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It was compared the estimated parameters by the surplus production from three different models, i.e., three types
(Schaefer, Gulland, and Schnute) of the traditional surplus production models, a stock production model
incorporating covariates (ASPIC) model and a maximum entropy (ME) model. We also evaluated the
performance of models in the estimation of their parameters. The maximum sustainable yield (MSY) of small
yellow croaker (Pseudosciaena polyactis) in Korean waters ranged from 35,061 metric tons (mt) by Gulland
model to 44,844mt by ME model, and fishing effort at MSY (fusy) ranged from 262,188hauls by Schnute model
to 355,200hauls by ME model. The lowest root mean square error (RMSE) for small yellow croaker was
obtained from the Gulland surplus production model, while the highest RMSE was from Schnute model.
However, the highest coefficient of determination (R*) was from the ME model, but the ASPIC model yielded
the lowest coefficient. On the other hand, the MSY of Kapenta (Limnothrissa miodon) ranged from 16,880 mt
by ASPIC model to 25,373mt by ME model, and fysy, from 94,580hauls by ASPIC model to 225,490hauls by
Schnute model. In this case, both the lowest root mean square error (RMSE) and the highest coefficient of
determination (R*) were obtained from the ME model, which showed relatively better fits of data to the model,
indicating that the ME model is statistically more stable and robust than other models. Moreover, the ME model
could provide additional ecologically useful parameters such as, biomass at MSY (Bwmsy), carrying capacity of

the population (K), catchability coefficient (¢) and the intrinsic rate of population growth (7).

Keywords: Surplus production, Maximum entropy, ASPIC, Maximum sustainable yield, Fishing effort at
MSY
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WERLTS
Zhang et al. (1992)0| 4] A A]H 1970d F
Table 1. Annual catch, effort and CPUE of Pseudosciaena

polyactis by large bottom pair trawl in Korean waters
(Zhang et al., 1992)

Year Catch (mt)  Effort (haul) CPUE (kg/haul)

1970 31,765 308,998 102.8
1971 24,554 293,007 83.8
1972 25,352 304,712 83.2
1973 24,947 198,939 125.4
1974 54,130 220,849 245.1
1975 40,056 229,022 174.9
1976 45,456 200,335 226.9
1977 26,216 250,631 104.6
1978 25,048 448,889 55.8
1979 34,754 520,269 66.8
1980 48,843 453,089 107.8
1981 34,477 270,196 127.6
1982 18,330 297,083 61.7

M
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<3}
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1982 A 7}A] 3=y
o] o] o o] sl of
polyactis) o] 2 TF

QO12) A4 A A E
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S
4 CP

= 3fffl 14337]*“%0 s
% 7] (Pseudosciaena
UEA} & 2} Tendaupenyu

o} 3227} vl ok o} Fhuf L

2= KaribaS oA o] 8 ==

Kapenta (Limnothrissa miodon)2] A7t 01§1 ok}

g A58 AF83E o] 9 oqxﬂ
3} whatole 2
t} (Tables 1 and 2).

Z=AHH o] B W

Table 2. Annual catch, effort and CPUE of Limnothrissa
miodon (Tendaupenyu, 2012)

Year Catch (mt)  Effort (haul) CPUE (mt/haul)
1974 487 615 0.792
1975 654 1,294 0.505
1976 1,050 1,833 0.573
1977 1,171 3,111 0.376
1978 2,772 5,903 0.470
1979 4,874 12,847 0.379
1980 8,395 33,516 0.250
1981 12,006 40,935 0.293
1982 10,989 49,462 0.222
1983 14,830 60,948 0.243
1984 18,106 76,470 0.237
1985 24,179 78,781 0.307
1986 26,543 86,310 0.308
1987 24,818 96,347 0.258
1988 27,272 95,699 0.285
1989 30,521 98,359 0.310
1990 30,942 104,131 0.297
1991 28,564 109,027 0.262
1992 27,599 120,325 0.229
1993 29,680 119,386 0.249
1994 28,142 114,711 0.245
1995 23,954 130,824 0.183
1996 23,016 119,217 0.193
1997 24,847 122,069 0.204
1998 25,110 128,245 0.196
1999 20,163 124,051 0.163
2000 19,363 121,019 0.160
2001 18,000 112,500 0.160
2002 15,150 116,538 0.130
2003 14,981 136,191 0.110
2004 15,309 127,576 0.120
2005 16,409 124,394 0.132
2006 20,162 123,070 0.164
2007 20,416 109,565 0.186
2008 20,017 130,306 0.154
2009 19,721 150,332 0.131
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o] 7] Al y;= A A| CPUE, pi= Ll of o]3) A4
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fusy 24 29}t 2o Aejstgo Fo3 )
ol el S48 (KT 2% E (9), WA
7He (NE FIAEA A o] F=H = =,
K=128,460mt, ¢=2.52E— 06, r=1.3230] 3} T}.
RMSE+ 53.005, R*= 04022 AARE St} (Fig.
19} Table 3). 4] (1)3} 4] ()o] oja) 345 44

$g ojg el WA ehf i Fig 1ash
Fig. 1bo| A} R o 5= uie} Zro] Gulland®: ) ©]
FAA7E3 A o) BRI H A= Thg A
of TS Y 4 Q.

Kapenta (Limnothrissa miodon)®] o] A} & 21
1974 28] 20099714 9] A7t we B
CPUEAIRE Algolo] AEH ol ystgns
o 48519t} (Table 2). 3 WA HEA o4
AteF gl o] Schaefer2 @ o] A =43 MSY=
23,474mto] ¢} 0.1, fusy= 96,945haul & 7 &
2t} RMSEx= 0.0780]%1 2, R*= 0.681%2 A
4F=E Qlth. Gulland 29l o A 3= & MSY =

4001 (@)

o Obs. — Schaefer
~ — Gulland — Schnut
=300} ullan chnute
=
<
on
<
m
=)
=M
Q

(b) .

Catch (mt x 10%)
s

0 100 200 300 400 500 600 700
Fishing effort (haul X 10°)

Fig. 1. The estimated CPUE (a) and catch (b) of P.
polyactis by three models.

Table 3. Summary of the estimated results for P. polyactis by each model

Models Traditional SP
ASPIC ME
Parameters Schaefer Gulland Schnute
MSY (mt) 37,067 35,061 42,488 35,420 44,844
Busy (mt) — — 64,230 54,130 202,000
fusy (haul) 316,272 304,710 262,188 333,800 355,200
K (mt) — — 128,460 108,300 404,000
q — — 2.52E-06 1.96E-06 1.25E-06
r — — 1.323 0.390 0.444
R? 0.402 0.423 0.402 0.344 0.775
RMSE 44934 37.641 53.005 49.479 39.117
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Fig. 2. The estimated annual CPUE of P. polyactis by
ASPIC and ME models.
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e
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Fig. 3. The estimated CPUE (a) and catch (b) of L.
miodon by three models.

200 250
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9]3} Schnute: dof| 4] =4 FH MSY+= 21,343mt
0]9) 2, Busy= 463,972mt, fusy= 225,490haul
2 2AE 9t} o 7] A, K=927,943mt, g=2.04E
—07, r=0.0922 =7 = ¢lt}. RMSEX: 0.166, R?
L 0.6818 AALE Tt (Fig. 337 Table 4).
Gulland 2 @l 9] R*7} 7}AF Wk o 1, Fig. 3a2} b
o ;e o] A7} 3 71 A o mEl 7 A=

713 A2 o 2 skt

ASPIC (A Stock-Production Model Incorporating
Covariates) 2 2!

ASPICR oA &4 d FF=7]9 MSY+=
35,420mt, Busy+= 54,130mt, fysy+= 333,800haul
o] it} K=108,300mt, g=1.96E — 06, r=0.390
2 FAE %00, RMSE+= 49.479, R+= 03442
AlALE I} (Fig. 22} Table 3).

Kapenta®] MSY+= 16,880mt, Bysy= 169,000
mt, fusy+< 94,580haulZ FAHH YO, K=

e Obs.— ASPIC —ME

CPUE (mt/haul)

0
1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007
Year

Fig. 4. The estimated annual CPUE of L. miodon by
ASPIC and ME models.

Table 4. Summary of the estimated results for L. miodon by each model

Models Traditional SP
ASPIC ME
Parameters Schaefer Gulland Schnute
MSY (mt) 23,474 23,149 21,343 16,880 25,373
Busy (mt) — — 463,972 169,000 120,250
fusy (haul) 96,945 100,306 225,490 94,580 109,731
K (mt) — - 927,943 338,100 240,500
q — — 2.04E-07 1.06E-06 1.75E-06
r — — 0.092 1.465 0.422
R? 0.681 0.768 0.681 0.752 0.951
RMSE 0.078 0.058 0.166 0.071 0.033

,24,
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(Fig. 42} Table 4).
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