Fatty state

0

11

11
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Appearance of fat deposition
accumulation

No fat deposition present on the stomach

Thread-like slight fat deposited on the cardiac
and the pyloric parts of the stomach

Slightly thicker strips of fat deposited on
the cardiac and pyloric parts to the blind
sac of the stomach

Very thick strips of fat deposited over the
cardiac to the pyloric portions

Widely covered by fat over the stomach
except small parts of the cardiac portion

Stomach completely covered by fat

Stomach completely covered by more thicker
fat deposition, and the wall of abdominal cavity
also lined partially with fat

Fig.17. Seven different states in fat deposition on the stomach of Japanese sardine.
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Fig.19. Relationship between body weight
and body length of the Japanese
sardine caught in 1972—1976.

{after KONDO, HORI and
HIRAMOTO, 1976}
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Table 6. Growth of the Japanese sardine in 1972-year class.

Age Mean body Me_an body
length{cm) weight (gr)
End of O-age 13.8 34
I -age 19.2 91
[I-age 21.2 122
M-age 22.0 136
V-age 22.2 140
V-age 22.3 142
V[-age 22.4 144
Vl-age 22.4 144

Lt=2239 { 1 _e—O.Qﬁlt—O.DSBSJ} em
L: Body length, t: Age(Year)
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Fig.23. Seasonal changes of (A)amount of fat deposited in the abdominal cavity
and maturity coefficient (KG)and of (B)coefficient of fatness and maturity
coefficient of the Japanese sardine, observed from September 1968 through

April 1969.
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Table 7. Occurrence periods of the Pacific sub-population of Japanese sardine by migration

clusters in Joban and Bosb regions,19601—1977.

Developmental Migration Fishing Ocecurrence Dominant year
stage cluster year period class
Northward
migration 1960 Sep.12—Nov. 1
Immature Southward
migration 1960 Nov, 22—Dec, 14 1960
Wintering 1960-61 Dec, 15—Feb. 22
Pre-spawning 1961 Jan. 26—Feb, 21
Adult Spawning 1961 Ieb, 22— May 13
Northward
migration 1961 May 14—Jul. 20
Northward
migration 1961 Jul, 21—Nov, 2
Immature Southward
migration 1961 Nov, 25— Dec., 8
Wintering 1961-62 Dee. 9—Mar, 1
Southward :
migration 1961-62 Nov. 3—Feb.11 1960
Pre-spawning 1962 Feb,12—28
Adult
Spawning 1962 Mar. 1—May 11
Northward
migration 1962 May 12—Jul. 24
Immature Wintering 1962-63 Dec. 6— Apr. 24 1962
Southward .
migration 1962-63 Oct. 20— Ieb. 4 1960
Adult Pre-spawning 1963 Apr.16—Jun, 18
Northward
migration 1963 Jun, 19— Aug. 15
Northward
Immature migration 1963 Aug, 16—O0ct. 31
Southward
migration 1963 Sep. 24 Dec. 29 1962
Adult Pre-spawning 1963-64 Dec, 30— Feb. 20
Spawning 1964 Feb. 21—Mar.18
Northward
migration 1964 Mar, 19— Jun. 29
Northward
migration 1964 Jun, 30—Nov. &
Immature
Southward 1964-65 | Nov. 9—Jan. 2

migration
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Developmental Migration Fishing Occurrence Pominant year
stage cluster year period class
Immature Wintering 1965 Jan, 3—Feb. 7
Southward
migration 1964-65 Nov. 9—Jan. 4
Pre-spawning 1965 Jan, 5-—-Feb, 4
Adult
Spawning 1965 Feb., 5 Jun, 19
quthw_ard 1965 Jun. 20— Jul. 10
migration
Southward
Imature migration 1965 Nov.10—Dec . 11
Wintering 1965-66 Dec.12—Mar, 13
Southward
migration 1965-66 Nov.10—Feb. 13
Adul Pre-spawning 1966 Jan, 14—Apr. 23
ult
Spawning 1966 Feb.24—May 24
Northward
migration 1966 Jun, 25— Aug. 20
Northward
migration 1966 Jun, 9—Nov, 1H
Immature South P
outhwar
migration 1966-67 Nov. 16— Feb, 4
Adul Pre-spawning 1967 Feb, 5—Mar.15
ult
Spawning 1967 Mar, 16— Apr. 25
Northward
Immature migration 1967 May 21—0Oct. 23
Southward
migration 1967-68 Oct. 24— Feb, 15
Adul Pre-spawning 1968 Feb, 16—Mar, 12
ult
© Spawning 1968 Mar 13— Apr. 15
Northward
migration 1968 Apr.16—May 18
Northward
migration 1968 May 19— Dec, 13
Immature South 1
outhwar
migration 1968-69 Dec. 14— Jan, 10
Southward
migration 1969 Jan. 1—Feb. 7
Adult Pre-spawning 1969 Feb., 8—Mar, 21
Spawning 1969 Mar,22—Apr. 10
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Table 7. Continued.

Developniental Migration Fishing QOccurrence Dominant year
stage cluster year period class
Northward
Adult ‘migration 1969 Apr. 11—May 16
Northward
migration 1969 May 17— OQct. 23
Immature South 1
outhwar
migration 1960-70 Oct. 24—Jan., 6
Southward
migration 1970 Jan. 7—Feb, 4
Pre-spwning 1970 Feb, 5—Apr.12
Adult
Spawning - 1970 Apr. 13—26
Northward
migration 1970 Apr, 27— Jul, 13
Northward 1970 Jul. 14—Nov., 15
migration
Immature South 1 }
outhwar
migration 1970771 NOV. 16_—Jan. 27
Southward
Adult migration 1971 Jan. 28— Mar .25
Pre-spawning 1971 Mar 26— Jun, 22
Northward
migration 1971 Jun, 23— Dec. 15
Immature Soutl i
outhwar
migration 1971-72 Dec, 16— Feb. 29
Spawning 1972 Mar. 1—May 4
Adult Northward 1979 M 5 Jun. 16
migration 4y ’
Northward
migration 1972 Jun, 17—0ect, 31
Immature Southward
migration 1972 Nov, 1—Dec, 4
Wintering 1972-73 Dec. b—Apr, 19 1972
Northward
migration 1973 Apr, 20— Sep. 1 ”
Southward
migration 1973-74 Oct. 3—Jan, 9 ’
Adult Pre-spawning 1974 Jan., 10— Feb. 15 2
Spawning 1974 Feb.16—May 12 4
Northward
migration 1974 N[ﬂy 13* Aug. ].2 /
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Developmental Migration Fishing Occurrence Dominant vear
stage cluster year period class
Northward
migration 1974 Aug.13—Nov. 21
Immature Southward
migration 1974 Nov.22—Dec. 26 1974
Wintering 1974-75 Dec.27—May 8 ”
Southward
migration 1974 Sep.22—Dec.18 1972
Pre-spawning 1974-75 Dec.19—Feb, 28 "
Adult Spawning 1975 | Mar. 1—May 8§
Northward X
migration 1975 May 9—Aug.24 1974
Summering 1975 Aug, 26— Sep, 29 P
Northward
migration 1975 Aug. ll_NOV.21
Immature Southward
migration 1975-76 Nov. 22— Jan. 25 1975
Wintering 1976 Jan, 26-~May 3 v
Southward
migration 1975 Oct, 7—Dec, 27 1974
Pre-spawning 1975-76 Dec. 28—Jan, 25 1572
Adult Spawning 1976 Jan, 26— May 8
Northward
migration 1976 May 4--Aug. 26 1975
Summering 1976 Aug. 27— Sep. 30 "
Northward .
migration 1976 Jun. 29_NOV_ 17
Immature Southward
migration 1976-77 Nov,18—Jan, 27
Wintering 1977 Jan. 28— Apr, 24
Southward
migratjon 1976 OCt. I_Dec . 17 "’
Pre-spawning 1976-77 Dec.18—Jan, 27
Adult Spawning 1977 Jan, 28—Apr, 24
Northward
migration 1977 Apr. 25— Sep. 28 1975 and 1976
Summering 1977 Sep. 29— Oct. 7 -
Immature Northward 1977 Jul. 14—

migration
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Fig.27. Distribution of sardine eggs of the Pacific sub-population in spring, 1972-1977.
{after KONDO, 1978)
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(Sardinops melanosticia)
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(Engraulis japonica)
A} Japanese common mackerel
(Scomber japonicus)
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Survival of the Japanese sardine at its

early developmental stages estimated
from the vertical plankton hauls, 1949—
1951. (after NAKAI and HATTORI,1962)
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Fig.31. Distribution of Copepod nauplii and oceanographic condition in the surface
waters in Bosd region, March 11—12 and April 2223, 1977.

HEIOM M S R ARRARE - BRRIOBIZ L - Tk
¥ 5, HERQ970) 12 kL, BRI B S OKIREAD
BOTE A 700 fFO S - FROIE, kO
EIICHHENE (Fig.33.v4 7 700 - M5
e M L s BEAREPHIEE 1 ok &5 2 ORI
B A8 TIERBR(W )25+ 28 & (Fig.33-A,
B), BEOBHIE FHEFIMAEANESES NS
&7 28 (Fig.33-C,D)» a0, ATETEIRELD L
G - BE(FOEFRE A S L HEE S N3 GBS 1970),
AT VHHRIE SR s o F AT OMFLD
b, EVIRREIEEL 2ETH S (FE 1976), LA
oT, w47 HHFOERE () IEHR kO BE

Tizh 2RI EE VB2 2ER, & 518 Cope-
poda nauplius & 3 ZEEEM BN HR A0 ENITE -
THEESN S,

gy PO EET 2 ENT, Ao THEE
BB A el L - B ¢ (E 1957a, b, 1960, @&
- JE 1958, 1960), 1976~1977HEDFFIZRIRE
FELFhE 2 S ER AL, B~ BEEORR
ADEERIREFAEL 2(Figld-12), 2hilks &,
19764 4 ~ 5 AzI3FaaE~ERiEE T 2 A
BigakE, sHOABKRICELATED, H6
Hit 5 (1, 000FCHGRE) ) 5 B, 4 M0 & D AT & Nz,
ZOEINEIL 1 ~ 7% Th -7, ZEESILGRHETS




1972

65

100 ‘rv———

1 1 -
1973 |

Frequency (°/,)

1975

Fig.32.

Month

Seasonal changes in the composition

of shirasu fry in the catch of one-
boat seine off the coasts of Kashima-

nada and Kujukuri, 1972—1976.
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Characteristics of water masses in the Pacific region and
possible patterns of translocation of eggs and larvae,
The shaded area shows the dispersal of sardine eggs and
larvae translocated from the spawning site.

W, ,W,,C The isolated warm and cold water masses in
the trasition area.
I 15 branch of the Oyashio
I . o™ branch of the Oyashio
w : The warm water mass or tongue off Kashima-
nada.
(after WATANABE, 1970}
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Fig.34-1. Releasing stations and inferred paths of drift cards
along with the surface sea temperature and current
velocities observed on the releasing days, (A) April
16, 1976 and (B) May 11.

Dots denote the releasing stations from which the
cards were recovered, while the circles show the
same but no recovery.
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Fig. 35-1. Horizontal distribution of some biological characteristics,
(A) Population density, (B) Body length, (C) Nutrition, in
northward migration cluster of immature Japanese sardine,
19 May through 13 December 1968.

A. Catech (ton) per haul per boat-day’s work, B. BL: cm,
C. CF=BW,/(BL)®x10°
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Fig.35-2. Horizontal distribution of some biological characteristics,
(A) Population density, (B) Body length, (C) Nutrition, in
northward migration cluster of immature Japanese sardine,
17 May through 19 November 1969,

A. Catch {ton) per haul per boat-day’s work, B. BL: cm,
C. CF=BW /(BL)>x10°
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Fig.35-3. Horizontal distribution of some biological characteristics,
(A) Population density, (B} Body length, (C) Nutrition, in
northward migration cluster of immature Japanese sardine,
14 July through 15 November 1970.

A.Catch {ton) per haul per boat-day's work, B. BL :cm,
C. CF=BW,/(BL)*x10°




73

141

14010

1417

1407

141

1400

1410

E 1400

Fig.35-4. Horizontal distribution of some biological characteristics, (A) Population
density, (B} Body length, (C) Maturity, (D) Nutrition, in northward migration
cluster of immature Japanese sardine, 6 June through 31 October 1972,

A. Catch (ton) per haul per boat-day’s work, B, BL . cm
C. KG=GW 7/(BL»x10*, D, CF=BW 7 (BL)?*x 10?
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Fig.36-1. Horizontal distribution of some biological characteristics,
(A} Population density, (B) Body length, {C} Nutrition, in
southward migration cluster of immature Japanese sardine,
22 November through 14 December 1960.

A. Catch (ton) per haul per boat-day’s work, B. BL: cm,

C. CF=BW /(BL}Sx10°
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Fig.36-2. Horizontal distribution of some biological characteristics, (A} Population
density, (B) Body length, (C) Maturity, (D) Nutrition, in southward migration
cluster of immature Japanese sardine, 1 November through 4 December 1972.

A. Catch (ton) per haul per boat-day’s work, B. BL :cm,
C. KG=GW 7 (BL)3*x1¢*, D, CF=BW 7 (BL)3x 10*
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Fig.36-3. Horizontal distribution of some biological characteristics,
(A) Population density, (B) Body length, {(C) Nutrition, in
southward migration cluster of immature Japanese sardine,
22 November 1975 through 25 January 1976.

A. Catch (ton) per haul per boat-day’s work, B. BL: cm,

C. CF=BW,/(BL)Sx10°
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Fig.37-1. Horizontal distribution of some biological characteristics,
(A) Population density, (B) Body length, (C) Nutrition, in
wintering cluster of immature Japanese sardine, 15
December 1960 through 4 March 1961.

A.Catch (ton) per haul per boat-day’s work,
C. CF=BW,/(BL)®x10°

B. BL: cm.
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Horizontal distribution of some biological characteristics,
(A) Population density, (B) Body length, (C) Maturity, (D)
Nutrition, (E) Feeding rate, (F) Sex ratio, in wintering

cluster of immature Japanese sardine, 5 December 1972
through 19 April 1973.

A. Catch (ton) per haul per boat-day’s work, B. BL: cm,
€. KG=GW.~(BL)®x 104 "
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Fig.37-2 Continued.
D. CF=BW,/(BL)®x10%, E. SCW,/BWx10°
F. £7(%+ $)x10




