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year, with times of little fishing distributed...at the beginning and at the end”. As
such an arrangement has not been done, actually the fishing rate would be lower,
and the natural mortality rate, higher than the values estimated through the above

method. The unconditional fishing rate, f, is assumed to be equal for all the age
classes,

Sa
l—mA .

F=1—

This method was applied for the data taken during 1949 through 1955 (Table
32). The reliability of such a view depends, however, on the accuracy of the data
used, and a close scrutiny must be made of these data from various viewpoints.
Here the author is concerned with the estimated egg abundance. The catch of
large sized sardine per unit effort of round hauls has been calculated as an index
of the stock size migrating into the Seikai Region, an important grounds of spawn-
ing and fishing for the sardine (MURAKAMI and MAKO 1956).

Although the period during which the data were collected was rather short, the
data may be helpful in examining the validity of the assumption of a relation be-
tween the catch per unit of effort and the egg abundance in the region. The results

52 indicate that a relatively high correlation
) between these two measures makes it per-
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| ) missible to use the estimated egg abundance
as an index of the stock size of parents, as
oo 58 51 far as the period and area under survey are
concerned (Fig. 55).

The mortality rates have been computed

Number of eggs in 1012

: 1 +— Nr.of on the basis of the data including the catch
100 200 cases .
Catch per trip of adult sardine of Il-age and older fish estimated for the
in number of cases years 1949-55. The values thus obtained
Fig. 55. Relationship between .

not

catch per boat-day of purse seines suggest thaF thinning by the.ﬁshery has'
and total egg abundance spawned in been excessively heavy despite the survival

the western waters off Kytsha, 1951- rate having decreased since 1954 (Table 32).
55 (after Nakar 1960).

Numerals denote the year of spawnin . . .
. v P & is concerned, the conclusion so far obtained
and fishing.

1 case=ca. 15 kg. is in agreement with a finding that the
amounts of effort is not correlated with the
instantaneous mortality coefficients (YAMANAKA and ITO 1957).

However, the thinning is not the only effect of fishery upon the fish population.
For instance, NAKAI (1951) assumed that the fishing activity disturbed the southward
migration of the spawning sardine in the waters off northwestern coast of Kyash.
On the other hand, there are data revealing a high mortality rate, over 99 percent,
during the early stages of the life (Section 1-4). For this reason, it is readily
inferred that a slight fluctuation in the mortality rate at these stages of life will

Inasmuch as the stock of large sized sardine



Table 32. Mortality rates of the large sized sardine in Japan, 1949-55 (after Nakar 1960).

1949 1950 1951 1952 1953 1954 1955%
o a b
- “5‘.8 Survival rate of II- to V-age fish 0.50 0. 54 0.53 0. 54 0.52 0. 40 0.38
§ §§ Instantaneous total mortality coefficient 0.69 0. 62 0.63 0. 62 0. 65 0.92 0.97
g_‘é’ ‘é‘ Catch of Il-age fish and older (106) 576 648 966 1,415 1,165 1, 165 852
5 a8 Total number of eggs spawned (1012) 198 235 198 300 438 297 282 385-
Size of parent stock (10¢ individuals) 9,900 |. 11,750 9,900 15, 000 21,900 14, 850 14,100 19, 250
,§ - Rate of exploitation 0. 058 0. 055 0.098 0. 094 0. 058 0.078 0. 060 0. 044
E‘ o 3 s Unconditional natural motality rate 0. 442 0. 405 0.372 0. 366 0. 422 0.522 0. 560 0.576
2 %0 5 <. | Instantaneous fishing mortality coefficient 0. 080 0.074 0.132 0.127 0.079 0.120 0. 094 0. 069
ggg s Instantaneous natural mortality cocfficient 0.610 0. 546 0. 498 0. 493 0.571 0. 800 0. 876 0.901
= 55 Conditional fishing rate 0. 08 0.07 0.13 0.13 0. 08 . 0.11 0.09 0.07
ggg Conditional natural mortality rate 0. 46 0.42 0. 39 0.38 0.44 0.55 0.58 0.59
E i'qé Size of parent stock, (10¢ individuals) 3,960 4,700 3,960 6, 000 8,760 5, 940 5,640 7,700
*E‘E\E Rate of exploitation 0.146 0.138 0.244 0. 236 0.145 0.197 0.151 0.110
gé 5 § Unconditional natural mortality rate 0.354 0.322 0. 226 0.224 0. 335 0.403 0. 469 0.510
?} :)’g‘ S Instantaneous fishing mortality coefficient 0. 202 0.186 0.327 0.318 0.1¢6 0.302 0. 236 0.172
25 & .. = | Instantaneous natural mortality coefficient| 0.488 0.434 0.303 0. 302 0.454 0.618 0.734 0.798
—3 = c% % Conditional fishing rate 0.18 0.17 0.28 0.27 0.18 0.26 0.21 0.16
>8od Conditional natural mortality rate 0.39 0. 35 0. 26 0.26 0.37 0. 46 0.52 0.55

Based on the reports by the Regional Fisheries Research Laboratories participating in the Cooperative Iwaski Resources

Investigations.
* As no data were made available for the Japan Sea Region during most months of 1955, the calculation has been made
by assuming that the number of eggs spawned in those months in the region was either (a) zero or (b) the average

in the preceding years.
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have a decisive influence in determining the population size.

Conclusions: It is concluded that the fishery did not excessively catch the
sardine made the population to decrease to a level too low to retain the size during
the recent years since 1949. MURAKAMI and HAYANO (1955), and YAMANAKA and
IT6 (1957) also stated that the natural factors inserted more serious effects on the
population than the exploitation during the period under discussion. Although
YokoTA and AsAaMi (1956) noted the sardine stock being damaged by overexploita-
tion, the excessive fishing effort was a limited one exerted only on 0-age fish in the
northwestern waters off Ky(ishi. But, for the natural causes of depletion, no evi-
dence of environmental changes in these years is as remarkable as the shift of the
Kuroshio Current observed in the 1940’s.

Chapter 4. Comments on management and investigations
of the sardine fishery

As has been stated in Chapter 2, the Japanese sardine was widely distributed
and abundantly exploited in the waters surrounding the Japanese Islands and the
eastern coast of Korea in the prosperous period around 1935. The fish of this species
then migrated throughout the above mentioned areas during the life span. However,
the significant amount of sardine catch has been obtained from only restricted areas
extending between the northwestern Kyfishii and the Japan Sea coast of Honshi
with the vestigial catch from the Pacific side during about 10 years after 1945. The
recent migratory routes of the fish has not been traced clearly. The decays of
supplies of eggs and larvae from the Satsunan Area as well as from the Japan Sea
through Tsugaru Straits presumably strengthened the isolation of the stocks in the
Pacific waters. Thus, the sardine population is now maldistributed in the area
around the northwestern Ky{ishi and the Japan Sea.

According to the considerations in Chapter 3, the sudden rise of the sardine
catch for the 1924-33 inclusive depended upon not only the increase of the fishing
power such as the amount of fishing efforts and the efficiency of gear, but also
the increase of the population. The decrease of the catch in the 1940’s was not
caused by the overfishing, but by the curtailment of the population attributed to
the natural factors. At the same time, the main causes of the decrease of the sardine
catch in the recent years since around 1950 are hardly regarded as the unfavourably
intensive exploitation. However, the population size of this species is far smaller in
the recent adverse period than in the prosperous period around 1935. Furthermore, the
intensity of fishing has increased rapidly after the World War II. For these reasons,
it is probable to regard that fishing mortality has rised recently even though there
is no evidence indicating overexploitation on the sardine population as a whole.
Accordingly, the further increase of the fishing effort upon the Japanese sardine is
not recommendable in order to obtain enough and sustained yields from the popu-
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lation.

Naxkar1 (1951) pointed out that the fishing being funneled into the northwestern
waters off Ky{ish{i seriousiy disturbed southward migration of the parent fish for
spawning, on the basis of the information concerning to geographical distribution of
spawning activity and to the operating circumstances of the purse seiners. Thus,
he (loc. cit.) proposed that the regulation of purse seine fishing should be effective
for the recovery of the sardine population. Although this proposal was not put into
effective, its fundamental premise has been that the fishing exerted unfavourable
influence upon the population through disturbing the distribution, migration and
spawning. Accordingly it should be taken into consideration to establishing the
management program of fishery that the influence of operation is not always of
thinning but of disturbing reproduction.

The general conclusions in Section 3-3 on the fluctuation and the management
of the sardine fishery are concerning to the major stocks off the coasts swept by
the Tsushima Current. Another observation is to be given here on the isolated
stock in the Pacific coastal waters.

Recently major portion of the sardine stock in the Pacific waters is composed of
a number of isolated groups, although a few amounts of eggs and larvae, sometimes
large sized fish, are supplied from the Japan Sea through the Tsugaru Straits.
HavasHI (1960) demonstrates that the stock exploited off the coast of Fukushima,
Ibaraki and Chiba Prefectures reveals the strong independence from the other
fractions of the sardine population. The stock is currently very important for the
fishery along the Pacific coast of Japan. The studies relevant to this particular
stock are not only for an example of analyses of fluctuation in the local stocks but
also for the prediction of the future fluctuation in the entire sardine population.
For this reason, the following five aspects of the stock in the East Pacific Area of
Honsh@* during 1950 through 1960 are examined: (1) Annual change of fishing
rate; (2) relationship between catches from the same year classes in the two suc-
ceeding years; (3) relationship between the egg abundance in the respective year
and catch from the year class; (4) effect of catch upon the spawning amounts in
the later period; and (5) relationship between the egg abundance produced by two
successive generations®¥,

* The area covering Fukushima, Ibaraki and Chiba Prefectures is called the East Pacific
Area of Honshii or simply East Honshi in the following discussion.

** In order to avoid confusions, the parent and their progeny are called the first, second,
third. .. .generations as follows:

1st generation Parent fish

spawn
. 1) grow to
2nd generation Eggs————Parent fish

spawn
. grow to
3rd generation Eggs———————Parent fish
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The round hauls have landed more than 90 percent of the total sardine catch
in the East Pacific Area of Honshi. The major fishing season proceeds from north
to south during the colder months of the year, i.e. November to February in Fuku-
shima Prefecture, December to March in Ibaraki Prefecture and January to April in
Chiba Prefecture. Therefore, the catch data including the age composition are
compiled for the above season (Table 33). In Table 33, the catch for 1950 in the
East Honsh@ includes the landings on Fukushima Prefecture from November 1949

to February 1950, on Ibaraki Prefecture from December 1949 to March 1950, and on

Table 33. Age composition of sardine catch by round hauls in Fukushima,
Ibaraki and Chiba Prefectures, 1950-60.

(a) catch in 102 fish (b) catch in tons

Year IV-age | IV-age
Total | I-age | II-age | IIl-age| and Total | I-age | Il-age | IIl-age| and

older | older

1950 76, 388 65,018 11, 306 64 — | 1,807 | 1,272 528 71 —
1951 95,894 75,762 17,116 2,972 44 | 3,647 | 2,062 | 1,280 299 | 6
1952 | 116, 780( 113,858 2,573 349 — | 1,890 | 1,707 152 3L —
1953 | 279,602) 44, 318| 234, 940 344 — | 13,735 | 1,323 | 12,380 32 “ —
1954 41,336 40, 246 439 611 40 | 1,004 923 29 48 | 4
1955 86, 655 48,200/ 29,828/ 6,898 | 1,729 | 3,907 | 1,216 | 1,954 563 \ 174
1956 76,406| 35,429 21,057 17,938 | 1,982 | 4,627 | 1,304 | 1,535 | 1,581 | 207
1957 | 270, 267| 260,538 6,837 2,656 186 | 9,338 | 8,596 498 223 i 21
1958 | 161,105 111,859 38,472, 6,571 | 4,203 | 7,860 | 3,259 | 3,361 707 | 533
1959 138, 930 3,122f 126,405 8,286 1,117 | 10, 382 112 9, 279 860 | 131
1960 | 122,178 46,040| 18,688! 50,889 | 6,561 | 7,403 | 1,544 816 | 4,456 1 587

Table 34. Egg abundance of sardine in the waters from off Yotsukura Saki,

Fukushima Prefecture to Ir6 Zaki, Shizuoka Prefecture, 1949-60.

Year Total Jan. Feb. March April May June
0% 1012 1012 1012 10t 101 1012
1949 10. 62 0. 00 0. 00 6. 88 2.68 1. 06 0.00
1950 16.74 0. 00 0. 00 2.55 8.93 5.27 0.00
1951 23.77 0. 00 0.00 8.90 5.71 8. 96 0.20
1952 15. 20 0.00 0.00 2. 89 1. 26 8.02 3.03
1953 9.35 0.00 0.00 1. 46 4.43 3.37 0.09
1954 18.42 0.00 0.14 5. 60 10. 56 2.12 0.00
1955 18.63 0. 00 0.00 1.05 6. 04 11.30 0.24
1956 21.37 0.00 1.32 1.50 8.10 8.05 2.40
1957 25.88 0.00 0. 00 14.79 8.23 2. 86 0. 00
1958 9. 66 0. 00 0. 00 1.55 0.67 7.33 0.11
1959 7.04 0. 00 0.00 0.28 0.64 5.97 0.15
1960 46. 87 0.00 0. 00 7.31 39.30 0.26 0.00
Mean 18. 63 0. 00 0.12 4.56 8.05 5.38 0.52
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Chiba Prefecture from January to April 1950. The expression of age was slightly
modified for the catch taken in the major fishing season in the area, i.e. despite the
general rule, the age of fish caught in November and December are shown by that
of the same year class taken in the ensuing January. For instance the fish that
was born in the early 1949 or the 1949 year class is shown as [-age when they were
caught in November and December 1949 as well as in January to April 1950. The
spawning usually takes place in the area extending from the Yotsukura Saki, Fuku-
shima Prefecture, to the Ird Zaki, Shizuoka Prefecture, centering around Inubd Saki,
Chiba Prefecture. The spawning season is around March and April. Then the egg
abundance comprised for the early half of the year in the aforementioned sea were
used for the present analyses (Table 34).

(1) Amnnual change of fishing rate: As aforementioned, the major fishing season
in the East Honshd is just prior to the major spawning season. Therefore, the stock
size of parents (II-age or older) at the beginning of the fishing season is represented
by sum of the catch and the spawning fish based on the egg census. In estimating
the fishing rate of the parent stock, the author modified the method shown in Section
3-3 taking into account this discrepany between fishing and spawning seasons.
According to the analysis, the fishing rate is generally low, 2 percent on the aver-
age under an aséumption that a female spawns 40,000 eggs, or 4 percent on the
average under another assumption that a female spawns 100,000 eggs, except for

Table 35. Stock size and fishing rate of the parent sardine
in the East Pacific Area of Honsh, 1950-60.

Values estimated under an assumption the effective number
of eggs spawned per female is éither one of :

40, 000 100, 000
Year Cp
Py P, E Py P, E
‘ 108 106 106 % 108 108 %

1950 11.4 837.0 848. 4 1.3 334.8 346. 2 3.2
1951 20.1 1,188.5 | 1,209.6 1.7 475.4 495.5 4.0
1952 2.9 760. 0 762.9 0.4 304.0 306.9 1.0
1953 | 235.3 467.5 702.8 | 33.5 .187.0 422.3 55.8
1954 i 1.1 921.0 | 9221, 0.1 368.4 369.5 0.3
1955 | 385 931.5 970.0 4.0 372.6 411.1 9.4
1956 41. 0 1,068.5 | 1,109.5 3.7 427. 4 468. 4 8.8
1957 9.7 1,294.0 | 1,303.7 0.7 517.6 527.3 1.8
1958 49.3 483.0 532.3 9.3 193.2 242.5 20.3
1959 135.8 352.0 487.8 27.8 141.0 276. 8 49.1
1960 76.1 2,343.5 | 2,419.6 3.1 937.0 1,013.1 7.5

Cp: Catch of parent fish (II-age or older).

Ps: Stock size of spawning fish (II-age or older).

P,: Stock size of parent fish (II-age or older) just before fishing season.
E: Fishing rate.
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three years inclusive of 1953, 1958 and 1959 (Table 35). For the exceptional years,
the estimates of fishing rates range between 9 and 34 percent under a condition that
a female produces 40,000 eggs, or between 20 and 56 percent under another condition
that a female produces 100,000 eggs (Table 35). In the years when the fishing rate
was extraordinarily high, the catch mainly consisted of Il-age fish, Z.e. 1951 year
class in 1953; 1956 year class in 1958 ; and 1957 year class with IIl-age fish of the
1956 year class in 1959. There are two important points worth being mentioned.
Firstly, the fishing rate of the sardine in the East Honsh{i has remarkably fluctuated,
as the catch and age composition did, from year to year during the period under
discussion. Secondly, the fishing rate rised for the year classes spawned in 1951,
1956 and 1957.

(2) Relationship between catches from the same year classes in the two succceeding
years: The correlation between catches of I- and Il-age fish of the same year
class and that of II- and Ill-age fish were examined in order to check the effect
of fishing in a certain year, which might have caused the remarkable fluctuation in
the fishing rate.

According to the examination, the catches at the two successive ages from the
same year classes are well correlated except for two sets of data. The correlation
coefficient between catches of I- and Il-age fish reaches to 0.76 except for the 1956
year class, and that between II- and IlI-age, 0.94 except for the 1951 year class. The
catch of the 1956 year class at [-age was too great, the largest during 1950 through
1960, to be compared with the catch from the same year class at Il-age (Fig. 56).

The largest catch of Il-age
=T 51 fish in 1953, from the 1951
I year class, during the period
under discussion was follow-
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L ed by wunexpectedly small
[ catch of Il-age fish (Fig. 57).
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* the egg abundances in 1951

[

\n

o
T

100k and 1956 were much larger
I than those in the other years

i except 1957.
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Fig. 56. Relationship between catches of I- and
Il-age fish of the same year class. the same year class in the

to disturb the relationship
between the catches from

Numerals denote the year class. two succeeding years, except
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for the two large year classes, as
shown from the estimation of the
fishing rates of the parent stock.
The fishing rate in 1959, mainly
for Il-age fish of the 1957 year
class, was very higher than the
others, although both the catches
at two successive ages from this
particular year class were large.
The reason of this phenomenon
will be discussed later.

The above relations between
catches from the same year class
at three successive ages may con-
tribute to the prediction of the
sardine catch on the basis of catch
statistics one or two years before.
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Fig. 57. Relationship between catches of II-
and IlIl-age fish of the same year class.

Numerals denote the year class.

(3) Relationship between the egg abundance in the respective year and catch

from the year class:

For nine years since 1949, the egg abundance in respective

year is positively correlated with the total catch from the year class, which was

4001

300 -

200 |

Cumulative catch in 106
-
o
(=]
T

0
0

Egg abundance in 1012
Fig. 58. Relationship between
egg abundance in any year and
cumulative catch from the year
class.

Numerals denote the year class.

——: The regression line of the
catch on the egg abundance.

——: The confidencial interval at
80 percent level.

bred in the year throughout the exploited
phase, at a coefficient of 0.75 (Fig. 58). The
cumulative catch from a year class will be
predicted on the basis of the stock size at egg
stage by the following formula:

C=16.82 P,—145.36

C: cumulative catch, or catch at ages
throughout the exploited phase,

where,

from a year class, in 10° fish,

P,: stock size of a year class at the
egg stage, or egg abundance in the
year of their birth, in 10** eggs.

There are two groups of the year classes,
A and B, differing from each other in both the
egg abundance and the catch (Fig. 59). The
group-A comprises small year classes, being
less than 20102 in the stock size at egg stage
and less than 100X 10° in the cumulative catch.
The year classes of B-group amounted more
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B than 20x 10 at the egg stage and the cumu-
) lative catch from the year classes exceeded

[
n
'J \‘
e
\n
L2}

300x10°¢ fish. Roughly, the catch per egg from
respective year class seemed to be positively

w >
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I
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. correlated with the egg abundance or the size
43 of parent stock (Table 36, Fig. 59): i.e. the
' catch per 10° eggs is estimated about 10 for

in number

n
:
n
o
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¥ 5} A-group and 11 to 15 for B, respectively. Within
each group, however, these two measures seem

Cumulative catch per 106 eggs

o

10 20 30 to have been negatively correlated with each

o

Egg abundance in 1012 other.

Fig. 59. Relationship between These facts that the two groups of year
egg abundance in any year and

. classes differ from each other in their stock
cumulative catch per 106 eggs from

the year class. sizes at egg and exploitable stages and that

Numerals denote the year class. their stock sizes at the above two stages indi-
For A and B, explanations appear cate negative correlations within groups may
in the text.

be attributed to the density effect on the
abundance, the physiological and ecological differences between the large and small
year classes, and the difference between the fishing rate on A and on B as well as
observational errors. Generally speaking, the density effect is responsible for caus-
ing the negative correlation within each group of the year classes. The difference
in the catch per egg is contrary to be explained only by the density effecf. As
aforementioned, the fishing rates for the large year classes spawned in 1951, 1956
and 1957 are remarkably high and fluctuate to wide extent. Furthermore, the vari-
ation of catch by age per egg is also large among the above nine year classes.
These phenomena indicate the variation of the fishing rate for different year classes.

Table 36. Catch from respective year class in number of fish per 108
eggs spawned in the year of their birth, 1949-59 year classes.

Year class Total I-age II-age I1I-age IV-ilgdeerand
1949 7.77 6.12 1.65 0.03 0. 00
1950 4.70 4.53 0.16 0.02 0.00
1951 14.78 4.79 9.88 0.02 0.07
1952 3.53 2.91 0.03 0, 45 0.13
1953 9.44 4.30 3.19 1.91 0.20
1954 4.13 2.62 1.15 0.15 0.23
1955 2.68 1.90 0.36 0.35 0. 06
1956 14. 68 12.20 1. 80 0.38 0.31
1957 (11.18) 4.32 4. 88 1.97 —
1958 — 0.32 1.93 — —
1959 — 0.65 — — —
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As will be mentioned later, it should be noted that the variation of the reproduction
rate* is lower than the minimal sustaining level for the 1951 and 1956 year classes,
although it is rather high for the 1957 year class.

(4) Effect of catch upon the spawning amounts in the later period: In order to
estimate effect of the fishing in the winter on the parent stock size in the ensuing
spring, catch of II- or Ill-age fish was compared with the egg abundance produced
by the respective age group. The number of eggs produced by each age group
(Table 37) was computed on an assumption that the fecundity of an individual
female has been proportionate to the body weight by the following formula:

[Number of eggs produced

by 1I- (or 111 age fish ] |:Tota1 egg abundanceX

Catch of II- (or III-) age fish in weight :I
Total catch of Il-age and older fish in weight

The eggs produced by Il-age fish of the 1951 and 1957 year classes were very
few though a large number of Il-age fish of those year classes was landed in 1955
and 1959 (Fig. 60). This fact that these two large year classes were landed in great
amount in the fishing season just prior to the spawning but they produced only the

Table 37. Egg abundance spawned by respective year class
at each age, 1949-58 year classes.

Year class | Total II-age “ III-age IV-age and older
1012 1012 1012 10122

1949 22.0 19.4 2.6 —

1950 13.3 12.4 — 0.9
1951 20.9 9.0 10.7 1.2
1952 11.7 6.4 4.0 1.3
1953 24.5 13.8 10.0 0.7
1954 18.7 9.7 7.8 1.2
1955 19.1 17.5 1.5 0.1
1956 12.6 7.3 0.6 4.7
1957 (42.1) 6.3 35.8 —

1958 — 6.5 — —

least egg stocks suggests possibility of heavy fishing having depleted the stock of
those year classes at Il-age so as to cause decrease of the spawners or to disturb
their spawning activity. Another noticeable phenomenon was that Il-age fish of the
1956 year class, one of the strongest year classes, was unexpectedly small in catch
and in spawning. It is possible to assume that the intensive fishing upon I-age fish
of the 1956 year class depleted the stock size prior to Il-age.

* In this chapter, the reproduction rate is defined as the ratio of the number of eggs
spawned by a year class to the egg abundance in the year of their birth.
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- The correlation coefficient,
8 20 | 4.9
3 55 0.68, between the catch of Ill-age
L[]
g f‘"a fish and the egg abundance pro-
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&‘o-é s i duced by them is significant (Fig.
S
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SR e %% catch from and the egg abundance
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,EB , ,52.8 ¢ 57 spawned by the strong 1951 and
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w0 consequently indicating maleffect
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Fig. 60. Relationship between catch of Il-age and I-age fish of the 1956 year
fish in any year and egg abundance produced by

_ II-age fish in the year.

Numerals denote the year class.

IlI-age fish in any year and egg abundance
produced by IIl-age fish in the year.

Numerals denote the year class.

class.

In this connection, an expla-
nation is to be given on a fact

[

or 5 that the 1957 year class was un-
el
§ ¢ precedentedly large in the fishing
§ 30 and spawning seasons in the
fﬁ fourth year of life (Ill-age) and
=% quite high in the fishing season
EP ot in the di Il-age)
o preceding year (Il-age).
Q= .
N This year class, therefore, may
o] .
£ N 53 be large enough to provide the
G 8 large quantity of catch without
0 48 55 e e
2 .25550 any indication of maleffect of

o 420 3% L L . : fishing.
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Catch of IlI-age fish in 108 The catch of I-age fish from
Fig. 61. Relationship between catch of respective year class and the

spawning amount from the year
class in the ensuing year (II-age)
are not significantly correlated

with each other; the coefficient is —0.28. This implies that at least for a few year
classes, especially the large year classes spawned in 1951, 1956 and 1957, the fishing
intensity on I-age fish was so high as to deplete the stock sizes in the following
yvear (Fig. 62). If these large year classes were excluded, the correlation coefficient
rised to 0.44, though not reached to the statistically significant level, indicating that
the fishing intensity was lower upon the small year classes than upon the excluded
large classes.

(5) Relationship between the egg abundance produced by two successive genera-

tions: Influence of the exploitation on the diverse year classes and age groups was
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evaluated through examining the

-

relationship between the egg § *r s5 “?
abundance produced by any two g *
successive generations. 8g I 5o

The correlation coefficient, :i " *
—0.37, between the egg abundance éEﬂ o ¢ &
in a year and the number of eggs é} L" 32 7 ¥
ovulated by Il-age fish of the g di
year class is slightly negative :0
(Fig. 63). When the egg abun- o oo ' 1;0 ' 2(;0 ‘ ;0

dance in 1951, 1956 and 1957, or
the stock sizes at egg stage of
the 1951, 1956 and 1957 year
classes, are excluded, the coef-
ficient altered to be positive.

Catch of I-age fish in 108

Fig. 62. Relationship between catch of I-age
fish in any year and egg abundance produced by
II-age fish in the next year.

Numerals denote the year class.

The amount of eggs in a year indicates a positive correlation with the egg abun-
dance produced by Ill-age fish of the year class, at a coefficient of 0.55. This cor-
relation is attributed to the single year class spawned in 1957 (Fig. 64).

For the 1957 year class, it has been noted that the fishing rate at ll-age was
estimated to be extremely high as the egg abundance in 1959, when the year class
was Il-age, was too small to be compared with the huge catch from the year class.
If the fishing rate was really high for Il-age fish of the 1957 class as estimated
above, the catch of Ill-age fish in 1960 would have been small. Actually, however,
the catch at Ill-age of this year class is far more than that of the other year classes.
20} 49 This contradiction between in-
35 ference based on fishing rate

and that based on relationships

[
v
T

¢ 50 between stock sizes at differ-
ent stages of the 1957 vyear
&t class may be explained by the

at Il-age
P
(=]
I
n
&

following postulations: the

mortality rate at the early

by the second generation

stage of life was much lower

Egg abundance in 1012 produced

) 10 20 30
Egg abundance in 10! produced

for this particular year class

by the first generation
Fig. 63. Relationsaip between egg abundance in
any year produced by the first generation and egg
abundance produced by the year class (the second
generation) at Il-age.
Numerals denote the year class of the second
generation.

than for the others; consequ-
ently the 1957 class has been
much larger than the others
in the stock size after the
critical period of life; most of
the 1957 year class did not
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Fig. 65. Relationship between egg abundance
in any year produced by the first generation and
egg abundance produced by the year class (the
second generation) throughout the life span.
Numerals denote the year class of the second
generation.

mature at Il-age, as the high
density resulted delay of the
sexual maturation; and then the
virtual fishing rate of this parti-
cular year class at Il-age was
computed higher than the actual
rate. As will be mentioned later,
there is another evidence indi-
cating that the spawners im-
migrated into the Pacific waters

along HonshG from the Japan Sea
in 1957.

In the relationship between
the egg abundance in a year
spawned by the first generation
and that produced by the year
class, the second generation,
thoughout their life span, three
year classes spawned in 1949, 1953
and 1957 are found to be very
successful (Fig. 65). The 1949 and
1953 classes were the smallest,
about 11x10*2, in the stock size
at the egg stage and the 1957
class was the largest, about 26X
10'2, at that stage among the
year classes under discussion.
The reproduction rate or ratio of
the egg abundance produced by
respective year class, the second
generation, throughout their life
span to the egg abundance in the
year of their birth produced by
the parents, the first generation,
reached to 2.6 for the 1953 year
class, 2.1 for the 1949 class and
1.6 for the 1957 class (Fig. 66).

The decrease of fishing in-
tensity for the small year class
may be most responsible for

keeping the stock sizes of 1949
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and 1953 year classes high until the stage 53
of maturation. As to the 1957 year class,
it is concluded that the fishing rate at II-

age was estimated higher than actually it 43

N
T

was and that there might have been some
differences in the stock size and growth 57
as aforementioned.

There is another biological evidence to

explain the increase of the 1957 year class.
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The sardine stock in the East Pacific Area
of Honsh{i is an open stock althogh it is
fairly independent from the other stocks

generation to that by the first generation

of the species. The fluctuation in an open
stock is caused by movements of some

Ratio of egg abundance produced by the second

individuals, i.e. some fish emmigrate from, 10 20

. . . Egg abundance in 1012 produced
or immigrate into the stock, as well as by &8 by the first genera%on

fishing mortality, natural mortality and Fig. 66. Relationship between egg

recruitment based upon reproduction. As abundance in any year and ratio of egg
abundance produced by the year class

to the 1957 year class of the sardine stock (the second generation) throughout the

in the East Pacific Area of Honshii, no life span to the egg abundance produced
remarkable change is found in the natural by the first generation.
mortality and in the recruitment. This Numerals denote the year class of

. . . . th cond generation.
decrease of the fishing intensity during e se &

1955 through 1957 seems to be an important factor that caused increase of the year
class. At the same time, the increase may be also responsible for the immigration
of the large sized fish from the Japan Sea through the Tsugaru Straits into the area
under discussion in the summers of 1955 and 1956. The sardine catch by drift nets in
the Aomori Prefecture, which has consisted of the large sized sardine taken mainly
in the early summer from May to late June or early July, increased suddenly in 1955
and decreased again in 1958 (Table 38). The major groups of the catch were II-,
III- and IV-age fish (Table 39). Under the assumptions that fishing rate of the
drifters is constant during the recent six years and that the annual survival rate
of the large sized sardine in Aomori Prefecture is 0.46 as in the major fishing
ground (Section 3-3), the parent stock in the waters along the Pacific coast of the
prefecture was very large in summer 1957 than in the other years (Table 40). This
suggests that the immigrants from the Japan Sea might have contributed the in-
crease of egg abundance in the East Pacific Area of Honsh{i in 1957.

Whereas it should be taken into account that the reproduction rate differs de-
pending upon the fishing rate in the years prior to the occurring season of respective
year class: the rates for the 1950, 1951 and 1952 year classes do not reach to 0.9,
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Table 38. Sardine catch landed by drifters on Aomori Prefecture
in May-July, 1949-60.

Year Total The Japan Sea The Pacific Ocean
1949 25 tons No data £0PS No data 078
1950 124 No data No data
1951 494 1 493
1952 391 111 280
1953 631 301 330
1954 0 0 0
1955 5, 624 2,122 3,502
1956 6, 692 4,351 2,341
1957 6, 146 4,342 1,804
1958 2,439 1,872 567
1959 1, 166 1,095 71
1960 0 0 0

Table 39. Age composition of sardine catch by drifters on the Pacific waters
along Aomori Prefecture in May-July, 1955-57.

Year ‘ Total ’ I-age _II-age Ill-age | IV-age V-age Vli-age unﬁt%:wn
103 103 108 103 1038 103 103 108
1955 33,053 ‘ 542 18,125 13, 486 900 — — —
1956 21, 336 ! 2 4, 453 12,125 3,090 1, 068 579 19
1957 15,132 } — 2,138 8, 402 4,436 139 17 —

Table 40. Relative stock size of parent sardine in springs, supplied from the
Japan Sea to the Pacific area in the previous summers, 1955-60.

Year Total III-age IV-age V-age
1955 0 0 0 0
1956 15.4 8.3 6.7 0.4
1957 16.0 2.1 9.4 4.5
1958 12.2 1.0 4.9 6.3
1959 2.6 0 0.4 2.2
1960 0.2 — 0 0.2

If the survival rate and fishing rate are constant every year, the stock size,
P;, in i-th year is estimated by
Si

k
Cici s
j§1 bl E

where, C;_;: catch from the respective year class in the i-j-th year,
S: annual survival rate,
E: fishing rate,
j: number of years after the year class was recruited to the availa-
ble stock,
and k: maximal age of the available stock minus the age just before
recruited to the stock.

As E was not estimated for the fishery in question, only relative stock size
was calculated under an assumption that S was 0.46, on the analogy of the
rate for the whole population. Therefore, the unit of the relative stock size
is 103/E (see Section 3-3).
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while the rates for the 1954 and 1955 classes are almost 1.0. The very low repro-
duction rate, 0.59, of the 1956 year class might have been responsible for the facts.
that the fish of this class were landed in a large quantity at I-age, and that they
were fished intensively at Il-age as shown by the fishing rate.

Finally, it is to be noted that there is a symptom of a sudden recovery of the
sardine stock in the East Pacific Area of Honshfi. As a matter of fact, the egg
abundance exceeded 100x10'2 in the 1961 season.

On the basis of the analyses mentioned in Chapter 3, along with the discussion
on the recent fluctuation in the sardine stock in the East Pacific Area of Honshf,
the further step will be advanced in order to judge the present and future stata of
the sardine population, and to set up the major subjects of the investigation on the
population and fishery.

Recently the population size of sardine has dropped to the lower level than it
was. But the major cause of the depletion is not thinning by the fishery. The
sardine population in the period consists of several local stocks that are isolated
from each other to some extent. In the last two years, the stock in the East Pacific
Area of Honsh{i has indicated a sudden increase.

As outstanding features, remarkable annual fluctuations are found in the amount
and the age composition of catch, the egg abundance and the fishing rate in the
major fishing season. These fluctuations are regarded to reflect the change in amount
and distribution of the stock. The thinning of fishery might have not serious
enough to deplete the stock size at the later stage except for the 1951 class at II-
age and the 1956 class at I-age.

The reproduction rate decreased for the 1951 and 1956 year classes that were
large at the egg stage and in the cumulative catch and that were intensively ex-
ploited. This indicates that the increase of fishing intensity on some large year
classes had to be regulated in order to retain the reproduction rate. The fishery
exploited the 1957 year class, being large in the stock size at the egg stage than
the others, so severely that the cumulative catch from the year class is the largest
among the classes under discussion. However, the 1957 year class has been large
enough, in spite of being exploited intensively to produce a greater amount of eggs
not only at Il-age but also at III- and IV-ages. The appearance of this dominant
year class may be responsible for the reduction of the fishing intensity during 1955
through 1957 and the mass immigration of larged sized fish from the Japan Sea.

If the sardine stock in the East Pacific Area of Honsh@ continues to develop so
as to expand the distribution range and thus migratory route, it is possible to ex-
pect a substantial recovery of the sardine population to the level in the prosperous
years around 1935. Therefore, the study should be advanced to regulate the fishery

in order to keep the increasing tendency through retaining the reproduction rate
over one.
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The fluctuation in.any fish population is studied on the basis of various infor-
mation on both biology of and fishing exploiting the species in question. Especially
the age composition of catch and the egg census are the most important and funda-
mental data. As to the Japanese sardine, these two basic data have been obtained
by the epoch-making surveys since 1949. In addition, the significance of studies on
the mechanisms of recruitment and natural mortalities has been accepted in the
course of the recent investigations on the sardine population. The research of the
last subject is not advanced enough at present, and this defficiency makes it difficult
to predict the long-term fluctuation in the sardine population.

For these reasons, the author recommends to promote the study on the mechan-
isms underlying the changes in natural mortality, especially at the early stage of
life, as well as to make up the fullness of the researches on the age composition of
catch and the egg census as well as the catch statistics. Only the establishment of
the investigations along the above line can contribute to increase the productivity
and profitness of the fishery, through regulation of the intensity and prediction of
the fluctuation in the population.
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Summary

Since the inception of the 20th century, the sardine catch in the Far East has
fluctuated remarkably. The author has analysed the mechanisms underlying the
fluctuation as well as biological information needed for the study.

1. Following is a summary on the biological information pertinent to the study of
the fluctuation in the sardine population.

a. The investigation of literature and published data revealed that almost all the

sardine catch in the Far East has been composed of a single species, Japanese
sardine, Sardinops melanosticta (TEMMINCK & SCHLEGEL)
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b. The Japanese sardine has been widely distributed in the coastal waters along
the Japanese Islands. The distribution range and migratory routes have

~changed according to fluctuation in the population size.

c. The Japanese sardine mainly spawn in the waters south of the central part
of Japan during winter and spring. The spawning ground also indicated a
large scale shift depending upon the population size.

d. It has been estimated that almost all the sardine eggs are fertilized just after
they were discharged in the sea. The development changes depending upon
the temperature, along the ARRHENIUS's equation with the coefficient of ux of
about 31,000. The mortality rate at the early stage, around time of the absorp-
tion of yolk, is very high, only 0.1 percent of fertilized eggs may survive at
a postlarval stage of 15mm in total length.

e. Most of the distinct scale rings are annuli that form during winter and early
spring. The growth rate of the fish increases in the spring and decreases in
winter. The growth of the fish throughout their life span fits to BERTALANFFY’S
equation. An example of the growth curves is calculated on the basis of data
taken during 1949 through 1951 as follows:-

[=22.39{1 — g 0-87¢-0.08} ¢y,

f. The study on fecundity of the sardine is less conclusive. It is estimated that
a female ovulates 24,000—48,000 ova at one spawning activity and that many
fish spawn two or more times in a season.

g. Postlarvae just after absorption of yolk feed mainly on copepodan eggs and
nauplius. After that stage, the sardine eat zooplankton and phytoplankton in
situ.

h. Major gear to catch the sardine are round hauls, drift nets, set nets, lift nets,
and boat and beach seines. The fishing season differs depending upon the
locality of fishing ground, and the size and the age of fish to be caught. A
remarkable fluctuation has been observed in the geographical locations of the
major fishing grounds.

The sardine was fished since the ancient years. There are records indicating

that the fluctuations in the sardine catch caused prosperity and collapse of some

fishing villages. The following outstanding phenomena were observed since the
research systems on the catch and biological backgrounds of the sardine were
established in the inception of the 20th century.

a. The annual sardine catch in the Far East was less than 150,000 tons before
1910, increased rapidly since around 1924, znd exceeded 2,000,000 tons around
1935. The catch was on the tremendous decrease in the 1940’s, until it dropped
to merely 160,000 tons in 1945. Since then the sardine landings recovered slightly,
being between 300,000 and 500,000 tons up to 1953, but decreased again in 1955
to around 200,000 tons. In the prosperous period around 1935, the major
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portion of the sardine catch were obtained on the Pacific coast of northeastern
Honshi and Hokkaidd, and the Japan Sea coast of North Korea. Sardine were
also caught then in the waters adjacent to Coast Range and Sakhalin. After
1945, no commercial fishery was present on the North Korea, Coast Range and
Sakhalin. Around 1950 the waters northwest of Ky{ishi were the most im-
portant fishing grounds of the sardine, and, since around 1955, the major catch
has been brought from the waters around the Noto Peninsula.

b. In the prosperous period around 1935, the major portion of eggs were spawned
in the Satsunan Area off the southern tip of Ky(ishi. The major swawning
ground shifted to the northwestern waters of Ky{ishi around 1950, and to
the waters adjacent to the Noto Peninsula around 1955.

c. In the prosperous period, Ill-age fish represented dominant spawning group,
followed by IV- and Il-age fish. Since 1950, the major spawners have been
[I-age fish. The growth rate has increased in accordance with decrease of the
population size. For instance the mean body length of IlI-age fish was about
18 cm before 1940, and increased year after year until it exceeded 20cm in
1944. The mean length of Ill-age fish has ranged between 20 and 21 cm in
the recent years.

d. There was observed a major group of the sardine that migrated over wide
range in the prosperous period. They were spawned in the Satsunan Area
and drifted by the Kuroshio Current along the Pacific coast of Honshu during
the egg and larval stages. This major group showed seasonal migration dur-
ing their second and third years of life (as I- and Il-age) in the Pacific waters
along northeastern Honsh@i and Hokkaid6é. In the third autumn, Il-age fish
of the major group migrated into the Japan Sea. The adults, Ill-age or older
fish, moved up north in spring and down to the south in autumn. In the
adverse period, no wide migration has been traced and presence of fairly
isolated local groups has been observed.

e. Mass mortality of the grown fish was found in the waters near the northern
limits of their distribution during the prosperous period. But it did not cause
depletion of the population. On the other hand, the meandering of the Kuro-
shio Current, by which the eggs and larvae were drifted, since around 1938,
is to be noted, because the mortality rate is extremely high at the early stage
of life.

The causes of the flctuation in the catch since 1924 are revealed on the bases

of the catch statistics, and biological and environmental data.

a. The rise of the catch between 1924 and 1933 was caused by increase of the
population as well as development of fishery.

b. The major cause of the disasterous decline of catch in the 1940’'s was mass
mortality of the major larval stock on the way of drifting from. the spawning
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ground to the nursery grounds.

c. The decrease of catch since 1949 was mainly caused by the decline of the
population. Usually the maleffect of exploitation is not serious on the fluctua-
tion in the whole population. The change in natural factors have been
postulated to prohibit the recovery of the population, although this posturation
is not suported by evidences as remarkable as those for the theory on the
decrease in the 1940’s.

4. The final discussions based on the above analyses as well as a study of the local
stock in the East Pacific Area of Houshfi, cover conditions for the recovery of
sardine population and the subjects to reveal the present conditions as well as
to predict the fluctuation in the population. Through analyses of the data taken
in the East Pacific Area of Honsh{i, it is revealed that the fishery at times
depleted the reproduction of particular year classes. Since there is a possibility
that the increase of this particular local stock may cause recovery of the
whole population, the fishery, especially that for the immature fish should be
regulated.

Various biological information are required for the purpose of revealing the
effects of fishing and of predicting the fluctuation in the population. Especially
the distribution and abundance of eggs, and the structure of catch as well as the
catch statistics should be surveyed with the more extensive scale. In addition,
the study should be advanced on the natural mortality at the early stage of
life. Only the investigation thus advanced can contribute to establishing the

management program of the fishery and to improving the profitness of that
marine industry.
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