FETEKPrE
Bull. Nansei Reg. Fish. Res. Lab. No, 14, 1982

Al s €y v 20fMEER  1968—19724
HEE - AIE UBTER R

Rate of exploitation of juvnile yellowtail in the northern

Hyuga Nada, 1968-1972

Tsutomu Koto, Fumio YOsHO and Fujio HANAOKA

Young yellowtail, Seriola quinqueradiata TEMMINCK & SCHLEGEL, aggregate inside clusters of
seaweeds, thus being called mojako or “smallfish of seaweeds.” Since 1960, the juvenile fish
have been extensively exploited as seeds for the rapidly expanded yellowtail cage culture.
The mojako fishing boats have exclusively adopted purse seines until 1975 when dip nets
were a so introduced. The catchability must be very high because the seiners scoop the fish
together with easily located drifting seaweeds. The annual catch reached 20 million youngs
in the early 1960’s. From 1963 to 1968 the Fisheries Agency organized cooperative investiga-
tions for evaluation of the effect of mojako exploitation on the yellowtail stocks. Analysis of
catch and effort statistics, however, was not conducted to estimate the rate of exploitation on
the young fish due to lack of the data. Instead, tagging experiments took major roles for
the stock assessment.

The Miyazaki Prefectural Fisheries Experimental Station collected logbooks of the purse
seiners in the northern Hyuga Nada along the eastern Kyushu Island for five years from
1968 to 1972. The authors had an opportunity to analyze these statistics and estimated the
catchability coefficient of the mojako seiners.

This is the first approach toward the assessment of mojako stocks with the catch and effort
statistics, and then based on very simplified assumptions. The catch-per-boat shows several
peaks in a fishing season of year, usually extending from May to July. Fairly acceptable
decline of CPUE occurs after the peak, which appears supporting the assumptions that a
cohort entered into the fishing ground on the day of the peak, and then stayed there until
the next peak would appear. The duration between two successive peaks usually lasted for
three to eight days. DE LURY equation was applied for estimating the catchability coefficient.

where, log C./x, = log q N, — q x¢>,

C, : catch in number on r-th day,
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N, : recruitment size in number,

q : catchability coefficient,

x, : amount of fishing effort or number of boats operated on r-th
day, and,

X¢y : cumulated amount of fishing effort until 7-th day in number of
boat-days.

A correlation coefficient between log C,/X, and X (¢) is calculated to judge applicability
of the equation to the data. Fifteen cohorts out of 24 peaks of CPUE showed statistical
significance of the correlation coefficient. The fishing mortality rates per day of the 15
cohorts range between 0.08 and 2.73. The estimates below 0.30 for eleven cohorts appear in
accord with the previous estimates based on tagging experiments of the small fish in 1964
and 1965 in the Hyuga Nada. The previous studies, however, indicated natural mortaitiy rate
of 0.02 to 0.09 per day or 0.05 on the average. It is necessary to refine the analysis of
catch and effort statistics so as to include the natural mortality into account.

The most serious problem of this type of analysis is the fact that the daily CPUE does
not necessarily trace change of stock size of the same cohort. Additional biological survey

is essential in order to solve this difficulty of stock assessment of juvenile yellowtail.
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Fig. 1 Amount of fishing effort and running means of CPUE in the mojako purse
seine fishery in the northern Hyuga Nada, 1968 and 1969.
Horizontal bars indicate duration of apperence of the cohorts.
See footnote of Table 1 for duration.
See footnote of Appendix table for running means 1968-1972.
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Fig. 2 Amount of fishing effort and running means of CPUE in
the mojako purse seine fishery in the northern Hyuga
Nada, 1970 and 1971.
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Table 1. Caluculations of initial population number, fishing rate and catchability coefficient of 24
cohorts of juvenile yellowtail based on Equation (1) together with examination of fitness
of the equation to the data, in the mojake purse seine fishery in the northern Hyuga
Nada, 1968-1972,

Examination of .
Year | NoV Duration? fI;Is’lJur?é X(@)» Cachbin fitness® }l’:pulatlon parameter®
days number| F-value |, 1500) E q
1968 1 Apr 25- May 1 7 206 | 598, 714| —O0. 983 144, 252°¢* 856 0. 700 0. 01032
2 | May13- May 15 3 122 | 918, 185 —0.988 42.290 (1630)| (0.563)| (0.00745)
1969 3 | Apr 25- Apr 27 3 24 | 40.070| —0.987| 36.313 (72)| (0.544) (0.04300)
4 | Apr 30- May 6 6 84 | 222.161] —0.824] 8. 461* 389 | 0.571 0. 01086
5 | May 8- May 11 4 122 | 301.252 —0.958 22.039* 999 | 0.302 | 0.00331
6 May 14 - May 20 7 233 | 576.501| —0.993| 352. 143%** 1215 | 0.475 | 0.00313
7 | May 21 - May 23 3 102 | 142,888 —0. 998/ 356. 144* 332 | 0.431 0. 00666
8 May 25 - May 28 4 72 93.034| —0.943] 15. 397 (351){ (0.265)| (0.00435)
9 May 29 - June 2 5 135 | 121.225| —0.914] 15.282* 178 0. 682 0.01482
10 June 7 - June 10 ‘ 4 59 23.185| —O0. 886 7.302 (203)} (0.114)] (0.00201)
1970 11 Apr 25- Apr 28 4 11 42.950| —0.969 30.787* 73| 0.589 | 0.15180
12 | May 1-May 5 4 44 | 240,773 —0.922| 11.423 (438) (0.549)| (0.01395)
13 May 6- May 10 5 103 | 355,009 —0Q.910| 14, 444* 1136 0. 312 0. 00364
14 | May 12 - May 15 4 109 | 413,581 —0.843] 4.911 (1725)| (0.240)| (0.00246)
15 May 25 - May 29 5 107 | 474,487 —0.946| 25.301* 1324 Q. 358 0. 00524
1971 16 | Apr 25- Apr 29 5 79 | 490.200{ —0.747, 3.776 (1541)} (0. 318)| (0.00482)
17 May 2- May 9 8 139 |1,153,741| —0.918| 31, 927*** 1434 | 0.804 | 0.01468
18 May 11 - May 16 6 63 | 156, 363] —0.994] 329, 345%** 248 | 0,613 0. 02388
19 | May 18 - May 24 7 67 | 81,421] —0.952| 48.024*** 100 | 0.818 | 0.02664
1972 20 | Apr 11- Apr 13 3 10 7,600 —0.935 6. 949 (14)| (0.529)| (0.06942)
21 | Apr 21- Apr 24 4 6 5,980, —0.864| 5.890. (13)| (0. 472) (0.14055)
22 Apr 27- May 1 5 12 6, 940 —0.975| 57.730%** 16 | 0.438 0. 05265
23 May 5- May 11 7 54 58, 442| —0. 959 57.735%** 121 0. 482 0. 01641
24 | May 17 - May 21 5 71 | 221,265 —0.938 21.960* 583 | 0.379 { 0.04257

1) Serial number of cohorts in the five seasons.

2) Duration given as horizontal bar in Fig. 1.

3) Cumulated fishing effort in boat-days.

4) Fitness of Equation 1 to the data is evaluated by significance of the correlation coefficient, 7, between
logarithms of CPUE, log (C:/X}), and cumulated fishing effort, X(r), evaluated by F-test. In the
column of F-value, the probability of significance is given as * 5%, ** 1%, and *** 0.5% or less.

5) Population paramaters given here are the initial stock number or recruitment, R, fishing rate, E

= C()/ R, and the catchability coefficient, g.
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Fig. 3 Amount of fishing effort and running means of CPUE in the mojako
purse seine fishery in the northern Hyuga Nada, 1972.
See footnote of Fig. 1
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Table 2. Catchability coefficient and mean fishing mortality coefficient of 15 cohorts
of juvenile yellowtail in the mojako purse seine fishery in the northern
Hyuga Nada, 1968-1972.

. Mean Catchability Fishing
Year Duration effort/day coefficient coefficient/day
1968 Apr 25 May 1 29 0. 01032 0. 30
1969 Apr 30 May 6 14 0. 01086 0.15
May 8 May 11 31 0. 00331 0. 10
May 24 May 20 33 0. 00313 0.10
May 21 May 23 111 0. 00666 0.74
May 29 June 2 27 0.01482 0. 40
1970 Apr 25 Apr 28 18 0. 15180 2.73
May 6 May 10 21 0. 00364 0. 08
May 25 May 29 21 0. 00524 0.11
1971 May 2 May 9 17 0.01468 0.25
May 11 May 16 11 0. 02388 0.26
May 18 May 24 10 0. 02664 0. 27
1972 Apr 27 May 1 0. 05265 0.11
May 5 May 11 0. 01641 0.13
May 17 May 21 14 0. 04257 0. 60

Table 3. Previous estimate of total and fishing mortality coefficient of juvenile and young
yellowtail in the Hyuga Nada and adjacent waters, 1963-1965, 1967 and 1969.

Developmental Total Fishing
stage and body Sea area Year mortality mortality
length i coefficient coefficient
Mojako or juveniles,over 9 cm Hyuga Nada 1964 0.296 — 0.400 0.0107 — 0.057
Mojako or juveniles, 10-20 cm Hyuga Nada 1963 0.0216 — 0.031 0. 00102— 0. 00116
as above Hiwasa 1963 0.0028 — 0.0366 0. 00015— 0. 00034
as above Tosa Bay 1963 0.0627 — 0.0995 0, 00374— 0. 00572
as above Tosa Bay 1964 0.0758 — 0.0863 no data
as above Okino Shima 1964 0. 0572 no data
as above Hyuga Nada 1965 0.152 — 0.198 no data
as above Tosa Bay 1965 0.111 no data
as above Hyuga Nada 1967 0.0746 — 0.0850 0. 00042— 0. 00046
Tsubasu or youngs Tosa Bay 1969 0.0745 — 0. 0806 0.00134— 0.00121

Data from Asami er al. (1967) for catch in years of 1963 to 1965, and from Population
Dynamics and Statistics Division Tokai RFRL, and Offshore Fishery Resources Research
Division, Nansei RFRL (1970) for catch in years of 1967-1969.

Fish taken in 1963 to 1965 and 1967 are recorded as mojako in the original report, but
appear at more advanced zsubasu stage of 9 cm or larger in body length. Tsubasu refers
young fish up to 30 cm in body length.
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Table 4. Calculated mortality of juvenile yellowtail due to cannibalism for durations of
three to eight days.

Survival rate Mortality rate observed ﬁshing rate
al) 0.0182 0.0322 due to g‘l’l‘;;‘i’;rrlesgfgg;‘gmg
3 2) 9 3 5 3 cannibalism in Table 1.
% 3 0. 896 0. 849 0. 824 0. 748 0.10 — 0.25 0. 43
: 4 0. 864 0. 834 0.773 0.679 0.14 — 0.32 0.24 — 0.59
;‘ 5 0. 834 0. 761 0.725 0.617 0.17 — 0.38 0.31 — 0.68
-g 6 0. 804 0.721 0.679 0. 560 0.20 — 0.44 0.57 — 0.61
g 7 0.775 0.682 0.637 0. 509 0.22 — Q.49 0.47 — 0.70
A 8 0. 747 0. 646 0. 597 0. 462 0.26 — 0.54 0.80

1) a : Mortality rate due to cannibalism for a feeding activity.
2) B : Number of feeding activities per day.
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, 1972
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Appendix Table
Daily statistics of mojako purse seine fishery in the northern Hyuga Nada, 1968-1972.

Amount of Amount of Catch per unit effort (CPUE)
Year Date fishing effort, | catch in number,
X ] c . Real figure !Running” means

1968 |  Apr. 25 | 13 127, 300 9,792 7,473
2 | 43 | 221, 580 5,154 5, 642
27 53 100, 184 1,890 3,237
28 9 24,010 2, 668 2,127
29 18 32, 840 1,824 2,016
30 31 48, 250 1,556 1,507
Sub-total 167 ‘\ 554, 164 — —
May 1 39 44, 550 1,142 1,171
2 31 25, 270 815 1,795
3 9 30, 840 3, 427 2,269
4 26 66, 670 2, 564 3,187
5 35 124, 950 3,570 2, 806
6 32 73,089 2,284 3, 407
7 33 144,100 4,367 3,183
8 24 ; 69, 543 2, 898 5,028
9 43 | 336, 200 7,819 9,199
10 79 | 1,333,629 16, 881 12, 350

11 |

12
13 27 359, 935 13, 331 9, 526
14 32 183, 028 5,720 8, 336
15 63 375, 222 5, 956 4,792
16 64 172, 810 2,700 6, 290
17 14 143, 000 10,214 6, 457
Sub-total ; 551 3, 482, 836 — —
Total | 718 4,037,000 — —
1969 Apr. 25 8 26,600 3,325 2,133
26 8 7,520 940 1, 670
27 8 5950 744 1,072
28 | 18 27,507 | 1,533 1,893
29 | 16 54,430 | 3, 402 2,938
30 27 104, 698 3,878 3, 640
Sub-total 85 1 296, 795 — —
May 1 ;

2 19 41,378 2,178 | 1,904
3 18 29, 343 1,630 2,281
4 9 27,312 3,035 2,193
5 10 19, 141 1,914 1,746
6 1 289 289 1,567
7 13 32, 486 2, 499 1,932
8 38 114, 274 3,007 , 958
9 27 90, 925 3, 368 2, 664
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Amount of Amount of Catch per unit effort (CPUE)
Year Date fishing effort, { catch in number, [
Xv C Real figure ]Running” means
1969 May 10 35 56, 631 1,618 2,259
11 22 39, 422 1,792 2,293
12 30 104, 068 3, 469 2, 860
13 5 16, 600 3,320 3, 369
14 34 112, 764 3,317 3, 460
15 20 74, 844 3, 742 3, 264
16 53 144,792 2,732 2,729
17 30 51, 382 1,713 2,403
18 28 77,334 2,762 2,189
19 18 37,630 2,091 2,136
20 50 77,755 1, 555 1, 908
21 29 60, 253 2,078 1, 805
22 34 60, 560 1, 781 1, 475
23 39 22,075 566 1,111
24 18 17,721 985 1,162
25 8 15, 485 1,936 1,420
26 20 26,779 1,339 1, 423
27 26 25, 863 995 1,239
28 18 24, 907 1,384 1,083
29 39 33, 886 869 1, 202
30 52 70, 330 1,353 898
31 14 6, 598 471 730
Sub-total 757 1,512, 827 — —
June | 1 27 9, 845 365 342
2 3 566 189 277
3
4 27 6, 808 252 226
5 14 2,784 199 277
6 6 2,275 379 340
7 26 11, 494 442 390
8 11 3,833 349 374
9 14 4,631 331 361
10 8 3,227 403 367
Sub-total 136 45, 463 — —
Total 978 1, 785. 085 — —
1970 Apr 25 1 13, 300 13, 300 8, 638
26 4 15, 900 3,975 6, 525
27 3 6, 900 2, 300 2,853
28 3 6, 850 2,286 2,097
29 12 20,510 1,709 3,288
30 15 88, 055 5, 871 4, 416
Sub-total 38 151, 515 — —_
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Amount of

Amount of

Catch per unit effort (CPUE)

Year Date fishing effort, | catch in number,
Xv C Real figure |Running® means
1970 May 1 13 73, 690 5, 668 5,163
2 10 39, 495 3, 950 4,810
3
4 1 1,600 1, 600 3,950
5 20 125, 988 6, 299 3, 346
6 3 6, 413 2,138 4,231
7 36 153, 237 4, 257 3, 310
8 33 116, 629 3,534 3, 465
9 14 36, 456 2,604 2,875
10 17 42,274 2,487 2, 877
11 15 53, 089 3,539 2, 949
12 17 47,937 2,820 3,959
13 37 204, 175 5,518 3,731
14 26 70, 210 2, 854 3,794
15 29 87, 259 3,009 3, 062
16 26 86, 424 3,324 3,630
17 35 159, 542 4, 558 4,184
18 54 252,120 4,669 5, 088
19 57 344, 058 6, 036 5,733
20 18 116, 871 6, 493 6, 498
21 70 487, 590 6, 996 6,714
22 22 147, 002 6, 682 4, 988
23 10 13, 167 1,317 5, 204
24 4 30, 450 7,612 5,762
25 3 25,075 8, 358 7,008
26 22 111, 167 5,053 6, 245
27 45 229, 570 5, 324 4,170
28 29 61, 900 2,134 4, 435
29 8 46, 775 5, 847 4, 044
30 1 4,150 4,150 4,999
Sub-total 675 1 3,178, 313 — —
Total 713 } 3, 329, 828 — —
1971 Apr 25 11 67, 800 6, 164 6, 952
26 41 317, 295 7,739 5, 866
27 21 77, 565 3,694 6,133
28 20, 900 6, 967 4,291
29 6, 640 2,213 5,162
30 44 277, 504 6, 307 10, 184
Sub-total 123 ‘ 767, 704 — —
May 1 51 1,123, 661 22,033 14, 563
2 16 245, 590 15, 349 19, 917
3 22 429,110 22,369 13,938
4 19 77, 820 4,096 10, 169
5 13 52, 550 4, 042 3, 968
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Amount of Amount of Catch per unit effort (CPUE)
Year Date fishing effort, | catch in number,
Xxo C Real figure |Running? means
1971 May 6 26 97,920 3, 766 4, 589
7 18 107, 240 5, 958 4,044
8 12 40, 880 3, 407 4,138
9 13 39, 631 3,049 2, 951
10 15 35, 968 2,398 3, 447
11 13 63, 641 4, 895 4, 430
12 14 35,710 2, 551 3,032
13 26 42, 882 1, 649 1,717
14 2 1, 900 950 1, 553
15 4 8, 230 2, 060 1, 337
16 4 4, 000 1, 000 1, 417
17 11 13,093 1,190 2,262
18 3 13,790 4, 597 2,944
19 2 6, 090 3,045 2,781
20 2 1, 400 700 1,814
21 12 20, 370 1, 698 1, 158
22 23 24,715 1,075 1,098
23 3 1, 560 520 736
24 22 13, 496 613 444
25 400 200 864
26 10, 670 1,778 989
27
28 7,340 816 812
29 2, 420 807 1,169
30 12 22,620 1, 885 1,171
31 17 13,970 822 1,354
Sub-total 395 2, 621, 667 — -
Total 518 3, 389, 371 — —
1972 Apr 7 1 1, 250 1, 250 650
8 1 50 50 442
9 1 25 25 314
10 6 5, 200 867 503
11 3 1, 850 617 800
12 6 5, 500 917 595
13 1 250 250 456
14 1 200 200 617
15 1 1, 400 1, 400 800
16 1 800 800 1,292
17 2 3,350 1,675 1, 336
18 5 7, 670 1,534 1, 356
19 5 4, 300 860 1,197
20
21 1 830 830 1,515
22 1 2,200 2,200 1, 293
23 3 2, 550 850 1, 150
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Amount of Amount of Catch per unit effort (CPUE)
Year Date fishing effort, | catch in number,
xXv C Real figure |Running® means
1972 24 1 400 400 625
25
26 5 3,010 602 676
27 2 1, 500 750 731
28 2 1, 680 840 686
29 3 1, 400 467 613
30 3 1, 600 533 460
Sub-total 55 47,015 — —
May 1 2 760 380 454
2 5 2,250 450 553
3 8 6, 620 828 639
4
5 1 3,170 3,170 2,232
6 4 5,170 1,293 1,933
7 7 9, 352 1, 336 1, 370
8 6 8, 890 1, 482 1, 455
9 14 21, 650 1, 546 1, 093
10 16 4, 030 252 943
11 6 6, 180 1,030 860
12 10 12,978 1, 298 1, 164
13
14 3 2, 860 953 1,646
15 10 23, 389 2,339 2,357
16 16 60, 475 3,780 2,786
17 22 49, 267 2,239 8,019
18 6 108, 236 18, 039 7,495
19 13 28, 700 2,208 7, 082
20 i6 15, 965 998 1,535
21 14 19, 595 1, 400 1, 290
22 59 86, 773 1,471 1,453
23 16 23, 830 1, 489 1, 337
24 41 43,140 1,052 1, 284
25 24 31, 463 1,311 1,571
26 26 61, 085 2,349 2,519
27 35 136, 380 3, 897 2,919
28 66 165, 678 2,510 3,218
29 14 45, 440 3, 246 3,111
30 53 189, 660 3,578 3,233
31 123 353, 556 2,874 3, 226
Sub-total | 636 1, 526, 542 — —
Total | 688 ‘ 1,573,557 — —

D
2)

Amount of fishing dffort is given in number of boats operated on the day.
The running means on the first or last days of successive periods are means of CPUE on that day

and the following or the penultimate days.

consecutive days.
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For the others, they are the running means of three

.
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