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Estimation of the Survival Rate in Fish Population

—Mackere! and Horse Mackerel in the Coastal Waters of Korea—

Sang-Taek SHIN
Department of Applied Mathematics, National Fisheries University of Busan, Namgu,
Busan, 601-01 Korea

A study was made to find out a new method of calculating the survival rate of a fish population
from length composition and growth equation.

1. In the steady state of the fish population, let the total mortality rate be z, the age of complete
recruitment ¢, the oldest age in the catch b and the average between the age of complete recruitment

and the oldest age in the catch U;, then we have
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And let b be infinite, then we obtain
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2. Calculating numerical value of U; from age composition table and growth equation, and substi-

tute in (1) for it, we may obtain the value of z and e,
3. This method is applied to a case of mackerel and horse mackerel in the coastal waters of Ko~

rea, with the following results:

Mackerel Horse mackerel
Total mortality rate 0. 87909 2, 22327
Survival rate 0.41516 0.10825
0 35966~0. 47264 0. 06897~0. 14974

95 percent confidence
Interval of survival rate
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Table 1. Probability distribution by year and body length classes

Body Year t Byoreneenemrninannns Bjreveernmnneeenns t, Number of fish
length No. of fish N(t) N(tg) woreeeereres N(EDeeerennses N(t,)

h P, ) P(ly, t5) coo Pl £)) - P(l, 8) N(ID

I, P, t) P(l,, ty) «on-- Ply, t;) -eeeee P(ly, t,) N(y)

l; P, t) P(l;, tg) ooeeee Py, t)) e P(l;, tn) N

I P(ly, &) Py, t5) cooosP(Umy 0o Py £2) N(L)
Total 1 1 1 1
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Table 2. Frequency of body length by year classes of mackerel in 19721974
Body length Year class
(cm) 1.5 2.5 3.5 4.5 5.5
21.5 6.0
22.5 14.0
23.5 18.3
24.5 15.3 11,7
25.5 9.0 19.7
26.5 4.7 29.3
27.5 2.3 27.3 1.3
28.5 27.7 10. 3
29.5 21.7 13.3
30.5 25.7 19.0
31.5 26.7 25.0
32.5 24,0 39.0 4.0
33.5 11.3 43.0 18.0 1.7
34.5 29.0 28.0 5.3
35.5 12.7 28.0 9.0
36.5 2,0 14.0 8.3
37.5 4.7
Total 69.6 225.1 194.6 92,0 29.0
! 23. 93966 29, 00600 32. 48201 34, 82609 35, 81034
S 2.22624 6. 58671 3.71653 1.17627 1. 25541
!: mean S: variance
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fable 3. Frequency of body length by year classes of horse mackerel in 1972—1974

Body length Year class
(em) 1.5 2.5 3.5 4.5 5.5
14.5 5,0
15.5 26.0
16.5 30.7 1.0
17.5 34.3 8.3
18.5 26,7 15.3
19.5 32.0 25.3
20.5 29,7 50.7
21.5 19.0 83.0 2.3
22.5 8.7 102.3 5.7
23.5 88.3 18.3
24.5 51.0 33.3
25.5 21.3 39.7 1.0
26.5 2.7 32.7 3.3
27.5 18.0 3.7
28.5 10.3 4,3
29.5 4.3 4.0
30.5 5.3
31.5 4.3
32.5 2.3 0, "
33.5 1.0 1.7
34.5 1.0 3.3
35.5 1.0 5.3
36.5 5.0
37.5 3.7
38.5 3.0
39.5 2.7
40.5 1.7
Total 212.1 449, 2 164.6 31.2 27,1
) 18. 45050 22, 26848 25.62515 29. 82692 36.67792
S 4.39218 3.35023 2.78385 5. 82261 4.10885
/: mean S: variance
Table 4. Calculated result for X2-test of Table 2 and Table 3
Item Mackerel class Horse mackerel class
Age 1.5 2.5 3.5 4.5 5.5 1.5 2.5 3.5 4.5 5.5
x2 1.65135 20,40633 13.97638 0.65677 0.12109 19,08446 11.19672 1,12530 0.38611 0.43801
d-f 4 7 6 . -2 2 6 5 4 2 2
X2 11,143 16.013 14. 449 7.378 7,378 14. 449 12.832 11,143 7.378 7.378
X2 14. 860 20,278 18,548 10.597 10.597 18. 548 16.750 14.860 10.597 10.597
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Table 5. Calculated I of year class by Table 2 and Table 3, estimate of u by trend

line (6), (7)

Mackerel Horse mackerel
t n I i n I i
0.5 15, 76328 14. 10782
1.5 69. 6 23. 93966 23, 91509 212.1 18. 45050 18, 45050
2.5 225.1 92, 00600 29.11168 449, 2 22, 26848 22, 26850
3.5 194. 6 32.48201 32.42439 164.6 25, 62515 25. 62519
4.5 92.0 34. 82609 34, 53616 31.2 29, 82692 28, 57630
5.5 29.0 35. 81034 35. 88237 27.1 36.67712 31.17084
6.5 36. 74055 33.45191
7.5 37. 28761 35, 45736

t: year classes, »: number of fish,

I: unbiased estimate of means of body length by Table 2 & Table 3
u: estimate of means of body length by trend line (6), (7)
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Table 6. Calculated result for test of difference between I and u

Item o Class
(Age) 1.5 2.5 35 45 5.5
Mackerel |/—u|/(S/v/n) 0.137354 0.61783 0. 41698 2.56403 0. 34617
Horse
mackerel |I—#| /(S/v/n) 0.00015 0. 00031 0. 00026 2. 89498 14, 14109
2‘;2:2; gg ) used normal distribution
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26,005, 26=2. 779
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Table 7. Body length composition

Mackerel

Horse mackerel

Body length No.of fish Moving average by  Age No. of fish Moving average by Age
U em 3 points (N 3 points {N(/))]
20.5 135 ' 401, 263
21.5 184 178.3 1,15417 1, 669, 072 1,619,018.7
22.5 216 210.0 1. 29090 2,786,721 1,891,511.3 2. 56498
23.5 230 226.7 1, 43660 1, 218,741 1,433,075.7 2.85210
24.5 234 254.0 1, 59253 293, 765 532, 526.7 3.15025
25.5 298 263.0 1.76024 85,074 145,212.3 3. 46030
26.5 257 265.3 1.94166 56, 798 62, 343. 3 3.78325
27.5 241 250.0 2.13922 45, 158 39,773.7 4,12021
28.5 252 273.0 2, 35609 17, 365 27,041. 3 4, 47246
29.5 326 379.0 2, 59645 18, 601 16,784.7 4,84144
30.5 559 542, 7 2. 86601 14, 388 16, 245, 7 5. 22884
3.5 743 655.0 3.17287 15,748 12,639.0 5.63659
32.5 663 651.3 3. 52902 7,781 8, 583.7 6. 06693
33.5 548 565.0 3.95339 2,222 8,051.0 6. 52253
34.5 484 458. 3 4, 47847 14, 150 13,004.0 7. 00654
35.5 346 335.7 5.16743 22, 640 19, 810.0 7.50000
36.5 177 196.0 6.17150 22, 640 17,923.3 7. 50000
37.5 63 20.3 7. 50000 8, 420 14, 150.0 7. 50000
38.5 28 33.0 7. 50600 11, 320 12,263.3 7. 50000
39.5 5 11.7 7.50000 16, 930 14,150.0 7. 50000
40.5 1 14,150 15,093. 3 7. 50000
41,5 14, 150 14,150.0 7. 50000
42,5 14, 150 14,150.0 7. 50000
43.5 14, 150 14, 150.0 7.50000
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