G., Jun, M. S, Choi, K.,
2001, Eutrophication of reservoirs in south Korea,
Limnology, 2(3), 223-229.

Kim, B., Kim, Y., 2004, Phosphorus cycle in a deep
reservoir in Asian monsoon area (Lake Soyang,
Korea) and the modeling with a 2-D hydrodynamic
water quality model [CE-QUAL-WZ2], Korean



1332 91 - %

Journal of Limnology, 37(2), 205-212.

Kong, K. H., Lee, J. H., An, K. G., 2009, The analysis of
water quality and suspended solids effects against
transparency of mgjor artificial reservoirs in korea,
Korean Journal of Limnology, 42(2), 221-231.

Lee, H. W., An, K. G,, Park, S. S, 2002, Long-term
annual trend analysis of epilimnetic water quality and
their longitudinal heterogeneties in Lake Soyang,
Korean Journal of Limnology, 35(1), 36-44.

Lee J. H.,Kim,J M.,Kim,D. S,,Hwang, S. J., An,K. G.,
2010, Nutrient and chlorophyll-a dynamics in a
temperate reservoir influenced by Asian monsoon
aong with in situ nutrient enrichment bioassays,
Limnology, 11, 49-62.

Lee J. Y. Lee J H., Shin.K.H.,Hwang, S. J, An,K. G.,
2007, Trophic state and water quality characteristics
of Korean agricultural reservoirs, Korean Journal of
Limnology, 40(2), 223-233.

Nurnberg, K. G., 1996, Trophic state of clear and colored,
soft - and hardwater |akeswith special consideration
of nutrients, anoxia, phytoplankton and fish, Journal
of lake and reservoir management society, 12(4),
432-447.

Oglesby, R. T., Schaffner, W. R., 1975, The response of
lakes to phosphorus, in: Porter, K. S. (ed.), Nitrogen
and phosphorus - food production, waste and the
environment, Chapter 2, Ann Arbor Science
publishers Inc., Michigan, 23-57.

Park, H. J., An, K. G., 2007, Trophic stateindex (TSI) and
empirical models, Based on water quality
parameters, in Korean reservoirs, Korean Journal of
Limnology, 40(1), 14-30.

Park, Y. M., Lee, E. H, Leg, S. J, An, K. G., 2009,
Trophic state characteristics in Topjeong reservoir
and their relations among major quality parameters,
Korean Journa of Limnology, 42(3), 382-393.

Ranta, E., Lindstrom, K., 1993, Theory on fish yield
versus water quality in lakes, Annales Zoologici
Fennici, 30, 71-75.

Ryder, R. A, Kerr, S. R, Loftus, K. H., Regier, H. A,
1974, The morphoedaphic index, a fish yield
estimator - review and evauation, Journa of the
Fisheries Research Board of Canada, 31, 663-688.

Sakamoto, M., 1966, Primary production by
phytoplankton community in some Japanese lakes
and its dependence on lake depth, Archiv fir
Hydrobiologie, 62, 1-28.

Thornton, K. W., 1990, Perspectives on reservoir
limnology. in: Thornton, K. W., Kimmel, B. L.,
Payne, F. E. (eds.) Reservoir Limnology: ecological
perspectives, John Wiley & Sons, New Y ork, 1-4.

Thornton, K. W., 1990, Sedimentary processes. in:
Thornton, K. W., Kimmel, B. L., Payne, F. E. (eds)
Reservoir Limnology: ecological perspectives, John
Wiley & Sons, New York, 43-70.

U.S. EPA., 1976, Water quality criteria research of the
U.S. Environmental protection agency. Proceeding
of an EPA sponsored symposium, EPA - 600 (3 - 76
-079), 185.

U.S. EPA., 1993, Fish field and laboratory methods for
evaluating the biological integrity of surface water.
EPA 600 - R -92 - 111. Environmental monitoring
systems laboratory - cincinati office of modeling,
monitoring system, and quality assurance office of
research development, U. S. EPA, Cincinnati, Ohio
45268. USA.

Vollenweider, R. A., 1968, The scientific basis of lake
and stream eutrophication, with particular reference
to phosphorus and nitrogen as eutrophication factors,
Tech, Rep. OECD. Paris. DAS/CSI/68., 27, 1 - 182.

Wetzedl, E. B., 1975, Limnology. W. B. Saunders Comp.,
Toronto, 743.

Wetzel, R. G., 1990, Reservoir ecosystems. conclusions
and speculations, in: Thornton, K. W., Kimmel, B.
L., Payne, F. E. (eds) Reservoir Limnology:
Ecological perspectives, John Wiley & Sons, New
York, 227-238.



