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Abstract

In the estimation of the exploitable carrying capacity (ECC) in the Korean water of the East China Sea,
two approaches, which are the ecosystem modeling method (EMM) and the holistic production method
(HPM), were applied. The EMM is accomplished by Ecopath with Ecosim model using a number of
ecological data and fishery catch for each species group, which was categorized by a self-organizing
mapping (SOM) based on eight biological characteristics of species. In this method, the converged value
during the Ecosim simulation by setting the instantaneous rate of fishing mortality (F) as zero was
estimated as the ECC of each group. The HPM is to use surplus production models for estimateing ECC.
The ECC estimates were 4.6 and 5.1 million mt (mmt) from EMM and HPM, respectiverly. The estimate
from the EMM has a considerable uncertainty due to the lack of confidence in input ecological parameters,
especially production/biomass ratio (P/B) and consumption/biomass ratio (Q/B). However, ECC from the
HPM was estimated on the basis of relatively fewer assumptions and long time-series fishery data as input,
so the estimate from the HPM 1is regarded as more reasonable estimate of ECC, although the ECC
estimate could be considerd as a preliminary one. The quality of input data should be improved for the
future study of the ECC to obtain more reliable estimate.

Key words : Exploitable carrying capacity, Ecosystem modeling method, Holistic production method, Ecopath with
Ecosim, Maximum entropy model
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<Table 1> Species composition of each group in Korean water of the East China Sea

Group name

Corresponding species

Sharks

Selachimorpha spp.

Rays

Batoidea spp.

Predator pelagic

Scomberomorus niphonius, Seriola quinqueradiata, Scomber australasicus, Thunnus spp.

Common mackerel

Scomber japonicus

Cololabis saira, Trachurus japonicus, Clupea pallasii, Sardinops melanostictus, Konosirus

Small pelagic punctatus, Setipinna taty, Sardinella zunasi
Anchovy Engraulis japonicus
Flounder Paralichthys olivaceus, Cynoglossus joyneri, Pleuronectidae spp.,
Hairtail Trichiurus lepturus
Croaker Miichthys miiuy, Sciaenidae spp.

Small yellow croaker

Larimichthys polyactis

Other demersal

Acanthopagrus schlegelii, Eptatretus burgeri, Pagrus major, Gadus macrocephalus,
Arctoscopus japonicus, Muraenesox cinereus, Oplegnathus fasciatus, Lophiomus setigerus,
Ammodytes personatus, Doederleinia berycoides, Gobiiae spp., Collichthys spp., Pagrus
spp., Sebastes spp.,

Sepia officinalis, Loligo edulis, Loliolus beka, Octopus variabilis, Paroctopus dofleini,

Cephalopods Octopus ochellatus GRAY
Squid Todarodes pacificus
Crabs Chionoecetes opilio, Chionoecetes japonicus, Portunus trituberculatus, Brachyura spp.
Shrimps Sergestoidea, Fenneropenaeus chinensis, Penaeus spp.
Epifauna Crassostrea gigas, Mytilus coruscus, Gastropoda spp.
Infauna Atrina pectinata, Tegillarca granosa, Scapharca broughtonii, Saxidomus purpuratus,

Echinodermata spp.

EwE?] j sy}l E =

<Table 2>¢} #ow, A, Wi, of, 7%, A5, WdsE, s

A ¥ A S (EEy)< Ecopathell 93] Azo=z 4 FaEe] gk EEn7F 1.0 ooz FHEL
HAch Ao, 7tedR, 28 HojRF, WAF, TR EEg% #°] 095% 1174 3}o] (Christensen et

<Table 2> Parameters of the Ecopath with Ecosim model in Korean water of the East China Sea

Group name (mtBi?r'n'z) (mtBlidi'n'z) (yliif?n (y(ge/llrg'l) (mt ?(m'z) EEii EEu
Marine mamals 0.032 0.032 0.280 8.300 0.000 0.000 0.000
Sharks 0.126 0237 0.280 12.000 0.043 1342 0.950
Rays 0.152 0.179 0.310 8.000 0.033 1.094 0.950
Predator pelagic 1.495 1495 0.800 5.650 0.026 0.131 0.131
Common mackerel 4174 4174 0.800 5.650 0.192 0.064 0.064
Anchovy 2.096 6.634 0.800 2.906 0.269 2343 0.950
Small pelagic 3.310 4421 0.800 2.490 0.066 1.901 0.950
Flounder 0.486 1382 0.490 2.040 0.097 1234 0.950
Hairtail 1.797 2.148 0.220 2.000 0.172 1.624 0.950
Croaker 1.067 1.067 0.800 2.490 0.143 0.296 0.296
Small yellow croacker 0.518 0.518 0.800 2.490 0.107 0.258 0.258
Other demersal 4.552 4552 0.800 4.670 0.177 0.518 0.518
Cephalopds 0.963 3.765 3.000 4.000 0.063 4234 0.950
Squid 3.086 5117 3.000 4.000 0.022 3211 0.950
Crabs 0.398 1750 5.000 5.000 0.011 1294 0.950
Shrimps 0215 5.096 5.000 5.000 0.010 6.234 0.950
Epifauna 0.815 0815 8.000 6.000 0.121 0.562 0.562
Infauna 0.469 0.726 8.000 6.000 0.044 5213 0.950
Zooplankton 40.483 9.000 64.920 324.600 0.000 1203 0.950
Phytoplankton 70.59 16.700 100.000 0.000 0319 0319
Detritus 40.000 40.000 0.000 0.054 0.054
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<Table 3> Diet matrix of the model in Korean water of the East China Sea (each value

3 1.00] Hrh oE 5o ofdelA ZA =
L AAE 003, FEFE 013, 2E 038, A
CHE 003, TEZHIES 0439 HEE A3
ks Aoz FAHCH, odgeA AT Ao
FE 001, 7FeERFE 005, EAY FolRs
0.06, 1501 0.06 A= 0.03°] ¥]E=E A2 E
A8

2. EMMe| MEF EF 3 =HuiEiolg

=3

EwECl A ARG-E 7] JEAtR e AEol 7hs
g Al 1960 dThel Al ek of=o]
& gl AuA Fx2E vlnd Ay, doliet
b, EAA Folf, AA, o, X271, VI
ERA Ao F 5 JFHA(TL)7E 3.001748Q 7T
o] BAFS tiFE A 1 9] 0T A
AFe 7kt 4TS B ((Fig 2]). 28

A e A B FEFDA= ofFo] FAHT]

=
o

indicate

No| Prey(i) / predator(j) | 1 2 |3 4 5 6 7 8 9 |10 |11 |12 |13 |14 | 15|16 |17 | 18| 19
1 Marine mamals - - - - - - - - - - - - -
2 Sharks 0.076] - - - - - . - - - - - R
3 Rays 0.074| - - - - - - - -
4 Predator pelagic 0.081]0.038| - - - - - - -
5 Common mackerel  [0.081] - - - - - - - -
6 Anchovy 0.161]0.149(0.030(0.217/0.217 - - - - -
7 Small pelagic 0.081(0.050(0.030{0.109/0.109 - - - - -
8 Flounder 0.013]0.053| - - - 10.110(0.109| - - - - -
9 Hairtail 0.013(0.053/0.057|0.057 - 10.034 - - -
10 Croaker 0.038 - - - - - - - - - -
11| Small yellow croacker - - - - - - - - - - - - -
12 Other demersal 0.064(0.192(0.312| - 0.055] - ]0.138|0.136| - - - - -
13 Cephalopds 0.034/0.100( - - 0.023]0.126(0.014{0.014 0.051/0.051| - -
14 squid 0.084/0.150( - - 0.069(0.378(0.011{0.011 0.051/0.051| - -
15 Crabs 0.058/0.064(0.107| - - - 10.048|0.055 0.056/0.056| - -
16 Shrimps 0.168]0.064(0.107|0.103]0.103 0.125/0.034| - - 10.166/0.056|0.056(0.123| -
17 Epifauna 0.064| - - 0.030| - - - 10.027 - - 10.062/0.028
18 Infauna 0.064(0.089/0.103{0.103 0.106] - [0.127]0.129]0.194(0.112]0.112{0.246|0.145
19 Zooplankton 0.040| - [0.218]0.412]0.412]0.800(0.800(0.591|0.429|0.416|0.409|0.502|0.674/|0.675|0.164/0.276|0.200(0.050(0.100
20 Phytoplankton - - - - 0.200(0.200( - - - - - - - - - 10.100/0.100{0.880
21 Detritus - - - - - - 10.136/0.136/0.111| - - 10.406/0.552]0.700(0.8500.020
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[Fig. 2] Ecosystem structure changes from 1960s
state to the exploitable carrying capacity
(ECC) state in Korean water of the East
China Sea.
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[Fig. 3] Changes of overall trophic level (TL) and
TL for exploitable species from 1960s
state to the exploitable carrying capacity
(ECC) state in Korean water of the East
China Sea. Simulation time 1 corresponds
to 1960s state, and converged line shows
TL at ECC state.
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<Table 4> Terminal biomass from the Ecosim
model with F=0, and ECC in the
Korean water of the East China Sea
for each gruop

Biomass
Group name per area ECC (mt)
(mt km?)
Sharks 0.243 45,799
Rays 0.234 44,169
Predator pelagic 1.539 290,354
Common mackerel 2.135 402,947
Small pelagic 0.557 105,146
Anchovy 7.312 1,379,779
Flounder 0.425 80,214
Hairtail 2.134 402,618
Croaker 0.747 140,934
Small yellow croaker 1.053 198,752
Other demersal 3.517 663,679
Cephalopods 0.245 46,156
Squid 1.386 261,619
Crabs 0.302 57,077
Shrimps 0.632 119,216
Epifauna 0.406 76,562
Infauna 1.616 304,988
Total 24.483 4,620,008

4. HPMQ| =[CHUHIEZ T2 Eof| |8t FXX|
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<Table 5> Annual catch and fishing effort and
standardized fishing effort, and
estimated biomass from HPM in
Korean water of the East China Sea

<Table 6> Estimated probabilities (py) for biomass
(By from the maximum entropy model
in Korean water of the East China Sea

R Observed fishing|Standardized fishing —
Year Catch (t) effort (GT) effort (GT) Year () Est. probability (Py)
1966 218,115 122,999 113,833 P Po P
1966 0.232 0.330 0.438
1967 242,355 130,913 127,234
1967 0.211 0.330 0.459
1968 257,375 174,729 175,919
1968 0.204 0.330 0.466
1969 325,576 187,836 196,973
1969 0.202 0.330 0.468
1970 420,092 193,955 211,631
1970 0.121 0.330 0.549
1971 485,378 220,957 246,158
1971 0.261 0.000 0.739
1972 624,809 276,523 315,307 o 0130 5,000 0570
1973 693,618 331,868 391,663
1973 0.347 0.000 0.653
1974 873,999 416,361 531,414
1974 0.324 0.000 0.676
1975 800,234 453,369 551,715
1975 0.330 0.147 0.523
1976 761,374 461,111 566,463
1976 0.330 0.235 0.435
1977 803,535 465,809 563,764
1977 0.330 0.168 0.502
1978 879,837 497,041 644,781
1978 0.330 0.218 0.452
1979 948,599 491,191 637,766
1979 0.330 0.117 0.553
1980 896,822 504,489 665,638
1980 0.330 0.156 0.514
1981 1,014,820 505,244 682,246
1981 0.330 0.117 0.553
1982 944,126 514,279 714,776
1982 0.330 0.180 0.490
1983 1,037,908 524,780 734,893
1983 0.330 0.179 0.491
1984 1,058,926 534,269 769,433 o8a 0330 030 a2
198 . 208 46
1985 1,008,884 547,842 772,360
1985 0.330 0.266 0.404
1986 1,273,657 564,113 834,704
1986 0.066 0.934 0.000
1987 1,093,492 590,476 777,779
1987 0.393 0.330 0.277
1988 1,131,640 619,671 899,340
1988 0.000 1.000 0.000
1989 1,116,871 649,848 1,004,237
- 1989 0.435 0.330 0.235
1990 1,081,409 665,605 1,192,632
1990 0.495 0.330 0.175
1991 829,458 664,013 1,181,565
1991 0.423 0.577 0.000
1992 830,625 647,231 1,145,814
1992 0.404 0.596 0.000
1993 1,114,850 622,337 1,176,828
1993 0.326 0.674 0.000
1994 1,083,638 658,082 1,295,062
1994 0.513 0.330 0.157
1995 1,022,646 675,814 1,359,768
1995 0.382 0.618 0.000
1996 1,242,092 681,230 1,426,216 o9 0392 .08 0,000
6 . .6 .
1997 974,283 686,645 1,449,135
1997 0.574 0.330 0.096
1998 923,041 686,786 1,447,365
- 1998 0.499 0.501 0.000
1999 949,796 697,664 1,529,624
1999 0.511 0.489 0.000
2000 834,764 644,529 1,435,224
2000 0.534 0.466 0.000
2001 933,327 613,761 1,397,435
2001 0.529 0.471 0.000
2002 803,856 556,906 1,260,589
2002 0.554 0.446 0.000
2003 773,109 504,704 1,146,264
2003 0.545 0.455 0.000
2004 762,127 483,644 1,064,572
2004 0.523 0.477 0.000
2005 805,700 460,237 991,135
2005 0.489 0.511 0.000
2006 805,080 441,996 959,924
2006 0.456 0.544 0.000
2007 804,551 433,427 886,308
2007 0.413 0.587 0.000
2008 929,002 411,277 903,850 008 PP a2 0,000
. .0 .
2009 839,914 398,757 888,283
2009 0.417 0.583 0.000
2010 789,372 404,347 910,223
2010 0.454 0.546 0.000
2011 897,425 409,243 942,341
2011 0.435 0.565 0.000
2012 776,255 409,277 959,273
2012 0.491 0.509 0.000
2013 743,380 409,856 999,350
2013 0.488 0.512 0.000
2014 743,671 389,558 944,480
2014 0.435 0.565 0.000
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st &5 (py)S <Table 6>3 o] &
o] & AT Tek Ao diglste] 03_5% 2t
AFS FHeAh T3 137} g, Kol dgt &g&
(p)> <Table 7>3 #o] FAHESG oW o] g
7} ghepule] FA 2l gigiste] 7t gt ES
Fstalrh. 2de o3 F4¥ dAxE CPUE
> [Fig. 418} #2o] #5% CPUEE A &sH

A7gsta 9lom, o] we] AGASFE R=0911%
Ee FFE BT T [A g

(EMSY)¥} A% A-ZHBMSY)S 7Ht 94 wHE,
25WMNE O R Z=AFEon 7|
<Table 8>3} 7t}

<Table 7> Estimated probabilities (p;) for r, K and

q from the maximum entropy model in
Korean water of the East China Sea

Est. probability (P;)
Year
P1 P2 P3
T 0.000 0316 0.684
0411 0.330 0.259
q 0.964 0.036 0.000
25
—Est. CPUE o Obs. CPUE
20
p 15 E
% B=0911
g 10 -
&
05 °
0.0

T T T T T T T T T
1966 1971 1976 1981 1986 1991 1996 2001 2006 2011

[Fig. 4] Fitted (the bold line) and observed (the
wihte circle) annual CPUE in the Korean
water of the East China.

St~

—o T

5 HPMQ| of=lcHy
A= X2 AE]
HodEZI R o3 F4¥ ECCE °F

5.0WnEE o7 EMMe] ol&) FA

| . 2Z3=

o} ofF 54 THE Wtth(<Table 8>).

<Table 8> Estimated parameters from the maximum
entropy model in the Korean water of
the East China Sea

Parameter Estimate
Bumsy 2,532,743 mt
Ewmsy 911,890 GT

K=ECC 5,065,487 mt

q 4.62E"
r 0.842 year’!
R? 0.911

oksl=d] A} 6]—1;— Kobe plotoﬂ 75.%@ A
([Fig. 6]), 1966\d0ll= AF2] FElF(overfished)
= YE= x59 A3 BBusyst o129 i
F(being overfished)s UEME yF9 AR
E/Busy’t E5F d=d ZEHIoH  (BBusy>l,
E/Bpsy<l), 1989 5-E] & o] XY= )(E/Eysy>1)

o83 A9 PEszol NFA olew o
313 E]F(B/ Bumsy<1).

600

ECC

& 400
=
é 200 o e

100 H m [ ‘

0 | |

[Fig. 5] Estimated biomass (bar) and 3-year trend
line of biomass (bold line) in Korean
water of the East China Sea.
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[Fig. 6] Kobe plot for the ecosystem from 1966
to 2014 in Korean water of the East
China Sea. (green area: the stock is not
overfishing and overfished, orange area:

the stock is overfishing but not
overfished, red area: the stock s
overfishing and overfished, yellow area:
the stock is not overfishing but
overfished.
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