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Comparison of Trophic Structures and Energy Flows using the Ecopath Model
in the Lake Namyang and the Lower Reaches of the Nakdong River'

Sung-Hyun Jangz, Jung-Ho Lee”
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ABSTRACT

The purpose of this study was to compare the trophic structures and the energy flows in the Lake Namyang
and the lower reaches of the Nakdong River using the Ecopath model. The sampling and analyses were carried
out at 6 sampling sites of the Lake Namyang and the lower reaches of the Nakdong River respectively on March
and November in 2007. As a result, the Lake Namyang was consisted of producers(Detritus, Macrophytes,
Phytoplankton), primary consumers(Zooplankton, Zoobenthos, Carassius cuvieri, Carassius auratus, Other
fishes) and secondary consumer(Cyprinus carpio, Pseudobagrus fulvidraco) and the lower reaches of the
Nakdong River was consisted of producers(Detritus, Macrophytes, Phytoplankton), primary consumers

1 <= 2010 10 204, =4(1&}: 2011 8¢ 5, 2%k 2011 10 21¢), AAEH 20114 10€ 22¢
Received 20 October 2011; Revised(1st: 5 August 2011, 2nd: 21 October 2011); Accepted 22 October 2011

2 gjtdistn A&7} Dept. of Biology Education, Daegu University, Gyeongsan(712-714), Korea

* WAIA A} Corresponding author(jungho@daegu.ac.kr)



748

o
o
et

ke AEskel 4] 25(5) 2011

(Zooplankton, Zoobenthos, Cyprinus carpio, Hemibarbus labeo, Other fishes) and secondary consumer
(Micropterus salmoides). The food-chain length of the Lake Namyang was relatively short when compared with
the lower reaches of the Nakdong River. The shortness of food-chain length in the Lake Namyang could be
attributed to the low biomass of the top predators. The total system throughput of the lake Namyang was
estimated at 14.3 kg m™ year including a consumption of 39.0%, exports of 21.0%, respiratory flows of 12.0%
and flows into detritus of 28.0% and the total system throughput of the lower reaches of the Nakdong River was
estimated at 2.8 kg m” year ' including a consumption of 52.0%, exports of 9.1%, respiratory flows of 18.0%
and flows into detritus of 20.9% in the lower reaches of the Nakdong River.

KEY WORDS: FOOD-CHAIN LENGTH, TOTAL SYSTEM THROUGHPUT, CONSUMPTION, EXPORTS,

RESPIRATORY, DETRITUS
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Figure 1. Map showing the sampling sites in the Lake Namyang and the Lower Reaches of the Nakdong
River(left: Lake Namyang, right: Nakdong River)
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Figure 2. Flow diagram showing trophic flows in the Lake Namyang and the Lower Reaches of the Nakdong
River. Flows are expressed in g m” year ' (above: Lake Namyang, below: Nakdong River).
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Table 1. Basic input parameters used for analysis of the Lake Namyang and the lower reaches of the Nakdong River

ecosystem
Species / Group Trophic level Biomass(g m'z) P/B ratio(year'l) Q/B ratio(year'l) EE
Pseudobagrus fulvidraco 3.25 13.786" 0.668" 19.000° 0.194
Other fishes 2.59 24.390° 0.533" 15.350° 0.931
Carassius auratus 2.76 4.678" 0.625 25.100° 0.161
Carassius cuvieri 2.45 19.578" 0.463" 8.500° 0.638
Lake  Cyprinus carpio 2.11 7.684" 0.377° 8.800" 0.324
Namyang Zoobenthos 2.45 30.310’ 4300/ 21.050’ 0.970
Zooplankton 2.52 27.886" 69.100' 316.370' 0.769
Phytoplankton 1.00 110.490° 29.411° - 0.499
Macrophytes 1.00 200.000' 1.000' - 0.845
Detritus 1.00 1,013.448j - - 0.233
Micropterus salmoides 3.730 24.548° 0.216 10.100" 0.173
Hemibarbus labeo 2.870 9.382° 0.777* 6.000" 0.703
Other fishes 2.740 32.515° 0.489" 17.630" 1.000
Cyprinus carpio 2.790 86.412° 0.475° 8.800" 0.863

Nakdong ¢ f g

River Zoobenthos 2.450 4.800 10.400b 40.000 0.982
Zooplankton 2.520 1.438% 55.000 250.00° 0.999
Phytolpankton 1.000 71.230° 3.741° - 1.000
Macrophytes 1.000 35.000° 10.000° - 0.273
Detritus 1.000 1,169.70° - - 0.636

*a: Present study, b: Angelini et al.(1996), c: Sipaub-Tavares et al.(1994), d: Angelini and Agostinho(2005), e: Takeda et

al.(1997), f: Brey(1999), g: Mihuc(1997), h: http://www.fishbase.com/search.php(2007),

i: Fetahi and Mengiston(2007), j:

Christensen et al.(2000), P/B: production/biomass, Q/B: consumption/biomass, EE: Ecotrophical efficiency

Table 2. Estimated prey overlap by group in the Lake Namyang and the lower reaches of the Nakdong River

ecosystem
Prey \ Predator 1 2 3 4 5 6 7
1 Pseudobagrus fulvidraco 1.000
2 Other fishes 0.477 1.000
3 Carassius auratus 0.100 0.785 1.000
Lake Namyang 4 Carassius cuvieri 0.129 0.779 0.861 1.000
5 Cyprinus carpio 0.214 0.711 0.888 0.661 1.000
6 Zoobenthos 0.360 0.509 0.673 0.706 0.588 1.000
7 Zooplankton 0.057 0.820 0.848 0.900 0.594 0.444 1.000
1 Micropterus salmoides 1.000
2 Hemibarbus labeo 0.039 1.000
Nakdong River 3 Other fishes 0.018 0.722 1.000
4 Cyprinus carpio 0.034 0.845 0.538 1.000
5 Zoobenthos 0.006 0.444 0.485 0.578 1.000
6 Zooplankton - 0.409 0.775 0.147 0.438 1.000
FFLAE Ho] FEEE EYE $A7F0.100~0.900, 7= W Ho| o] Bk AAo] &2 Aoz eyt o=
S5 SHi= 0.018~0.845 W95 EAth(Table 2). @ HFE Al A4ste A= 1%%% FHHE MHAE
T FAE ofFER 1k 223 o {FERat Eﬁ%i A TSl FARRE Holakl S o1&t wloll A
£ Aol solle] Hiel 20l A 0902 & A0 Uehd Aow BEET W, fdolh B4 a0y
Uehd uhE, U5 SHRE B AR 1BNOE $U ER KL 47 R 24 FU R g 444 9E
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Sfak A3t clio) Hole] tiet A sok gro g
BB IE0E ARtk B 2R W ol Al o
gt Aol E=A dEhd AR wHErH(Tomas and
Robert, 2007). o]23t ZU, £7+ A4 Mo Wz}
A7, Aol ARER G AL Yobrh A Al A
wre] QJopTast vl B8, AeA| 715 Sl G 1
H Zlor dddEnh

2. il xl 58

A AUA] BEL AR ofs) AAE JUAE
wol o] ofe] oluix A BAS AA W F5O 1
 &rARe] S e, of A 3302 5

To] gz s"¥rk(Jang, 2008). Ho|Al& o] z+ oFttA)
& oot AL o8 WA ol doiet 2o 7
asdh, ofdl QPARS BE o UA|7h Ao o84 o

7] zoltt. AL ouA] B35S SHste He B>
ojg]-go] wZx|vHBrock, 1967) Ecopath H &S ofch7]
2 23] ofux] 322 AT 4= Qi) oy 529
i el(diagram)= A Ul ouz|eAE Btk 7=
& AFSIER 7PA7F At & AEA Y olyA] Aol
T"r£L 7HL“—1 = xﬂ%}:q i?%k EEERO W 7t
Jolst AeiAlEE vlud 5= S 3 &

G FTA ol A OHLW 20| vpeky}

gt S5 sk AL th'iz—i% OﬂLiZ] KRS
2]

H oA ZRE AJZHEH, o] ovA]= oAz FY
el ok 13 8 22 A4 L

FEFT 5 499 9 Hsle GAE Aus Aoz
Uk, Telm 13 8 23 Aulgel] 4718 AUA) 3
ARt 7} AEage] AU FIED ol WA
el Al s A0 sk, 3 S0t o
YA % AR 5FoR AGEI YulAt fEe 24
WAL WS Eqrehe Aol 0| FE Ao Lhehvic
(Table 3).

AYeA Holaks Wef AAIAC lolA AgkE]= o|A]
552 FokF dish £&%2] H|(R/A ratio, Respiration/
Assimilation)?} S &7Fof gl AJAMEFQ] w|(P/R ratio,
Production/Respiration) & Z3f & 4= o}k G459 &
% o5 279 264 18 F ofF 4% 18 S
gt 58k0] vy} Yoks o A= 0.879~0.952, Y=} 5}
FolA= 0.686~0.931=2 vehd ¥, A2 55
FIEL JFTo|A 0.289~0465 57 dHRo|A
0.098~0.136 .52 R} @A yehgeh 2euv gk o
g AALEEO] M AR EEZa D E(FE: 1,152
~2.461, G557t 515 6.347~9.235)0] o|F NEIFE
(F9%:0.051~0.148, Y57} 315 0.074~0.458) 2t} ¢

=0 58S Mol Ao Uehyth olg} 2 Az of
7 BTl ANSET BEEYIENT §540 O %
of Ao ofuin] w4lo] B 7isie] e w We
Fltl(Tomas and Robert, 2007). E3t =& PR H3l A
ANeEl sEEFAES 531 AYAZE 359 gl 9
3 Y= AHT= fjiERo] PAlo g AEL= Aom =4
o 4= Sl

Table 3. Respiration and assimilation in the Lake Namyang and the lower reaches of the Nakdong River during the

studying periods
Group name Respiration Assimilation Res.pir'ati(.)n/ Prod}lcti'on/
(g/m) (g/m) Assimilation respiration
Pseudobagrus fulvidraco 41.441 47.584 0.871 0.148
Other fishes 250.294 284.453 0.880 0.136
Carassius auratus 105.754 111.101 0.952 0.051
Lake Namyang Carassius cuvieri 110.876 116.689 0.950 0.052
Cyprinus carpio 49.657 52.189 0.951 0.051
Zoobenthos 183.705 395.321 0.465 1.152
. Zooplankton 966.634 3345.399 0.289 2.461
Micropterus salmoides 48.176 51.726 0.931 0.074
Hemibarbus labeo 22.323 32.555 0.686 0.458
Nakdong River Other fishes 225.111 302.222 0.745 0.343
Cyprinus carpio 127.812 142.506 0.903 0.107
Zoobenthos 24.301 248.706 0.098 9.235
Zooplankton 50.427 370.483 0.136 6.347
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Table 4. Energy flows in the Lake Namyang and the lower reaches of the Nakdong River during the studying periods

TL\Flow Cons. by Pred.* Export Flow to Detritus Respiration Throughput
Flows origination from primary producers (excluding detritus)

\% 0.000 0.021 0.306 0.738 1.065

v 1.059 0.956 7.331 22.238 31.584

I 31.612 6.605 70.546 208.623 317.386

I 317.728 5.867 1180.390 948.669 2452.655

Lake I 2455.190 0.000 2364.425 0.000 4819.615

Namyang Flows origination from detritus

\Y% 0.000 0.005 0.069 0.167 0.241

v 0.240 0.294 2.776 7.726 11.036

I 11.020 4.614 37.391 115.520 168.545

11 168.828 7.138 355.317 404.680 935.963

I 936.781 3081.771 0.000 0.000 4018.551

Flows origination from primary producers (excluding detritus)

\% 0.001 0.001 0.601 1.825 2.427

v 2.450 2.944 11.364 34.450 51.208

I 50.721 6.228 40.762 90.460 188.170

11 187.980 11.400 114.627 154.418 468.425

Nakdong I 466.629 0.000 277.099 0.000 743.728

River Flows origination from detritus

\% 0.000 0.000 0.188 0.570 0.758

v 0.766 0.920 5.709 17.316 24.710

I 24.642 12.554 39.058 108.011 184.264

11 181.881 8.274 86.575 91.101 367.830

I 366.203 209.781 0.000 0.000 575.984

*Cons. by pred.: consumption by predator

FoldA S S5 A7} oF 143 kg m*E LERGe
8HFz o 28 kg m*R T o] F AEE
FAE T 12 Ao 3t ol |qA] ik HES
277} 4819.615 ¢ m”>, Y57} 5127} 743.728 kg mP 2
Uehton], o] & Joks 4741 50.9%9] 2455.190 g m”
7}, GETE SRS 62.7%<] 466.629 kg m>7} ARY] Az}
of ogf aH|El= AR YepTh AR} 5 FAEQ] &
7|8 E 0] AAlEFS JoFs Z2A|of 4] 4018.551 g m”, Y
57 shRol A 575984 kg mP 2 UERF O, o] F S
2= 23.9%¢] 936.781 ¢ m?7}, Y57} SR 63.6%¢]
366.203 kg m”7} 9] ajalo] o8] AH|HE Ao 1
EFtTHTable 4). o]= H4¥3 A= ol|A] 7]¥hat oy A
SEo] FAESY f7|ddER = AEEEAE 59 14
Azt oJf 2 op7|El= AoR FAH kBl Y
et A oA 552 FAEQ {4 ERT
AEEYIE 59 1 BAAje] oJgt 35| ta o &&
el Ao dotEct
FolUAF 5 FFE AL 39%(5440919 g mP)= 4
207 21%((3107.271 g m7)= 0%, 12%(1708.362 g m™)

A0 2 Yehton], Y57t A1 52.0%(1433.998 g m”)
L A0 F 9.1%(252.101 g mP)= o], 18.0%(498.150
g mA)E 53 20.9%(575.984 g m )= SI|AHER A
= Ao 2 UeldthTable 5). weba] & 54 & Fof

U ARl sl AARe] g FEe AAsks SAE B

Table 5. Summary of system statistics obtained for the
lower reaches of the Lake Namyang and the
lower reaches of the Nakdong River

Parameter Value Units

Sum of all consumption 5440919 g/m’

Lake Sum of all exports 3107.271 g/’
Nam- Sum of all respiratory flows 1708.362 g/m'
yang Sum of all flows into detritus 4018.551 g/mr’

Total system throughput 14275.000 g/m’

Sum of all consumption 1433998 g/m’
Nak- Sum of all exports 252.101 g/m’
dong Sum of all respiratory flows 498.150 g/m’
River Sum of all flows into detritus 575984 g/m’

Total system throughput 2760.000 g/m’
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o, o= AEHA W oA TFo] A9 YA A Ecopath % 219] S35} FYHMTI, mixed trophic impacts)
of &l F& o]FoE Ao AT 4 QltkKang, 2 AlE ks 1F A4S A ARl JE st
2005). 3t 7ldolthKang, 2003). weta] o] & Fof AEAE 45t

£ RAEIFE 719 Ay Asage 971 = o

(Kang, 2005; Ulanowicz and Puccia, 1990; Christensen and

3 g{%j_% 7t gor%l-x-l AS oA
Pauly, 1993). E3l, 15 AAFS 27 S7HHE o o

IMPACTED GROUP

Otherfishes
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Figure 3. Mixed trophic impacts of the functional groups in the Lake Namyang and the Lower Reaches of the
Nakdong River ecosystem showing the combined direct and indirect trophic impacts(above: Lake
Namyang, below: Nakdong River). Positive impacts are shown above each baseline in dark columns,
while negative impacts are shown below the baseline.
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£ a5°] i 99
3ol A 1ge] 4 2 g0 A
oAl EAE okl ol Ao, 8 tie st
FOR A e, A 71wt el 3
=8 A,

FUAYARMI) 23, = 5704 7t 4225 4
AF 57t 59 A=15Y AT der7le 29
A5 RHolE: Ao & yElyth Christensen ef al.(2000)2
SLg Yol Ao gt HEI1F W BRS TY BE1L
-r«v,] /\Hzﬂakoﬂ HA 2 ok U] ﬁo]a}v,_ EJ__(‘)—].Oﬂ];]-
uebA ¥ 9 Hed R 4 Aeawe] A" 5
7t Y AE2EY Hol Aol tidt BAS FEAA
Zd AMETE9 /\“zﬂ TS AAaA 7] Ao R A= cK]ang
et al, 2008a). I3, EA WEIFS S/ 59 BEIFE
of WAS FHat b AN BE SR o
Gsp) ety ol 29 52, = 949 7o) o3
yeld 232 dE c(Tomas and Robert, 2007). Y57
SRSt T §4 AUAL B9l 58, = 42 7,
o] 2ol AAst= "“%—7‘: e 035%% =t o
2A] 5 Aol AAaRe A
7HA 71 91t = Eﬂ%‘ﬂ ”*Ol Aol gt FA&
A ok A ER f4 A Adlshs AedsS
sok e 44 2912 AXe] e A oo o
o) AHglol thgt AAL BB B4 ABLE) S 5
o Do) AAEE T BAAYIE AOR TE 4 9l
(Tomas and Robert, 2007). W2tA Y57 A7 G453
FARG 7} 50 A Skl wet Y 252 A
o gt o Edlel) AT Aew ek,

i_

l‘

4, MEfA O M= (Maturity)

Odum(1969)2 &= 4 544 9 23t} H
H sty Jfdo R, ofd wek ¥hR] o= AYejAloflA] A1H
of wet Z7hatehn shoirh Wb A4EL Flojo} Tl
G Qlow, ek o1 A WRFES AR 4 ol
o115 Sl £ il HegBel 152 ol A
Al Odum(1969)0] A A3t A5 7121 Ecopath =g
o SJo) JIPE A5 670 PG Bofo] ks 2
U7 o1 AeAS] 4wt Bislel o2l 720l
A £4L =oskangt STk Table 6).

1) MM2F/SEZ H|(total primary production/total
respiration: PP/R)

Odum(1969)2 A 2] YA
—L'(ﬂo]-L‘ UL/\E_ X‘]_,]o]‘oﬂ

—\1 F+
N \

Table 6. Comparison of system statistics for the Lake
Namyang with the Nakdong River

Parameter Lake Namyang Nakdong River  Units
PP/R 2.831 1.492

PP/B 11.059 2.973 year'
B/T 0.031 0.091 year
NP 3127.911 244.871 g m”
CI 0.333 0.375

FCI 14.850 14.010 %

*PP/R: total primary production/total respiration, NP: Net

system production, PP/B: total primary production/total
biomass, B/T: total biomass/total throughput, CI:
Connectance Index, FCI: Finn's cycling index

YR= 7hAsn x5t ggko g B we oyxE
53 "t uegba gedTA o A= PP/R v]7} I AT
AethA o A= PP/R H]:= 19 H5}4 E oK Christensen,
1995; Kang, 2003). wk2}A] PP/R Hm 2.831¢] YoFs 227
9} PPR H|7} 149291 Y57} 315 A4S v wstH E*%%
3t AI7E SYE AR Eﬂ =t BAlO Sls AL

82 243} 2 9t} 3}, Y=} 55 SA|HT =2 PPR
NS ol AL WS AT HER o AR 1%
Aol ojgt Aol ] B8 A

2) SMAMEF/MZF H|(total primary production/total
biomass: PP/B)

SANFAATZ Bl AsdAE 2@ 0= B O
£ gh4o]th(Kang, 2003). A7} A%:3tol] whal & AA| o]

=13

olN
N

7k Zlolztal 7jgie 4= 3 OEI mw PP/B H|= 2
A S AEjAAM 7Y A3 AT Ao Az des
/‘gj]. Zﬂ‘-o}ﬁ{;}-ﬂ I 2~ O‘K]'(Kang, 2003). Etﬂa} 7:1}!_].’ 1\5}
4% 449 PP/BE 11.059, 957 5tF 442 PP/B=
297302 HFZ AN of SHf o4 A vEbd:
24 PPBS B3 = 5A1S ulawshd oF suj o]4} whe
e el W SkF A7) o 4 wAle) AR
Holg Aoz wdt -

L
-
Z

3) -’é‘- 5|2/ S0l X2 H|(total biomass/total through—
: B/T)

*“EH74]—°4 A ZATAF vl= A7E 4SS A
o] S7ketH, AAFe] 7k AT 55, HAHE
AJo] & Z7tsl7] o] BT Hl&= S7ksithal & 4= 9)
o} BT ®]7} 00918 2ol W=7 312 247} 0.0319]
BT HE B3l FS Aol vlsf oF 3ul| Fr= =] Velst

LT

1l
V
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g groln, & A%st AL £ 7S JAH, A4
3 ARAR AYDFE Fadhs AT Bl F 47
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A S o] HeAR F4% 4

5) AZX|x

Ael ddAe= Ae1aite 92 BAE AAMsE A
TEA OB LR Thsd AZ Fofl s AAl dE4
|2 S=ojZIth(Kang, 2005). wHEbA] A7} A<t wA| A
= E”OPJP TR AN 25T Pe= ‘ﬂﬁéﬂﬂ o
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6) Finn's cycling index(FCI)

Finn's cycling index(FCI)+= & %5t Zlof 27 3}o]
P &2 Aoar] 9l AHgEE AolciFinn,
1976). FCli= FoUAIE50A wote= o|A9] £a=
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FCIi= A WolA dste Be 35 § w85 e 259
Hl A AJsE dA O AAlA] =& S Helvkal B
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om|, BE7 SR AL 14012 etttk AT §
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