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Fishery biology of the white croaker, Pennahia argentata

in the South Sea of Korea

Bok-Soon Jeon

Department of Marine Biology, Graduate School,

Pukyong National University

Abstract

This study is to investigate maturation and spawning, age and growth,
stock assessment and fishery resource management of the white croaker,
Pennahia argentata in the South Sea of Korea. The white croaker is one of
the important commercial fisheries resources in Korea, Japan and China,
and is caught mainly by trawl fisheries, coastal combined fishery and
coastal gill net fishery. The annual catch increased to about 10,000 tons in
the mid-1980s, but decreased sharply from the 1990s, and was very low at
less than 1,000 tons in the 2000s. Recently the catch is in growing
tendency.

The gonads of the white croaker are shape of long sack and are
connected at the end point by elongating along the dorsal body wall.
Although the gonads are relatively small, during the spawning season, both
sexes become hypertrophic, filling the abdominal cavity and becoming a
little asymmetry. Gonadosomatic index (GSI) of the white croaker began to

increase in May, peaked in June and July, and declined sharply in August.
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Both sexes of white croaker showed the same aspect of transition in GSI,
and there was close relation between GSI and the water temperature.

The oocyte development pattern of the white croaker is the
group-synchromus type in which the mature ovary divides into two groups,
an initial oocyte group and a mature oocyte group of different sizes.
Fecundity ranged from 39,775(2019, 17.0cm) to 1,754,942(2020, 34.3cm). The
length at 50% maturity was 20.0 cm, which corresponded to the age of 1.46
years.

The otolith grows thickly around the nucleus and has one protuberance
outward. When cut vertically, translucent and opaque bands appeared
alternately, and the boundary from opaque to translucent was used as the
ageing. Each ring was separated from the adjacent annuli, and as otolith
radius grew, the ring radius also appeared larger. Marginal increments
analysis of otolith radius indicated that annuli were formed once a year in
August. The relationship between radius (R) and total length (L) was
TL=8.468 R+10.018 (r?=0.8415, n=557, p<0.05) for females, 7L="7.828R+10.418
(r’=0.8138, n=480, p<0.05) for males, respectively and there was a
significant difference in slopes between male and female (ANCOVA, p<0.05).

The relationship total length (TL) and body weight (BW) was
BW=0.01007L*"%(r?= 0.9672, n=1511, p<0.05) for females, BW=0.00847L*'*"
(r’=0.9752, n=1322, p<0.05) for males, respectively. There was a significant
difference in slopes between females and males (ANCOVA, P<0.05). The von
Bertalanffy growth equations estimated from back-calculated length was

L, =51.18(1 — ¢ 0-M20+208)) f5r famales, L, =39.03(1 — ¢ OBEFTL60)) for males.

Survival rate (S) estimated by Pauly method(1984) was 0.36/year, and



the instantaneous coefficient of total mortality (Z) was 1.109/year. The
estimated instantaneous coefficient of natural mortality (M) was 0.351/year
and the instantaneous coefficient of fishing mortality (F) was 0.668/year.
The age at first capture was estimated to be 1.19 and length was 18.7 at
this age

Biomass of the white croaker was sharply declined from 4,000 tons in
1999 and reached the lowest level of about 1,000 tons in 2004 estimated by
cohort analysis. After 2004, they started to increase gradually, and showed
the level of almost 7,000 tons. The amount of resources by age was 35.7%
for 1 years, 34.8% for 2 years, and 16.5% for 3 years, and 86.9% of all age
groups were accounted from 1 to 3 years.

Estimated based on the fisheries statistics for the past 22 years, the
maximum sustainable yield (MSY) was 1,875 MT, and fishing efforts for the
MSY (fnsy) were 215,932 HP by Schaefer model and MSY by Fox model was
1,336 MT and Fusy was 218,660HP. A yield-per-recruit(YPR) estimated by
Beverton and Holt model was 71.9g where age at first capture(t.) and F is
1.188/year and F=0.668/year. Raising the age at first capture to 2.1 years
resulted in the highest YPR 75.9g in the current F value (0.668/year). At
the current t., even if the fishing intensity was increased, YPR did not
increase significantly. Acceptable Biological Catch(ABC) at the three-level
management system was estimated 800 MT.

Although the catch of the white croaker is increasing recently, it is
suggested from this study that reasonable management is necessary to
raise the age at first capture and reduce the fishing intensity by half for

sustainable and efficient utilization.
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Fig. 2.1. Map showing sampling area of the white croaker Pennahia

argentata in the Southern Sea of Korea.
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Fig. 2.2. Photograph of gonad in the white croaker Pennahia argentata. A,
female, Total length(TL) 27.5cm, Body weight(BW) 270.80g, Gonad weight(GW)
8.03g ; B male, TL 28.8cm, BW 306.65g, GW 6.94g.

_'IO_



2.3.2 &4 Ay

20181 12%E] 20209 1287k 44 & 100180k} BR|S 275 At
(Table 2.1, Fig. 2.3) &712 & 5,2880t2{¥ o 712 F 4,730ut]9ich 44 A
H]- 1:0.8924 §9J3t Afol7} 9l 02 LERITHx-test, p<0.05). ¢71o A7

2ms wel FHa A% 132mold A A% 39.8cm WYRD Wi AR

N

4.9cm@ict. £35] 26-27cm AR AZONAM 10.1%= 7P Wk thg2 21-22cm
G AgolA 8.6%= AAlstnt. 270 A 22 54 A 12.8cmollA &

A7 40.0cm HY ¥ o HdF AL 24.8cm POt 72 25-26cm AR Al

rlo

A 10.6%=2 7H

O>‘i

ok 2o @ 20-2lcm A AFoNA 8.1%= At o
a7kl ®A &4 WeolqE Qogt Aot e RO® UERITHK-S test,

2=0.898, P=0.396).

_'I'I_



Table 2.1. Monthly size distribution and sex ratio of the white croaker Pennahia
argentata in the Southern Sea of Korea from January 2018 to December 2020

Female

Year Month -
Range of TL (cm) Mea(r(ljn?;f TL n Sex((%r)‘;;ltlo

2018 Jan. 19.9 - 31.6 24.9 118 53.2

Feb. 18.9 - 35.0 25.2 162 61.4

Mar. 17.0 - 33.6 24.1 154 65.3

Apr. 18.5 - 33.3 23.5 179 70.2

May 18.4 - 34.8 24.1 119 53.8

Jun. 17.4 - 30.5 22.9 103 38.9

Jul. 19.4 - 24.5 22.3 41 27.3

Aug. 22.2 - 34.7 26.6 180 69.0

Sep. 24.0 N 35.3 26.7 57 50.4

Oct. 17.8 - 30.2 23.0 139 48.9

Nov. 18.0 = 8b .V 25 Al 90 37.3

Dec. 13.5 - 30.3 22.7 166 52.9

2019 Jan. 14.5 5 32.7 21.9 135 48.4

Feb. 17.8 - 32.3 24.1 149 443

Mar. 16.3 - 32.5 23.0 198 55.0

Apr. 17.3 - 5.9 23.4 192 53.6

May 20.2 3 35.3 25.5 198 58.4

Jun. 17.0 3 30.9 25.4 90 31.9

Jul. 20.7 = 32.6 25.7 122 52.4

Aug. - - - -

Sep. 16.1 - 32.7 23.2 125 443

Oct. 19.6 - 36.3 26.4 141 48.8

Nov. 18.2 = 35.3 25.1 199 59.2

Dec. 17.6 - 37.8 28.2 125 47.5

2020 Jan. 17.2 - 35.2 22.7 189 52.5

Feb. 13.2 - 30.4 23.4 190 52.9

Mar. 14.9 - 31.9 23.5 210 60.3

Apr. 19.0 - 32.2 23.8 249 69.2

May 17.3 - 39.6 27.0 197 60.1

Jun. 22.1 - 34.5 26.0 130 53.1

Jul. 21.1 - 35.8 26.8 154 43.8

Aug. 20.8 - 38.2 29.8 113 45.9

Sep. 18.3 - 37.0 27.9 147 49.5

Oct. 17.8 - 37.5 26.9 183 59.6

Nov. 16.5 - 37.7 25.1 174 54.9

Dec. 17.0 - 37.2 26.1 170 53.8

13.2 - 39.6 24.9 5288 52.8
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Table 2.1 continued

Male
Year Month -
Range of TL (cm) Mea(rérg;f TL n Sex((;;;atlo

2018 Jan. 18.7 - 303 23.7 104 46.8
Feb. 18.6 - 31.0 24.2 102 38.6

Mar. 17.3 - 304 24.0 82 34.7

Apr. 17.0 - 31.0 23.3 76 29.8

May 18.2 - 324 23.8 102 46.2

Jun. 16.2 - 286 22.7 162 61.1

Jul. 20.0 - 246 22.2 109 72.7

Aug. 22.6 - 331 27.2 81 31.0

Sep. 23.2 - 337 26.9 56 49.6

Oct. 19.0 - 30.0 23.9 145 51.1

Nov. 17.1 —="3413 24.6 151 62.7

Dec. 12.8 % L20W 2200 148 47.1

2019 Jan. 14.6 E -33.3 23.2 144 51.6
Feb. 1% - 356 23.4 187 55.7

Mar. 16.5 - 320 23.6 162 45.0

Apr. 17.5 - #3516 23.6 166 46.4

May 19.1 2 3456 26.0 141 41.6

Jun. 19.2 = W06 26.2 192 68.1

Jul. 18.7 s 36 26.2 111 47.6

Aug. = = = -

Sep. 17.0 - A% 23.9 157 55.7

Oct. 19.7 - 352 26.1 148 51.2

Nov. 19.4 - 343 26.3 137 40.8

Dec. 19.5 ¥ Sl 27.7 138 52.5

2020 Jan. 17.3 - e 22.2 171 475
Feb. 13.1 - 344 23.2 169 47.1

Mar. 15.1 - 30.7 23.6 138 39.7

Apr. 18.6 - 334 23.9 111 30.8

May 17.3 - 359 26.3 131 39.9

Jun. 20.6 - 349 26.9 115 46.9

Jul. 19.7 - 320 25.7 198 56.3

Aug. 19.2 - 339 26.8 133 54.1

Sep. 17.7 - 371 27.2 150 50.5

Oct. 17.7 - 38.0 26.4 124 40.4

Nov. 15.4 - 38.0 25.6 143 45.1

Dec. 17.4 - 40.0 25.9 146 46.2

12.8 - 40.0 24.8 4730 47.2
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Fig. 2.3. Size frequency distribution of the white croaker Pennahia

argentata in the Southern Sea of Korea.
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Fig. 2.4. Photographs of histologically observed ovary sections and different
maturity stages of the white croaker Pennahia argentata in the Southern Sea of
Korea.

A, immature stage: B, early developing stage: C, late developing stage: D, ripe
stage; E, spent stage: F, recovery stage. Ao, atrect oocyte: od, oil droplet; pn,
peri-nucleus: yv, yolk vesicle; yg, yolk globule;, n,nucleus. Scale bar 50um.
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Fig. 2.5. Photographs of histologically observed testes sections and different
maturity stages of the white croaker Pennahia argentata in the Southern Sea of
Korea.

A, immature stage; B, early developing stage: C,D, late developing stage: E,
Ripe/spawning: F, spent stage. ps, primary spermatocytes: rs, residual
spermatozoa; sg, spermatogonia: ss, second spermatocytes: st, spermatids: sz,
spermatozoa. Scale bar 25um.
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Table 2.2 Water temperature in Geomun island and gonadosomatic index of
the white croaker Pennahia argentata in the Southern Sea of Korea.

Gonadosomatic index (GSI)
Temperature (°C)

Month Female Male
Min Max Mean Min Max Mean(+SD) Min Max Mean(£SD)

2018

Jan. 11.9 147 128 0.156  1.332  0.896(+0.194) 0.030 0.966 0.234(+0.169)
Feb. 106 132 119 0.688  1.478 1.035(+0.179) 0.080 0.863 0.359(+0.180)
Mar. 109 134 12.2 0.432 1.773  1.202(+0.219) 0.191 1.251 0.503(+0.254)
Apr. 12.7 149 136 0.725  3.072 1.415(+0.465) 0.395 1.636 0.890(+0.359)
May 144 17.1 155 0.836 10.701  4.634(+3.050) 0.722  4.871 2.266(+0.995)
Jun. 16.0 21.2 19.1 1.262  9.294  4.284(+2.159) 0.971 5.750 2.907(£1.203)
Jul. 19.3 26.7 230 2.362  8.870 4.849(+1.924) 1.222  4.333  2.503(+0.667)
Aug. 244 280 265 0.527  4.652  0.981(+0.589) 0.182 0.784 0.326(+0.135)
Sep. 208 246 224 0.309 1.477 0.817(+£0.203) 0.125 0.389 0.220(+0.069)
Oct. 16.8 219 199 0.417  1.288 0.696(+0.194) 0.008 0.287 0.147(+0.081)
Nov. 141 169 156 0.192 1.144  0.791(£0.186) 0.046 0.542 0.187(+0.083)
Dec. 13.1 158 143 0.448  1.461 0.792(+0.203) 0.034 0.590 0.195(£0.107)
2019

Jan. 124 142 133 0.474 1545 0.864(+0.195) 0.078 0.494  0.239+0.089)
Feb. 126 142 134 0.731 1.461 1.024(£0.151) 0.047 0.841 0.360(+0.190)
Mar. 11.9 139 126 0.451 1.740  1.115(£0.250) 0.102 2.511 0.474(+0.450)
Apr. 12.1 150 138 0.524  2.411 1.386(+0.412) 0.208 2.965 0.986(+0.570)
May 147 17.1 159 0.539  6.677 2.386(+1.237) 0.392 3.279 1.406(+0.619)
Jun. 15.7 20.7 176 3.855  15.231 7.365(+2.330) 1.885 5.698 3.652(+0.873)
Jul. 17.8 231 209 3.981 12.421 6.640(+1.918) 1.126  5.268 2.622(+0.861)
Aug. 208 26.3 237

Sep. 209 240 228 0.105 1.493  0.749(£0.240) 0.050 1.814 0.317(+0.248)
Oct. 196 235 215 0.550  1.365 0.881(+0.198) 0.112 0.740 0.248(+0.103)
Nov. 148 197 174 0.346  1.256 0.791(+0.187) 0.082 1.210 0.225(+0.162)
Dec. 136 158 148 0.492 1.430  0.925(+0.180) 0.115 0.564 0.244(+0.068)
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Table 2.2 continued

Temperature (°C)

Gonadosomatic index (GSI)

Month Female Male
Min Max Mean Min Max Mean(+SD) Min  Max Mean(+SD)

2020

Jan. 12.2 143 133 0.623 1.252  0.857(+0.148) 0.102 0.481 0.229(+0.089)
Feb. 1.3 155 133 0.470  2.020 0.990(+0.270) 0.132 1.924 0.471(+£0.367)
Mar. 12.8 144 137 0.502  3.121 1.216(+0.486) 0.093 4.287 0.664(+0.744)
Apr. 134 149 141 0.704  7.736  1.297(+0.905) 0.135 2.186 0.884(+0.563)
May 142 159 151 0914  9.436 4.256(+2.004) 0.664 3.116 1.787(+0.695)
Jun. 152 205 178 4.448  23.375 8.975(+3.458) 1.870 5.760  3.454(+0.798)
Jul. 174 208 192 3.791 20.874 8.635(£4.164) 1.535 6.315 3.622(+0.995)
Aug. 196 258 228 5.031 20.387 9.607(+2.884) 1.284 5.668 3.006(+1.008)
Sep. 22.1 24 G2 3.2 0.603  6.934 2.857(x1.412) 0.052 3.714 1.003(+0.682)
Oct. 18.3 229 20.7 0.475 1.594  0.863(+0.234) 0.093 0.575 0.281(+0.091)
Nowv. 148 189 170 0.280 1.395 0.827(+0.209) 0.109 0.373 0.208(+0.060)
Dec. 12.8 155 140 0.374  1.326 0.923(+0.186) 0.081 0.387 0.223(+£0.074)
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Fig. 2.8. Monthly changes in water temperature and gonadosomatic index of
the white croaker Pennahia argentata in the Southern Sea of Korea.
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2.3.7 2%
Zebps 2018-202080 7F A2 Aty 7IRbEoh Yete] EXo] gle 44 &
= ¥5719 7HIAIE dider 2as Asiieh 4z 2019F 16-18cm
A AGolA 3977578 oo Foh
1,754,94270 4tk 2F A= PFg mSpt 201832 304,4997, 201992 400,989
7M. 2020148 562,34371AcHTable 2.3).
offo @e(g) T ZHFE UBUlE dizdas Aol 2 AgolA 2
Al vehton] 53] 20200 28cm o] AF AlgolA @9 27(g)F 2.0007H ©f
oz UERET QbR oz offrt YRl met Adadss SRR, Ll
metA Jozdss o1/ wato] ol ofx AAI I7|7t HW @3l Faste

ZAgkol 9tk Jefut W9 ATjmaASL 2ejdt Hao] Fao| LA ot

»

A7 (total length, TL)d} 4 (F) 719] IAAS A=E 2 UEY 2018
F=0.2198 TL**™4(r?=0.8049, n=42, P<0.05), 201992 F=0.77227L*"**(r?=0.7247,

n=42, P<0.05), 20209 F=1.51577L*%%(r?=0.7431, n=90, P<0.05) o & U}E}F

on AHol ARALE ¥ STl e EXHFig. 2.10). Ao oigh

-

i
dpo] WA 7t AmER A7} QA BRARAC ols) AAT Azt A Y
we s]gslole Aot glglon} Amoly Qolgt Aolst Uk Ao epdnt

(Table 2.4).
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Table 2.3 Absolute and relative fecundities arccording to total length of the
white croaker Pennahia argentata in the Southern Sea of Korea

2018

Total Absolute fecundity(eggs) Relative fecundity(eggs/g)

No. of

l??glt)h smaples

Range Mean Range Mean
20 - 22 7 71,627 - 133,230 112,587 783 - 1,287 1,057
22 - 24 15 95,710 - 255,825 150,848 699 - 1,635 1,081
24 - 26 1 195715 195,715 1028 1,028
26 - 28 4 147,844 - 412,169 269,307 564 - 1,842 1,102
28 - 30 7 344,204 - 745,402 507,656 1,086 - 2,282 1,529
30 - 32 4 241,106 - 692,493 504,415 601 - 1,866 1,382
32 - 34 2 485,818 - 877,128 681,473 I 4F56%, - 2,024 1,590
34 - 36 2 642,909 - 888,041 765,475 1, 1 S - 1,930 1,556
2019

Total Absolute fecundity(eggs) Relative fecundity(eggs/g)

No. of

l?ggt)h smaples
Range Mean Range Mean
16 - 18 1 39775 39,775 823 822
20 - 22 1 92865 92,865 673 673
22 - 24 8 108,171 - 373,415 209,724 697 - 2,627 1,380
24 - 26 3 85,816 - 420,097 299,736 1,137 - 1,685 1,482
26 - 28 12 241,621 - 616,421 382,384 898 - 2,465 1,594
28 - 30 5 285,060 - 450,046 346,491 1,004 - 1,372 1,234
30 - 32 9 474,018 - 828,765 598,815 1,416 - 2,384 1,886
32 - 34 2 538,390 - 733,880 636,135 1,283 - 1,420 1,351
34 - 36 1 760849 760,849 1379 1,379
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Table 2.3 continued
2020
Total No. of Absolute fecundity(eggs) Relative fecundity(eggs/g)
1e(g§]t)h smaples R
ange Mean Range Mean
20 - 22 4 164,989 - 239,296 196,793 1,492 - 2,048 1,730
22 - 24 12 127,522 - 434,759 239,371 835 - 2,406 1,617
24 - 26 16 180,783 596,796 331,362 1,172 2,972 1,817
26 - 28 19 235,173 - 951,415 467,768 901 - 4,091 1,980
28 - 30 16 355,498 - 1,033,597 665,279 1,352 - 3,422 2,249
30 - 32 8 560,054 - 1,242,628 777,724 1,294 - 2,934 2,103
32 - 34 6 630,362 - 1,457,214 969,463 1,356 - 3,595 2,309
34 36 7 804,587 - 1,754,942 1,117,287 1,768 3,358 2,332
36 38 1 810,156 810,156 1369 1,359
38 40 1 1,140,613 1,140,613 2,009 2,009
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Fig. 2.10. Relationship between fecundity and total length of the white
croaker Pennahia argentata in the Southern Sea of Korea.
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Table 2.4 Analysis of covariance between year groups for fecundity to total

length of the white croaker Pennahia argentata in the

Southern Sea of

Korea.
Values
Test Statistics
2018-2019 2018-2020 2019-2020
b, 4.28 4.28 3.94
by 3.94 3.81 3.81
Test for Sbi-b2 0.4324 0.3866 0.4081
Slopes t 0.776 1.210 0.324
v 80 128 128
p 0.4399 0.2286 0.7466
Ac 1.8102 2.6785 2.5309
B. 7.4657 10.6645 9.7442
Ce 37.5657 54.4827 49.5037
Test for be 4.124 3.982 3.854
intercepts SSe 6.7553 12.0207 11.9108
DF. 81 129 129
t -2.4616 -6.8226 -4.1752
p 0.016 0.0000 0.0001

b; Slop of ;7 equation, Sy Standard error of the difference between slopes,

Ac: Sum of squares of X, Bc: Sum of crossproducts, Cc: Sum of squares of Y, bc:

Common slope, SSc: Residual SS,

_33_



2.3.8 4&34% 4 444

o

Hx1of AL Aofste dsA3(TL)e €71 sl 2018-2019E 2} Ax=2

fru

3719 5-79, 20209 5-8% FOF A3 shsd o2 WU Y4 ol4o)
552 JE NS 2 AIFEE 8122 UetoltTable 2.5, Fig. 2.11) 20184
o ARPIZE B9t olRle] Y@ WAL 24.2cm Fo0] 20199 202010] HlshA A

o) HAlD W@ Aol At 20204 W@ Aol 27.3cm @on Hr) AL

50% +4&A2 dxEz 201892 19.3cm, 2019792 20.9cm, 20202

m & Z17F Yepgton, 7S E3stH 50% HASFALL 20.0cm@ct &
S d¥oz FAbstE Z4ZE 1.30A41, 1.66A1, 1.50A4, 1.46MIict. webA HAX]=
dAwof mata] ARl xjol= tha 9o} Aojx 14| o]s 247} 7] Ao 50%7}

_34_



Table 2.5 Total length, GSI and group maturity of the white croaker
Pennahia argentata in the Southern Sea of Korea.

Total length (cm) GSI
Lsos
Year (cm)
Min Max Mean((£SD) Min Max Mean

2018 18.4 34.8 24.2(+4.1) 0.836  10.701 4.557(+3.0) 19.3
2019 17.0 35.3 25.6(£3.1) 0.539 15.231 4.984(+2.8) 20.9
2020 17.3 39.6 27.3(£4.1) 0.914 23.375  7.575(+3.8) 20.2
Combined 17.0 39.6 25.6(+3.7) 0.392 23.375  4.326((£3.0) 20.0
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Fig. 2.11. Relationship between total length (TL) and group maturity of the
white croaker Pennahia argentata in the Southern Sea of Korea.
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2008:. Kang et al., 2009).
Hao] oBHEe HR]l= A 7|(Kang et al., 2009)2 FAMeH FEIGOH U

TIxR2E= GFAF(cystovarian condition) 2 T30 YAAF O R AR 9l= HE|

I

o|tHSeo et al., 2010; Lim et al., 2011; Kwon et al., 2011; Lee et al., 2017).

O

o159 @7l YAANA GEALY WEgAe YoMl BE EAo] wdshe
SALDH(Synchromous), WEAZ} $L o]Ro] Wkst: UTFAULY
(group-synchromus), 2 ®EEAY HEANZS = HSAEEY
(asynchromous)e 2 L2 =tHWallace and Selman, 1981). H1X]9] 4w A x g

2522 (Lee et al.,, 1998), G7/lU=(Lee et al., 2000), & x7](Lim et al.,
2010) 5} o] d-FAIEZ P (group-synchromus)C 2 g« o4 Uoa 27

e F27)9 xrldeARZin YAdeAidon £ Rajz ko wIde o &
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32 g H Y
| Bast B4X] Algs 20183 14958 12€7HA] dofiere] Adsli+el&
O7IAR AG T fZolHiF7IdAAGAA o= WAE AHESATHEI. 2.1). HE
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Fig. 3.1. External morphology and cutting dimension of right otolith of the
white croaker Pennahia argentata A, vertical; B, transverse.
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I's

Fig. 3.2. Vertical otolith section of the white croaker Pennahia argentata.

(R: otolith radius, r; - rg: annual ring radii).
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Fig. 3.3. Relationship between otolith radius and ring radius at each ring of

the white croaker Pennahia argentata in the Southern Sea of Korea.
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3.3.2 SEFHAA7] W FIA-

(ANOVA, P<0.05). o]y HAWFo] FQtiel =509 Hl&s FE= HdnEw

(Fig. 3.5), 198H =5Ydi7t 874 U 7HAPE Edste] 684 7492 A

AR o4 Awo] 25
Uepdet. by 2EYoolA EYUE olfsts AAE SRoR XS 0 &
2 @4 Al 2EYOY Fyo] BUL 742 29H0 9 19 JHES L 4 9

o

BPA|9 olMo] YElbE 2BL A 18] 57142 7K1 FHHE ARoz =
Qste] oMo FAoIA 24 LRNAe] BF 84L HstUcHTable 3.1). B AT
o4 @Y Age AR & 1.00301e] FOIA 1417} 368012, 2417} 3600122 14]
oF 247} 7P ol WREON, 44 ols 2L AT FHe| oISt AT
Ao AzolA sAbA WAHACH U gBW WP 84S A7 1=0.891
mm, r.=1.532 mm, r3=1.929 mm, r4=2.227 mm, rs=2.533 mm, rg=2.764 mm,
r=2.554 mm, rg=2.769 mmL oW, £712 r;=0.887 mm, r,=1.512 mm, rs=1.920
mm, r4=2.257 mm, rs=2.585 mm, re=2.758 mm, r;=3.000 mm=z eI} 47
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Fig. 3.4. Monthly change in the marginal index(MI) of the white croaker
Pennahia argentata in the Southern Sea of Korea. Vertical bars indicate

SD.
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Table 3.1. Mean ring radius on the otolith of the white croaker Pennahia

argentata in the Southern Sea of Korea

Female

Estimated No of

Mean otolith ring radius (mm)

age samples R r Iy Irs Iy Irs I'e ry Irs
1 203 1.449  0.897
2 194 1.833 0.898 1.534
3 104 2.192  0.899 1.539 1.938
4 17 2.416  0.885 1.499 1.899 2.226
5 18 2790 0.943 1.508 1.923 2.238 2.546
6 3 3.137 - 0.956 1.634 2.031 2.378 2.704 2.988
8 1 2.900 0.671 1.008 1.342 1.624 1.792 2.091 2.554 2.769
W.M 0.891 1532 1.929 2.227  2.533 2.764 2.254 2.769
Total 540
W.sD 0.111 0.106 0.111 0.153 0.214 0.474
Male
Estimated No of Mean otolith ring radius (mm)
age samples R I Iy Irs Iy Irs I'e ry Irs
1 165 1.436  0.874
2 166 1.840  0.884 1.505
3 85 2.170 0.902 1.536 1.924
4 19 2.453 0.893 1.475 1.893 2.237
5 16 2.910 0.948 1533 1.961 2.322 2.648
6 10 2.900 0.907 1.465 1.868 2.190 2.498 2.754
7 2 3.176  0.920 1.548 1.937 2.253 2.519 2.777 3.000
WM 0.887 1512 1.920 2.257 2.585 2.758 3.000
Total 463
W.sD 0.108 0.100 0.103 0.107 0.116 0.090 0.018
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Table 3.1. Continued

Combined
Bstimat  No of Mean otolith ring radius (mm)
ed age samples
T Ty T3 Ty I's I's Iy I's
1 368 1.443 0.875
2 360 1.836 0.892 1.521
3 189 2.182 0.900 1.538 1.931
4 36 2.436 0.889 1.487 1.896 2.232
5 34 2.846 0.945 1520 1.941 2.277 2.594
6 13 2.955 0.919 1504 1.905 2.233 2.545 2.808
7 2 3.176 0.920 1.548 1.937 2.253  2.519 2.777 3.000
8 1 2.900 0.671 1.008 1.342 1.624 1.792 2.091 2.554 2.769
W.M 0.889 1523 1.925 2.243 2562 2.759 2.851 2.769
Total 1003
W.SD 0.110 0.103 0.107 0.130 0.166 0.226 0.258
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w3 GAY AAILE AAE Fo7] Yol ol AAE(R) AAPTHTL)Y TAA S &
A5t Aut oS TL=8.468R+10.018 (r?’=0.84, n=557, p<0.05), 271

TL=T7.828R+10.418 (r’=0.81, n=480, p<0.05)2 UeElton <& XHA=

Aol 24 2ol ol AP} 9lO(ANCOVA, p<0.05) 248 ejstol Lpet
otct

2BFHAY AFS 2] U BRTLT AFEWIIY Athdgae
Aottt AA-AF U AL Pot7] Aok WA AR AFAY BAS
JPme uerd Zut elMdo] AU 2 4 Aok oebd Agu AFS oa

APststo]  Faxtedozr  HAAS  Astdok(Fig. 3.7). 1 Axp I
BW=0.01007L>" (r?=0.9672, n=1511, p<0.05), $HE& BW=0.00847L>""
(r’=0.9752, n=1322, p<0.05)2 UEPFOon <& A= BW=0.00947L>"
(r’=0.97, n=2828, p<0.05)%c}. A% AFae] Jod7dols a7t Rt A7t
Qe 7102 UERJTHANCOVA, p<0.05).

wEFGAIY AL A= F5H7] Yol &7 57X 2R (Table 3.1) oA

QR AHIHTL)S] AN S AREstol AR S 345 cHTable 3.2). o
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TL = 8.468R + 10.018
(r* = 0.84, n=557, p<0.05)
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TL = 7.8281R + 10.418
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20 f TL=8.1178R + 10.297
(r> = 0.81, n=1037, p<0.05)
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Otolith radius (mm)
Fig. 3.6. Relationship between otolith radius and total length of the white
croaker Pennahia argentata in the Southern Sea of Korea.
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Fig. 3.7. Relationship between total length (cm) and body weight (g) of the
white croaker Pennahia argentata in the Southern Sea of Korea.
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Table 3.2. Back-calculated total length at the formation annuli in otolith of

the white croaker Pennahia argentata in the Southern Sea of Korea,

Female

Estimated No of Back-calculated total length (cm)

age samples L1 L2 L3 L4 L5 L6 L7

1 203 17.4

2 194 176 23.0

3 104 176 231  26.4

4 17 175 227  26.1  28.9

5 18 18.0 228 263 290  31.6

6 3 Ty VeAINELd 62 329 353
weighted = 156 930 264 290 318 353
mean
weighted SD. 074 173 2.09 246 337  3.80

Male

Estimated N&=of Back-calculated total length = (cm)

age samples L1 W L3 L4 L5 L6 L7

1 165 17.3

2 166 173 22.2

3 85 179 24 H %55

4 19 17.4 220 252 279

5 16 17.8 224 258 286  31.1

6 10 175 219 250  27.6 300  32.0

7 2 176 225 256 281 301 322 339
weighted 17.4 223 254 281 307 320 339
mean
weighted SD. 0.17 024 026 037 052  0.09
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Table 3.2. Continued

Combined
Estimated No of Back-calculated total length (cm)
age samples L1 L2 L3 L4 L5 L6 L7
1 368 17.4
2 360 175  22.6
3 189 17.6  22.8  26.0
4 36 175 224 257  28.4
5 34 18.0 226 26.1 288 314
6 13 17.8 225 258 284 310 33.1
7 2 17.8 229 260 286 307 32.8 347
weighted 175 997 259 286 312 331 347
mean
weighted S.D. 065 1.46 1.76  2.03 268 2.69 181

_57_



3.3.4 378A 373
QAR RO 2FH von Bertalaffy &A= F78511o0 1 A

tHFig.3.7).

Flo
o
gjo
i)
m

%}5}4\% Lt :51.18(1—670'14(t+2'05>),

21 [, =39.03(1—¢ "2BUTLO)
b2 st yon Bertalaffy AJ&HAle L, =40.01(1—¢ *P0 190 )0 2 xxMgjoict,
’373A9] parameter= Walford®] JAt=®o] oJsf st AuE XX 2 5to] v]Ad
3 HEA sl Fsteh. A7) FAE oA Ao AAH(L,) 51.18 cm,
ARBAEK)= 0.14/yr, 7ol 04 © o] A AP(t)> -2.05M2 UERFon 27
2 oA Ad AF(L,)Z 39.03 cm, AAANK)= 0.23/yr, %ol 04 T o]&

A At -1.608= FFHA
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Fig. 3.7. The von Bertalanffy growth curve estimated from the non linear
regression method of the white croaker Pennahia argentata in the Southern
Sea of Korea.
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3.4 11 %

AT BRI AP Y-S wetsts] Ysto] AUFAR oML ALg
stttk olRel ARAMRL ol EX vl F2 AgSHET] 53] vlse AF
ofst 2 A Aol Welstel, o]H BPA|Y ALAIME v5 A

AHEsto] 2hthKoo, 1971; Tzeng and Liu, 1972a; Kakuda and Matsmoto, 1977;

Obo
ogd
1la}
U

Kwon et al., 1999). I3y v AR WA oA &2st717F 21 AAE v|se
2 HAI) A R A AR S SRl Reke @0l leni(Secor et al.,
1995; Stolarski and Hartman, 2008) st x{F H2}o] et v 59 7|yt R Qfo]
gepd SAgsted] We oxf2 kst Walo] 9tk E3 Kakuda and

Matsmoto(1977)9] dtofl st B4R vl5o= #=°] 1'd0] 28 JFHH 53]

gofl AoAA mi7iaE F+E o AL DS AESHRen A8 Hd &dL

o
2
=)
X%
>
2
>

=

g go7) el 715 Bae A

ToNE Aol wet AH 0] Aol

ke
r

St= 7Zlo] AAStL 2 (Yang et al., 2017)
AN tEEEe Hestec
I 2 AN AP AAlR 8HAZHA] RO 8Al= AZIolA 1ot

oGO gl e L A2 A FH0l Yold Tayl H: FFL
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UeRo] 8A1E AlelstL AAAlS
2t Aol AL A Fol

oA AAERIZ@)7} 2.9942 7P A Ugkn ARAS L ARl s e
Kwon et al(1999) © @A7olA 7P WAl Uepdth dsaide ujsg Ared
Koo(1971)9} Kwon et al.(1999)0] @5 ZAat= 14 mho] &S 0fo i 2|cjoia]
T3 5AER] UERT B o]dg 9la] WAle A-83 Higuhi et al(2003)9 2 o
Lol 14 me] MAfo] cha leoith izl 3 Higuhi et al(2003)Q]
oAE 64, B Aol 8APIAl UEbdon AwolA o|He olfd ® oiE A
T(Yamaguchi et al., 2004)0l4= 10M|7}&] LERCY,

Zang et al(1999a)S HLX|9] oj=l=fo| 1980Y HWMIHA|] Z7}sticth7E 19904
ohol 273] 24431900 Kwon et al(1999) A4 4#olSo] wo] ojglgn

A4 Aol Yot Aze wElo] Y32 molckn Bustdct Quro

Hu
ol
ow
o
fu)

7b €9 Abo] Zagtol ofel HejEo Slojof o] g st Rotd AR ROl &L A

o] walr

re

2 Aol STkt 44 Aol Wolxle Aol rkn
(Zhang, 2012). 224 2 A7} 3719 Aol AAtoA U} xjo]s Ual

oF ofye} 2t A7 AR@Roel T xfol, B ARl A7I7b 42} 208 H=ol A
o7} 9lofA] A7t Aujo] TFE oldE A, ofare] 9x| Wal T sjsiAo] ws}
So 71915t Aoz moheErt,
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Table 3.3. Comparison in growth parameters (Z

0

K, t,), growth performance indices(¢) and total length at age of the

white croaker Pennahia argentata with previous studies

Age / Total length (cm)

References sgrlﬁ)}('l Sex Remark Leo(cm) ( eljr-l) to(year) ()
P Y | 2 3 4 5 6 7

Koo(1971)  1967-1969  Combined back_sccjlcfhated 34.77 0.816 0.374  2.994 13.9 256 307 33.0 340

Kwon et . Scale,

a1.(1999) 1997-1998  Combined >4 = 33.55 0.267  -0.924 2477 143 188 223 249 269

Higuchi et Female | 31.20 0.384 -0.873 2573 16.0 208 241 264 281 288

al. 2001-2002 back-calcilated

(2003) Male 29.40 0360 -1.210 2.493 161 203 229 248 261 274
Combined 40.01 0.230  -1.557 2.566 175 227 259 286 312 331 347

Present ;

study 2018 Female bac&gig&fawd 51.18 0.142  -2.048 2570 176  23.0 264 290 318 353
Male 39.08—1 031N 1.597. 2546 174 223 254 281 307 320 39
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1990 T2 2000 o]l o]=27]7kA] sUie] ofdetgol SRstHAl f2{uyeto]
DoAY Y W Heks Aon ool giE Ha AjHE AL, HioiAQl Ao
AReH, Es] FEoIF7IAA GG Hebrb 7 AR THKim and Kim,
2004; Lee, 2011). gEoltfF 7ML G0l oJsl &2 ofFEH HAX][O] o
L& AA] 1990 ojAol= AslisFolA sF=cl 557K Rz FHsH
FE Ao 19909+ ARz FAEIA, 20008Hol= ool & Ha
HWA Jdefoto s ofito] A E Hals Z9icH(Baik et al., 1999; NIFS, 2017).
EIT ojAfo] Fofietez <ot Zito] FAHEHTA ofhe SG4 HECIFEY 9FE
ojojoll olgt ojFe] H|Fo] HXA HJct. FRFofU 2t BER|9] o HA
1990t o]% A|&Xo =2 ZHAston 20008 % E 201097HA] BER|Q] of2lFe
1,000& ojgto]Qict T2iuy &2 HE7F B 1x|o] oj&lako] It 743HS UERY

3
L

al

S, W9 ALIEISl SR U A7) Tejueto] Talol 199348
B 19954715 T Eoloj ol st AlRE o] g3lo] 759 oLl(Zhang et al,
1999a; Zhang et al, 1999b) oF 20do] At x| o] A&7 o] ¥sto| w2 %|29
uRA| AP et x| kel Teluero] Waslc,
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4.2 A& QU 4y

4.2.1 4guiatule 9 ojg2o] dPxA

A7 ot ASA 7 von Bertalanffy /d7%AlS o]-&st

£
o
4>
i

golol 73t AW AN MYoRRE FYSIYCE ojHEe AYzHe P

(2018~2020) AY =78 A&} dA 743t von Bertalanffy /g2l 0 2 HE AFd

ATE AT 2HS UERYD, of7lo] 28 YBARES ol&stel 7 AFE Yud

MAL 42 $abstel Ured 2io]BH(Table 4.1).

Jefol otk bge AAISIeR 9kl WRNES 8] d APy

o
S~
o

PARZ) = WIS FHA S—e “S ChSa} 2ol wgkstol A4 st
Z=—1nsS
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Table 4.1 Length composition of the white croaker Pennahia argentata in

the Southern Sea of Korea (Number of individuals)

TOt?é r%le)ngth 2018 2019 2020 Mean

12 - 13 2,901 0 0 967
13 - 14 34,809 0 20,913 18,574
14 - 15 20,305 9,847 38,034 22,729
15 - 16 58,014 20,924 50,607 43,182
16 - 17 134,995 64,482 116,480 105,319
17 - 18 88,190 87,447 124,077 99,905
18 - 19 39,494 73,684 131,304 81,494
19 - 20 161,521 100,676 302,457 188,218
20 - 21 330,311 178,300 310,368 272,993
21 - 22 297,579 180,384 176,584 218,182
22 - 23 131,871 107,393 65,776 101,680
23 - 24 39,227 107,766 34,198 60,397
24 - 25 12,006 106,410 13,284 43,900
25 - 26 5,424 67,436 7,125 26,662
26 - 27 3,278 21,771 3,841 9,630
27 - 28 2,649 2,004 2,758 2,470
28 - 29 2,199 1,984 1,265 1,816
29 - 30 1,305 1,209 536 1,017
30 - 31 768 992 414 724
31 - 32 994 569 431 665
32 - 33 167 595 187 316
33 - 34 60 195 161 138
34 - 35 91 90 102 94
35 - 36 25 130 105 86
36 - 37 0 7 20 9
37 - 38 0 2 3
38 - 39 0 0 0
39 - 40 0 0 10 3
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ottt Yo AoA ALEH AFE vl Al 0.28, 241 0.7, 3A] 0.89, 4A]

0.96, 54 oA} 1.0 At&5H9ct.
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4.3.1 47ntetulg % o= Fo] AYRA
B At Ao tigh 44 FE von Bertalanffy d7gAl S st &
o olz8H oA Ao HAH(L,)> 40.01 cm, o]2A AUiA|F(w, )2 827.80
g, ‘d8AIe(K)= 0.23/year, Ago] 02 @O o] 2A AZF(4)> -1.56M| ¥ HTable
4.2).
L, =40.01(1—¢ "2 L50))
I/Vt = 827.80(1 A= 0.23(t+1.56) )3.0864
2018 EE 2020971x] 379 oj&E AMARAu okA] L5t von Bertalanffy
BAY] i S o] &5t Rt AP R/ d2 Table 4.30 Zotf JhR|47t 71

teict.

el

ak
B

NS A A oMz 24

rlo

4.3.2 ArAd=8 547 274
7t AE(S) R @A AS(2)
2018~20207k7] 7B olFm AYERYAIRS AHESt] Pauly(1984)9] gHo

A
>~

|

riot

2 ATeS)e 8T 2y AE2 03602 FAEHNIM. ATEY W

(= —n8)l ojsh FHH 2AAYAR2Z)= 1.019/year o] k.

L SRR A S M) R 0o —AEA SF)

re] wAIA Q] g 3.0864 12jal A|fAF 2 9ME A& 2t 0.351/yearh
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Table 4.2 Results of parameters estimated for growth equation of the white
croaker Pennahia argentata in the Southern Sea of Korea

Parameters Female Male Pooled
Loo(cm) 51.18 39.03 40.01
Wal(g) 1735.28 777.13 827.80

K (year™) 0.14 0.23 0.23
to(year) -2.05 -1.60 -1.56

Table 4.3 Age composition of the white croaker Pennahia argentata in the
Southern Sea of Korea

Number of individuals

Age

2018 2019 2020 Mean
1 634,469 396,274 768,632 599,792
2 569,253 458,906 505,788 511,316
3 126,345 189,913 96,979 137,746
4 24,471 56,120 18,978 33,190
5 7,541 18,814 5,870 10,742
6 3,643 8,712 2,845 5,067
7 2,460 5,559 1,949 3,323
8 532 632 385 516
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(Table 4.4). =7t AIYA R (F)= F=2—M o s 0.668/year Rt}

o}. olgTIAA(L,) L AHANAH(,)
PPIYAP L B AT JI7HE 2AE BIA Ha AL 12.8 cm How
von Bertalanffy 4742 o]&3sto] o=z ghiket Zit 0.12M| Ut} of =7iA| A=
(E+= 50% ol 7Hdd s, ¢.)2 AR/ At=(Table 4.1)2F von Bertalanffy d7%tA]

3

of miZfESE o]8sto] dYxgo= WSt Paulyd ojfE=Avio=

i
o

Ayt 1.19/year o0 o]jmfjo] XA 18.7cm FTHFig 4.1)
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Table 4.4 Estimation of instantaneous coefficient of natural mortality(M) and
fishing mortality(F) of the white croaker Pennahia argentata in the

Southern Sea of Korea

Method Input date Estimation of M Estimation of F
K = 0.230
tmax: 9
Zhang and Megrey 0.351 0.668
to= —1.557
8 = 3.0864
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16 In(Cp/At)= -1.88t + 16.551
2= 0.9618

In(C/dt)

10 12

Age (t)

Fig. 4.1 Estimation of the selection ogive of the white croaker Pennahia argentata
from the length converted catch curve using the Pauly method (1984).
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= HH(Fig. 4.2), 1999958 7Hot2A 455t 2000E0= 1.117/year2 =7 L}

POl o5 200697HA] st AT & o] ool wWEe 9o} wlwA

3), BER] AFP2Fe 1997V XE 1999W7HXA] 3000& 717to] tf R
207t 20009 o] 43| Hdastel 2004d of 700202 AR Fojs & oA
A8 B7kohe A4S UEUL Qo B3A] ogdo] 7 W "5E AMK|sh=
di@elEo] ofgel A=l CPUES] Wstel Aol Wah Yit2 [AH UEEH

A xLFS 1H7F AAl oF 35.7%2 AHR|stol b wokn th2oz 247}
°F 34.8%5 AMXIoIP oD 3Al= 16.5%=ZA 1AoIA SAIZFA] A AT 86.9%F
AAstA. 58] 1AM1F 24l RAY] 70.4%S APAISHItE 4MRE = 10% ©]sto]

H2 a2 UEURlen, 53] 1APolr A5 Aol 543 2059 7, 8
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Table 4.5 Estimated instantaneous growth rate (G) of the white croaker
Pennahia argentata in the Southern Sea of Korea

Age Licm) Wi(g) Gi(/yr)
1 17.8 67.8 0.705
2 22.4 137.3 0.464
3 26.0 2184 0.325
4 28.9 302.2 0.236
5 31.2 382.5 0.175
6 33.0 455.8 0.132
7 34.4 520.3 0.101
8 35.6 Ve, 7 0.080

Table 4.6 Tuned instantaneous rate of fishing mortality by age of the white
croaker Pennahia argentata in the Southern Sea of Korea

Age Mean Ft s(a) F'(a)
1 0.3389 0.460 0.3071
2 0.8237 1.117 0.7464
3 0.7944 1.078 0.7198
4 0.5986 0.812 0.5424
5 0.4990 0.677 0.4521
6 0.5877 0.797 0.5325
7 1.5183 2.059 1.3757
8 0.7372 1.000 0.668
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Table 4.7 Tuned instantaneous rate of fishing mortality by year of the
white croaker Pennahia argentata in the Southern Sea of Korea

Year Mean Ft f(t) Ft

1997 0.6876 0.9326 0.6230
1998 0.7245 0.9828 0.6565
1999 0.9835 1.3340 0.8911
2000 1.2332 1.6727 1.1174
2001 1.0392 1.4096 0.9416
2002 1.0885 1.4764 0.9862
2003 0.9315 1.2635 0.8440
2004 0.7209 0.9778 0.6532
2005 0.5736 0.7780 0.5197
2006 0.5031 0.6824 0.4558
2007 0.6361 0.8629 0.5764
2008 0.6747 0.9152 0.6114
2009 0.6057 0.8216 0.5488
2010 0.6266 0.8500 0.5678
2011 0.6387 0.8663 0.5787
2012 0.6401 0.8683 0.5800
2013 0.5282 0.7164 0.4786
2014 0.6263 0.8495 0.5675
2015 0.7230 0.9807 0.6551
2016 0.6970 0.9454 0.6315
2017 0.6476 0.8783 0.5867
2018 0.6537 0.8867 0.5923
2019 0.7733 1.0489 0.7007
2020 0.7372 1.000 0.668
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Fig. 4.2 Annual changes in fishing mortality of the white croaker Pennahia

argentata in the Southern Sea of Korea.
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Fig. 4.4 Annual change in biomass by age of the white croaker Pennahia
argentata in the Southern Sea of Korea.
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FAIE Boln 2 3,000 &2 FAIstL Sl JEfolt
HAR FFE A oy dLS dmEH(Fig. 4.6, Table 4.8) FA| A &
Algolgol 43%S ARR|stAeh 53] AAYold FolA tHgedZolAdYoidol

6% S AAlstlon ohEo= Mg delEolAdgeidol 28%E AHx|stirt. A

Aol olofs AEToIo] 15%S AASIHOT T}oR AR, 23
Aol wolint. 19l J|Et oflo] 15%S ARSI 1997%E 201947tA

5 = ojZako] 10008 0]YAAS J]EF ooz RS, J|Et ofYol of
b oojglo] FEle] 9lout AlZlel mebq the AEC] Aolst Aon] Sl
20074 ol FRE{= HAY, 2shAL, oM7) ool E BPA| ojZyo] S}
stR.oLt o= 20064 o] HolE ofE ofEWe NRatsta| % v|et ooz 7
=o] go{9lglon 20061 o] $HE of B2 ANsH AlEstelo] of=lEA|L0] 7]
=59 Theel Aoz wuEd.
Quojalare AW uU(Fig. 4.7) 1997ARE 2019977 Aste] U2 of3l
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Moloo] 9YRE ofzlapo] AAs| Asstel 11YRH 129 Telu 197K ojl
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Fig. 4.5 Annual change of the catch of the white croaker Pennahia
argentata in the Southern Sea of Korea.
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Fig. 4.6 The catch rate by fishery of the white croaker Pennahia argentata in the Southern Sea of Korea.

_90_



Table 4.8 Annual catchs of the white croaker Pennahia argentata in the Southern Sea of Korea

Year é:gigseh ngi%e C()S;)sl‘it%gi?;h gggg} vgg?; Coastal  Offshore coggg;[flled Large Offshore Others Total
Seine Trawl Seine Trawl gillnet gillnet fishery trawl staw net
1997 355 114 296 50 40 45 308 183 174 1,565
1998 547 62 242 39 109 106 185 222 265 1,777
1999 681 55 306 55 29 328 117 142 483 2,196
2000 645 36 264 44 65 322 145 101 242 1,864
2001 363 10 74 T% 24 141 98 51 220 998
2002 300 7 22 8 22 60 100 20 195 734
2003 195 9 21 7 7 23 102 11 85 460
2004 134 11 15 6 2 23 95 0 34 320
2005 94 11 12 7 6 30 105 1 21 287
2006 77 30 13 1 10 36 91 1 3 76 338
2007 58 61 13 ) 15 50 221 4 4 118 547
2008 52 61 9 94 81 88 165 9 0 97 656
2009 105 49 42 63 94 51 178 28 4 68 682
2010 99 75 22 160 118 43 168 57 3 101 846
2011 61 150 33 200 240 37 157 26 16 87 1,007
2012 100 135 27 153 318 55 198 36 121 1,152
2013 155 206 31 170 162 62 233 42 124 1,190
2014 310 143 203 113 173 130 355 95 63 211 1,796
2015 363 194 349 110 281 197 361 121 70 260 2,306
2016 494 209 301 135 203 240 387 42 77 242 2,330
2017 328 181 375 180 260 197 331 185 72 262 2,371
2018 431 36 372 169 479 317 181 156 82 517 2,740
2019 561 24 418 144 341 268 499 406 134 676 3,471
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Fig. 4.7 Monthly catchs of the white croaker Pennahia argentata in the
Southern Sea of Korea.
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Fig. 4.8 Monthly change of the catch rate by fishery of the white croaker
Pennahia argentata in the Southern Sea of Korea.
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4.3.5 FTIR| & APABMSY)TH MSYAI9] o2l (s, ) 274

19979 E 20199714 BRI A=H oY ol HPIE o] §3to
T = Fof2FHCPUE)s F7d5t3ith(Table 4.9). CPUES] A& ®IgtE AmE W
1997988 200097HK = A4 S7tsto 33.81 kg/HPZ =2 L8 Holthrt 2001
HRE 2013@7HA]= a43] gastiltt. 200395E] 201397k = 10kg/HP o]t
o] = UEUAL qlon 201192 2.16kg/HP=Z 7P 22 35 UEUAL Qo o
3 20159 5E] oAl oot AT et

1997\ e 2019@7HA] 3 Jalot Bx|o] A|Chx| &4 AAHMSY) S R4 st
7] 9ol Schaefer model¥} Fox model& AFE5FRTE. WA ZF modelo]] A-&517]
ol ofelwelakat trofieitojglatuto] BAS BAS) B Aat 8o AMx A=
LEron 314 A Schaefer model®] 44A|4(+*=0.4912, p<0.05)E.c} Fox
model9] AFA4(r*=0.5653, p<0.01)7} =2 Zo g LelytthFig. 4.9).

Schaefer modelofA] ZE|TA|&SAAMAEFMSY)S 1,875 MT, E|tjR|&oj2l -k
(fusy)= 215,932 HPe 2 UERHTHFIg. 4.10). Fox modelofAl Z|TiA] &M AL
1,336 MTo|1 o]mfjo] F|thx|&oj&l 22k 218,660 HPYTHFig. 4.11). Schaefer
modelol] H]3} Fox modeld] ©J3t &|ojx| 44 g4tako] OF 500E A= Wi Lpepid
tF. 2] 2017-201999] ojdsF A ojHgat Y A Lol F XL
ofFrg uistel BY VI 2T ofFmeAe ulad sFol} oL
Schaefer modelz2 FAE Z|iR|EAAFANFC] 1.5uf~28] AL ¢ Wron Fox

model2 2T HCIAI LS PAFMSY)HC} 153818 ot 02 Uepdey,
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Table 4.9 Catch (MT) and CPUE (kg/HP) of the white croaker Pennahia
argentata in the Southern Sea of Korea

Year Catch(MT) CPUE(kg/HP)
1997 1,565 12.69
1998 1,777 21.29
1999 2,196 27.20
2000 1,864 33.81
2001 998 15.09
2002 734 11.64
2003 460 8.63
2004 320 5.73
2005 287 4.07
2006 338 0%
2007 547 )
2008 656 ry
2009 682 4.00
2010 846 arOf
2011 1,007 2.16
2012 1,152 3.48
2013 1,190 5.26
2015 2,306 12.10
2016 2,330 15.93
2017 2,371 10.72
2018 2,740 13.73
2019 3,471 16.29
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Fig. 4.9 Relationship between fishing effort and catch per HP for the white
croaker Pennahia argentata in the Southern Sea of Korea.
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Fig. 4.10 Relationship between yield and fishing effort of the white croaker
Pennahia argentata by Shaefer model in the Southern Sea of Korea.
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Fig. 4.11 Relationship between yield and fishing effort of the white croaker
Pennahia argentata by Fox model in the Southern Sea of Korea.
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Fig. 4.12 Yield per recruit curve of the white croaker Pennahia argentata in
the Southern Sea of Korea. Y/R against the age at first capture (¢,) for

various fishing mortalities (F).
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Fig. 4.13 Yield per recruit curve of the white croaker Pennahia argentata in
the Southern Sea of Korea. Y/R against fishing mortalities (F) for various
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Table 4.11 Yield and spawning biomass per recruit of the white croaker

Pennahia argentata in the Southern Sea of Korea under harvest strategies

on Fyuy, Fyi, Fyy. Fiy

Age at Y/R (g) SB/R (g)
first Frnax Foi Fas Faon

capture Frnax Fo1 F359 Fao%
1 0.68 0.20 0.39 0.32 69.51 49.32 48.33 55.23
2 1.45 0.18 0.48 0.40 78.06 42.81 104.88 119.86
3 >3 0.17 0.58 0.48 82.47 34.85 108.55 124.06
4 >3 0.17 0.69 0-57 79.60 26.67 89.62 102.43
5 >3 0.18 0.84 0.70 70.46 19.14 66.31 75.78
6 >3 0.20 1.07 0.89 58.81 12.66 44.32 50.65
7 >3 0.24 1.52 1.27 47.09 7.37 25.81 29.50
8 >3 0.40 2.85 2.38 36.58 3.20 11.21 12.81
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Table 4.12 Estimated ABC of the white croaker Pennahia argentata in the

Southern Sea of Korea

Current
Model Biomass M ABC(MT) catch(mt)
2018-2020
B/R Fox  0.20 800
Deriso Fo1 0.38 1,414
SB/R  40% Fas  0.32 5,202 0.351 1,226 3,148
SB/R 35% Fsss  0.39 1,419
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