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A Analysis of Trophic Structure in Lake Namyang Using the Ecopath Modelling. Jang, Sung
Hyun*, Chang Ik Zhang', Jong Hun Na', Se Wha Kim?, Kwang Guk An?®, Jung Joon Lee and
Jung Ho Lee (Department of Biology Education, Daegu University, Gyeongsan 712-714,
Korea; ' Department of Marine Production Management, Pukyong National University, Busan
608-737, Korea; “Department of Environmental Biology, Yongin University, Yongin 449-714,
Korea; *School of Bioscience and Biotechnology, Chungnam National University, Daejeon
305-764, Korea)

The purpose of this study was to describe quantitatively trophic structures and to
analyze energy flows in the Lake Namyang using the Ecopath with ecosim (Walter et
al., 1997). The sampling and analyses were carried out at 6 sampling sites of the Lake
Namyang during May and November in 2007. A total of 10 groups were considered in
this study (detritus, macrophytes, phytoplankton, zooplankton, zoobenthos, Cyprinus
carpio, Carassius cuvieri, Carassius auratus, Pseudobagrus fulvidraco and other
fishes) to assess the trophic relationship, energy flows and interactions between
them. As a result, it was concluded that Lake Namyang was consisted of primary
producers (Detritus, Macrophytes, Phytoplankton), primary consumers (Zooplank-
ton, Zoobenthos, Cyprinus carpio, Carassius cuvieri, Carassius auratus, Other fishes)
and secondary consumer (Pseudobagrus fulvidraco). The total system throughput
was estimated at 14.1 kg m™! year™! including a consumption of 39%, exports of 21%,
respiratory flows of 12% and flows into detritus of 28%. MTI analyses indicate that
Pseudobagrus fulvidraco have positive impact on Cyprinus carpio, Carassius cuvieri
and Carassius auratus. On the other hand, other fishes have negative impact on Cyp-
rinus carpio, Carassius cuvieri and Carassius auratus. All the functional groups
except detritus had a negative impact on themselves and this may show within-group
competition for the same resources.
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Fig. 1. Map showing the sampling sites in Lake Namyang.
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Table 1. Growth and other parameters compiled for Q/B and M estimation (L., and K: parameters of VBGF, T: annual

mean water temperature, M: natural mortality, F: fishing mortality coefficients, P/B: production/biomass ratio,
Q/B: consumption/biomass ratio).

Prey/Predator L_* (mm) K* T* In (M)* M* F#* P/B* Q/B**
Other fishes 0.533 15.350
Cyprinus carpio 565.64 0.140 20 —1.68289 0.19 0.191 0.377 8.800
Pseudobagrus fulvidraco 283.97 0.270 20 —1.06091 0.35 0.322 0.668 19.000
Carassius auratus 333.74 0.161 20 —1.44425 0.24 0.389 0.625 25.100
Carassius cuvieri 352.9 0.188 20 —1.35838 0.26 0.206 0.463 8.500

*Present study
#*http://www.fishbase.com/search.php
A MMAF (Ministry of Maritime Affairs and Fisheries, 2007)
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o, A7 A =% (EC):= 1,150~11,560 us cm ™' 7] =3)g)
o} £2214 (DO)E 9.3~12.61mg L7128 WS ey
Qom, pHE 10.1~1049] WS Bt & f7sks



148 BME - Tl UEH -

Table 2. Environmental factors at the Lake Namyang
during the studying period.

Factors May August
Temperature (°C) 17.9~21.5 28.0~30.6
EC(usem™) 1,222 ~11,560 400 ~437
DO (mg L) 9.3~12.6 6.7~10.6
pH 10.1~10.4 10.3~10.5
TOC (mg L™1) 4.414~5.412 3.810~4.210
DOC(mg L™ 4.387~5.397 3.62~3.92
Water depth (m) 04~7.0 1.0~10.0
Transparency (m) 0.2~0.7 0.3~0.5

(TOC)2] ¢k 4.414~5.412mg L2 Jehton] &=
B4 (DOC)S) o2 4.387~5.397mg L2 ZAFE o)
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yvear '3} 316.370 year! 3F& U= 3s}9} (Fetahi and
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akn) o) AMAlgk-AAg v Z2F 30.310 g m2, 4.300
year™!, 21.050 year ' (Christensen et al., 2000) 2 ¢33}
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F Ang ol4stel 24R AN AALS (L)L
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4= (M)E= 0.349 year !, =7t A4 £ (F) &= 0.322
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565.64 mm, A A4 (K)= 0.140 year !, &Z7FAF A AFHA|
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Aot FAR FUYs A MA e 4 1FE Helx
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| Table 3. Diet composition matrix in percentage of volume of prey groups.
Prey/Predator 1 2 3 4 5 6 7
1  Pseudobagrus fulvidraco
2  Other fishes
3  Carassius auratus
4  Carassius cuviert
5  Cyprinus carpio
6  Zoobenthos
7  Zooplankton
8 Phytoplankton 0.200 0.25 0.300 0.150 0.030 0.510
9 Macrophytes 0.200 0.100 0.387 0.080 0.015
10 Detritus 0.170 0.200 0.25 0.300 0.387 0.590 0.135
 Sum 1.000 1.000 1.000 1.000 1.000 1.000 1.000
60.4 | R 12 — Flow
—»> Harvest
—H- Other export
Psuddbagrus fulyldraco — L Flow to detritus
I B=13.8 ‘[ Respiration
| 2003 F=2:2
255 A 09 - A
90 1 A 3.0 i
T Cdprassius aurdtus 3.7 ' 447 .6
T B=47 |86 PR S T
Other fishes l" P=29 7, 24 ooy
B Zooplankton
B=244 90.1 A T p
I P=13.0 Q71174 . Z"Oben&};os b B=27
Yprinus cartk B=730. J P=1926.9
06 A Q=374.4 I- B=7.7 I P=130.3 513 ‘ 2999.6
1 l— P=29 |0 T % 7 T o=88223
124 A Q=638.0
Q=67.6
1360.2
Algae Macrophytes Detritus
B=110.5 B=200.0 B=1014.4
P=3249.6 P=200.0 T1=2122.4

Fig. 2. Flow diagram showing trophic flows in Lake Namyang. Flows are expressed in g m * year ',

FAA ] B, AN AR F B, Holzy A Fol
=25, & 3G A A HelA 4 gl o
FHog ofd 91X g weiFe JYTzet 7
BB GFHA Aaag, 5 FAZARA, oA
2% §& g 4 9} Ecopath 2 & ALgsled

7 o =

o

e Goks A A dgFast oA 2§
Fig. 29} %t} 9% 22 Joa s dapgabd 1%
NA3E H sl 2EAA olel B 2 e, o
Qo] AR =7)x BARE ek e ovA7}
o5 W RelFETh 47IAAEY Ry AN
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Table 4. Basic input parameters used for analysis of Lake Namyang ecosystem (P/B: production/biomass, Q/B: consump-

tion/biomass).

Species/group Trophic level Biomass(g m™?)  P/B ratio(year™?) Q/B ratio (year™!) 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
Cyprinus carpio 2.11 7.684 0.377 8.800 0.324
Zoobenthos 2.45 30.310 4.300 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 1013.448 — — 0.233

- Table 5. Relative flows of each group by trophic level (Ro-

man number).

Group name I II I1I 1A% \Y
Pseudobagrus 0.170 0587 0.228 0.015
fulvidraco
Other fishes 0.600 0.356 0.044
Carassius auratus 0.500 0.500
Carassius cuvieri 0.700 0.300
Cyprinus carpio 0.924 0.059 0.017
Zoobenthos 0.778 0.222
Zooplankton 1.000
Phytoplankton 1.000
Macrophytes 1.000
Detritus 1.000

1013.488 g mlo], &
FANG 7\etelf, Bol, Hgo],

F (T 21224 g m lo] W
e, FEE

HE A

_—1_3

NEE ol 25044g me] EAHe] Aok A FE

—

o Aol 30310g m oW, 4714 A8} A BBy

E Y544%, SEEYAECNE 6380g m e
83 A6 3749 IR AN drx
AL A ol dAe) e AEERZES Y5

AlE-2] ofoFdA = 1.0009, 7} AR

Al = F

A 2] o okdA = 3.25¢ Aoz AALE T} (Table 4).
248 Az AZ FAASEE 107 258 57 oot

AR AFAEHS T} (Table 5). 144 100% E2X &=
o] s IFE FAEY F7HAEN X EEH=
5 HBFFAAE Folger, EASE 80% o|Ate] 2t
A LA 1FE oJojet FEFFIEUT 50%
ol EAHEF] 3TANAN WA= A= ExMIY
71etel F, 5o, B8] Solslon, 4ttA ¢} 55tA A =
dF B EFo] WAHH (Table 5). ‘FFs 4 W
oJokE-A o] Zof{X]Ef(total system throughput)S <F

14.1kg m1=2 VeEPlJon o] & ¢ 7.6kg m1(53.4%)9]
F7INAES A3 A EEHITE 59 12 AAAZER
B DA Ao g AR GY (Table 6). =3, A E5-&53

1y TITE =2 0O
FE 59 13} AR} oV A] YA 4819.615g m™
2 o] 3 50.9%%) 2455.190 g m to] Are)AH]Ale] )3
A AvjEE Aoz el o, Y 49.1%% F7
HHERZ FYFE Aoz Jepdd FAEd {7144
E2 4018551 gm™ & 23.9%<¢] 936.781 g m 19te] A}
Aam)zle] o) 2AH Av|FHI WA 3081.771g m™
< YRE FE2HT AR vepdw(Table 6). 4 A
3l & & (TE, transfer efficiencies)2- ¢JofctA A}o|e] o
wA ARE 7€) {3 AHEEE 282 FHzow,
of Foxl oftAl S| AALEFI TEo] HE FYHA
AALE 9 v 2 AR Fs A0 £ ASaE2
oA oA 15.1%2 7} 24 Jehda, 354 9.3%, 4
DA 5.2%, 5FA 1.7% 52 22 eyttt (Table 6).

3) &3} okd 3k (MTI, Mixed Trophic Impacts)

Ecopath 289) S FdgMIDE AHAS 74
s= ABIRE 1) AW Azee Wb > 9
t} (Ulanowicz and Puccia, 1990; Christensen and Pauly,
1993; Kang, 2005). =3}, 1% A &s 23 7S
o She Tl W g e 4 9] W 1
e olglr & 4 v} (Kang, 2005). Fig. 3¢|A] <]
A 3o AAF 27t 228 250 AA el A
© w3} o i ARgeken £ Wk shyu
o= AR vehdel, 4Re) 2lv we] AAA A

g =AY 2 2604 deks A HzzAA
SAPRE A FUbe TIEleiRelA & &2 &9E,
Bole} Wyo], el kel mTE HAT Re=
ebdteh w3, Slelel el A 2o polsh W%
o}, Jolol Al &2 EFE TAE Aoz Jehtewd, A
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Table 6. Energy flows (g m™!) and transfer efficiencies (%) in the Lake Namyang.

TL/Flow Cons. by pred. Export Flow to detritus Respiration Throughput
Flows origination from primary producers (excluding detritus)
A% 0.000 0.021 0.306 0.738 1.065
v 1.059 0.956 7.331 22.238 31.584
I11 31.612 6.605 70.546 208.623 317.386
IT 317.728 5.867 1180.390 | 948.669 2452.655
I 2455.190 0.000 2364.425 0.000 4819.615
Flows origination from detritus |
\% 0.000 0.005 0.069 0.167 0.241
vV 0.240 0.294 2.776 7.726 11.036
Imr 11.020 4.614 37.391 115.520 168.545
I1 168.828 7.138 355.317 404.680 935.963
I 936.781 3081.771 0.000 0.000 4018.551
Transfer efficiency (%) by trophic level
Source I II 111 | |AY \Y%
Producer — 14.4 9.8 5.6 1.7
Detritus — 17.1 8.3 4.1 1.7
All flows — 15.1 9.3 5.2 1.7
Impacted group

Pseudobagrus fulvidraco

Other fishes
Carassius auratus
Carassius cuvieri
Cyprinus carpio
Zoobenthos
Zooplankton
Phytoplankton
Macrophytes

Detritus

Pseudobagrus fulvidraco

Other fishes

Carassius auratus

Carassius cuvieri

Cyprinus carpio

Zoobenthos

Zooplankton

Phytoplankton

Macrophytes

Detritus

Fig. 3. Mixed trophic impacts of the functional groups in Lake Namyang ecosystem showing the combined direct and in-

direct trophic impacts. Positive impacts are shown above each baseline in dark columns, while negative impacts are
shown below the baseline.

AFE AAF F7he BAAAE el wte Al FREFIEY Fle FEEYIED AEEYSE
oFsh $o, Wgo], oJo] Fol- ki £2) AT WH  HFSPYE, #1H4E S AN o mAE
t Aow vehith =3 ANEEY AAF Fhe A4 S Jes ekt 4EE3aE) Sk 7lE)
A5E A 2o 53E vlAE Aom dehdth  §9 gol, wyel, SEEFIEAAL Yol £7E, o
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A2t NHRYIE, AR, AJBEFHE A7
L 29 ade wyd

LA

2 3= AeAd] xmdle] Ecopath with ecosim (Wal-
ters et al., 1997)& o83l FU3s AL Ffx9)
MR ZFE AHFH o2 B3z} 3lgivt 298 4
I deks A9 AEIEE A EERX 4 (EE, Ecotro-
phic efficiency)= 0.161~0.9702] HLE Bgch A&

A 5r wd3e AZs= wpyeln, A7} 07 1

Aol W9 el glejof AN AL) AA oA BE
oA AgFol AAEFE IR o oA #HE
ol FHh H|egirt wEkA WY o AAAE 7Hxl @
S5 AT AHA oA e ARSI AYAalkske] of A
FRHE o F A LS HAFET EmI E Aol AA
=Y Zlel 77 7 B2 ovA| g a S (EE)E 7}
A Aoz Jepgton, o)l ks AN 71 &
Wtz o2 AEENA o] 8FHAHA oA EEe| T
H|E2 AAEe AL u|gid &, 98 AEIFe=
By b 229488 vty 9le-8 AR 4~ Qv =
g, dgs A2 QgTRe A 394 F FAEC
1A ED AEEHIE, d3AAE 52 13 A
A2, FEEHIAETS AMFE, ool g%, 5, 7]
el 52 1aF A¥|RLR, TRV 23 &wjA Fo=
T2 5 et olg} ZE QYT 2E F3le HoFst
AEIFE EFeE A2 ANRA W AELF 9 A
FAE-E Tesgto g A F20) 75E By 4
A olaEl=E . dubd o=z QA W AAERS] A
A g Bk 13 &v[Ake] AAFRG o H
of 3}, 12} Am|A}e] WA FL2 23} An|AFS] AR
o Aol & kst JFAE T iRl
ol Akl A o TA R oz wnpg efo] ZtAE]7)
W Folot. meiA] tfE-E A A S T2t HE nE
g I =e FHE 7T F, 2007). FtE A
12 AR FAE fTIHAEH AEEHEE Y
P A 2 =o] AAeko] 1323.938¢g m 2, 13} 2H]|A}=
FAE SEEHIET AHAMEE, o, 95, 5, 7]
Bl F 59 AA|gFo] 114.526 g m 2, 23} A¥|AFE A}
Nl A o] 13.786 g m™ F o2 FALE ol weElA
7t kA AEI1FY F FAE SAUE =33
H gfs SAE $E B3 Fee| =9 e v}
2™, o] AefAIL] H¥H AHE 7HRE A& Yr|dch

ks A W 9oERe) Eouix](total system
throughput)-& 14.1kg m 2 el o, o] & 53.4%
7} ABEHIE 59 1A JARERE DA e
2 FAFE T, 36.0%7F FAE] 71 E s '
AEE Aoz AN =8, AEEFIE 52 17
A 2 50.9%7)F AF$laniAted] o3 AF Aw[HE
Aoz Jelgown FAEQ f7HAAHAES 23.9%7to|
A ul Aol o3 AA AnE = Aoz veld. ue)
A FeFs AL PuR] 352 FAEQ FUIHHEER
e NEEGSE 59 13 AR 184 B4 9)EA
o)g}11 F=rEl} Ulanowicz and Puccia (1990)2 AJe] 7|
9] ZdUAIFE FA A7 (consumption)} Fo]&F
(exports), &3 F-2F (respiratory flows), 7| AAE A3
(flows into detritus) 5 4] 7} 242 TRl .o, of
o) whe} Yeks Al Zolu =]kl dis] 89% (5440.919
gm = Aoz 21%(3107.271g m HE o|F, 12%
(1708.362g m™ )= 3.F 28%(4018.551 g m )= {714
AEE ABFE Aoz Jepygrt et Fes 49
Ax] 5EL AR9| odofdAlL] EAe] 39%E M ¥
L BlEE 7 Aol EAA I, o] vA| BFo
o]F wi ZFHY F=2 A JokAe] zA o3
of7|H iR = Ao HAdE) Weks fA 9 B A3
&8 (TE, transfer efficiencies)2 2%tAlol| A 15.1%2. 7}
A A veldz, AdA 9.3%, AAA 5.2%, 25
1.7% -0 2 ey}l Lampert and Sommer (1997)+
AeA e 24 Asags d79 JoFdAdd o=
zpol7} glont, doFA ZF T 0.5~20%7) AREHE
Ao] dukA el dA}olgtm B sl oo wiel FtE
A 2] QoFetA 7F B2 Asag-2 dubdgl WY 4
9] ZEE nojx Aoz A 4 Ntk =3, HUS
FAY 71 A8 ot B HI}EES 84%F X
ol whd A EB-EFIE 59 1z} ARl o3 A¥ad
2 92%2 F71AAERY ta A JeRdt mEkA
ks FAE FAEQ f7IHAERRY ANEEFRHIE
59 12} AAakrte] &3t )R] o] v £ B|FE A}
A= Aoz dAE.

Egred ok FMTD A3k, Gz AN HEAA
Q) AN AT 2o ekl el A 2 £ £
£, 2ol9} B Ro], oJo] oA P HFE vHE 7
o= Vet ol BAN ekl e Be ofe A
A zAs] dEel 29 Wgre AL Aoz B
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