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Studies on the Growth and Life-cycle of the
Japanese Sardine Sardinops melanosticia
(TEMMINCK et SCHLEGEL) in its Pacific

Sub- population found in Jéban and Boso

Regions

Kikuo HiramoTo

Abstract: The Japanese sardine, Sardinops melanosticia (TEM-
MINCK et SCHLEGEL )., is one of the most important commercial
fishes exploited in the Japanese waters. Its main fishing ground is
concentrated in the north-east of Honshu, especially off the coasts of
Joban and Boso regions, where the fishing is operated by one-boat or
two-boat purse seiners all the year round.  In the past, the sardine
fisheries have experienced several times drastic fluctuations in the
catches. Recently, the yearly catch of the Japanese sardine has
remarkably increased in all notable fishing regions around Japan, and
the Japan’s total annual sardine catch for 1973—1978 ranged between
300,000 and 1,640,000 metric tons. At present, the catches from

T the Pacific coast offings of northern Honshu and eastern Hokkaido

amount to what occuping the overwhelming majority in the total catches

of Japanese sardine, or attaining 59 to 79 percent of them. As fora
possible cause of fluctuations in catches, a number of studies have

hitherto been conducted in order to make the matter clear. However,
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studies on biological charac ics" of the Japaneé.é_".sardine such

as developmental stages a life cycles have been left nearly

untouched to this day.

The fish population of Japanese 'sar_f:ﬂ""é"'was distinguished into
the following steps such as speéiés_ ;popﬁlation < race or sub-
population ¥ migration cluster <& sho'a'_l____ flsh school < individual,

resting on the basis of developmental stagé::s:'_'ﬁé;hd yearly life cycles.

The series of the above steps are considéfedi_nas the results of
evolutional process of the species formation. .T}.ii"s_:ésmres- that the
characteristics of aggregation as fish schools in each ‘step of life
must be provided with historical evidence as the standard to evaluate
the structure changes of fish populations.

The present study mainly aims to elucidate possible developmental
stages and yearly life cycles of the Pacific sub-population of Japanese
sardine. For making a contribution to such a basic conception, the
sardine stocks inhabiting in the Japanese waters were proved to be
consisted of four sub-populations, namely, the Pacific sub-population,
Ashizuri sub-population, Kyiishii sub-population and Japan Sea sub-
population. The developmental stages employed in this study correspond
to the following five size classes: viz., L.arval stage, from hatchout up
to 40 mm in total length; Juvenile stage, 40—60 mm; Young stage,
4-8 e¢m in standard bedy length; Early immature stage, 8—12cm; Late
immature stage, 12—18 cm and partly grown up to adult stage; and Adult
stage, 18 c¢cm and over. The adult sardine has five different yearly life
cycle periods, namely, northward migrating, summering, southward
migrating, pre-spawning and spawning periods. And immature sardine’s
yearly cycles were classified into the following three periods, viz.,
northward migrating, southward migrating and wintering periods.

The fish aggregation at the above-mentioned each period forms a
cluster which shows biological characteristics similar to each other
(see Tables 8 and 9). The fish of each cluster comprises several
shoals, each showing similar biological conditions for nearly one month.

The results obtained in the present study are summarized as follows:
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;. Feeding, growth and maturation

1-1. All stomachs of the immatures and adults examined were found
to contain a wide variety of plankton, of which diatoms and copepods
were most important. The diatoms were most important in wintering
period of immatures and in northward migration period of adults,
whereas both diatoms and copepods became important in other periods
of immatures and adults.

It was estimated that the average amount of food among immatures
and adults ranged from 0.06 to 0.7 % of body weight. Immatures in
northward migration period and adults in spawning period showed
largest stomach fullness, 0.4—0.7 % and 0.2—0.6 % of body weight
respectively. On the other hand, it was the least in both summering pe-
riod of adults (0.05—0.25 %) and southward migration period of
adults (0.1—0.4%),

Each period demonstrates every year similar feeding habits in both
amount and quality of food.

1-2. The sardine increases in body weight from spring through
summer, and becomes lean from autumn through winter. The adults
are slightly fatter than the immatures all the year round.

Amount of fat deposition in the abdominal cavity was closely related
to the amount of fat in the edible part of the body. The equation was
estimated as follows:

Y = 34413 X + 5.0237 (r = 0.936)
where Y: Rate of fat deposition in the edible part of body
to body weight in %,
X: Rate of fat deposition in the abdominal cavity to body
weight in %.

1-3. The growth of the 1972 year class, the dominant during five
successive years, was fitted for the BERTALANFFY's curve, and the
parameter were calculated as follows:

—0.96{t — 0.0355)

Lt =2239 {1 —e {
where L: Body length in em,
t: Age.

Relationship between body weight and body length was proportional,

and the following aquation was obtained:
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amount. of fat deposited in abdominal cavity in both II-age fish and

: Relatmnshlp between the maturlty coefficient and the

earlier birth group of I-age fish was in inverse proportion respectively,

as shown in Fig. 22. On the contrary, in later birth group of I-age fish,
the maturity coefficient was not increased and the fat deposition
remained scarce.

The medium-sized sardine, about 15 cm in length, is regarded fully
one year old. Most of the medium-sized fishes caught in winter were
found to be still immature, though some of them became mature in
November through December, or in January through April. This may
be interpreted as follows: the ripening of sardine gonad requires

fattening of body in advance during the antecedent feeding period.

2. Life pattern

2.1. Sardine eggs were found to be distributed along the Pacific side
of central Honsht from the stretch of sea named Kumanonada to that
named Kashimanada. Rich distribution of eggs in spring is always
located around the lzu Islands where the Kuroshio Current water mixes
with the coastal water. The main spawning season was found from

February to May, while the spawning in minor scale occurred earlier

from November to December in the previous year.

The hatched larvae, postlarvae and young sardines were found
distributed over the Pacific area along the coast of Honshii from Tokai
to Tohoku districts, from spring through autumn.

2-2. The immatures found in northward migration period grew during
summer up to 13 cm in length, and became fatty showing the coefficient
of fatness over 12. In the waters from the Baso Peninsula to Sendai
Bay, the immatures in northward migration period were distributed in

the areas shallower than 20 meters during summer to autumn. Some




rapidly growing fishes entered into a succeeding developmental stage.

From November to January, the immature sardines began their south-
ward migrations under densely aggregated shoals along the coastal
waters off southern Sanriku to Joban. Those in the shoals distributed
in the waters off Joban grew up and became a little more fatty than those
found in the waters southern Sanriku.

After the southward migration period was over, the immatures
reached and concentrated in the waters off southern Joban and Kujukuri,

where they stayed for a long while in a great quantity for wintering.
The immatures grown up to 13—15cm in body length were usually
found nourished poorly with fatness coefficient less than 10 during
wintering.

2-3. The adults of northward migration period appeared in water
areas, at a depth of 20— 100 meters, off Boso and Joban regions during
a period from spring to summer. Since their feeding activities had
been accelerated during this period, they began northward migration
when their fatness level increased to more than 14. They migrate
northward along the offshore waters of eastern Hokkaidé and southern
Kurile Chains where the Oyashio Cold Current prevails. These mi-
gratory shoals consist of a mixture of wintered immature fishes and
adult ones in post-spawning stage.

Although the majority of shoals migrated to the north, some of them
did not migrate but stayed close to the ocean floor at 200—300 meters
depth, in the areas off southern Joban and southern Boso regions. In
late August through September, these fish groups called “summering
cluster” came up again to the near-surface layers and began northward
migration along the coastal waters extending from off B6so Peninsula
to Sendai Bay. The fishes of summering cluster may lose their rich
fat reserve during northward migration, and then turn to southward
migration as soon as the stored fat is totally consumed.

And the adult sardines began to migrate southward when the Oyashio
Current became apparently intruding into their summering habitat along
the waters off eastern Hokkaids and southern Kurile Chains.  They
migrated to the south along the waters off southern Sanriku and Joban
districts and near Cape Inubésaki, forming very dense schools. They

usually stay temporarily there for a few months, and are caught abun-



dantly by purse seines from October to December.

The adult sardines gradually became sexually mature, and began their
southward migration forming rather thin schools for spawning from
December to January, hence it was called spawning migration.

When nutritive conditions of the fishes became worst, their maturity
reached its highest level. Then their south-bound schools were in

their least density.

3. Environmental conditions

3-1. The sardines are always distributed throughout their life-cycle
in mixed coastal waters of Kuroshio and Oyashio currents. They show
seasonal migrations from south to north and vice versa in connection
with their developmental stages and yearly life cycles.

In Boso region, the surface sea conditions suited for the sardine egg
occurrence were 14.7—20.3 C and 834.1—34.7 %, .

The adults in northward migration in spring to summer migrated
within warmer coastal waters, 15—22 C in surface sea temperature,
while the adults in southward migration in autumn to winter preferred
colder waters, 14—15C, off southern Sanriku and Joban. The pre-
spawning adults migrated further south for spawning in waters at 14—17
C, which were found between the Kuroshio and the coastal water
masses.

The immatures migrating southward for wintering in dense aggrega-
tion began to migrate southward in the coastal waters off southern San-
riku to Joban, where waters at 9—11T in surface temperature were
found, but in Joban and Bosd regions they tarried in waters at 14-15<,

or a mixture among the Oyashio, Kuroshio and coastal water masses.

3-2. The adults of anchovy (Engraulis japonica) in southward
migration period are found distributed widely for a longer period in the
waters off Joban when a weak intrusion of the Oyashio Cold Current is
found there, but their migration quickly shifts to south into the waters
off Kashimanada and Kujukuri when the Oyashio’s intrusion is strong
and rapid. In place of those departed anchovy adults, immature
mackerels (Scomber japonicus) appeared and occupied the vacant area
left behind in winters of 1967— 68 and 1968 -69, but the occupant was

immature sardines in1974 —75.




In the winter of 1972 - 73, the immature mackerels aggregated along
the offing of Joban and Kashimanada and the immature sardines in the
coastal waters of Joban and Boso regions. It is considered that the
former is distributed in the waters more closely neared the Oyashio
Cold Current than the latter.

3-3. The immature sardines of northward migration period are
distributed along the areas shallower than 20 meters deep in the waters
off sandy shore lines of Boso-Kashimanada regions, and of Joban-Sendai
Bay regions. On the contrary, other immatures and adults are distrib-
uted chiefly in the places attaining a depth of 40—100 meters off
rocky shore lines of Jéban and Béso regions, and they show north—

south seasonal migrations depending on stages of their life cycles.

4. Stock size and migration route
4-1. Both medium- and large-sized sardines spawn. The medium-
sized spawners usually maintained a smaller stock size from 1965 to

1971 while the large-sized maintained a larger one in 1972 and ever

since.

4-2. The immature sardines demonstrate two possible patterns of
migration, of which the one is a long distance migration from Tokai
district to Hokkaido district, and the other is a shorter migration from
Tokai district to southern Taohoku district. The fishes belonging to
the former pattern may grow up to adult stage after two years while
those belonging to the latter pattern may become adult a year earlier.

The adult sardines also demonstrate a wide range north—south mi-

gration in offshore waters along the Pacific coast of Japan.

4-3. The biological characteristic of the Japanese sardine is the
fact that its life pattern changes in accordance with its stock size.
During the growing period of the stock size, the sardine grows and
matures slowly and its distributional range expands widely. On the
contrary, when the stock size is getting smaller, groups of sardine
maturing faster may proportionally increase in number and their

distributional range may became rather limited.
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The Inland Sea
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Fig .1. Long-term changes in the catches of iwashi during past 428 (1550—1978) years

in the Japanese waters. Jwashi is generally referred to the three species of fishes
including the Japanese sardine, Sardinops melanosticta, anchovy, Engraulis japonica,
and round herring, Eirumeus micropus. The Japanese sardine comprised the major
portion of iwashi catches in the prosperous years. (after ITO, 1961)
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Fig.2. Long-term fluctuations of catches of the Japanese sardine in the Far Eastern
seas by four major catch regions, 1905—1976.
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Fig.3. Possible occurrence of geographical distribution of four sub-populations
of the Japanese sardine. (after KONDO, HORI and HIRAMOTO, 1976)
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Table 1-1. Statistical records of sardine fishing boats used for the study of the
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Japanese sardine off the coast of Fukushima ,Ibaragi and Chiba Prefectures.

Number of D Total number Total number b
Year fishing boats ays of boats of Fishing . Note
1 C Toal worked operated net cast season

Jan-Feb | Only

1960 |1 3 1 5 98 162 388 Nov-Dec | 2-BPs¥ *
Jan-Jun

1961 |4 4 5 13 164 389 776 Nov-Dec ”
Jan-May |

1962 |3 2 3 8 120 258 527 Oct-Deo ”

19632 3 5 10 | 97 192 393 gan—dun |,
Nov-Dec
Jan-Feb

1964 6 4 5 15 74 138 280 Nov-Dec 7
Jan=Jun

1965 |6 5 5 16 69 140 228 Nov-Dec ”
Jan-Feb

1966 | 6 6 5 17 56 88 136 Apr—Jun ”

1967 |3 6 6 15 | 69 103 153 Jan-flpr |,
Aug-Dec

1968 1 5 6 12 96 153 282 Aug-Nov "

1969 |2 1 7 10 78 107 169 Sep-Dec | (3 BE5: S

19701 1 8 10 103 178 292 Jul-Nov s

1971 (0 1 7 3 90 162 240 Jul-Nov #
Jul-Sep

197210 1 9 10 110 225 349 Dee "
Jan-Aug | ,2-BPS: 8

1973 10 1 9 10 ) 165 321 476 Oct-Dec | (1-BPS: 2
Mar-Sep | , 2-BP5: 8

1974 |0 1 10 11 142 268 395 Nov-Dec (1-Bps: 3
Jan-Sep | ; 2-BPS: 8

1975 [0 1 11 12 197 630 835 Dee | L1-BPS: 4

2-BPS:

1976 |0 1 13 14 | 189 547 725 Jan-Dec | (1 bpa. 3

1977 | 0 1 10 11 | 165 701 1053 Jan-Dec | (37BE2 S

Total | 35 47 125 207 2082 4762 7697

% F : Fukushima Pref., 1. Ibaragi Pref., C: Chiba Pref.

% % 2-BPS ; Two-boat purse seiner, 1-BPS : One-bhoat purse seiner




Table {-2. Operation records of larger and medium sized one-boat purse semers _
operated in the northern Pacific region from Aomori to Chiba :

Prefectures, 1973—1977.
Total number Total number of :
Year | Days worked of boats boat’s day’ s work Note
1973 111 1845 2523 No data for Oct.
1974 149 1872 2823
1975 178 2540 3517
i 1976 187 3149 4451
]
‘ No data for Oct.—
‘ 1977 134 3033 4142 Deec.
Total 759 12439 17456

Table 2. Number of material sardines obtained off the coast and offshore waters along
regions 1960 —1977.

Joban and Boso

Body length . 1) 2) Amount Weight of
= ocy “eng Coefficient Maturity of fat stomach
Year E (em) of fatness coefficient (gr) contents (gr)
Z | No.of No.of | No.of No.of | No.of No.of | No.of No.of | No.of No.of
exam, inds, exam. inds, exam. inds, | exam. inds, | exam. inds.
Y17 882 | — | 10 20 | — — 6 80
1960 | I — — - — — — — — — _
C 10 263 4 51 — — — — _ —
F 14 812 14 280 5 100 - — — —
1961 | I 5 92 b 77 1 20 - — — —
C 11 539 — — — — — _ — _
I 25 1421 22 440 5 100 — — - —
1962 | 1T 10 628 — — 3 60 — — — _
C 8 760 8 160 — — — — — _
F 37 1759 24 480 4 80 — — — .
1963 | 1 6 388 b 100 3 50 — — — —
C 6 120 6 119 5 95 — — — _
F 29 1402 — — 20 218 — — 12 217
1964 | 1 7 249 6 117 2 40 — — — —
C 9 369 6 120 3 58 — — — -
F 33 325 — — 5 41 - — 2 21
1965 | 1 2 68 2 28 2 28 - — — —
C 10 487 9 180 4 79 - — — —
F 20 352 — — — — — . _ _
1) BW, /(BL)®x10°® % I ¢ Fukushima Prefectural FFisheries Experimental Station
2) GW /{BL)*x10%' I : Ibaragi Prefectural Fisheries Experimental Station
C : Chiba Prefectural Fisheries Kxperimental Station

L ‘\ -



Table 2. Continued.
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length Amount Weight of

£ Body leng Coetficient Maturity of fat stomach
Y k (em) of fatness coefficient (gr) contents (gr}

ear | =

2| No.of No.of | Ne.of No.of t No.of No,of | No.of No.of | No.of No.of
exam, inds. exam. inds, | exam, inds, | exam. inds. | exam, inds.
1966 | I - — - — — — — — — —
C 4 130 4 30 2 40 — — — —
F| 24 665 14 271 5 in — - 6 131
1967 | 1 21 912 21 495 7 72 — - - —
C 7 372 7 132 6 105 5 78 3 52
F| 11 712 8 169 4 65 - - 7 95
1968 1 1| - 9 468 8 418 — — — - — e
C| 22 813 19 326 3 140 12 225 11 211
F| 1b 869 15 440 3 60 — - 3 60
1969 | 1 29 1577 1 50 - — — - = —
c 17 913 16 285 9 175 4 75 13 245
F| 12 1166 11 467 — — = - 5 100
1970 | I 24 1233 19 1009 8 160 — - - —
C| 1 429 11 191 6 103 - - 7 123
F 9 590 9 360 — — - 4 80
1971 | 1 30 1737 30 1478 13 306 — - — -
c, 32 2100 29 569 12 205 — - 22 474
F 8 408 8 346 4 80 — — 6 120
1972 | 1 29 1624 29 1015 6 120 — — — -
C 33 2002 32 617 20 355 7 140 24 481
F 7 724 7 409 7 140 - — 7 140
1973 1 1 70 4618 70 2536 39 840 — — — —
C 72 3823 61 1193 43 833 — - 33 717
F 22 1966 - — — - — — — —
1974 | 1 110 8665 110 4478 64 1242 — — — —
C 64 3504 64 1474 39 846 — — 46 1002
F 41 4062 — — — — — — — —
1975 | 1 175 11438 175 6466 73 829 - — — —
C| 101 5652 96 2399 47 845 — — 100 1391
F 47 4796 — — — — — - — —
1976 } 11 131 10502 | 130 6066 94 1198 — - — —
C 106 8133 106 4380 67 1342 37 720 85 1800
F 22 1902 — — — — — — — —
1977 ) 1) 25 2188 | 24 1098 | 20 376 - — — —
C| 104 7636 102 4418 74 1545 82 1483 48 816
Total 1703 109245 | 1347 45787 | 752 13302 147 2721 450 8356
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Fig.5. Percent composition of the food
of post-larval Japanese sardine,
{after AGR. FISH. TECH.
CONF., 1962)
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Table 3. Growth of the Japanese sardine in
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Age Mean body length (cm)
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I -age 20.67
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]J1=22.39 { 1 —— e %87t 00483 }Cm
L. . Body length, t: Age(Year)
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Fig.6. Annual fluctuation in the mean
body length of 1-to 4-year-old
sardine for the Pacific sub-
population, 1950—1962.
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HIRAMOTO, 1976)
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Fig.7. Seasonal fluctuations in the gonad weights of large-sized Japanese sardine
caught in Joban and Baso regions, 1974.
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Fig.8. Frequency distribution of egg sizes of female Japanese
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HEL, RELLAF>THCORBANERFES Y,
BEAORIENEH L RE > TL 5 GEHE 1969), L
AT, BOEHERE I OBBEMEFBEMICIHS »
EhAh 6, ZOBRBMOEIIBU T, TEOEE
2B SR, EREET 5,

FEHIRHREED B2 0T, v A TIOREFLE
HICET3EMREEROT, LTIt OEHEDIEH
5 5o

5-1. EEH—ER 8

1974~ 1976E 12FB# B L U F O BT IR L,
EHL A 7 ATFHRIFRARE - B NI
OB R) A MdTable 4 12R &N 3, 2RI
A&, REAOCEELMHEMOFEIL, JLLFETE
Diatom?? Skeletonema costatum,Coscinodiscus spp.,
Chaetoceros spp.,Eucampia zoodiecus, Tropideneis
lepidoptera, Protozoa® Peridinium spp., Favella
teraikaensis, Copepoda @ Calanus finmarchicus, 5
T A BTIEDiatomDCoscinodiscus excentricus,
C. asteromphalus, C. gigas, Coscinodiscus spp.,
Lauderia borealis, Chaetoceros spp., FEucampia
zoodiacus, Biddulphia longicruris, B. aurita,
Nitzschia seriata, Nitzschia spp., Protozoa D
Dinophysis homunculus var. iripos, Peridinium
spp. , Copepodad Calanus finmarchicusTdHh 5,

ROFELE AT, HEJ LTI, Diatom
M Skeletonema cosiatum, Coscinodiscus spp.,
Lauderia borealis, Rhizosolenia alalg,
Rhizosolenia spp., Chaetoceros spp., Eucampic
zoodiacus, Biddulphia longieruris, Pleurosigma
sp., Nitzschia seriata, Nilzschia spp., Protozoa
¢ Dinophysis homunculus var. 1Iripos,
Peridinium spp., Copepoda® Paracalanus parvus,
HWE#H T Diatom @

Skeletonema costaium, Chaeloceres spp.,

Copepoda nauplius,
Biddulphia longicruris, Nitzschia seriatq,
Protozoa @ Dinophysis homunculus var. iripos,
HER T

it Diatom ¢ Coscinodiscus oculus iridis,

Peridinium oceanicum var. ohlongum ,

Coscinodiscus spp., ProtozoathDinophysis
homunculus var. tripes, Ceratium spp. I LF
FENNME B ¢k Diatom®

Lauderia

Copepoda nauplius,
spp.,
SpY.,
Ditylum brightwellii,
EilfFEciIDiatomD Stephancpyxis palmeriana,

Coscinodiscus borealis,

Chaetoceros Fucampia zoodiacus,

Thalassiothrix frouenfeldii,

27

Lauderia borealis, Fucampia zoodiacus,

Thalassionema nitzschioides, Pleurosigmae sp.,
Copepoda ) Calanus finmarchicusy 5 7% - T b,
A7 (1968) i3 1962—63E il B~ FAEIR T 2 &
Ne~v A7 RO LERLEEH E L TCopepoda T
Paracalanus parvus, Oncaea venusta, Microsetella
sp., Corycaeus sp., Calanus finmarchicus, Diatom
Tl2 Coscinodiscus spp.., Rhizosolenia spp.,
Thalassionema nitzschioides, Thalassiesira spp.,
Chaeioceros spp., Nitzschia seriata, Fucampic
zoodiacus?y FEBIT T WA, BFEICHITATEA
B ORERSE, R (1968) D Z h & BT 5 &,
CopepodaTid-b 7 vy 4%, Diatom X°Protozoa¢|L 7 -
TV, WT (1955) IXAJNPERBOD <4 72 0
ZAPAELHERBERE2~dm(v Y7 A, Y
(24 2) i ICopepoda, Lamellibranchia larva,
Gastropoda larvaZ; K522 ThEY, £E5~14
emDEE - R Tid Copepoda-Diatom® ¢, % » T
& Copepoda £ 12 A%, {KE15eml) 12 7% 3 & Diatom#!
hEBELTVS,

RETRII B SEER DO~ 4 7 L ORE & E4EH
DEMTINIRINL TH S, sllERRERNR -
PR, BB & R - HEL RHECIE Diatom B T &
A4, O REEHTIEDiatom-CopepodaBli & 7 - T
%o F 7, sUMAETEOR CEMEEEER Z L Th
DEFE & R IR L 2R AR L TR0, FET
Lok L ERRAF) ORGSO TEET 2RMA -
At EFER R - EIIEED 7 NiiProtozoa, Copepoda
nauplivs, BON% &4 540, —FHREVREI R AKE
O OEEATF CEET SAM - B, MEAFEOL
FdCopepoda*?Euphausiacear 5 %2 - T x 4 (Fig,
10, Table 5L 7z 4%~ T, D &ML, DiatomEIo
WAL B2 (5 ~8F) #fkwTli, 3 < TDiatom-
Copepoda®i & % - THY, KRz (1968) DIgHT 5 &
3 AR TR (10~12H) o@hm77 v 7 by &
5, MEINUEEEE - BEIREEOEEE (Diatom) AAOZEA(L
X3 5N o7z (Table 5) &7z, HIFEDBE TLE,
1962 - 63\ IE R U Cv 4 7 2 B A EEIC iR A
L Twi /- Sagitta {Chaetognatha) A% -7~ { AL
Liral,

7 A T YRR AR - RO [ O
Mk IR EERER KT 2 & Fig, TR s i &
Iihde SNILKD S, KBEAIXREE TS Y 2
by AZ5~82% &, EEIETI 7 b D338
%0, ZOMOBRET T 7 by Dl4~42% % 1 F
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Table 4. Food of the Japanese sardine by different migrating clusters of the Pacific
sub-population in Joban and Boso regions, 1974 —1976.

Northward migration cluster (Immature) Relative abundance in the stomachs

Diatom
Skeletonema costalum
Coscinodiscus marginatus
C. Spp.
Rhizosolenia spp.
Bacteriastrum spp.
Chaetoceros laciniosus
Ch. brevis

- Ch. spp.
Fucampia zoodiacus

Ditylum brighiwellii

Biddulphia longicruris

B, sp.
Thalassionema nitzschioides
Thalssiothriz sp.
Tropidoneis lepidopiera

ol = v« - s B -- B~ I @ W @ = All-~ - vHl=v I -~ 2

Nitzschia seriaia

Protozoa

+

Peridinium spp. -

Favella campanula

+ =

F. taratkaensis
Copepoda

Calanus finmarchicus

Paracalanus parvus

Calanoidae

Copepoda nauplius

O

Fish egg

Southward migration cluster

and Wintering cluster (Immature) Relative abundance in the stomachs

Cyanophyceae

o

Trichodesmium evythraeum
Diatom

Stephanopyxis palmeriana
Thalassiosira subtilis
Coscinodiscus excentricus
C. asteromphalus
C. gigas

C. spp.
Astromphalus heptaciis

Q4+ + 4+ =

TR




Table 4. Continued.

Southward migration cluster
and Wintering cluster (Immature)

Relative abundance in the stonia,chs

Diatom
Bacterosira fragilis
Lauderia borealis

Rhizosolenia delicatula

R. styliformis
R. alala

R, sSpp.
Chaetoceros affinis

Ch. curviselus
Ch, spp.

Fucampia zoodiacus
Ditylum brightwellii
Biddulphia longicruris

B. aurita
Rhabdonema sp.
Grammalophora marina
Licmophera paradoxa
Fragilaria oceanica
Thalassionema nitzschioides
Thalassiothriz fravenfeldii

Th. mediterranea
Th. spp.
Asteionella japonica

A, sp.

Navicula distans
Tropidoneis lepidoptera
Nitzschia seriala

N. Spp.

Protozoa

Diciyocha [fibula var. messanesis

Dinophysis ovum

D, homunculus forma pedunculatus

D. homunculus var \

Peridinium pallidum

P, roseum

P. granii

P. depressum
P, Spp.

Ceratium spp.

+ + mmmEm IR Rt MO IR W bW

W+ O+ wn
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Table 4. Continued,

Southward migration cluster

and Wintering cluster (Immature) Relative abundance in the stomachs

Protozoa

Favella campanula R

Globorotaliidae R
Copepoda

Calanus finmarchicus +

Paracalanus parvus R
Euphausiacea

Fuphausia pacifica R

Northward migration cluster {Adult} Relative abundance in the stomachs

Diatom

Stephanopyxis palmeriana
Skelelonema costatum
Thalassiosira rotula

T. condensala
Coscinodiscus spp.
Lauderia borealis
Leptocylindrus sp.

Rhizosolenia fragilissima

R. delicatula
R. stolterfothii
R. siyliformis
R, alata

R. spp.

Bacteriastrum spp.

Chaetoceros didymus

Ch. affinis
Ch brewis
Ch. spp.

Fucampia zoodiacus
Biddulphia mobiliensis

B, longicruris
Hemiaulus hauckii
Climacosphenia moniligera
Thalassionema nitzschioides
Thalssiothrix frauenfeldii
Asterionella japonica
Pleurosigma intermedium
P, elongaium

P. Sp.

+tEmm R RO A IOOORRTII DL OO08OT
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Table 4. Continued.

Northward migration cluster (Adult) Relative abundance in the stomachs

Diatom

Nitzschia seriata

+ O

N. Spp.

Protozoa

Prorocentrum micans

Dinophysis homunculus var. tripos
Noctiluca scintellans

Pyrocystis lunula

Peridinitum inflatum

j=uiou iyl v g Iy

P. depressum
P, spp. +-

Ceraltium spp.

=]

Favella campanula
Copepoda

Calanus finmarchicus
Paracalenus parvus

Calanoidae

+ 4+ + = =

Copepoda nauplius
Euphausiacea
FEuphausia sp.

Macrura larva

=l o =

Balanus larva
Doliolum R
Summering cluster (Adult) Relative abundance in the stomachs

Diatom

+-

Skeletonema costatum
Bacteriastrum spp.
Chaetoceros affinis
Ch. Spp.
Biddulphia longicruris

Rhabdonema adriaticum

Asterionella juponica

Pleurosigma sp.,

@RV i - A=

Nitzschia seviata

Protozoa

Dinophysis homunculus var, iripos
Peridinium oceanicum var, oblongum

P. Spp.

Wm0

Ceratium spp.
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Table 4. Continued,

Summering cluster (Adult) Relative abundance in the stomachs

Copepoda
Calanus finmarchicus
Oncaea sp.

Microsetella rosea

=vien e iy

Calanoidae

=

Copepoda nauplius

Southward migration cluster (Adult) Relative abundance in the stomachs

Diatom

Coscinodiscus exceniricus
C. asteromphalus
C. oculus iridis
C. spp.
Rhizosolenia spp.
Bidduiphia aurita
Asterionella sp.
Pleurosigma intermedium
P. sp.

Protozoa

Dictyocha fibula

Dinophysis homunculus var. iripos

mR o O

Peridinium spp.

Ceratium spp.

e WG

Copepoda
Poracalanus sp. R
Copepoda nauplius €

Pre-spawning cluster (Adult) Relative abundance in the stomachs

Diatom

Coscinodiscus sp.

Lauderia borealis
Rhizolenia fragilissima

R. setigera

R, Spp.
Chaetoceros affinis

Ch. spp.
FEucampia zoodiacus
Ditylum brightwellii
Biddulphia longicruris
Thalassiothrix frauenfeldii

T. mediterranea

THOoOm+ O+ wR w4+

Asterionella japonica




Pre-spawning cluster (Adult) Relative abundance in the stomachs

Diatom

Pleurosigma normanii R
Protozoa

Dinophysis homunculus var. iripos R

Favella taraikaensis R

Spawning cluster { Adult) Relative abundance in the stomachs

Diatom

Stephanopyxis palmeriana
Coscinodiscus lineatus
C. asteromphalus
C. gigas

C. spp.
Lauderia borealis
Rhizosolenia spp.
Chaetoceros didymus

Ch. Spp.
Eucampia zoodiacus
Biddulphia pulchella

Thalassionema nitzschioides

+ +twmom=E =t wmm o+

Plewrosigma sp.

Protozoa ..
Peridinium depressum
P. Spp.

=

Copepoda

Calanus finmarchicus
Oncaea sp.
Calanoidae

Copelata

Cirripedia larva

oo 4+ WO

Fish egg

Notes: C: Abundant, -+: Common, R: Rare
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Table 5. Comparison of feeding rate and composition of

. Japanese sardine during 1972—1976.

35

food among the clusters of the

Feeding rate ( $5¥x102
Developmental| Migration 8 (Bwx10%) ) :
Stave cluster Range Relative Dominant food organisms
£ in% fullness
Northward . Diatom-Copepoda, Protozoa,
migration 0.4-0.7 | Very rich Copepoda nauplius
Immature Southward
m;g;‘]iicwn 0.2-0.4 Rich Diatom, Copepoda, Euphausiacea
Wintering
%i;?;:?;f 0.2-0.3 Medium Diatom, Copepoda, Protozoa
Summering | §.05-0.25 Vgizn};;g}e Diatom-Copepoda, Protozoa
Southward . Diatom-Copepoda, Copepoda
Adult migration 0.1-0.4 Little nauplius, Protozoa
Pre- Medi Diatom-Copepoda, P
spawning 0.1-0.4 edium iatom-Copepoda, Protozoa
. . Diatom-Copepoda, Protozoa,
Spawning 0.2-0.6 | Very rich Fish egg

b o T b, MR, KA - b BB, WA
WAL LR, UEEE, REUNMAMITED X UTEIIEEI B
FORHF O DEAAIZ, —F, KRR - R, BA
HELUME - RUE TSR ROME L 21T/
BEAKETEFEL THEEAESATH B,
1972~19765E O~ 4 7 ¥ AEFHERBEREM - lKAO
BHARYEAHNOFARNEERLTCELT L,
Fig, 12128 N2 KR IZ LTS D& H 55,
Fo b IR ADEHEBIFENMNCLA~ERCIZ(, K
2L WREAANRZ B, F 72, Fig 10 2mahah
BERERE AT (e X10%)0 AR 5
H-EEBE ARG EE T 282 (0.4~
0.7%), K\ CHCE - EEIRHE (0.2~0.6%), Rl - 4
TEE, AR (0.2~0.4%), - et LEE (0.2
~0,3%), EEINHEMERE(0. 1~0.4%) DIEIZ £ v, —F,
BEAL - & 5% W ORE - MERT (0,06~
0.15%), R\ THUE - TRETRE FEE (0.05~0.25%) T
% (Table 5), 1962 - 638 D NIEE~ FEHE HE | 23R
hihw A 7 v ROBEHRIIRMAE FEITHELT 3
10~12H & 0 &, FEINHEMERE, EIIBHICHENYT A1 ~

5 AIZE < (ARir 1968), RIFFROMER LI —FL
TWwd, T/, REATIEEECEZLIILE-T, 5
BOZEAFLRCEH LN TL 24, Mt 5-618 v
/AT EIIT A,

5-2. BCiiEE o FEHEL

v 7Y OB SRR R AL b S TEY
SEILATTHAL, BASKIIMTTHST S (R
#1935, HCHEAKES 1964, JTEE - 4B - FAR 1976),1972~
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Fig.11. Changes in the composition of indicator plankton species numbers fed by each
cluster of the Japanese sardine in Joban and Boso regions.
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Fig.12. Seasonal changes in the ratio of weight of stomach contents (SCW)
to body weight (BW)in the Japanese sardine in Joban and Boso regions

from 1972 to 1976.
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