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Studies on the Fishery Biology of Kuruma Prawn, Penaeus japonicus

BATE-I,

Estimation of the Amount of Recruitment in West

Hiuchi-Nada Area of Seto Inland Sea
Kivohide IsHioKa, Kameji TAKAO, Genji GEMA and Akira HASEGAWA

SUMMARY

In order to analyze the population dynamics of the prawn, two kinds of data were
used. The one was the informations on exact position of fishing operation and number
of prawn caught in each operation, which have been obtained from the sample boats.
The other was the catch statistics of the whole boats from June to October in 1971.

In the preliminary treatment of the data, calculations were made on the total effective
overall fishing intensity (fT) and the relative index of population size (PT) in each 5
consecutive day period. The results of calculation from the 5th period (in June) to the
28th period (in October) were used for the later analysis.

Population parameters were estimated according to the two mathematical models,
adapted for situations of the actual fisheries and the ecology of the prawn. Dispersion
was included in the natural mortality.

The obtained parameters are :

(Model 1)
Migratory stage
Natural mortality coefficient (M) = 0.191/5 days
Catchability coefficient (q) = 0.0129
Recruiting coefficienrt () = 0—1.414/5 days
Non-migratory stage
Natural mortality coefficient (M) = 0.0365/5 days
Catchability coefficient (q) = 0.00424;
Recruiting coefficient (&) = 0—1.028/5 days
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(Model 2)
Parameters are identical to those of the non-migratory stage in Model 1.
The population parameters assessed by these two mathematical models were similar
to each other, and the following estimations were resulted.
(1) The number of prawn captured within the area and period of study was about 300
thousands.
(2) The recruitments occurred four times from June to October.
(3) The number of total recruitment was 400-500 thousands.
(4) The number of natural mortality (including dispersion) was 80-120 thousands.
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Fig. 1. Map showing the survey area (hatched portion) divided into 1 square mile blocks.
Tagging experiments and analysis of catch statistics have revealed that the prawn

— ™ Saijo

population within the area is almost exclusively recruited from intertidal flats at

Saijo.
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Table 1. Catch statistics by the sample small trawlers.

. C X .
Month Period* (mﬁeZ) (ﬁugza‘n) (mile) P o’ X r f
June 1 11.7 102 13.5 82.2 7.0 14.5 1.076 1.24
2
3
4 18.5 514 51.3 182.0 9.8 52.2 1.018 2.82
5 11.6 76 14.9 58.8 5.1 15.0  1.005 1.29
6 3.0 121 4.5 80.0 26.7 4.5 1.011 1.52
July 7 3.3 262 7.9 120.3 36.4 7.2 0.911 2.18
8 4.2 646 21.1 125.0 29.8 21.7 1. 029 5.17
9 16.4 1,232 52.7 270.7 16.5 74.7 1. 417 ~4.55
10 9.8 164 25.6 57.2 5.8 28.1 1. 096 2.86
11 17.2 273 43.1 121.3 7.1 38.7 0. 897 2.25
12 30.0 829 86.6 201.4 6.7 123.5 1. 426 4.12
Aug. 13 3.8 70 7.5 35.4 9.3 7.5 1. 002 1.98
14 15.0 2,825 111. 8 467.5 31.2 90.6 0. 811 6. 04
15 27.9 1,284 117.3 278.1 10.0 128.8 1. 098 4.62
16 13.3 210 29.9 82.5 6.2 33.9 1.134 2.55
17 38.9 866 93.8 309.4 8.0 108. 8 1. 160 2.80
18 31.7 778 67.8 361.6 11.4 68.2 1. 005 2.15
Sept. 19 44.7 2,753 178.5 457.9 10.2 268.8 1.506 6. 01
20 24.2 463 42.5 185. 4 7.7 60. 4 1. 422 2.50
21 40.2 1,417 132.7 384.0 9.6 148.3 1.118 3.69
22 7.8 60 9.4 51.2 6.6 9.2 0.976 1.18
23 37.4 1,382 163. 8 260. 1 7.0 198.8 1.214 5.31
24 44.8 1,774 175.3 412.7 9.2 192.5 1.098 4.30
Oct. 25 33.3 651 84.4 250.9 7.5 86.3 1.023 2.59
26 31.2 359 53.0 234.6 7.5 47.8 0. 901 1.53
27 29.8 583 92.2 157.0 5.3 110.6 1. 200 3.71
28 38.1 522 103. 1 184.7 4.8 107.6 1.044 2.82
29 25.1 292 61.3 122.1 4.9 60. 1 0.980 2.39
30 5.8 1 7.7 0.8 0.1 7.5 0. 978 1.30
A :area of operated blocks
C :catch in number by sample boats
X' : hauling distance
P : relative index of population size
$”’ : average relative index of population density
X : effective effort
f :effective overall fishing intensity

* One period consists of 5 days.



Table 2. Estimation of the effective overall fishing intensity and the relative index of
population size for the whole boats operating in the study area.

Sample boat Total boat
Period Cr K Pr
C [/ X Xr fr

4 12, 846 514 9.8 52.2 25.0 1,305 38.3 334

5 9, 652 76 5.1 15.0 127.0 1,905 55.9 174

6 14,256 121 26.7 4.5 117.8 530 15.5 910

7 12,572 262 36.4 7.2 48.0 345 10.1 1,241

8 13,907 646 29.8 21.7 21.5 467 13.7 1,016

9 22,311 1,232 16.5 74.7 18.1 1,353 39.7 563
10 12,392 164 5.8 28.1 75.6 2,123 62.3 198
11 10, 609 273 7.1 38.7 38.9 1,504 44.1 242
12 17, 464 829 6.7 123.5 21.1 2, 602 76.3 228
13 4,266 70 9.3 7.5 60.9 457 13.4 317
14 28,322 2,824 31.2 90.6 10.0 909 26.6 1. 064
15 19, 873 1,284 10.0 128.8 - 15,5 1,993 58.5 341
16 3,738 210 6.2 33.9 17.8 603 17.7 211
17 13,392 866 8.0 108. 8 15.5 1,683 49.3 273
18 7,927 778 11.4 68.2 10.2 695 20. 4 389
19 12,396 2,753 10.2 268. 8 4.5 1,210 35.5 348
20 2,714 463 7.7 60. 4 5.9 354 10. 4 263
21 14,128 1,417 9.6 148.3 10.0 1, 479 43.4 327
22 310 60 6.6 9.2 5.2 48 1.4 225
23 15,273 1,382 7.0 198.8 11.1 2,197 64.4 239
24 14, 481 1,774 9.2 192.5 8.2 1,571 46.1 314
25 6,723 651 7.5 86.3 10.3 891 26.1 256
26 4,290 359 7.5 47.8 11.9 571 16.8 256
27 8,325 583 5.3 111.0 14.3 1,585 46.5 181
28 7,946 521 4.8 107.6 15.3 1,641 48.1 164
29 4,017 292 4.9 60. 1 13.8 827 24.2 167

Cr : total catch in number

K :ratio of Cr to C

Xt : total offective effort

fT : total effective overall fishing intensity

Pr : estimated relative index of population size
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Table 3. Estimation of total change coefficient from relative

index of population size.

Period Pr Pr S v

4 334

5 174 254 2.136 —0.759
6 911 543 1.983 —0.685
7 1,241 1,076 1.049 ~0.048
8 1,016 1,129 0.700 0.357
9 563 790 0.482 0.730
10 198 381 0.578 0.548
11 242 220 1.070 —0.068
12 229 236 1.159 —0.148
13 317 213 2.529 —0.928
14 1,064 691 1.017 —~0.017
15 341 703 0.393 0.934
16 211 276 0.877 0.131
17 273 242 1.368 —0.313
18 389 331 1113 ~0.107
19 348 369 0.829 0.187
20 263 306 0.966 0.035
21 327 295 0.936 0. 067
22 225 276 0.841 0.174
23 239 232 1.192 —0.175
24 314 211 1.031 ~0.030
25 256 285 0.898 0.107
26 256 256 0. 854 0.158
27 181 219 0.789 0.236
28 164 173 0.959 0. 041
29 167 166

Pr : 2 term’s moving average of Pt
S :rate of total change
V : coefficient of total change
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Fig. 2. The regression of the effective overall fishing intensity
(ft) on the coefficient of total change (V).
Numerals in the graph indicate serial numbers of 5 day
period. i
The regression lines (a) and (b) were fitted to the
piriods shown by open circles.
The totlal mortality coefficient (Z) will coincide with
the total change coefficient (V) when there are no

recruitment.
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Table 4. Change of population in number in each 5 day period. (Model-1)

Month Period (><1qo—2) M V. e« F & D E R No Ne Nd Nr
June 5 |0.424 0.0365 —0.755 1.028 0.236 2.128 0.055 0.353 1.536 27332 58163 1490 41972
6 |1.29 0.191 —0.688 1.081 0.203 1.989 0.275 0.291 1.555 48907 97284 13429 76064

July 7 [1.29 0.191 —0.048 0.370 0.131 1.049 0.196 0.134 0.379 94009 98631 18384 35583
8 [1.29 0.191 0.368 0 0.177 0.692 0.160 0.148 0 93978 65057 15011 0

9 {129 0.191 0.703 0 0.512 0.495 0.137 0.368 0 60706 30070 8325 0

10 | 1.29 0.191  0.550 0.443 0.802 0.577 0.147 0.617 0.341 20087 11591 2950 6845

11 | 0.424 0.0365 —0.066 0.289 0.187 1.068 0.038 0.193 0.299 54913 58654 2072 16422

12 | 0.424 0.0365 —0.152 0.512 0.323 1.164 0.039 0.349 0.553 49994 58207 1971 27646

Aug. 13 | 0.424 0.0365 —0.927 1.020 0.057 2.526 0.060 0.094 1.679 45495 114906 2734 76408
14 | 1.29 0.191 —0.016 0.551 0.344 1.016 0.192 0.347 0.555 81726 83044 15727 45368

15 | 1.29 0.191  0.945 0 0.754 0.389 0.123 0.488 0 40741 15837 5031 0

16 | 0.424 0.0365 0.112 0 0.075 0.894 0.035 0.071 0 5266 47110 1819 0

17 | 1.29 0.191 —0.313 1.141 0.637 1.368 0.224 0.748 1.340 17914 24502 4016 23996

18 | 1.29 0.191 —0.112 0.565 0.263 1.118 0.202 0.278 0.598 28513 31883 5759 17056

Sept. 19 |0.424 0.0365 0.187 0 0.150 0.829 0.033 0.137 0 90320 74915 3007 0
20 |0.424 0.0365 0.081 0 0.044 0.923 0.035 0.042 0 64123 59157 2249 0

21 | 0.424 0.0365 0.220 0 0.184 0.802 0.033 0.165 0 85622 68693 2805 0

22 | 0.424 0.0365 0.042 0 0.006 0.958 0.036 0.006 0 53722 51492 1920 0

23 | 0.424 0.0365 —0.178 0.488 0.273 1.195 0.040 0.299 0.534 51077 61052 2041 27287

24 | 1.29 0.191 —0.036 0.821 0.595 1.036 0.194 0.605 0.836 23926 24791 4650 19996

Oct. 25 | 0.424 0.0365 0.147 0 0.111 0.863 0.034 0.103 0 65236 56301 2214 0
26 |'0.424 0.0365 0.108 0 0.071 0.898 0.035 0.067 0 63749 57251 2206 O

27 |0.424 0.0365 0.233 0 0.196 0.792 0.033 0.175 0 47498 37626 1547 0

28 |0.424 0.0365 0.240 0 0.204 0.786 0.032 0.181 0 43883 34513 1424  ©

: catchability coefficient
: natural mortality coefficient (including dispersion coefficient)
: adjusted coefficient of total change

: coefficient of recruitment

: coefficient of fishing mortality

: adjusted rate of total change

: rate of natural mortality

: rate of exploitation

. rate of recruitment

: population in number at the beginning of each period
: population in number at the end of each period

: natural mortality in number (including dispersion)

: recruitment in number
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Fig. 3. Fluctuations in the relative index of population size, estimated population

number and the number of recruiting population. (Model-1)

the graph indicate serial numbers of the 5 day period.

Table 5. Change of population in number in each 5 day period. (Model-2)

Numerals in

Month Period v’ @ F N4 D E R No Ne Nd Nr

June 5 —0.755 1.028 0.236 2.128 0.055 0.353 1.536 27332 58163 1490 41972
6 —0.688 0.791 0.067 1.989 0.052 0.096 1.137 148799 295981 7812 169248

July 7 —0.048 0.127 0.043 1.049 0.037 0.044 0.131 286018 300082 10694 37327
8 0.095 0 0.058 0.910 0.035 0.055 0 250732 228100 8732 0

9 0. 205 0 0.168 0.815 0.033 0.152 0 146721 119562 4843 0

10 0.300 0 0.264 0.741 0.032 0.228 0 54417 40309 1716 0

11 —0.066 0.289 0.187 1.068 0.038 0.193 0.299 54913 58654 2072 16422

12 —0.152 0.512 0.323 1.164 0.039 0.349 0.553 49994 58207 1971 27646

Aug. 13 —0.927 1.020 0.057 2.526 0.060 0.094 1.679 45495 114906 2734 76408
14 —0.016 0.166 0.113 1.016 0.037 0.114 0.167 248646 252657 9149 41482

15 0.284 0 0.248 0.753 0.032 0.216 0 92127 69329 2927 0

16 0.112 0 0.075 0.894 0.035 0.071 0 52666 47110 1819 0

17 —0.313 0.559 0.209 1.368 0.043 0.246 0.656 54501 74547 2336 35771

18 —0.112 0.235 0.086 1.118 0.039 0.091 0.248 86750 97002 3350 21532

Sept. 19 0.187 0 0.150 0.829 0.033 0.137 0 90320 74915 3007 0
20 0. 081 0 0.044 0.923 0.035 0.042 0 64123 59157 2249 0

21 0.220 0 0.184 0.802 0.033 .0.165 0 85622 68693 2805 0

22 0. 042 0 0.006 0.958 0.036 0.006 0 53722 51492 1920 0

23 —0.178 0.488 0.273 1.195 0.040 0.299 0.534 51077 61052 2041 27287

24 —0.036 0.267 0.195 1.036 0.037 0.199 0.272 72794 75424 2705 19815

Oct. 25 0. 147 0 0.111 0.863 0.034 0.103 0 65236 56301 2214 0
26 0.108 0 0.071 0.898 0.035 0.067 0 63749 57251 2206 0

27 0.233 0 0.196 0.792 0.033 0.175 0 47498 37626 1547 0

28 0. 240 0 0.204 0.786 0.032  0.181 0 43883 34513 1424 0

29 0.139 0 0.103 0.870 0.034 0.096 0 41885 36442 1427 0

The value of M=0.0365 and q=0.00424 were applied for every period. Symbols are the

same in ta

ble 4.
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Fig. 4. Fluctuations in the relative index of population size,
estimated population in number and the number of
recruiting population. (Model-2) Numerals in the
graph indicate serial numbers of the 5 day period.
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Table 6. The comparison of the population parameters estimated by Model (1) and (2)
with those calculated by the Model of Doi et al (1972).

\Type of the Model | Model by Model (1)
T Doi et al : : Model (2)
Coefficient \\ (1972 Mlgratorsytage Non—mlgra;cg;‘ge
Natural mortality (M) 0.211 0.191 0. 0365 0. 0365
Catchability (q) 0. 00682 0.0129 0.00424 0.00424
Recruiting (a) 0.526 0~1.141 0~1.028 0~1. 028
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Table 7 &2, =7 AR IEF L@ X W EINIMARE, BFRER, ORFECER GRRBEY

Table 7. Estimations of population size, recruitment and naturl mortality in the two
different models. (number of prawns)

Model (1) Model (2)
Total catch 227,267
83
o Initial 27,332 27,332
L A
5 = Last 34,513 36,442
g 3 Mean 54,726 94, 130
Ay .
1 st (Period 5- 7) 153,619 (Period 5- 7) 248,547
] 2 nd (Period 10-14) 172,689 (Period 11-14) 161,958
[
5 3rd (Period 17-18) 41,052 (Period 17-18) 57,303
5
5 4 th (Period 23-24) 47,283 (Period 23-24) 47,102
<]
Total 414, 643 514,910
Natural mortality 122,781 85,190
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