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A Preliminary Trophic Flow Model for
Gwangyang Bay, Korea

Yun Ho KANG*

Aquaculture Research Center, Yosu National University, Yeosu 550-749, Korea

A preliminary quantitative model of the trophic structure in Gwangyang bay, Korea was obtained using
ECOPATH and data from relevant studies to date in the region. The model integrates and analyzes
biomass, food spectrum, trophic interactions and the key trophic pathways of the system. The bay model
comprises 9 groups of benthic primary producer, phytoplankton, zooplankton, benthos, bivalve, pelaglc
fish, demersal fish and piscivorous fish. The total system throughput was estimated at 2.4 kgWW/m /yr,
1ncludmg a consumption of 41%, exports of 9%, respiratory flows of 24% and flows into detritus of 26%.
All of which originate from primary producers measured at 52% and detritus of 48%. The total biomass
was seen to be high compared to the levels of Somme, Delaware, Chesapeake Bays and Seine Estuary.
This seems to be possibly due to artificial bivalve aquaculture and overestimation of benthos and benthic
primary producer groups. The deviation can be calibrated by neglecting aquaculture and decreasing the
habitat area for the groups. The trophic network of the bay shows a low level of recycling and
organlzatlon as indicated by Finn's cyclmg index 3.3%, Ascendancy 3.1 kgC/m’ /yr bits, Capacity 5.1
kgC/m*/yr bits and Redundancy 2.2 kgC/m*/yr bits. A hlgh relative ascendancy of 62% and a low internal
relative ascendancy of 18% indicate the system is not fully organized and stable towards disturbances,
depending upon external connections. Although the model should be continuously provided with field data
and calibrated further in depth, this study is the first trophic model applied to the region. The model can
be a useful tool to understand the ecosystem in a quantitative manner.

Key wards: Gwangyang Bay, Ecosystem, Trophic model, ECOPATH, Aquaculture
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Fig. 1. Map showing study area.
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Table 1. The group, their dominant species, input parameters and literature source. Parenthesis indicates the proportion of
the total biomass of the group. (P/B, production/biomass; Q/B, consumption/biomass)

. Biomass' P/B’ B’ Habitat :
Species group (gWWm'z) (year'1) (year") Area Literature source
1 Benthic primary producer 812.3 13.3 - 0.4 'Shin (unpub!. data)
Phaeophyta (68) 2Gonzalez-Liboy (1979)
Rhodophyta (28)
Chlorophyta (14)
2 Phytoplankton 20.0 180.0 - 1.0 Lee et al. (2004)
Diatom *Wolff et al. (2000)
Dinoflagellates
3 Zooplankton 18.0 90.0 1.0 'Jang et al. (2004)
Copepods ’Chavez et al. (1993)
Cladocera *Rosado-Solorazano and
Chaetognatha Guzman del Proo (1998)
4 Bivalve 4,227 2.0 9.5 0.09 'Yosu (2002)
Ruditapes philippinarum (24) 23Arias-Gonzalez et al. (1997)
Fulvia mutica (21) Catch : 3804
Tegillarca subcrenata (19)
T. granosa (14)
Sinnovacula constricta (13)
Crassostrea gigas 9)
5 Benthos 144 29 14.2 0.5 'Choi et al. (2003)
Molluscs (39) 2.0 10.0 23Chavez et al. (1993)
Polychaeta (39) 45 225 23Chavez et al. (1993)°
Echinodermata (11) 0.8 7.2 23Arias-Gonzalez et al. (1997)
Crustacean (4) 5.6 18.0 23Rosado-Solorazano and
Cnidarinas 4) Guzman del Proo (1998)
6 Pelagic fish 36 1.1 1.0 'Oh (2003)
Leiognathus nuchalis (56) 1.0 2Shao and Lin (1991)
Konosirus punctatus (28) 0.7 6.4 23yyhitehead (1985)
Engraulis japonicus (8) 4.9 24.7 23Rosado-solorazano and
Pholis fangi (6) Guzman del Proo (1998)
Decapterus maruadsi (2)
1
7 Demersal fish 19 1.3 1.0 Zgl\r/]l (2003)
; asuda et al. (1984)
Limanda yokohamae (23) 0.6 13.5 2
i and Wang (1995)
Cynoglossus robustus (20) 0.7 23
e . Rosado-Solorazano and
Istigobius hoshinonis (18) 3.2 16.0
: Guzman del Proo (1998)
Chasmichthys gulosus (10) 1.1 2
. . Masuda et al. (1984)
Cynoglossus joyneri (10) 0.7 2i and Wang (1995)
Johnius grypotus (8)
Takifugu niphobles (6)
Zoarces gilli (5)
8 Piscivorous fish 17 0.6 1.0 'Oh (2003)
Muraenesox cinereus (23) 0.4 ’Masuda et al. (1984)
llisha elongata (22) 0.6 9.0 *Whitehead (1985)
Repomucenus valenciennei (19) 1.0 *Masuda et al. (1984)
Pseudosciaena crocea (17) 0.5 ’Robin et al. (1991)
Astroconger myriaster (12) 0.5 “Masuda et al. (1984)
Liparis agassizii (7) 0.6 Kido (1988)
9 Detritus 180 } } 1.0
water 10 ‘Kwon et al. (2003)
sediment 170 "Hyun et al. (2004)
9 Ao L= HZAH (cm), TE AHTF2(15.5C)oth A AdA o HIAF(), TS T2AT (=1000/(T+

AZA &

EHAEE AFE8}AY Froese and Binohlan
(2000)°] A% HEHE 01%0}9&‘4 A o] F9 QB

Palomares and Pauly (1999)2] ¥ 2]& o] &3t}

log Q/B=7.964 —0.204log W,, —1.965T"

+0083A+0532h+0398d ............................ (4)

273.15)), A€ m A=Yl BAH AFZA Fol AFH
HwAe Hlo|th. pe} g HolE ol wt AP 24Y

AL =1, d=0, HAE2] 1=0, d=1, $2] h=0, d=0 o|t}. AF,
e L Hol|FH= FE FishBase (Froese and Pauly,
2003)2 ol&stx AAF A8V} 98 B HRATS
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mgC/L; Kwon et al,, 2002)9] H T4 (m)S F3ke] @A A
T F7IEE st HHEY /718 #3549 T0C (¢
2l mgC/g; Hyun et al, 2004)°] HHE DT (g/em’)E F3l
HAS nejsty] B HAY RUEE B3N ol HF
EW F71ES EXZET oJFol QA EF [ emolA AT
o2 AT 7Hg 38 th(Rybarczyk and Elkaim, 2003).
Ho| 22 ABIEFS olF= F2 F9 9 EE Ao
ZREY NEHETXNE FIATHTable 2). 2432 T4, F3u
AR FE AEEE TH ZF ¢l 1000] HES
&} tHMacDonald and Green, 1983). okvtel]l A ZALE o F
9] Wo]zAL R th(Baeck and Huh, 2004), 57}A] X](Huh
and Baeck, 2000) @5(Huh and Kwak, 1999), & X|(Park and
Cha, 1995), X714 0])(Kwak and Huh, 2003), | % 2}-X](Huh
and Kwak, 1997a), 5%J(Huh and Kwak, 1998), %Ei(Kwak
and Huh, 2002), A j(Park et al,, 1996), % X](Huh and Kwak,
1997b), A t(Baeck and Huh, 2002) 5o Al 71€} o] F <]
Holz/dL& F+F FishBase (Froese and Pauly, 2003)Z 13}

Aot

Table 2. Diet composition matrix in percentage of volume
of prey groups

Pre Predator

y 3 4 5 6 7 8
1 Benthic primary producer 40 15 22
2 Phytoplankton 20 5 3 5 10
3 Zooplankton 10 10 8 25 25 7
4 Bivalve 2 5 5
5 Benthos 35 50 13
6 Pelagic fish 40
7 Demersal fish 25
8 Piscivorous fish 15
9 Detritus 30 70 65 30 10
Total 100 100 100 100 100 100
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28R 2F7HA e dAE 2EIT AMAED
S, AAFEL 72 gWWim'o| ] Ak S &% 74
Bheke b7} 208, 609, 404 gWW/m'fyr ©|Th. TESH A A4
B2 AXALGAANAL, ABEEFIE, F1HAEE,
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Table 3. Parameters entered and calculated by ECOPATH for the Gwangyang Bay model (TL, trophic level; HA, habitat
area; B, biomass; P, production; Q, consumption; EE, ecotrophic efficiency; GE, gross efficiency; NE, net efficiency; OI,

omnivory index)

Group name TL HA B P/B Q/B EE GE NE o]
1 Benthic primary producer 1.00 0.40 3249 13.3 - 0.64 - - 0.00
2 Phytoplankton 1.00 1.00 20.0 180.0 - 0.34 - - 0.00
3 Zooplankton 2.1 1.00 55.4 18.0 90.0 0.95 0.20 0.25 0.11
4 Bivalve 2.11 0.09 380.4 2.0 9.5 0.68 0.21 0.26 0.1
5 Benthos 2.1 0.50 72.0 2.9 14.2 0.04 0.20 0.26 0.11
6 Pelagic fish 272 1.00 3.6 1.1 3.7 0.34 0.30 0.38 0.28
7 Demersal fish 2.89 1.00 1.9 1.3 4.3 0.34 0.30 0.38 0.20
8 Piscivorous fish 3.80 1.00 1.7 0.6 2.0 0.50 0.30 0.38 0.25
9 Detritus 1.00 1.00 180.0 - - 0.75 - - 0.29
a- _—
— Flow 1.2 4 Piscivorous fish
~*~ Connector 1.7 = B=17 0.5
— Harvest P=1.0
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Fig. 2 Trophic network of the Gwangyang Bay ecosystem. Flows are expressed in kg/m’/year. B and P indicate biomass

and production, respectively.

Table 4. Relative flows of each group by trophic level (Roman
number)

Group name | Il ] v \%
1 Benthic primary producer 1.00

2 Phytoplankton 1.00

3 Zooplankton 1.00

4 Bivalve 0.90 0.10

5 Benthos 0.90 0.10

6 Pelagic fish 0.35 0.61 0.04

7 Demersal fish 0.20 0.75 0.056

8 Piscivorous fish 0.44 0.52 0.04
9 Detritus 1.00

o3 AH AvEHI UrAEe §7IAH4E250 2 FU9H
S QRER 75%E AR 98 A LHEHT
U A 25%E %2 &9t B2 ARESTES #5734

e kAR ABYE AR Fo tig 2 FEEA
ZolUxiefe] Hl2 Aot Fvte] AREEL FYTA
O)GA 12.2%, ArEA 14.5%, AVAA 2.6%, LA 1.5%2
A} o|¢A HFELL Bl B H 10-20%
o] ojgl BB of| £3}%tH(Barnes and Hughes, 1988).

EgtokAst

ECOPATH 289 okod 8K(Mixed Trophic Impacts)
ARFAL ol gt AE FAE AEIF T ATH
A5 28S H71E 4 AtH(Ulanowicz and Puccia, 1990;
Christensen and Pauly, 1993). 2% AA#E 27 SVMAS
o o2 2go] e F3S weldt 4= 9Ly whEel A4t
& QizrEsAiolet & 4 Ut Fig 3004 98 1go] AAF
Z7) 229 2§ AAF riXe 37 ¥ | A
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Table 5. Flows (gWW/m’) and transfer efficiencies (%)
g

Trophic level Predation Export Flow to detritus Respiration Throughput
Flows originating from primary producers
\ 0.03 0.04 0.07
v 0.07 1.03 1.48 2.58
] 2.58 43.13 80.06 180.18 305.95
Il 305.95 129.40 962.77 2,573.76 3,971.88
! 3,971.88 0.00 3,949.56 0.00 7,921.44
Flows originating from detritus
\Y 0.02 0.03 0.05
v 0.05 0.78 1.1 1.94
i 1.94 21.57 47.22 100.40 171.12
I 171.12 452.90 1,184.24 2,886.93 4,695.19
1 4,695.19 1,5630.51 0.00 0.00 6,225.71
Transfer efficiency(%) by trophic level
source | 1l 1} I\ \'
Producers - 11.0 14.9 2.8 1.7
Detritus - 13.3 13.7 2.4 1.3
All flows - 12.2 14.5 2.6 1.5

Impacting/Impacted group Zooplankton Bivalve Benthos Pelagic fish Demersal fish Pisciv. fish

Benthic primary producer I . S

Phytoplankton

Zooplankton

| IR
Bivalve
Benthos | -
S —
Pelagic fish

Demersal fish

Piscivorous fish

Detritus

Catch

A

Fig. 3. Mixed trophic impacts in the Gwangyang Bay ecosystem. Direct and indirect impacts correspond to the biomass
increase of groups to the left of the histogram. Bars pointing upwards and downwards show positive and negative impacts,

respectively.
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NFIEY Fte BREGHETD o dolFolA HHA
ool &TE Wl W, ANAEH RolRAAE H, 71
Ao gof ANE ATk JNARIFE FolFst AR
2 2437 gl olSolA A4

A7, RolFsh AolFe) ot olSo] LAt AMYEY

2712 2SI, ARH O o HolF

AAAAE AP LE TFIA G AhE BT o]
EEESCECISEPER S S0
Fg F7HAIAT

AMABIEA A

5242 BaFo g SAHWW:C=10:1, Pauly et al.,, 1993)
39S ) FoFure] ENUAFHT)L oF 2.4 kgC/m’/yr ZA]
Table 691 AAH T3} 3} 8 9](2.3-4.5 kgC/m*/yryoll &3}
1}, Bay of Dublin (0.7 kgC/m®/yr, Wilson et al., 1989)¥ Ems
17H0.5 kgC/m?/yr, Baird and Ulanowicz, 1993)°l HI3iA & 2
o2 Jepdrt B dFeA AMS-E ECOPATH 23S A
2A24e] 58-S e EkA R whEl, NETWRK 282 &
1 3}7) W&o, T 23 ¥uA] ECOPATHY] Fol|lUA 2
NETWRK®) 818 27| A4t th(Heymann and Baird, 2000).
welA B A7) A3}E NETWRKE A48 Table 69 A5
o} Mwe A9 Fo|rl gasith FolvAFL A4, olF,
3T fIAEAERR o R FAEY FITteX FHA
2ol sl Ztzto] xRS HlE 41, 9, 24, 26%°1Th. FFRtol
A U EEe] BAL A9 YDA 2] 41%EA
744 Bohs otk &Y 792 gC/myre|® 333-
853 gC/m’/yr Wol &3}l Seine Estuary (Rybarczyk and
Elkaim, 2003)9} 213t} PP/RE 13809 0.5-15.5 ¥ 9l
&3l Ao 2 vehydth PPRE AlY AEEE YEE= A
X 7kedl sl A Ale] B9 1 Bk 23 19 g
AL Hew Aetn B9 4= AUTh(Christensen, 1995). o1,
Akt osf nAH AR e Ag FAEEH AHH

= ouAe H3L o201 T 5 Aok TAI2HAYES
At Aol A B F L M8k 218 gC/m/yr 01w, B4
Al A 23 AE5ANA ool I3 Frdol B BF
Chesapeake Bay (Monaco and Ulanwicz, 1997)9F o] &-¢]
2EE Jehdch 714482 A28 A FL 86 gC/m’
olW BRI E 1127 gC/m’ol] Hl&) 433 & A= Jepsith
ol olmiFo] thEF g2lol) 23 AHA ST7HEH AL
AR AMAE g A Fe] AErtE MHeE
Azt ot ol sl F F2) 2T A sk AA DAEAE
Ao} AXAETLE HAEF 049} 0.5 (Table 3)E 132 A
8 A9 FAA L 215 oCm'EA HE Wl &3ttt
A7 F2HAE A5 S nydted HANE M) sted
HAL vy 7)o YA e ol AAude 4%
3] mskA] 23 Ao Ak pPBE A&5EY ¢
7} B 4 ok vAdGAA AdEe 3EFF Bt §Y] dE
o) Aztol el whet YA FL F7HskaL PPBE FASH
gtk Bofute] A PPBE 9.201M B ILE 22-38 WHe{ol wls|
o) Zoh 2y ol F, AM LA} AMYETF
o A B BAF FAAFE 215 Cm’ 2 YHI}AE W,
PPBE 36.8°] Ho} BiE W9 AT 9, A=
A28 Al A AAFL Adigtel =28 F 7] dE
o A&AdA BITE £718hs AES RAvKChristensen,
1995). 4] B/TE 0.0434] Delaware Bay$} 5dshg
oluj o &, AAYRYAA}, AMBEDE AAFS 2T
7% 0.01°] B} o]& Somme Bay$} Seine Estuary®} 5 H3gh
otk AAASFCHE 15t AFABAE AAEe AT
2] o|2F 07 7153 Ad5el s A dZsel g
v 2 FoAh A7t A4S ol R A 1
B2y oz WY g AAx|Fe A5 FHTA
Z wolth FPvte] AARAFE 0.44E Somme Baylt Seine
Estuary®) ¢F 28jjo]] 2311} Delaware Bay'} Chesapeake Bay|
ok 1/60) Bapek Ao g vehgtl 2ey dAAFE 42}
89 BF G0 FA) oEsr] wie ditez A A

Table 6. Comparison of system statistics for the Gwangyang Bay ecosystem with other marine ecosystems (unit: gC/m*/yr)

P Gwangyang Somme Delaware Chesapeake Seine
arameters

Bay Bay Bay Bay Estuary
Total system throughput (T, unit) 2,378 2,312 4,302 4,542 3,603
Sum of all consumption (unit) 965(41) 323(14) 1,384(32) 1,494(33) 1,110(31)
Sum of all exports (unit) 218(9) 837(36) 411(10) 264(6) 548(15)
Sum of all respiratory flows (unit) 574(24) 39(2) 303(7) 625(14) 623(17)
Sum of all flows into detritus (unit) 623(26) 1,113(48) 1,276(30) 1,231(27) 1,321(37)
Sum of all production (unit) 990 616 936 908 887
Calculated total net primary production (unit) 792 599 381 333 853
Total primary production/total respiration (PP/R) 1.38 16.51 1.30 0.50 1.37
Net system production (unit) 218 560 78 -292 230
Total biomass(excluding detritus) (B, gCim?) 86 27 14 11 22
Total primary production/total biomass (PP/B, /yr) 9.2 22 28 30 38
Total biomass/total throughput (B/T, yr) 0.04 0.01 0.04 0.03 0.01
Connectance Index (Cl) 0.44 0.25 2.60 2.50 0.24
System Omnivory Index (Ol) 0.13 0.01 0.30 0.20 0.11
Finn cycling index (FCI, %) 33 12 37 24 16
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Table 7. Comparison of system information analysis for the Gwangyang Bay ecosystem with other marine ecosystems (unit:

gC/m’/yr)
Parameters Gwangyang Bay = Somme Bay Delaware Bay  Chesapeake Bay Seine Estuary
Ascendancy (A, unit bits) 3,115 2.402 6,212 6,229 3,944
Development capacity (C, unit bits) 5,061 6.852 18,599 19,900 11,325
Redundancy (R, unit bits) 2,178 456 7309 7184 3184
Relative ascendancy (A/C, %) 62 35 33 31 35
Internal relative ascendancy (AJ/Ci, %) 18 25 31 30 23
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