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Some Aspects of the Population Dynamics of Sardine (Sardinops melanosticta
T. & S.) from the Viewpoint of the Availability

and the Reproduction Curves
By

ICHIRO YAMANAKA

Abstract

(1) Introduction The discussion of the same auther on the same project which he
has published in the “Progress Report of the Cooperative Iwashi Resources Investiga-
tion, 1954” was amended and suppled.

(2) The diagnose on the population status by wmeans of the availability analysis.

(1) Method of estimating availability ;

The foundamental equation which shows the relationship between total mortality
coefficient Z, fishing efforts X, natural mortality coefficient M, and availability » has
the from as follows.

Z:M__log[ye—’lx_i_cl_y)] ............................................................... [@D)

Both Z and X are known. The geometric average of » can also be considered
as one of the unknowns as well as M and q. Therefore they can be solved numerically
by trial-and error so that the sum of the squares of the residuals becomes minimum.

By the formulae (2) through (4), the availability of each season »; can be obtained
by the average availability » and the residual of each season d;.

The tables 1 and 2 show the values of X and Z of the western part of the Japan
Sea; and Tables 5. and 6 do those of the northern part respectivelly.

The increase of the efforts in the western part includes those of the surrounding
nets, of which efforts were converted into those of the gill nets by standardizing the
effort. The values of the Y thus computed are tabulated in the Tables 10 and 11.

(a) In the western region, the amount of the fishing effort can still be increased
by about 50 95 bigger than the present level in order to attain the maximum value of
Y/R. However, as the increment of Y/E is only 14 2 in this case, it is unpreferable
to increase the fishing effort from the economical viewpoint. The situs does not
change widely even when the value of the availability is as big as one.

(b) In the northern region, the fishing effort can be increased, if the recruitment
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can be kept as big as the level of the early 50’s. But when the value of the availability
is close to one, the increasing of the efforts does not cause any significant increase of
the value of Y/R; namely, when »=0.5, the increase of X from 500 to 1,000 makes the
value of Y/R as big as 1.6 times; while when »=0.5, it does only 1.l times as big as
the present level.

(3) Discussion of the causes of the variation of recruitment.

The large sardine fisheries in the Japan Sea has mainly the two-age fishes as the
first capture. As for the cause of the fluctuation of the recruitment, (a) the exploita-
tion of the younger fish, and (b) the population size which generates the resulting
year classes, are considered.

(a) The effect of the catch of zero-age-fish.

No significant correlation was found between the catch of zero-age-fish and the
value of catch per effort of the two-age-fish belonging to the same year class. The
catch of zero-age-fishes increased rapidly after 1955. But the data of the year class
size is available only up to 1656.

(b) The population size of the spawning adult and the amount of the recruiting year class.

The relationship between the population size of the parent stock P and that of the
year class generated by it @ can be expressed by RICKER, as,

Q= APe P (8)
or
Q _
1og,,P Y 0 EE B P (10)

The value of @ can be maximum when p=1/b.

The values of P, @, Q/P are tabulated in the Table 12. The significant relationship
was found only in the northern part of the Japan Sea.

(ii) The values estimated ;

Tentatively, the values of ¢ and be obtained by the formula (5), The values of M
and 7, and the resulting values of 319 are tabulated in the Tables 3 and 7.

Namely, the most probable values of M, », and ¢ are,

M=0.2 r=0.6 g=2.038x 106 (western part)
M=0.4 r=0.5 g=1.341x10-6 (northern part)

The computed values of the availability of each specific year are tabulated in the
Tables 4 and 8.

(iii) The change of the exploitation rate with that of the availaiblity;

The exploitation rate of the partially available population includes the value of »
as a factor which affects E (exploitation rate) directly. Therefore, even if no remark-
able variation exists in the amount of the fishing efforts, the change of the availability
causes the change of the exploitation rate. In the Table 9 the pratical values were
tabulated.

The value of the availability correlates as significantly as the amount of fishing
efforts to the exploitation rate in the western part of the Japan Sea. While in the
northern part of it, the latter hardly correlates to the exploitation rate. Namely,

in the western part; R(X, E)=0.88, R(r, E)=0.84
in the northern part; R(X, E)=0.38, R(», E)=0.96

The average value of the exploitation rate in the western Japan is 41 %, while
that in the northern part is 16 .

(iv) The equibrium yield per recruiment;

The amount of the equibrium yield per recruitment can be expressed, when the
value of the availability is constat, as

Y= tl)ij.(M [l e~ @XM [ | —e= 2, @22, -] covvervesnvennsencenicenens (D

Here, w, w, and so on are the body weight assuming the weight of the first capture
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as one. In the pratical example, w,=1.36, w,=1.46, and w,=1.58.

Although no data can be available to discuss the conditions in 1930s when the
sardine fisheries were thriving, the recent data show that the stock size in the Japan
Sea in 1950s is not so serious to decline the reproduction itself. It is the strengh of
the entering year class which is scanty now, and not the amount of the spawing adults.

(¢) The amount of the lavvae and the entering year class.

The same relationship was detected between the abundance of larvae (expressed
in the number of catch per towing net) and the year class strength. The same type
of the curve could be drawn. The amount of the survied larvae seems to be scanty to

maintain the year class optimum.
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Table 1. Western Japan Sea, age composition of sardine landing

HABVEX. A 7 ARSHUK (4 FLD
K 10%¢

Unit 108
Year Total \ 0 l I ‘ 11 111 v v VI
1952 5,698 5,468 16 33 108 13 5 0.3

53 8,963 8,582 139 121 80 60 1

54 6,214 5,368 383 357 91 14 3 0.2
55 10,352 9, 862 299 154 39 5 2 2
56 13,224 12,877 116 384 310 27 8 2
57 12,200 11,231 269 410 220 63 6 1
58 7,092 6,271 375 378 45 13 8 0.1

landing by gill nets (Hy,,hmoblf)

year II III v \% VI VII VIII
51 89.9 41.6 7.3 4.4 0.9

52 100.6 130.6 32.2 6.2 0.4

53 110.0 74.2 59.8 1.1

54 132.3 78.9 11.2 2.4

55 114.3 35.3 6.2 1.3 0.59 0.62

56 148.1 117.7 11.0 4.3 0.03

57 74.2 105.9 33.0 2.9 0.07

58 100.9 26.8 8.6 4.6 0.02

59 35.0 32.0 7.3 1.6 0.24
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Catch per trip (gill nets) il | ifcifi i o

Wil 1,0000¢

Unit 1,000
Year 1I I IV \4 VI 11 III*
51 3.39 1.57 0.23 0.17 0.03 5.39 2.00
52 2.23 2.91 0.72 0.14 0.01 6.01 3.78
53 2.81 1.90 1.52 0.03 6.26 3.45
54 3.49 2.08 0.29 0.07 5.93 2.44
55 3.25 1.00 0.18 0.04 0.02 4.51 1.26
56 4.28 3.40 0.32 0.12 0.00 8.13 3.85
57 2.20 3.10 0.96 0.08 0.00 6.34 4.14
58 4.71 1.25 0.40 0.22 0.00 6.58 1.87
59 2.66 2.14 0.56 0.12 0.02 5.49 2.83

X FDENLDLED L o
* indicates the value of/over that year of age

CREDHLE, A&, %) AU

Table 2. [IAupIXATI A 7 o, 25, Al BREG #00E L OY % ) At
Survival rate, total mortality, catch and effective fishing effort of sardine

in the Western Japan Sea

Year C/X(11)* | C/X(I1I1)* s 4 C(IL)* X
52 6.01x10% | 3.78x 103 0.57 0.55 | 214x 108 356 x 102
53 6.26 3.45 0.39 0.71 262 419
54 5.93 2.94 0.21 1.55 465 782
55 4.51 1.26 0.85 0.16 202 448
56 8.13 3.85 0.51 0.68 730 898
57 6.34 4.14 0.29 1.22 700 1,104
58 6.58 1.87 0.46 0.78 590 897
59 5.66 3.00

* R DESL LD S DDA TR
* indicates the value of/over that year of age
(g 2 D [R5 YDA Akl AR 2 DA bie ATeiEs )
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Table 3. FIHEE O FTAIE L fREk & B VMo 25E (A1)
Tentative ualues of availability and natural mortalty and the corresponding
values of the square summation of residuals

(in the Western Japan Sea)

0.1 0.2 0.3
— r = _— —— — — - —
0.5 0.88
0.6 0.81 0.86 0.87
0.7 1.00 0.87 0.92
Table 4. F| il B2 o #E i {0 (AL
Estimates of availability in the Western Japan Sea
Year Z+ z \ b \ 315 —logr r
1952 0.598 0.55 —0.048 0.048 —0.431 0.65
53 0.651 0.72 0.072 —0.024 —0.426 0.66
54 0.878 1.55 0.672 —0.696 —0.434 0.64
55 0. 645 0.16 —0.518 0.178 —1.274 0.28
56 0.907 0.68 —0.258 0.080 —0.253 0.78
57 0.967 1.22 —0.222 —0. 142 —0.354 0.71
58 0.900 0.78 —0.148 0 —0.573 0.56

Z¥ 3 M, ¢, X &AL CTORFH
Z* indicates the calculated value obtained adopting the estimates of M, ¢, and X.

FUMHE D1y 0.6 T, 28~T1% DRI TAFHL T\ %
b oA i odE K
Table 5. AAMILIK KT 7 SAESHLK (FaA EifdE)

Northern Japan sea
Age composition of sardine over two years old (by gill nets almost exclusively)

Year 11 111 v | % v VII
‘ I R

1951 50.0 87.1 23.8 13.2 2.3

52 54.2 11,1 23.9 3.5 0.8

53 117.0 88.3 30.3 4.9 24 |

54 107.0 117.8 44.0 39.0 5.9 8.1

55 215.1 68.9 18.0 4.4 0.5

56 83.3 94.6 1.5 4.0 1.1

57 74.2 105.9 33.0 2.9 0.0

58 77.6 37.2 14.5 3.5 0.8

59 55. 1 35.9 5.1 1.9 1.6




A AT S TR SR IR
Catch per trip (gill nets)

Year I 111 v v ‘ VI ‘ ViL | 1I* ‘ 1I1%
|
1951 1. 46 2.55 0.70 0.39 0.07 5.17 3.71
52 1.27 2.62 0.51 0.08 0.02 4.50 3.23
53 3.26 2.47 0.86 0.13 0.06 6.18 3.52
54 2.83 3.06 112 1.02 0.15 8.39 5.56
55 5.07 1.62 0.43 0.10 0.02 0.21 7.24 2.17
56 2.16 2.45 0.30 0.11 0.03 5.05 2.89
57 2.11 2.25 0.39 0.03 0.02 4.81 2.70
58 2.64 1.27 0.84 0.12 0.03 0.01 4.90 2.26
59 2.11 1.38 0.58 0.07 0.06 4.20 2.09

Table 6. [IABEILIXATRR, A0 75k %500 0%
Survival rate, total mortality, and fishing effort in the Northern Japan Sea

Year C/X (1) C/X(I1D) s | z X
1951 5.17x 108 3.71% 103 0.62 0.48 342 102

52 4.50 3.23 0.78 0.25 427

53 6.78 3.52 0.82 0.20 358

54 8.39 5.56 0.26 1.35 378

55 7.24 2.17 0.40 0.92 422

56 5.05 2.89 0.54 0.62 385

57 4.8l 2.70 0.57 0.76 343

58 4.90 2.26 0.43 0.53 294

59 4.20 2.09 260

Table 7. FIFHREE J O SRTE LR gK & B P Moo 2k CH ALK
Tatative values of availability and natural mortality, and the corresponding
values of the square summation of residuals

(in the Northern Japan Sea)

173
" 0.4 0.5 0.6
]
0.2 0.99
0.3 L1 0.91 1.54
0.4 1.02 0.74 110
0.5 0.97




Table 8. 1 A iy b X F ] o HE i
Estimates of availability in the Northern Japan Sea

|

Year ‘ z% z | 3% —log 7 ’

1951 0.60 0.48 —0.12 0.12 —0.99 0.37
52 0.65 0.25 —0.40 0.52 _0.87 0.41
53 0.61 ‘ 0.20 —0.41 0.93 —0.46 0.63
54 0.63 1.35 0.73 0.20 —0.05 0.94
55 0. 64 0.92 | 0.28 —0.08 —0.78 0.45
56 0.63 0.62 —0.01 —0.09 | —0.99 0.37
57 0.60 0.76 0.16 —0.25 112 0.35
58 0.78 0.53 0.25 — —0.99 0.37

A

ST LAuE, M=0.4, r=0.5, g=1,341x10=6 N ORI D BALONE 55 8 £ 1439 X 9120. 37~
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E =L "7 "
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Table 9. | Ji] 1 & % J) ub, ifn &
Relationship between availabilty, effort, and exploitation rate

noA i ode X Nk # 7 X
Northern Japan Sea Western Japan Sea
Year . x| E . X ! E
1951 0.37 342 0.114 |
52 0.41 427 0. 150 0.65 356 0.310
53 0.63 358 0. 166 0.65 419 | 0.350
54 0.94 378 0.313 0. 64 82 | 047
55 0. 45 422 0.163 9.28 448 ‘ 0.154
56 0.37 385 0.124 0.78 898 0.619
57 0.33 343 0.128 0.71 1,104 ‘ 0.5%4
58 0.37 294 0. 100 0.56 897 ‘ 0.438

E L7, X oloEREk R 1
[ R (X, E) =0.841 R (v, E) =0.835
I+ K R (X, E) =0.334 R (v, E) =0.962
R (X, E) LA TRVHAMBIZ a=0.05 THETH S
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Table 10. A GG 0 P2 oo RN KOs ) s 2% 206 QUM AR A v o)
Equibrium yield per recruitment of large sardine in the Western Japan Sea,
against the change of fishing effort, and availability.

YR S e —
250 500 1,000 1,500 2,000
ivX, T~ - S S i
7=0.6 0.611 | 0.816 0.873 0.968 0.955
r=1.0 0.764 ‘ 0.911 0.944 0.982 0.970
S, Y am)\ﬂl’w; X 2915000 L EThH L. LichsoC, & Ll oibfiat & £ Adurs
VWO CHAIUE, B0 ($91,000) 050950055 )) 4 B L 72 & Z1, AR 72 D ORI N Cd D -
LosL, TR hmds, '(|-‘</) 97/«‘*7 J i b4 O NS E . u;rjioffm b BN S ALY
&, "UJ(/)I"‘}JIIvif'J"'k CUEtaoe 551w B OVl LT & il ir o/ 8 %ic 4 &9, Mo LC$30%
72T D i 2O AT L TR BT
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VEMBRIZE N S DN D 5. Z LT, B ORI R 7 b AE T AU A R R JE S T
W ERERRTH D -
b 11 A W oL X
r=0.5 M=0.4, g==1,341 Z P [akR/ail 5 e Ui (G114 .
Table 11. A it b Ak ROFBEE KOs i X 520 CHARTALK AT 1 7 o)

Equibrium yield per ercruitment of large sardine in the Northern Japan Sea,
against the change of fishing effort, and availability

Y/R i -
250 500 1,000 1,500 2,000
X ~ |
. : |
r=0.5 0.32 0.38 0.61 0.75 0.80
r=1.0 0.54 0.71 0.82 0.90 0.96
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Table 12. Y f iyl oo Aok 4 v sl 4 s
Effect of catching zero age fish upon the large ones

P

W % 2 B3 O 5 ) M R A
Year class Summation of catch-per-trip of two and three-age fish
from tne same year class
el iy JX. e X,
IM\(”} ’?lx . Western Japan Sea Northern Japan Sea
s S LB - — -
RIS i e o FUH R I : -
Catch of 0 age FIFRRE 4 AF S+ FTHE HF AL * oM
in the western corrected corrected un-
with uncorrected with corrected
Japan Sea availability availability
1951 7.50 4.88 8.42 6.32
52 5, 468 9.02 4.99 6.61 4.45
53 8,582 15.95 6.65 17.92 7.52
54 5,366 9.45 7.38 12.64 4. 41
55 9,862 5.32 3.35 9.82 3.38
56 12,877 7.65 4,02
57 11,231
58 6,271

MO IIAA E N ABIHIK TH 505 55405 OIZARIL, S84 >TH I TWwS.
MoFAT, RO, mETARECL, £LOMERD DL DT, ERENLIET D TENENE
MRS A LANEETHLOT, ~ISHERE L OEEHCT, T, [RA—FMOLDOR2 T ROS F
THPbNS & EOBIPUMIER OFE LK Uz (4 FLLEEEPMEDTH L O TRHEI AN D)D)

a KX MpamiiE s, 2, 3ol o, FIMEOMIEZS L D (B4 EERF
TR LI DR AERETSH) 10OV T —0.053, WIEAESmveE & 0.17T, WFRLTE TR,

b db K WU TEKOY s T3 Fie oM, FIFEORIEZ A S & T—0.41, mx
B E E0 32T FR LTI TR
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Table 13. ¥l fi i = = ho i & % 4 fL i
Population size of spawning adults and generated year class
[} X
Western Japan Sea

THJIHF'/HM?U)%OD Wikl d o
Uncerrected with availability Corrected
Year class TP T @ — A
(psvning (enersted) P | p ¢ | ar
e L e -
1951 ‘ 5.39 4.88 0.91 " 8.42
52 6.01 4.99 0.75 9.24 5.80 0.63
53 ) 6.26 6.65 1.06 9.48 14.30 1.51
54 5.93 7.38 1.24 9.26 9.90 1.07
55 4.51 3.35 0.74 16.10 6.87 0.43
56 8.13 7.65 0.94
At X
Northern Japan Sea
Uncorrected Corrected
Year —_— e
P e \ Q/P P Q Q/P
1951 5.17 6.32 ! 1.22 13.9 8.42 0.60
52 4.50 4.45 0.98 11.0 6.61 0.60
53 6.78 7.52 1.11 10.8 17.92 1.65
54 8.38 4.41 | 0.52 8.9 12.64 1.42
55 7.24 3.38 0.46 16.08 9.82 0.61
56 5.07 4,02 0.79 13.64
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Table 14. Ff 4 & fh # © < 5 A — x ~—

Estimated parameters of reprodution formulae Q= APe-bP
of sardine in the Japan Sea

A b
F A E AN # E
[T Availability uncorrected 0.65 —0.055
Western Jap. Sea
wOE L & b oo
Corrected 0.47 0.122
N il IE
Jt X Uncorrected 2:46 0.183+
Northern Jap. Sea #MiEL 23 D .
Corrected 6.75 0.180%

* significant in 594 risk
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Fig. 1. Relationship between parent stock size and resultant year class
of sardine in the Northern Japan Sea.
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Fig. 2. Reproduction curve of sardine in the northern Japan Sea.

Table 15. JbHABICR T HHEFREE T X B4ER (2F)

Abundance of larvae at Northern Japan Sea and the population size
of the same year class at two-age fish

Year (number of lafvae per haul) (generatedeear class)) Q/L
1951 1.9 3.26 1.71
52 9.3 2.83 0.30

53 17.8 5.07 0.28

54 9.8 2.16 0.22

55 5.9 2.11 0.36

56 13.2 2.64 0.20

57 ’ 4.6 2.11 0.46
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Fig. 4. Reproduction curve of large sardine in the Japan Sea
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