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Abstract — The purpose of this study was to analyze the trophic structures and the energy flows
in the lower reaches of the Nakdong River using the Ecopath model (Walter et al., 1997). The
sampling and analyses were carried out at 6 sampling sites of the lower reaches of the Nakdong
River on May and November in 2007. Total of 9 groups detritus, macrophytes, phytoplankton,
zooplankton, zoobenthos, Cyprinus carpio, Hemibarbus labeo, Micropterus salmoides and other
fishes were considered to assess the trophic relationship, energy flows and interactions among
them in the study. As a result, it was concluded that the lower reaches of the Nakdong River was
consisted of producers (Detritus, Macrophytes, Phytoplankton), primary consumers (Zooplankton,
Zoobenthos, Cyprinus carpio, Hemibarbus labeo, Other fishes) and secondary consumer (Micropte-
rus salmoides). The total system throughput was estimated at 2.7 kg m~2 year~! including a con-
sumption of 52%, exports of 9.1%, respiratory flows of 18.0% and flows into detritus of 20.9%.
MTI (mixed trophic impacts) analysis demonstrated that Pseudobagrus fulvidraco had positive im-
pact on Cyprinus carpio, Carassius cuvieri and Carassius auratus. On the other hand, other fishes
had negative impact on Cyprinus carpio, Carassius cuvieri and Carassius auratus. Also, all the func-
tional groups except detritus had a negative impact on themselves.

Key words : Ecopath model, energy flows, total system throughput, trophic relationship
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(Stevenson and Pan 1999). =3}, =2l ot3
Erb elde 2 2 fEHE, 29 TR
W gl ol ZA SA4H7]) Wil 2 e o
btz AW FAA A7AHE AGE £ o
o (gF F 2006).

F|Z "3 373 3] (USEPA 1999)el A &
E AEZAE o488 2AH & 37 FE AAsn
Utk AELA L ol 43 e AR A2F AHRE )
AN AA] BARE & o) g3l Adm gl AE
=& ol &% FYriz AFgHoz ot sk AHA
8| 7Vt st e E A2 F Y o F 59
AEZAE o438 HrlEe] dokstA dFdz v
(o] 1998; 733} QF 2006; F = 2006; & 5 2006; 3+ =
2006). 12} A A A= S BAE A olmz
B NAZE o] 47 BM AT &g AEwgro A
HAS g3 gostn A2sirle P (F 2004).
& AAE T e 9 FES M= 4 9
8l 2292 A AV e M2 AAsle
Aol 3low, o]EE SR A T B <A
gl o8] L Tz 7)5o] WHE] Wi o83t
FEE T A 2] AAAQ T F
7} 2 3] A o] nigE oA oF ghv}(Zhang 2002).

Asaeda et al. (2001)2 22¢] 2t @ Fr}, B 29
A 5 AeAE TS A7 ok BAH A
ZAkgol A3 dArEe] mf$ Foslta Baushg] o,
Heath et al. (2003)2 Ho|nhg A= dfdAE 7
o] AdAel FaAde] W= AL 7|5E o)
3 sk v Feg aawta il

upeba] - o JLof| A= Ecopath =2 (Walters et al. 1997)
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Fig. 1. Map showing the sampling sites in the lower reaches of the
Nakdong River.
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AR Al AL, olEF T Feoz FA4™
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o|t12] 3 (Energy balance) Ao ME 7 & A&
o) duiA) U §ae] FHE olFolo} W) 7 1
$7 A FHE e Aol ) 4FE,

Q=P+R+NA 2)

1714 Q% A4] % (Consumption, Q), P= A AFeF (Pro-
duction, P), R & & (Respiration, R), 12| 72 NAE= 1)
%3} =F (Non-assimilated food)olc}t. AefA & FA 3=
IFELS A7l A 226 23 ofvx] 550
2 dZ=e] 317) PRl AR} 3t aw|EE 919
Aoz ®HFE 4 it} (Christensen and Pauly 1992).
Ecopath 22-& Ass}7] 93 €3 7|2 ¢e¥xig
A A HAH 2 2Fol HEk A (B, Biomass)
s A A 8] (P/B ratio), A=A = ¥) (Q/B
ratio), A&} o ok & 8- (ecotrophic efficiency, EE), = o] &A]
(diet composition, DC) 5-2] 227} & &8}

374

24 ke FE7 A 494 A9E 4o 8
3 slem, g 49 A WAL SEEFITAR
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HIAE 23 JEX|9 FAM Fa/Re] g9 A
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3359 Zeole 4 L0melgitt

A MABHE AEES MAA], HolgA, 1
AeEHA 7)%2] AAAA 8] BT 1749 $7]
HAHE2 BRI & F71HA4ES A8 YN E,
AEEHAE, FEEYIE, AMEE, vl (Micropterus
salmoides), °d ) (Cyprinus carpio), %X (Hamibarbus la-
beo), Other fishes 5 97 ZFolv} 1Fo =z FAH
252 YA (B, biomass)zh YA el w3t AYArFe)
] (P/B ratio), A% A& HAF] 1] QB ratio) 5
o Ay WPaAE FU 299 42 A5 O
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A7 AR APE ATt A FHedt o
Zd WHME AL 7223 ZsEe EA (Jones
1984)& S A FAFGI ADE JER8
Abge]l B7seE o daiME AN FtE ol%
3] oFE TS Edz AFAA A AAF
£+ FA3Hd o (3 2008).

33 E BAY (Jones 1984)0) A1&-FHE= Alg: AlFH
A MNA S, o) 2A HUNAA (L), A A2 A

ol ) (3] 9 A9 Al 5e(-) seist

M M

L.—1\x L.—h\x
N=p( ol () ®
=12 L.-1

A7A, NiZ N A% 13 Lol A& AQAASE
ez, Co A% L3 L 73] S 1487 o9 o
A48 vepdc.

£, o fe) Aol Tha AL ¥] (P/B ratio)s
qggez FAe7)d w4 ofeE H¥olrh(Allen
1971). weiA AeiA ) b Bl A% A
Shod SRARA (28 AA T AT AN Hl=
£ 4 e Pauly er al. 2000). 2AARAS 2)e
ARE(S) 2AAE A4Sk a3 el Axbahalnh

Z=-In(S) (4)
714 AL (S)E 188 AEe] AL dRH-AR
A}t (age-length key) S B3l o= 3hilsie] o

= R 5
S YNi+T-1 ®

var(S)=S<S—;_1>
SNi+T-2

7|4, T=Xi - Njod, i Ao =¥ z AEI1FH
£ el

w3 SHAAYA S (D £ A A E) 9 &
A AR A = (M)2] oz AAbgeh B Aol Al
L9 7+ o2 F7ARA A4 (M) Pauly (1984)9]
Al urAAlg AR-slg o)
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Ln(M)=-0.0152-0.2791In(L ) +0.6543 In(K)
+0.4631In(T) (6)

3714 L.9} K= Von Bertalanffy A2k Al9] uj»
HEZ Loy o249 FUAA Ke AAAS4 1891
T 35708 B350 0h (3 1991).

A A e A —lak«l H] (Q/B ratio) A% w2 A
Aoz 7 AEFo] A5 F ulE v
Hile Aoz 1d Bt S8k g3 4AZ Q)
o2 ®89% 3 19 B 4 JEFe] A2 2 )
E 2NBHEAE VAT o 7o) Al g 44
2] 1] (Q/B ratio)r UubH o g Pauly (2000)9] &} =A
Woz AMEAY GE7t sF AehAel AMAlse
REE] At A 71’ Am7t A9 gle] Fishbase
(2007)¢k 7]& EHAnE FLgcth 7)E oFoer
AN, 718870, A A, Fol, 227 Fo] s Ao

2 FHgion, olE 54 T ALFS FL E
g A Ao FA AT HolzAde A S
o= AN o, HEof, o], e} ol f B9 9
HWEE M2 RE JEHFAE Tt B Al
o3 HelYE Foxrt Ags] FAE B2 o3
Me 2 ARE a2 olLddm Yol E Faws}
g EFHRA 4 YEFo| s> Fishbase
(2007)8] A58 Alg3lgc)

Ecopath7} Alsj® dff o]3]z} o]Z9] 73L& o727
As) A, el d <F &8 (EE, Ecotrophical efficiency) Z-2
2] FHG FA517] g8 03 14toel] Q=2 24
e} o714 Oolehis ke Al2®l oAl oW ohe A
EEE 9 AETS 2veA] 482 vekid vy
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152 18] Fke e Azl 23 At go
HAYRE VgE oI % Yol ol 3k

2 18 235Nt Rk 2 ATelA] Hxz 27
@ 1% ARl Y 2AL RS oHA geb]
A 29 2Ye o2 SlAA A2 eAe =
Aot Wt AgA ARzl o8 =29 3
S k2] Ael7h WA 4 9lTHZhang and Yoon
2003).

zd _T_I_I.
L#489

A57) 2AF Al S 209~21.4°Ce] 9B vy
o, A7 A= (EC)E= 335~364 us cm™ 1% SR
ok &AL E 95~105mg L] W9e Jehjgle

Table 1. Environmental factors in the lower reaches of the Nak-
dong River during the studying period.

Factors May August
Temperature (°C) 209~21.4 30.1~31.4
EC(us cm™) 335~364 135~142
DO(mgL™") 9.5~10.5 9.0~9.1
pH 10.4~10.5 10.6~10.7
TOC (mg L") 2.6~2.7 23~23
DOC (mg L) 25~26 22~22
Water depth (m) 0.5~7.1 0.5~9.0

Transparency (m) 0.3~0.5 0.5~0.6

o, pH= 10.4~ 10. 54 WoE mejt} TOCY oF2 2.6
~27mgL 2 velgton DOCE ¢ke- 2.5~2.6mgL!
2 A Y w3 & A9 A 05~7.1me]
98 ngon Erxl 03~05m HE wnych
57 ZAF Al 22 30.1~31.4°CE) #H9E Myo
o, A7|A=xE 135~142us cm™'-& 7] 39 &
AbE 9.0~9.1mg L7'e] WS vehfglon, pHi=
10.6~10.78) H$E BT}k TOCS %F2- 2.3~2.5mg
L& el on, DOCY ¢k 22~26mg L2 FA}
Holoh =3k 2 A2 £4L2 05~90me] HHE B
Jor, Exwi= 03~05me WS Hg}(Table 1).
Aol Az dAH oz F7)ed vE ZHpT|e] &
29150 A ZAH A QQIEC] AAHA BA
B g e Aoz FlHgIeh

2 oox l"lﬂ'-

&(28mgL HE H+F 4 33m
A oz F}AF(3.2¢ 3+
o R FALLA, 2 AN LITem
year~ o] {et. 4] d AAZFE 24" H+ 4
EPY ommugL e 3659 Foz Aia 4
H2A] 71.2 g m™? year' o] e}, Ak A 2% »] (P/B
ratio) HAZAPA A ZA FE YA
F(0Tmg L)} HeEa= e} W 23
AFEg 3.7mg L' ARg3baleh =8 oy 22482
Ay A 2k-2 Angelini and Agostinho (2003) o] A<t A
A 35.0¢g m22F P/B ratio 10.0 year -2 Yy
(Table 4).

2 2 WA 33km2 Y FF 249 3659¢ mE
suZataE YIS 14g m2o|gr) FEZYaE
FA o] AArek-A A v (P/B ratio) e A4 =k-A A =

H] (Q/B ratio)= Z}7} 55.0 year™! (Angelini er al. 1996)3}
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Table 2. Growth and other parameters compiled for Q/B and M estimation (L.. and K: parameters of VBGF, T: annual mean water
temperature, M: natrual mortality, F: fishing mortality coefficients, P/B: production/biomass ratio, Q/B: consumption/biomass ratio)

Lwa
Prey/Predator (mm) K* Te In(M)? M I P/B? Q/B®
Other fishes 0.533 15.350
Cyprinus carpio 598.63 0.140 25.0 —1.68289 0.256 0.293 0.377 8.800
Hemibarbus labeo 699.60 0.190 25.0 —1.06091 0.480 0.556 0.668 19.000
Micropterus salmoides 715.74 0.106 25.0 —1.44425 0.330 0.066 0.625 25.100

aPresent study
Shttp://www.fishbase.com/search.php (2007)

Table 3. Diet composition matrix in percentage of volume of prey
groups

Predator

Prey

Micropterus salmoides®

Hemibarbus labeo®

Other fishes? 0.967

Cyprinus carpio®

Zoobenthos? 0.033 0.600 0.200 0.536 0.100
Zooplankton? 0.300 0.010 0.200 0.340
Phytoplankton 0.200 0.300 0.030 0.510
Macrophytes 0.100 0.218 0.080 0.015
Detritus 0.200 0.100 0.236 0.590 0.135

2Present study
bhttp://www.fishbase.com/search.php (2007)

250.0 year™! (Sipaub-Tavares et al. 1994) k& = 3}sch
A FES AA g A AA ), A -2
¥l 77} 4.8 g m 2 (Takeda e al. 1997), 10.4 year~! (Brey
1999), 40.0 year™! (Mihuc 1997) S ¢ 2 <l &4t} (Table
4).

ARE A% ARG 29D 89 2
Aug ol4sted 248 oJolo) ARALLIL 5986
mm, 4&A) 4 (K)&= 0.1 year™!, /\7}7‘}@"}"}21]T(M)“
03 year!, &2H A% (B 03 year! o] 51, o}
N 2% oole) ARG AN, A
A= vle 27t 86.4gm2 0.5year !, 8.8 year |2 AlZE
HA #2e HHPAA (L) 699.6 mm, A7AHA S (K)
T 0.2year !, &ZEAFAAMLA = (M)E 0.5 year!, £7}o]
AP A (F)e 0.6 year 'o]ieh Wb FAE w3
o A BArF-AA =], A F- A v 42
93gm72, 08year !, 6.0 yearl2 AFZE o} wl Ao F
WA AL 715.7 mm, A3 4 (K)= 0.1 year!, 3¢
AAAPRA S (M)E 0.3 year !, 2k HALLA S (F):
0.1 yearto]git}) whebd] A€ wiAe] A YA
A, HAF-AAF s 27 2468 m, 02
year!, 10.1 year-ie] gich. =3, 7]e} ol o) AA %t A

Table 4. Basic input parameters used for analysis of the lower rea-
ches of the Nakdong River ecosystem (P/B, production/
biomass; Q/B, consumption/biomass; EE, Ecotrophical
efficiency)

Group

P/B Q/B

ratio ratio EE
(year™!) (year™)
Micropterus salmoides  3.730  24.548* 0.216* 10.100" 0.173
Hemibarbus labeo 2.870 9.382¢  0.777*  6.000" 0.703

Species Trophic Biomass

level (gm™)

Other fishes 27740 32.515%  0.489* 17.630" 1.000
Cyprinus carpio 27790  86.4122 0475 8.800" 0.863
Zoobenthos 2.450 4.800° 10.400f 40.000¢ 0.982
Zooplankton 2.520 1.438* 55.000° 250.00° 0.999
Phytoplankton 1.000  71.230* 3.741° - 1.000
Macrophytes 1.000  35.000¢ 10.000¢ - 0273
Detritus 1.000 1169.70* - - 0.636

aPresent study; PAngelini ez al. (1996); °Sipaub-Tavares et al. (1994); ¢Ange-
lini and Agostinho (2005); ¢Takeda et al. (1997); Brey (1999); eMihuc (1997);
Phitp://www fishbase.com/search.php (2007)

Abek- A ), A F-AAF vl 47 32.5gm™2, 0.5
year'!, 17.6 year 2 ArZE gt} (Table 2, 4). Y o] FA &
AEIEY § WEE BHo=2RY V5 HFAE T
&l o} (Table 3).

2) gLTx

Ecopath 98¢ AHg-3le] A% 357 k7 A4
o] offFx9} oA EFL Fig 35 % ‘:1' Az &2
JFHAZA YXAPAA TFANAMFE HiswA 1
£ ofel DA ERsE, 29 AR =) AA
e vepln Same oA} olgde e u
o Zr} (Kang 2005).

29 Az v 28] oAzt 372 M} Eher,
2] 2.8,0)0] 2.7, 716} o 2.7 54 JUDAE A
AN SR FEEFIEC 27 2450 259 et

AE depligdst w3t AEEFIEN dy AHE,
F71HAHEE 7P ot o] oJofdA 1.0o2 Yebddh
webr] Ecopath 2EllE A48l FAF 57t 449
JFAE 3DA F, AALAe} 1A} 4n)AL 23 4n)Rt
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2 vE & Aded ARl 4448 4 Ed Az W2 wubd ofo) tadith meby dRie)

ZE, BN ZIAU, 12 2R = FEEHA
B AMTE, 718F oI F, oo, 74§ olgled, 23 &
HlXMlL H]A2 335 ¢jo} (Table 4, Fig. 3).
dutd oz AefA W AR AHFES 1Ee] R
Fsbe 12 am|ke] AR o Aok w13} &
u)Ape] A 23} ARk AR Aok gt
=3 A S B3 oA e HolAgel N g

Biomass pyramid

245gm™>

B | 1345gm™

C 12759gm™2

Fig. 2. Biomass pyramid in the Lower Reaches of the Nakdong
River (A: secondary consumer, B: primary consumers, C:
producers).

15'9_“/\ 0.6

Micrdpterus sagmoides

Ae|AY Jefrre 2 w5 vz JHE
7P (7F 5 2007). 57 3 AL Ak AE
A Fe AR 2HE §7)HA BT ABEFAE,
fﬂﬁé SN To) QA TFo| 1,2759g m2, 12} 2¥]|A

4" SEEFIEIN AMEE, o), 7Iet o) F
l 59 AAFE 1345gm?, 230 anjatz FAE )
2] A ke 45gm’2i 2AVE 9o (Fig. 3). ahebA]
FoFdAE AEIFY F FAE sAMYE ==3spd
Wujste] W gl 1 2 Fu| =9 okt
7HA = A A =2 el

T2E

3.9A Yz 2F

G5 aF AAY AEAd U B8 54
el $1H4E} ABEFIE 59 17 Aol 9
8 1AE AUAERE AZEE, o duAs Holx
<) odepabAlo] w17 R 23 AvlA FEEY
3} AN FE, oJo], 7Ie} o}, ¥, W= 5 %s}
= Wa)e wAE A e vepteh 13 2
avlape) GEE o8 AAD A aﬁ 7
JEIF ANz SHHT UuAr AT ghe

-

BT

B=24.5
P=7.0
48.2 A Q=647
75.6, "/f 61]7
s fabeo
Other fishes
93.
; 6631 928 1930 vr B=32.5
2237 A Q=410 1 i Zoddlankton sosly P=424
. B= U Y
- 12619 Q=371.8
Zoobent p=17 E_‘D
J pB:4 8L ) 26.2 50.4 QF463.1
A
243 Q=310.9
3 Flow
0.1, T 0.4
———3> Harvest
. —H Other export

Algae Macrophytes Detritus )
B=712 B=35.0 =1170.0 —’— Flow to detritus
P=296.8 P=350.0 TI=575.9 f Respiration

Fig. 3. Flow diagram showing trophic flows in the Lower Reaches of the Nakdong River. Flows are expressed in g m™ year™'.
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Aoz wEdAn. 3R ouix] F d8= 5Fo= A} & o 2= gl (7} = 2007).

ST WeAE 2 24 A BAe T HAuzAxe 49 it $RHE el S17gm>
Aol o) gk web AA HolAks We AT = Ui o 3 482gm?y} sFez Agudh w
Ael slelr AL oA 252 F3}3F (assimila- ZHA w29 R/AE 0.90]3 PR 012 2AFE . &
tion)ell 3 ZFF (respiration)®] ] (R/A)S} =& A o)A QAN AR FUHE WA F F
(Respiration)el] o3t A Ak (production)®] H] (PR)E & 3}%E= ofo] 32.6gm2o|3 o] F TFOF 223gm?

2 483 gl 229 R/AE 0.9¢]) 3 P/RE 072
Table 5. Respiration and assimilation in the lower reaches of the vERgTt 71EF ol fe 3022g m2e) FEF F 225.1¢

Nakdong River during the studying periods

Respiration Assimilation Respiration/ Production/

Group name (gm?) (gm™)  Assimilation Respiration Table 7. Energy flows in the lower reaches of the Nakdong River
Micropterus salmoides 48176 51726 0.931 0.074 during the studying periods
Hemibarbus labeo 22.323 32.555 0.686 0.458 TL
Other fishes 225.111 302222 0.745 0.343 Flow ons. by Flowto poo .. Throush
Cyprinus carpio 127.812 142.506 0.903 0.107 Pred. Export detritus espiration roughput
Zoobenthos 24.301 248.706 0.098 9.235 TR : . :
Zooplankton 50.427 170.483 0.136 6,347 Flows origination from primary producers (excluding detritus)
\Y% 0.001 0.001 0.601 1.825 2.427
v 2.450 2944 11.364 34.450 51.208
11 50.721 6.228  40.762 90.460 188.170
Table 6. Summary of system statistics obtained for the lower rea- 11 187.980 11.400 114.627 154.418 468.425
ches of the Nakdong River I 466629  0.000 277.099 0.000 743.728
Parameter Value Units Flows origination from detritus
Sum of all consumption 1433.998 gm™? v 0.000 0.000 0.188 0.570 0.758
Sum of all exports 252.101 gm2 v 0.766 0.920 5.709 17.316 24.710
Sum of all respiratory flows 498.150 gm2 111 24.642 12554 39.058 108.011 184.264
Sum of all flows into detritus 575.984 gm™? 11 181.881 8.274  86.575 91.101 367.830
Total system throughput 2760.000 gm™? 1 366.203 209.781 0.000 0.000 575.984
IMPACTED GROUP
3 3 2 5
© “ n 3 o = g8 K
s 3 s 5 E B & 2
K £ 53 g g 5 E
s 2 85 & 0§ § £ = &
Micropterus salmoides S—
Hemibarbus labeo
Other fishes

Cyprinus carpio

Zoobenthos

Zooplankton

Phytoplankton

Macrophytes

Detritus J—

Fig. 4. Mixed trophic impacts of the functional groups in the Lower Reaches of the Nakdong River ecosystem showing the combined direct
and indirect trophic impacts. Positive impacts are shown above each baseline in dark columns, while negative impacts are shown
below the baseline.
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