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Predicting the Impact of the Opening of the Nakdong River Estuary Barrage
on the Ecosystem Food Web
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() zIsHE Abstract : In the several decades since the barrage at the mouth of the Nakdong River
'SeonJin Ocean Science Co., Ltd. Yeosu estuary was built in 1987 for water supply and salinity control, the water mass inside the
Daehak-ro, No.50, Chonnam National
University, Yeosu 59626, Republic of Korea barrage has become polluted and the ecosystem has shrunk. To restore the health of the
ecosystem, fishery resources and biodiversity, stakeholders who currently use the estuary
*Correspondence to Yun-Ho Kang are calling for the barrage to be opened, which has been partially accomplished. In this
E-mail: ykang001(@hanmail.net . .
study, trophic flow foodweb models are applied to understand the food web structure and
Received May 9, 2023 functions of the Nakdong River estuary ecosystem and forecast the effects of barrage-
Revised June 29, 2023 . . . . .1
Accepted July 4, 2023 opening. The model results showed that; 1) Ecological theory and cycling indices of

Total System Throughput 5457 t km™> y~', Primary Production/Total Respiration 2.0, PP/
Biomass 34.9 y™! and B/TST 0.010 y™! indicate that the ecosystem is not fully developed
and vulnerable to external perturbation. 2) A Transfer Efficiency of 2.6% between TL II-IV
indicates low predation pressure and/or excess nutrients and detritus being supplied to the
lower trophic level but not ultimately transferred to higher trophic levels, as is generally
the case in polluted ecosystems. 3) Macrophytes appear to be able to provide food for
benthic organisms in the form of organic detritus, and the effects of opening up the lower
bank on macrophyte communities may feed through the food web to higher trophic levels.
4) As this study is for the purpose of a pilot model based on a limited range of reliability
in the basic data and salinity-response relationship data, although it reproduced relatively
stable distributions along the estuary, caution is needed in interpreting the model results.
The pilot model developed in this study is expected to provide a useful basis for analyzing
the food web and predicting and managing the effects of opening the estuary in the future.
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Table 1. Input parameters and outputs (underlined) of the balanced model representing the Nakdong River estuary ecosystem

No Functional group TL HA B P/B Q/B P/Q EE NE
1 Piscivorous fish 38 1 0.103 0.253 3.192 0.079 0.631 0.099
2 Demersal fish 33 1 0.208 0.400 5.244 0.076 0.790 0.095
3 River fish 2.5 0.1 1.000 0.400 8.800 0.045 0.000 0.057
4 Planktivorous fish 30 1 0.110 1.510 8.667 0.174 0.855 0218
5 Crustaceans 30 1 0.520 2.076 6.920 0.300 0.541 0.375
6 Echinoderms 29 1 0.507 0.519 1.730 0.300 0.953 0.375
7 Polychaetes 20 1 16.195 2481 8.270 0.300 0014 0.375
8 Oligochaetes 20 1 0.026 1.288 4.293 0.300 0.000 0.375
9 Bivalve 2.1 1 13.678 1.288 4.293 0.300 0.037 0.375

10 Small benthos 20 1 3.841 2.000 10.000 0.200 0.800 0.250

11 Zooplankton 20 1 6.000 493 246.50 0.200 0.017 0.250

12 Phytoplankton 1.0 1 9.840 200.0 0443

13 Macrophytes 1.0 0.1 8.500 1.7 0.958

14 Detritus 1.0 1 126.0 0461

TL - trophic level, HA - habitat area, B - biomass t km™, P/B - production/B y~', Q/B - consumpution/B y™', P/Q - production/consumption (=GE - Gross food
conversion efficiency), EE - ecotrophic efficiency, NE - Net efficiency)

Table 2. Diet composition of the Nakdong River estuary ecosystem

1 2 3 4 5 6 7 8 9 10 11

1 0.05

2 0.2

3

4 0.1 0.1

5 0.35 0.1 0.1

6 0.05 0.05 0.05

7 0.02 02 0.05 02

8 0

9 0.05 0.25 0.05 02
10 0.03 02 0.5 03 0.5
11 0.15 0.1 1 03 0.05
12 0.25 0.58
13 0.25 0.1 0.05 0.05 0.05 0.05
14 0.25 0.15 0.95 0.95 0.65 0.95 042
1

S 1 1 1 1 1 1 1 1 1 1 1

top row - predator, left column - prey, I - import, S - sum

=Y, 22, BA 17|15 E23sH, 75 FAAF 0.103
km? 7+ E7FA]7L 49 5%, BX|7FA 7L 25.7%S A
ST (Lee et al., 2012). 3T 2152 P/B2} Q/B+ Fishbase
(http://www fishbase.org) S Fustgon 71572 &t
2 715l &3 FY BAFS 7H5 Batste] AAste] Z
71 0253y '3} 3,192yl o2 ARGt (Table 1). 8 3
Z9] EVIA|9} EX|71A1u]| 9] A2 Hatanaka et al. (1954)
¥} Huh ez al. (2012)2 FAStHOH 75 A9 diEge

7)s2oll &3t o WAFS 715 Bdto] Table 20 Y5t
Aot AxgolFolle E7HA], EX71A], SIREA 2], 2
&=, fAxdn], @7, 457t s, FAA, =355, 9,
A=, JhAH, 71E7HAE 286, 715 7e SA8AF
0.208 t km™ 7}&-d| BolA7} 30.5%, 3017} 17.4%S AA|5t
Att(Lee ef al., 2012). 7)1572) P/B2} Q/BE FishbaseZS 2t
3k, BAFE 7 Bdste] 24H7] 0400y '3 5244y O
2 AA5H5Th(Table 1). =8 $HFY FolAet Zoi9f Yo



ZAL& Z}7] Park et al. (2013)T} Jung et al. (2015)2 2115}
oo, YAFS 7H5 BLte] Table 20 dHstAct ZHIE
AlojFoll= Aol BX|, Aol FEeE, Z2A7olE Z3st
ZAA1EF 0.110 t km 2 78] A7} 36.4%, D7} 30.9%=
A 3T (Lee ef al., 2012). 715-22] P/BX FishbaseS %+
3k, AAFE 7Hs Bshe] 1510y 22 JstA, Q/
BE P/Q 0.3 7H33}te] 8.667y ' o2 AA3ITH(Table 1).
o7]4 PIQE Y¥td oz 00194 059 WS 7M. F
8 SHFQ oot BA Y HolxAE 47| Choi er al. (2015)
3} Kim er al. (2017b)& st o, JAFS 7H5 Btst
of Table 20| Y33, sholFoll= WEHALS, Jol.
A5 ZgstH, AA moFHoA AA|sHz HAS 1t
HAO0.1,71529 B 10tkm™>,P/B04y"',Q/B08y " 18
HolzA Ame BF 719y 54 GdE Holgrd =}
25 1834tk (Jang et al., 2008a, 2008b).

S, AR, S9EE, OHER, RlER, ojujiiFel A3 A
AEE9 £ AT YAFL Park et al. (2016)T} Lee et al.
2009y Z=z3tgch 74229 BE 0.520 t km™2, P/BE= Aydin
et al.(2007)& F13}o] 2076y, Q/BE P/Q 0.3& 7145}
6.920y"!, Ho|2A-& Aydin er al. (2007)& Zr11dte] HstS]
t}. F1 589 BE 0.507t km ™2, P/BE Harvey ef al.(2010)
ZHaste] 0519y, Q/BE P/Q 0.3& 7HA3te] 1.730y7!, Ho]
232 Harvey er al. 2010y F3te] QJatgich. i ol
B 16.195t km ™, P/B: Christian and Luczkovich (1999)
Zsle] 2.481y7!, Q/BE P/Q 0.3 7H33te] 8270y, Yol
Z4J-2 Christian and Luczkovich (1999)& #113}o] A3}
o} BIRS Limnodrilus hoffmeisteri®] B 0.026t km™2, P/B
= Christian and Luczkovich (1999)2 Z113}o] 1288y, Q/
BE P/Q 0.3& 7F43}e] 4293 y!, Ho] AL Christian and
Luczkovich (1999)& 2ta13te] 9Jgslgict. ojujujF<] B=
13.678 t km™2, P/B Robertson (1979)% 2H3slo] 1.288y!,
Q/BE P/Q 0.3& 7[43}o] 4293 y!, Ho|RAL Christian
and Luczkovich (1999)2 2115t AZHFIHTH AFAASZE
9] B 3.841 t km™, P/BE Christian and Luczkovich (1999)

Tidal barrage

Zske] 20y7!, Q/BE P/Q 028 71435t 100y, ¥
ZA)-& Christian and Luczkovich (1999)& &1135}e] ¢l
9tk FEEF 3 E2 Kang and Kim (2020)T} Kim et al.
(2015b)& Z113le] BE 6.0t km™2, P/BE Youn er al. (2010)
S Z3ste] 493y7!, Q/BE P/Q 025 743l 2465y, 9
0] 242 Christian and Luczkovich (1999)& Z11sle] ¢
st AEEHIEL Kang and Kim (2020), Kim and An
(2021), Kim et al.(2020a, 2021)2 2115t} BE 9.840t km™2,
P/BE Kim et al. (2015a)& Z13te] 2000y '22 5%
o P AES ZHE ZHsIH, A G Aol AAT=
25 183}t HAE 0.1, B 8.5t km™ (Chang and Kang,
1984; Kang and Chang, 1985; Chang and Oh, 1995; Ryu et
al.,2016), P/B= 1.7y ' (Harvey et al.,2010) 2.2 43}t

mdo] AFPFL 0 B 71A A5E ol 8ste] ARE
Hogh 4= 9tk - EE>1.0,0.01<GE<0.5, 0.0<NE< 1.0,
GE=P/Q). 2E 7|57 EE, GE, NE |57} 223 ¥ 9] Y
of AHE Aoz el YFPFo| o|FolYe Fskect
(Table 1).
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Saline water zone

Brackish water zone | ‘ Fresh water zone |

Fig. 1. Computation domain and presumed salinity distribution along the Nakdong River estuary ecosystem after the barrage is opened.
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Fig. 2. Salinity impact-response curves of functional groups representing (a) piscivorous fish, demersal fish and planktivorous fish; (b) river fish

and oligochaetes; (c) crustaceans, echinoderms, polychaetes and bivalves.

Table 3. Habitat gradient function scaled in the Ecospace model for
Nakdong River estuary ecosystem

Habitats
Functional

group Saline Brackish Fresh
water water water

Zooplankton 1.0 02 0.2

Phytoplankton 0.7 03 1.0

Detritus 0.8 1.0 03
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Ecopath = &-2 Odum (1971)¢] AJA]3}L Ulanowicz (1986)
7t 2o =3 AejAs|A T HAste] FejA I EX S, &
A5 W FRAFE AFET o] & o]&5to] A9 =}
A&EEE Brista o Aot AFH & v|wrt 7hssitt A
HA ol2Agole TEHEE, TAHF, TOIET, TEIT,

£\ B BT, BeUABAL, LT, 207
%, PP/TR, PP/B, B/TST, A AR5, A A5 ZF37TH 4
28 E3l2F (Total System Throughput)2 AlollA] grAst n=
Tt BE 152 oJ—}Ol"‘ 35 &%
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AL s 2AH AR} AE RIS H AME=

ANUA7} BES ol& wf 10 Ik ojwf AxH A2 7t
4= ok A7 Bt 27194 HArFE SR 27
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2] 2 (Lindeman spines; Ulanowicz,
A% ¢ slom], AapAAReh §7] 44 %
712 ;n & 2esto] AAIZ 4= Atk Fig. 48] A G
°0h:]'74] II Hr2of A 2= 882.82 Z AT, At 0.0002 °|&
I o], £ 8.1282 WAF, 3l 683.02 F7IHHE A
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in the Nakdong River estuary ecosystem (left-trophic level, box-func-
tional group, line-trophic pathway between functional groups).
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Table &. Transfer efficiency of the Nakdong River estuary ecosystem

Source\TL 11 111 v \"
Producer 0.375 5.680 4.868 1.493
Detritus 0.604 9.014 4724 1.775
All flows 0.484 7.657 4.767 1.688

Prop. of total flow from detritus: 0.47
TE (cal. as geometric mean for TL II-IV)
From primary producers: 2.180%
From detritus: 2.952%

Total: 2.604%
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Fig. 4. A Lindeman spine of the Nakdong River estuary ecosystem (P-primary producer, D-detritus).
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Table 5. Transfer efficiency of the Nakdong River estuary ecosystem
TL\Flow Import Consumption Export Flow Respiration Throughput
P by predators p to detritus P Ehp
VI 0.000004 0 0.000119 0.000378 0.000501
v 0.000501 0 0.00724 0.0219 0.0297
v 0.0297 0 0.166 0.427 0.622
111 0.622 0 297 4.536 8.128
11 8.128 0 683 989.2 1680
1 0 1680 988.3 1100 0 3768
Sum 0 1689 988.3 1786 9942 5457
10
= Fresh water zone
= Brackish water zone
= Saline water zone
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Fig. 5. Biomass change due to opening of the Nakdong River estuary barrage (B (E/S), B - biomass, S - start, E-end).
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Fig. 6. Comparison of relative biomass due to the opening of the Nakdong River estuary barrage (rel_Bt= (B-Bo)/Bo).
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Fig. 7. Mixed Trophic Impact analysis of the Nakdong River estuary ecosystem.
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5: Crustaceans
6: Echinoderms
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10: Small benthos
11: Zooplankton
12: Phytoplankton
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Impacting group

Table 6. Ecological Network Analysis of the Nakdong River estuary

Parameters Unit Values
Sum of all consumption tkm™ y'l 1689 31.6%
Sum of all exports tkm?2y™! 988 18.1%
Sum of all respiratory flows tkm2y™! 994 18.2%
Sum of all flows into detritus tkm™ y'I 1785 32.7%
Total system throughput tkm2y™ 5457
Sum of all production tkm2y!' 2339
Mean trophic level of the catch
Gross efficiency (catch/net p.p.)
Calculated total NPP tkm?2y™"' 1982
Total primary production/TR 1.994
Net system production tkm™2y™! 988
Total primary production/TB 349
Total biomass/total throughput y 0.010
Total biomass (exc. detritus) tkm™ 56.7
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Fig. 8. Distribution of functional groups along the Nakdong River estuary after the barrage was opened.
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