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Studies on Early Development and Spawning Ecology in Japanese
Sardine Sardinops melanostictus

Masanobu MATSUOKA

Abstract: In the most resource period and decrease one of Japanese sardine Sardinops mela-
nostictus, the early development and spawning ecology of Western Kyushu population were
investigated, from biological aspect.

Artificial fertilization was undertaken, using adults caught by fishing on the research ves-
sel. Successfully fertilized eggs started cleavage after one hour and five minutes of insemi-
nation. In three hours, eggs reached the morula stage and attained to the blastula stage in
four hours. Hatching occurred within 30 to 36 hours. Unfortunately, all larvae died within 1.5
days after hatching , probably because of the deterioration of the rearing sea water and high
temperature.

Wild eggs collected from adjoining areas of Nagasaki Harbor were incubated from Ab-
Ba stage at 7.3-26.7C. At 7.3 and 10.8C, total and viable hatching rates, survival rate at
first-feeding stage and rate of first-feeding success were lower than at 13.8-21.0C. At 23.5
C. these rates were lower than at 13.8-21.0C, and no normal larvae and no feeding ones
were observed at 26.7C. Eggs were also incubated at salinities of 17.4-53.8. At salinities of
26.1-39.6, total and viable hatching rates were high, mostly over 90%. Viable hatching rate at
salinity of 17.4 was considerably low. At salinities of 44.3 and 53.8, total and viable hatching
rates were relatively low. Survival rate at first-feeding stage and rate of first-feeding success
at salinities of 17.4, 44.3 and 53.8 were lower than at salinities of 26.1-39.6.

Incubation and rearing experiments at temperature of 18C were undertaken, using wild
eggs. Total length of just hatched larvae was 3.44 mm. Fourth day-old larvae after hatching
(about 5.7 mm TL) began to eat S type rotifers. 17th day-old larvae reached 9.9 mm TL on
the average (range 8.50-11.95 mm), and the rudiments of the dorsal and caudal fin rays and
fin-supports were partly formed. 29th day-old larvae reached 15.37 mm TL (maximum, 20.0
mm). In groups deprived of food from first-feeding stage, eighth day-old, 12th day-old and
17th day-old after hatching, most larvae could not take rotifers which were given on after
three or four days.

Developmental process of all cartilages and bones was described, using artificially raised
and wild specimens. Changes in feeding and swimming functions were clarified from osteo-
logical side, and a developmental step forming four periods and eight phases was prescribed.

Differential sequence of red muscle, pink muscle, white muscle and tonic-like fibers in
the lateral muscle as an important locomotor organ was investigated. A layer of red muscle
fibers was functionally developed at first-feeding stage. Beyond about 20 mm SL, stratifica-
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tion of red fibers, differentiation of tonic-like fibers and mosaic appearance of white fibers oc-
curred. By 30 mm SL, pink fibers and two types of tonic-like fibers were differentiated. The
structure of lateral muscle in a 37 mm SL juvenile was complete.

Formative process of eye, olfactory organ, taste buds, lateral line system and inner ear
was examined. The visual cell layer consisted of only single cones at first-feeding stage. In
a 20.9 mm SL larva, rod-like cells and twin cones appeared. Both ciliated and microvillous
receptor cells in olfactory organ were found shortly after hatching. Formation of olfactory
nostrils and lamellae began at about 20 mm SL. Taste buds first appeared at 11.2 mm NL.
Newly hatched larvae were equipped with 12 pairs of neuromasts on the head and trunk.
The formation of head lateral line canal commenced at about 20 mm SL and four canals had
ossified by 32.5 mm SL. Three semicircular canals formed by first-feeding stage. The struc-
ture of inner ear was entirely formed by 32 mm SL.

The most spawning period was in March and the most GSI rate of females was over 20.
From the ratio of specimens with hydrated eggs or postovulatory follicles at the regressing
stage 0 (spawning day), presumptive example of the average spawning interval was calcu-
lated to be from 4 to 6 days.

Spawning time and duration of egg development of this species and Japanese anchovy
Engraulis japonicus were investigated by 46 time vertical net samplings in the waters off
southern Kyushu. Spawning of sardine occurred mainly at about 20:00 on 12 March and dur-
ing 19:00-20:00 on 13 March, 1991. On the other hand, spawning of anchovy seemed to occur
mainly during 00:00-01:00. Spawning times of both species were not overlapped at all.

The vertical distribution of sardine eggs was investigated to clarify their spawning depth.
Horizontal net tows were simultaneously conducted at five layers of approximately 1 m, 20
m, 40 m, 60 m and 80 m. AA stage eggs (from fertilization to beginning of enlargement of
perivitelline space) were mostly collected at 40 m and 60 m depths. This means that the
spawning depth was approximately 40-60 m. The spawning depth of Japanese anchovy was
considered to be 0-20 m. The spawning depths of both species were not overlapped, also the
spawning time.

Morphological changes of unfertilized and fertilized sardine eggs were observed continu-
ously. Unfertilized eggs could be divided into three types on the bases of their morphology:
a distorted type, a narrow perivitelline-space type and a normal perivitelline-space type. The
first type of eggs disintegrated and sank to the bottom of the containers in a short time. The
latter two types of eggs formed not only a perivitelline space but also a blastodisc. They dis-
integrated gradually within 12 hours after stripping. Common to eggs of these three types,
the egg membrane finally broke and the eggs contents were mainly lost. The examination of
the field-collected eggs shows that some wild eggs were very similar in their morphological
characteristics to unfertilized and disintegrated sardine eggs mentioned above. These facts
suggest that unfertilized sardine eggs may be commonly present in natural spawning, espe-
cially in the area of the south from Kyushu.

Short term (from 1 hour to 1 week) variations at the 9 stations in the number of collected
sardine eggs were investigated in the adjoining area of Nagasaki Harbor. The maximum
variations within 0.5 day were 2.3 or 6.6 times. The maximum variations between days
were 2.0 or 5.1 times. The maximum variation at 9 stations was 33.8 times. This result in-
dicates that the number of sardine eggs collected by plankton net changes considerably
during short time periods and between adjacent stations, and that the total egg production
calculated from spawning survey data may include wide variations.

Egg abundance and distributional changes of sardine were studied in the waters around
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Kyushu from 1979 to 1995. A total 13,138 tows was undertaken for collecting eggs by six
prefectural experimental stations and the Seikai National Fisheries Research Institute. The
egg abundance was calculated for each 30" X 30" square and grouped into three large ar-
eas from north to south (AreasI (north of 34" N), I (34" -31°30" N), I (south of 31°30" N)).
The total egg number considerably fluctuated from 47 x 10* in 1995 to 2,873 % 10" in 1987.
The fluctuation mainly occurred in Areall. The egg abundance of this area drastically
decreased from 1991, and was only 0.3x 10" in 1995. The spawning month showed secular
change. In Area I, spawning occurred mainly in March in 1979 and 1989, April in 1981-1983,
and May in 1984-1987. Spawning after 1988 has occurred in March and April. The main
spawning grounds were located in Areal and Areall in 1979 and 1980. After 1981, the
main spawning grounds gradually shifted to the south, and in 1987 most of the spawning oc-
curred in Arealll. The spawning temperature changed with the shift of the spawning area.
In 1979, eggs were spawned in 13-19C, although spawning occurred at the 21C level in
1987. After 1991, the spawning temperature returned to 14-19C.

Although the sardine resource is very low in present, from past events on records, I may
presume that it will increase to the maximum size after present to scores of years.

Key words: Japanese sardine, Sardinops melanostictus, early development, spawning ecology,
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Table 1. Body size of the female and male Japanese sardine used for artificial

fertilization (measured after fixation)

Total Body Body

length (mm) length (mm) depth (mm)
Female 240 201 447
Male 230 192 35.7

Body Body Gonad
width (mm) weight (g) weight (g)
24.2 99.6 22.0
214 74.2 —

—, not measured.
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Fig. 1. Female Japanese sardine used for artificial fertilization and developing eggs. A: female
and its ovary. B: fully matured and hydrated eggs and small immature ones (arrows). C: 2-cell
stage (arrow). *shows an unfertilized egg. D: 4-cell stage. E: 8-cell stage. F: 16-cell stage. G:
morula stage. H: blastula stage. Note the yolk of an egg (arrow) is burst. Scale bars indicate
20 mm (A) and 0.5 mm (B-H).
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Fig. 2. Developing eggs and hatched larvae of Japanese sardine. A: the last stage of Aa. Note
the yolk of many eggs are entirely ejected into the perivitelline space. B: Ab-Ac stage. Note
that the degree of ejection of yolk is slighter than the previous stage. C: Ac-Ba stage. D: Bb

stage. E: Ca stage. F: Cc stage. G: larvae immediately after hatched. H: larvae 34.5 hours old.

Scale bars indicate 0.5 mm.
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Fig. 3. Variation in number of hours between
fertilization and hatching in 20 eggs of Japanese
sardine.
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Fig. 4. Sampling stations (surrounded by circles) of
Japanese sardine eggs and larvae.
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Table 2. Temperature and salinity conditions maintained during the
incubation experiments of Japanese sardine eggs collected from adjoining
area of Nagasaki Harbor

Trial Sampling Egg n Temperature Salinity
No. date stage (‘C)
1 Mar. 13 A 50 17.6+0.3 17.43
2 13 A 50F 17.6+0.3 17.43
3 13 A 50F 17.6+0.3 26.14
4 13 A 5% 17.6+0.3 26.14
5 13 A 50" 17.6+0.3 30.49
6 13 A 50F 17.6+0.3 30.49
7 13 A 50%F 17.6+0.3 34.85
8 13 A 50 17.6+03 34.85
9 13 A 50 17.6403 39.58
10 13 A 50%F 17.6+0.3 39.58
11 13 A 50 17.6+0.3 4430
12 13 A s51F 17.6+0.3 4430
13 13 A 45% 17.6+0.3 53.76
14 Mar. 15 A 50% 17.3£0.3 53.76
15 15 A 50K 173403 17.43
16 15 A 50%F 173403 26.14
17 15 A 507F 17.3£0.3 30.49
18 15 A so*f 173403 34.85
19 15 A 50 17303 39.58
20 15 A 507F 17.3£0.3 4430
21 15 A 50%F 173403 53.76
22 Mar. 17 A 50F 17.3+0.2 34.18
23 17 A 50F 17.3£0.2 34.18
24 17 A 50F 21.00.1 34.18
25 17 A 50F 21.0£0.1 34.18
26 17 A 50F 23.5+0.5 34.18
27 17 A 5% 23.540.5 34.18
28 17 A 50F 26.7+0.3 34.18
29 17 A 50F 26.7+0.3 34.18
30 17 A 50%F 17.3+0.2 34.18
31 17 A 50 FF 21.0£0.1 34.18
32 17 A 50%F 23.540.5 34.18
33 17 A 50 %% 26.7+0.3 34.18
34 Mar. 25 A 50 %% 17.3+0.2 34.73
35 25 A 50%F* 21.0£0.1 34.73
36 25 A 50 %% 23.7+0.2 34.73
37 25 A 50 %% 26.7+0.2 34.73
38 25 A 50 %% 17.3+0.2 30.49
39 Mar. 27 A 50 %% 17.2403 17.43
40 27 A 50 %% 17.240.3 26.14
41 27 A 50 %% 17.240.3 34.85
42 27 A 50 %% 17.2403 39.58
43 27 A 50 %% 17.2+0.3 44 30
44 27 A 50 %% 17.2+0.3 53.76

*Fixed at hatching. ** Fixed at first-feeding stage.
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Table 3. Temperature and salinity conditions maintained during the incubation
experiments of Japanese sardine eggs collected from near Tanegashima Island

Trial Sampling Egg n Temperature Salinity
No. date stage (C)
1 Mar. 2 B 50 16.240.2 34.82
2 2 B 50 16.4+0.1 34.82
3 2 B 51 16.6+0.2 34.82
4 2 B 51 17.2+£0.2 34.82
5 2 B 48 17.6+0.2 34.82
6 2 B 50 21.1+0.2 34.82
7 2 B 49 21.3+0.2 34.82
8 2 B 51 21.4+0.2 34.82
9 2 B 50 21.940.3 34.82
10 2 B 50 22.1+0.4 34.82
11 2 A 50 17.2+0.2 34.82
12 2 A 50 22.0+0.3 34.82
13 3 A 50 22.1+0.4 34.82
AKi (FRIZEKiR) OFEZRND 72012, £#950 L xR
i DY % ¥ 73k E34.2  721334.7 D U B i K & A7z
500 me AR AR NS L, AKiIR%E17.3, 21.0, 23.5, 26.7 KBDEE

CHIfR IR 8 Lo HI K NIZERE L. 72, 3
OB RRRD 7212, BRI50MH 0 B % 1 40k
17.4, 26.1, 30.5, 34.9, 39.6, 44.3, 53.8D ik ifE/k
#ANZZFBRTNAE L, Kilk16.9~17.9C O #HipHIC
BOWTHEHRAMBHNTHLESE (Table 2). £4 D5
BT THABDOEREZIT, ZON 2 BIZHMLEICEH
V=) CREEL, ESMEEREB X OIEESMEE (FEET
AR SMUERZIFEC LR Z R0 0) 2RI L
72o LD 2 BB BB S F I XY KT A
Y (UTFULY) 252, 2o 1EMBCEHEL, &
PR LR AN L, BRI OWTIE, HIbE
PUZT A2 H 5\ IEZOTHLAHBICEED s b
D % FEARAE AR & BT L 72

i B VAR E D PR,V ¥ XK R A R T U6 3 R A A
(Bt 12k ->T, 19894E3 H 2~ 3 HICHT- 576
i (e#30° 35.3, Hi#%130°51.3) THEL. Hw
72757 hrky MEIOELS cm O REL ) LoSy
74w b (Ff, 1989) TH b, JIERHER O KK
1320.3C Tdh - 720 Ba A 7 — ¥ DI % #5010 % K il
16.2-17.6°C O #iPHT 5 &, 21.1~22.1C D #iPAT 5 &
SMEEE, 72, Aa AT =Y (BRERY) 0%
501 % K#17.2C T 1 #, 22.0~22.1C T2 BE5fL &
72, M LS KOS M b 34.8TH
-7z (Table 3)o

17.3C X T3 1 B T4 5L %86%, 1E % 5 1L
T4% LR RN lEERL7Z2D 0D, JIOBTIEZ A
100%, 94% & <, 21.0C X Tid &5 1b31396% &
100%, IE% »Ab=1394% £98% & 28 & 3 w1l
Tholzo THIZH LT, 23.5CKTIIESLRIZ
88.2% X 94%, 1EH 5HLEI376.5% £82% &, HHiZ#k
ZTRRMENEMATA S N7z 26.7CIK Tlda b=
1320% &£28% & IEHITAKL, EHWSHEFRIT0% TH
572 (Fig. 5)o Fig. 6A 1326.7C X DFETIN & S ALITF
BERLTVEY, SMUFAITE TR 13
L7720, IGEL7-BEEARTH o 7,

BB R AR IX17.3C X TlE 2 #E & 90%,
21.0C X TI392% £98% & m\Miliz /R L7zDl2x L
23.5~23.7CIX TIE72% £ 76% & %<, 26.7CIX
TR EDRAEPIEE L7RER, 0% &£ 4% TH - 72
AT H1317.3TC X TI1354% £ 68%, 21.0C X Ti354%
E70% WX & HIZIZFBOMEZE R LIz, 23.5~23.7
CTIXTI320% £56% T, 1 BEThH % D EWEEZR L,
F 72, 26.7C X CIIEMEMAKIIZRD S o7 (Fig
7o

EangE

Wi EE26.1, 30.5, 34.9, 39.6D 4 X Tli4a 51t
#(1394~100%, IEH 5L I1X88~98% L w <, #£IX
OMIZKRERE T R o7 T2, 4438 X UB3.8X
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Fig. 5. Effect of temperature on the hatching rate of Japanese sardine eggs. A: total hatching
rate. B: viable hatching rate. For details of the experimental conditions, see Table 2.

Fig. 6. Dead eggs and abnormal larvae of Japanese sardine observed in the hatching
experiments. A: at 26.7C. B: salinity 17.4. Arrow indicates a normal larva. Scale bars indicate 1

mm.
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Fig. 7. Effect of temperature on the survival and feeding rates at the first-feeding stage of
Japanese sardine larvae. A: survival rate at first-feeding stage. B: rate of first-feeding success.
For details of the experimental conditions, see Table 2.
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TIHAESMEE, EFSMEELIIPRMMAEH T 2HR S
72—, 174X TIZE&5HE3EIZ80% £84% TH - 72
DD, EHSMEFTITI0% £32% & FEF KD o 72
(Fig. 8), Fig. 6B 317 AKX D SAMLTHRZRL, REEHH
M (2B il L 72 BAS% (R Bz,

B BRI 06 B0 AR 5% 2 3 0 R 85 26.1~39.6D 4 X T
1384~98% & B\ W% /x L7228, 443X Tix58% &
86%, 53.8[X TI350% &58% & AFRFAME T 9 % 1A

A
100 : : . : ° .
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L]
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o 60F
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:ﬂ 40+
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2 20t
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RO LTz, BEERIIHE D HEE26.1, 30.5, 34.9D
3X TIZH60% Fi e Td o 7225, A& U G55
D17.41X%39.6 UL LD & X TR T § 2 I
> 7z (Fig. 9) o

PR B B 1 B AR ESMERER
Ba 27—V » 5 FRZ MG LI 04 5L
16.2~17.6C @ % i 38 T96.0~100% (*F3597.6%),
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Fig. 8. Effect of salinity on the hatching rate of Japanese sardine eggs. A: total hatching rate. B:
viable hatching rate. For details of the experimental conditions, see Table 2.
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Fig. 9. Effect of salinity on the survival and feeding rates at the first-feeding stage of Japanese
sardine larvae. A: survival rate at first-feeding stage. B: rate of first-feeding success. For details

of the experimental conditions, see Table 2.
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Fig. 10. Effect of temperature on the hatching rate of Japanese sardine eggs collected from
near Tanegashima Island. A: total (solid circle) and viable (open circle) hatching rates of eggs
incubated from the Ba stage. B: viable hatching rate of eggs incubated from the morula stage.
For details of the experimental conditions, see Table 3.

21.1~22.1C O & i39, T98.0~100% (*F-3998.8%) &
B, MEHEHETHREZ I o720 B SMERIE D7
DIES2ENH B LD, KilHT76.0~94.1% (°F
¥987.6%), ik T82.0~92.0% (‘F3987.6%) & #iX
BOLNLED»o72 (Fig 10A).

Aa A7 — ¥ (RERE) 2 56%E%Rp L7250 T
3, FEBPICIE L2 SMUF sl L, 205
BHEWHETH 5720 Z2 T, EHEIMEBORERT &,
17.2C X T176%, 22.0T [X T76%, 22.1T X T62%
LR NETH - 72 (Fig. 10B)o

Z =

GO RGP ORE SN2 A 722 W
7o B R TIE, 17.3~21.0C O #PH T3l o S L%
RAFAOEFRFREIRFICREEZ RIS VWD EE R
bz, UL, 235C LR ETIR SRR AFREHIK
TL, HoRZEEENREDONE, 2TOZLhn,
YR & S AL o BKIRHEI PR o FRI1Z21.0~23.5C D H
CHBdIDEEZOLND, T2, FEMEERICEIT M
ESMEEEBRTIE, Ba AT =V OERERIBLY
FHI21E, 22CTH T B SMER AR L7z, B (1991b)
FHEIIRAEGRNCEDE, A T VDENBIZED
BOIWOREDEHR LRKREZ21CTHEHE Lz, L

L, KEBPOLALRD, Pl dBaAT—7
DIRETIE21C ORI LD EEIC R 5 LB b
oo MK (1989) 1> 1 F R Sillago japonica O
PIZ BT, SRR SR R [ i i 13 IR AR (B
ki) EAIBI L TEbT 5 LB L TV, iEo T,
P RV D K T CRENR & 729, Mo oK I
TEMN SN (B2 I TERELES) L) EvEii
itk Z RO EZ O S,

—7, HEWPOZKIERA 5 IER % FG L7280
EFESMEBRIMNORXTH RRBENEEZR LT, 1
F2MPAOMMTIL, THR2 SRR £ <L TR
i S I RIS £ T o 2 M 29K
ZALIZT W Z LB N TWAS (IR, 1989), F 7z,
A W7 %5 Theragra chalcogramma TIEZRERH
T TOINFEAKIE~NDEALITH L THED THW &
HEINTwD (P4, wiH, 1984). #E-T, <4 7
TIZBWTH, JOREMINIEEAKRF 72 13K
R KB L TRV 2 R o2 D 56
SO SMEERIT D HHRERE DA TZRKINE Fv
720T, MOFEMNMOREREIZOVWTIEAHTH
bo SO EEMOLMPITT B720I2IE, KN HRKE
PFEIGATZRINZ AT, JOFENH N5 5t
FEREAT O BENRDH B, Tz, AW TIZFRICEKIER
DB RRD 2O ERGFMERE L. L2L,
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Lasker (1964) 12X 5 &, )74 V=T <A4 TV T
1313C K DKM TIITF A OMWED I ILHE R FHOI
WA 72T LG SN TS, iE-T, HEITK
IRIRD B % AR D LB H 5,

Nakai (1966) %3 59 ¥8.6, 17.3, 34.6, 69.20
FRTA T V% SMES R, 173X THL
K, IEFEARATRRESR D S o7z LT b,
—J5, ARWFFECIEIE 5 EE26.1~39.6 D HPH CTld 45
b3, B SR, EEERINA RS IS EE R
L7224, Fh & s L OB cla &
T U7ze 4FIC, B MREEL7 AX O SMERIZIER
WL, RIROFmE L I3E B RTH - 72,
Nakai (1966) D FEERIZ & X6 OHE % V72
OTHY, FEHEALTMRFZETHLE LTS LHIT,
B OBLERTH L. —MHIC, HEMDOINTIZSL
TR 2SA <, FRICEIE B ORAR L NV HE
{, BRECWIHREGFELLZVEBEIZBWTHIEES
LEFFVEWVD (AR, 1989). F72, 77U 4
YIVF ¥ — F S. ocellata T, H5HEE33~36DH
FANTIZINDOAFRIZFR LB LD e o 72 i ST
W2 (King, 1977)0 ARWFFERRD S, MG 2K - &
WA LT, w47 VIb oML
FREIC B VIR Z S 2 EA S E kol it
5T, —MRIZ<A T VIIAHAT B iRz BV TS
G~ A 7 VIO SMERLEME RGO EFRIZ E 5T
KERBEIRLZ LIV RVIDLEEZ NS,

EIH AMEEZCRIEFTEKEOHE

B2 B 2 M TIZ17.3C UL E DK THERL TS
D, TNUUTORKRDLEI OV TERRSLN T
e\ye FIRDE I, ANTH+NZTA T LITON
Tid, Lasker (1964) 2 & o THAKERIC & D%
HOMEN RSN TWS, FHR (1961) 12X 5EH
RFE<A T VI3KIEIO~20C THEIMEIT->THY, *
7z, Nakai and Hattori (1962) 131949~19514E® H A
WD RIS BT A AE Mo M2~ 5, 11.1~
19.1Cx2~A 7> OREIKIRE B Lz, #-T, 10
CHItE D EIIPIMF D FE TG 2 B BITOWTHR
AT HLEND S, b, AFFEO—EBIE, 125 (2001)
WEoTHHEIN TS,

AP ETE

EERIZH W72~ A4 7 2 I0&, 19924E 3 H13H £17H
WCRIEEMCBWT, 42 8 2 /i Lz kTR
£ 170 RERORMAKIRIZL6.1~174CTH - 72,
v MREW EEBREZICHEDIRY, EARBEMEE T TR

RIZHEIR S N7z L BN DR KA O (Ba X
F—) BB L, 1 0¥ —F—DilFkHI299~
10MEDINE AN, ZOY—F —FEiEKENIZE W
TILEBZITo 720 E—H—HOKIRIE 1 ERLA
WZREEARIRITE L 720 MEH34.64DREBIL DK%
AT ARHENEM (Whatman GF/C) T L Chi#E -
FHE IR Wz, ki e), 8T, 11T, 14
C, 17TCICT A FETH o725, HEFHT X 2 FHE
1 7.3+0.8C, 10.8+0.4C, 13.8+0.1C, 17.1x0.1
CLhoize MEKTREBL X AR IIZ10% i
KAENTY) TREEL, FEARBEMBET RO
RIS 21T - 7o BB A2 %5 2 28
EE L A bE T 72

BRBELUVEE

73CIKIZBIT 5 5LEBIIISH OFRET2 1, 17
HOET 1 HT- 720 S OWN 2 M OEERTIER LK
DYIDEHRTILEL, 50 OI8O R IRANGE 3
LHEDORFEEREL, SMEPATRAREBIIH -7z &
SEFEIETWME LD 0% THo7zo 3MHEDOEETI
62% DS5AL L 7243, RBE O UL R M A338 0 S 1,
E#HSERIZ 0% TH -7z (Fig. 11),

10.8CTOSMLERIZ 2 HIT- 72, 1 B HDEERT
(345 LERI398% & o 724, IR »E%1390% T,
R0 - EliEADI8% Ao bz, 21 H®D
FERTIZESEEIN%, IEH HMEFTIT% & Eh o 1275,
DR ORI - BIERR R SIS D - 72 (Fig.
1),

13.8C X T 2 [0l D FEER D4 5 L% 5399% & 99%,
IEH S LEA998% £99% & iz R L7z, 17.1CK
THRKRIS, 2 M OFEED L SMEEAI98% & 100%,
1EH S ALHRA97% £ 98% & wdr o7z (Fig. 11).

HRGH E TOEKRERTIE, 73CKTIEZD
WRIMNIC AT L7z 10.8C XTI I1265% &
89% Th o720 TNHDIFAOHIIZIEHFA L DT
HAEN, TEWEZH > TC0 AR ETh Tz,
13.8C X Ti395% &£98%, 17.1C X Ti3296% &97% @
FARHPIEFICA &5 - 72 (Fig. 12).

BHZIZR L T was, EERBHICT A2 2%
filf L7298 Tld, 10.8C X TId34% DAFfa A B L
720 10.8C 2 513.8CITKiinE RSB/ ICHF L
7o FEERIX TlL, 38% OIFMATEET L 72, #1213.8C 2
510.8CITKILZ LT X722 2R L 72 EZBRX T
22% DA B L 720 13.8C X Tld35% DiF-fi s
720 SO DERTIZEXOEATRD R B2
EWIZ R R Ao 720 4 MNE17.1C X TOEAFEER
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Fig. 11. Total hatching rate (left) and viable hatching rate (right) against temperature (C) of
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Fig. 12. Survival rate at first-feeding stage under
different temperature in Japanese sardine.

o ke

BT R olzns, 2 5E2HOERTIILT.ICT
SE61% D MABIE L 720 S OfEICHERS &4
DIKIIR T DOEEFRII R R - 72

BB LI, ANVT V=T <4 T 14T A
TIESMUFADOETEDIEFITH <, 13C K TIIH
Dt Fih AR EOEHRIC A S EHE S hTw
% (Lasker, 1964), &M oFEETIX, 13.8CTIXITIE
EFIZAEL, EERRIAERELE L, HEbIT-
720 10.8CIX T3 & bR D> o 7248, B DI -
B L2 REFASASNT, T, BEPGYAE
13138 CKITHARTHL MK, o720 L,
DX BT T 34% DM OB AT EETH -

720 73CIKIE~A 7 VP8 - IS L » THEFEARTEE
BREBTH o720 EDZEDRS, ANVTHILZT
AT ERBETEE, HRESYA T DIEX ) ERWRE
TRENPWHETH D 2 L4500 » 72, Lasker (1964)
EANTF V=T <A T T INOBRE R O WK KR
128~222CTho7-tHELTw5, 2 OKImHF
TR O AARE~ A 7 2 ORI (10~20C [,
19611, 11.1~19.1°C [Nakai and Hattori, 1962]) 12kt
R5BERRE Y 0T, HRESATIEANVT +
T AT HRTEVERCIRECTEN LEET
HZEINICHBLTWEHDEEZOND,

—Ji, HAE=A 7T OEIKIRO FRIZIOTC (ft
W, 1961) B X '11.1C (Nakai and Hattori, 1962) T
Holz, TO LX) BEKIEE, SRIOEGER»S
BbHERAT VI - AFROIEE RFEFIE > TR
ErrtEbns, 108CKXTHOEMBIMGIF CoER
X138 CICHRTHLNIE o7 T2, 7200
W FLHIBOREFOENHA DL RSNz, Th
LT EH,S, 10~111CHHETER SN2 DI,
ZOBOEFRFENET T B WD D 5,

FA4E FADRBERER

AT VEHEOSML - SEICHLTIE, Y7
FNZT AT TENR Y UHEI2 S 7hh (Miller,
1952 ; Lasker, 1962 ; Schumann, 1965), Anon. (1967)
126.4-102 cm FCHECAHA I LI L TWE, &
O, M7 I7VHIENVFY—F, FUELF¥—F
S sagax BEL VP =2 -V =5V FELVF ¥ —=FTD
FIIRARINEZH N5 - MFERPfTODA TS
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(Baker, 1972 : King, 1977 ; Garreton and Balbontin,
1982 ; Brownell, 1983 ; Uriarte and Balbontin,
1987) HARE~A 7 I Tlt, e SMUTFADOREIRD
7o OfE I K 2 ofThbii T 5% (A, 1903 ;
4y, 1916 ; NH, 1943 ; /NBK, 1944), FEMl 72 ik
& L Tid Nakai (1962a, b) OWFEIH SN T 5 I
FTERV, L, Toad, ik 8 HTHEY
FIAETHLEL TS, 5L TR, HEBEDOITY
FEE D7 7z (Hayashi ef al, 1989), AHil,
RS CHRE SN2 2 W TA1L - fEEB %
To72bDTh b, B, RFFEO—FIL, BF, =
2 (1989) IZXoTHEINTW A,

At ETE

PR EREE1X19884E 3 H14H, 19H, 28H1Z, Fig 4
R L7238 T, 46 2 BaE 2 WilCit L2 Tt o 726
PRERANZITIZO8HE305 % H12KE305 D TH 1, 7
HERFORMAKIRIZ16.9~17.3C (14H), 16.3~16.8C
(19H), 15.6~16.2C (28H) TH o7z FHEWIL3
O BEARIC AN THIZEZ ISR BIR Y, FARBEMSE T T
<A T VIR BB R IR L, T KR, E
ARRPICRB L2 1 L= —B X5 ¢ [RKM
2T, Ki17.8(£0.3) C Tt o 72 HIEIZ1001H,
HEIIIBOMOII A A L, AF ARG A 5
MR B LN F v ) 7 u0u TV ATRERLET LAY
B L7, ERKCEIEROF Y/ 7uu T AR
A 720 BRT 5 EEETRRET BMHEIRD Sz
728, wmHhTHIk L7z, (3I3EH, BEOEREL R
F4 5 LI, 171005 1/5D¥K % 1T 720

T/, FROHUERITEZ <2 72012, MMEfk4H
H GEfBEH), SHH, 120H, 17THH» SR
FEERZAT o720 ElEEARERAZ L1 L ¥—A—I12IL
BLIATAROBEX AT L, FECEAEIFED S5/
BERLCTL0% KAV =) VEE Lz, FaoeRid
MS222 Tk L 722, FEARBEMBE (T £ 1) 723l e 3
B % H\WT0.05 mm FCTEHI L7z A=Y YEE
BOERED KON ELESE CTEHHIL 7.

& ES

SMEBEZOMFMIIKRERMEL 1 HMoOMmK~r A
L, ZDOEE¥Y4E133.44 mm (3.25~3.60 mm,
n=10) TH Y, EEHEOME TIE3.28 mm(3.05~3.45
mm, n=20) TH-o72 (Fig. 13A), L% 1 H+17.5
REF O TlE, MBI HE DN EBEITEE LTz,
PIEIT F 2R E <, HERDOK & IR

L0 END -7 (Fig 13B). Fig. 13C 151t
%2 H+ 12O aTh b, BHEEGHORHICY
o, BaofEzis, DEFAOL WD, £
EHWTW oz, EIIALIERD, WMERIEIEFIC
INE L Tp o Tz RO EEITTFE TIT L 7Rk
BTHo7z. 5MLE 4 HEBOPNIIMAKE KFEITHRS
fisd > 5 A T4 & AR Z S RN TR
RO LATE 2R L7z, BEFBHNOBREHERIZ
#95.7 mm TH o 7z, BHEFBELNIETLIDFTY
ED/NEIOLDEFHEL TV/AS, REITHBIKE
I AYVDLHAABENICEDOND LIl -7z (Fig
13D). Fig. 13E & 51fbt% 8 H H, R4 KS8.25 mm
DR TH D, HMEEI7THEH, [FI12.00 mm OFHT
TR TEOHEE CELEOREIR SN, %Y
DB A>Tz (Fig 13F),

Fig. 4A 121 ¢ ¥ —h—TCHBLLEOREZ
RL7Z2bOT, MMERI2H BICHEER FYEET A7
mm (6.25~8.60 mm, n=11) & % -7z, Fig. 14B &
5 LK TEHE LGB0k ET, HMEERITHBIZIX
[[9.87 mm (8.50~11.95 mm, n=20) (2% L7z,

ARG L VM EIRBIcBW b0 TIE, Atk
EROBIVRD 5Nz (Fig 14A). # 2 HREME
BB L2 25, —EoMAIIB L 7228,
KEBGIZHEZ TIZLTWAE D, STRTEHZRLTD
FIZTR DD\ b DAL 5 72, Fig. 13G 135 L%
7THH, &N 3 HOFATHS. HFIIIEFISHL %
0, FREMKIIER L, HREROFEZFELTVWS
EWIH PR ORETH D, MEESHH, 12B8H, 17
HH2OMAESE23DOTIE3~4HTEADL ) &
WFCIREE & 72 5 72 (Fig. 14B), Fig. 13H & 5120
HH, ME%ER12.80 mm, &k 3 HOMFMTH 5,
SO, BREESLTIEMLTBY, TR
BRERPTEOFEEDI BRI NAEDTEY, HBOF
LA (Fig. 78) 12 A»> TWwiz,

Z =

SEOFMEBEIZL LY —H— &5 0 KMEZ W72k
BB LD TH o772 SMUBITHH T TTRAEE
11.95 mm DFFHE S N7z 19904 D H TIE29H
HECHEZITV, RWATE&E20mm & %o/, C
O OFRERE, B 7 il I KR C OB &
DD LHES>TVELELDEEZLNSL, ¥4 7T VT
M BEI X DIERICT A Y RRHAEL, FRICEE
Wi L Z8bhd o7, L L, HEERPHK
AT o 7B IR A5 L T § 2 ks
BB S B bNT=720, X ) KRBBEICENMAE



HAPE= A 7 > OMMTEE & EINERE

Fig. 13. Photographs of reared larvae of Japanese sardine. A: immediately after hatching. About
3.4 mm in total length (TL). B: 1 day and 17.5 hours old after hatching. About 5.4 mm TL. C: 2
days and 12 hours old. About 5.8 mm TL. D: 3 days and 19.5 hours old. 6.1 and 6.0 mm TL. At
the day of first-feeding. E: 7 days and 14.5 hours old. 8.25 mm TL. F: 16 days and 17 hours old.
12.0 mm TL. G: starved larvae for 3 days from first-feeding stage. 6 days and 9 hours old. H:
starved larva for about 3 days from the 17th day after hatching. 19 days and 18 hours old. 12.8
mm TL.
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Fig. 14. Growth of reared larvae of Japanese sardine. A: 1 ¢ beaker. B: 5¢ glass
container. Solid circle shows average total length after fixation and open circle
shows that of starved larvae. Vertical line shows the average.

T 570K EDREFED /2D D TRPLETH A9,
IR O~ 4 7 AFRIEH 2 H oM I/
226N TH, ZLOMEKRIBMTE Lo F
bbb, ZORE R CTREZ “Point of No Return (i &%,
BB L C50% D ek s AE 5 5 i) " (Blaxter and
Hempel, 1963) ##BEXTWAIDEEZ BN/, BIC
WRLZFATD 3 ~4 HTHILOREBIGEL 2, K
PRI B BATHES O A FRIRD % FMN ISR 5 5 72

DIZIE, BEBRBEOR L 2FHERIZOWT, e K
L FT® “Point of No Return” 1233 % M % ¥4
TRUENDH L, FEHOTFT ) ENVTF v — NPT
A AR D TR B X RSN AL OB S
N7z (Uriarte and Balbontin, 1987), KARIERIZ BT
LIS X B IFERZHEE T H 720121, HAES A
TITHIDL) EPEETH S,
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FEOE EROEKERE

Dingerkus and Uhler (1977) 2Sfiiffi 22 #k& - 65
“ERAEERRE LR, ESAEOWKE - e o
FEICET AMAEIML TWw5b (Bl21X, Fritzsche
and Johnson, 1980 ; #, 1982 : Kohno and Taki,
1983 ; Matsuoka, 1985, 1987 ; Potthoff and Tellock,
1993 ; Kohno et al., 19962, b) . Matsuoka (1987) i~
5 A Pagrus major D& ¥ & BREH; OFEEMAL & JEIZ
JHAT - BERBRRE R IS BB IO W TGS L7z I,
Kohno et al. (19962, b) & Lates calcarifer & I V2 7
1 ¥ 2 OMPIREFROFHIRIFED W THEAERKE
R L7,

Z YV UBARETIE KAOFRKRROELEEIE A IV
74V =7 <47 (Philips, 1942), = v %
(Clupeidae) (Chapman, 1944), 7 )V X £ 77 ¥ (Chapman,
1948), Sierrathrissa leonensis (Whitehead and
Teugels, 1985) B XU Sundasalanx (Siebert, 1997)
HETTbNTWS, =¥ VRHEE OB B,
HIZHERERBEICOWTIE= ¥ ¥ Clupea harengus
(Ramanujam, 1929), C. pallasii (Gwyn, 1940),
Harengula jaguana (Houde et al, 1974), Opisthonema
oglinum (Richards et al, 1974) T I N T 5,
LaL, ¥4 7 VBB 5 EHRIEHIERIIEMS
T (McGowan and Berry, 1984)

ARETIEHAES A 72 OBUNOETOEKDIE
EBRIZOW TR SEEICES TR M
LU, BEOWHHMIZOVWTERE L. 1B, AW
O —#RiE, Matsuoka (1997) &L o> THE STV
%o

BUBHE ik

KR TIE, SMEEED SHKEL7 mm $TOH
200 fEARDORE 4 R FEBOERE Wi, 7507
Pty PTRELINEEERL, SMEL2H%13
HEfE Lze RIMFEIZTI V27 b hy ME-ES
X OHAIT 2 - 72 B ORI RIS & o TR 2o KRR
RITF XM X DA D S5 72,

10% KA V<Y ¥ CTHEIE LZEA%Z95% = F )L
T a— Vi THREAE L, Dingerkus and Uhler (1977)
DR R YA L TkE - g = Hm g fd A
R L7, HHE (LUFNL) (17 mm Rif oA
WL, Wb S FFR K CORMELRT) 72
FRE (BLFSL) (17 mm ML EOREARICHEH L, W
WA D FRE i E TOWBMEERT) (X EWIEEAER
BICEH L 720 2B EFZOFEM 28543 5 ko fi
HEAR (3.4~6.9 mm NL) &27fEKDOKREAR (7.6

mm NL ~167 mm SL) ZF# L CTiT o720 KZRMAD
INFURERIZIRERFDORRSZ WO I TE e h o
720

B R OBISIIFEERBAMEE T TIT o 720 £ B OHLM
1% Matsuoka (1985, 1987) 3 & OVBEH (1990) 126t - 725

i £

BHEE

SMEEH O (3.4 mm NL) 1ZIE#kE e D
Lo tze SERRERE O —EIE SMEESME OfFfi (4.2
mm NL) CTHERPHBEINE L LB, OB TEH
W7z, BARBY (5EBE77TRR, 5.5 mm NL, Fig.
15A) TldfikEd, kg s X OHRO MO
THIES AL, EWISHERE L, RICZRKY
& Higtik g OEMER R~k L, Bt D kBA5k
FfL L7 (Fig. 15B),

H % #k 5 1318.4 mm SL ¥ T2 %% L 72 (Fig.
15C) Ectethmoid bar, supraorbital bar, epiphysial
tectum B & CHikE IZIREL L, BIERE I 3HEZEG
IR CTREIL L 7o AMEEES, BRKRIEE, Mied
OB HE51320.0 mm SL F TIZ8{EL 72,

A, BHTHE B & O#51323.05 mm SL THLE
b U7z WREICEBE S & ISR & 25k gk L, Wl
HE & RREEPEL LB 72, 25.05 mm SL Tl
WIE, WaEe, bEE, BGPeB X OREEE S
FIEL, MAEIES & LTER S (Fig 15D),
HR I Ok 13284 mm SL F TI2Efb L7z, &
DEFETHETOETOEHRERSHBILL 225, 72
JREREIRAEAE L T 7z,

Fig. 15E 12109 mm SL Ok L2 HZFEFZ R L T
Wb,

G

THE, AHES-LEEB L OHETOSKE I
EAIpHAA (5.5 mm NL, Fig. 16 A) [ZIZfFEAEL,
16.55 mm NL (Fig. 16B) T IZIZF LIRETH - 72
5% 45 1311.85 mm NL THiEfb L7z (Fig. 16C, 184
mm SL),

AETEFEAEE - LEERKEORHIZBWTL7.6
mm SL TH4t L7 (Fig. 16C, 18.4 mm SL), T
OTFTEFRITEFRFOTHMTEHILL, LEFITA
T8 - ERERE OB IZHBWTL9.6 mm SL TE1L
L7z MEBKE D ZOMRMICEL Lz LHFDOTH
H1325.056 mm SL (Fig. 16D) TF&HB#KE D LHIC
BWTHIL Lo F72, EEH1328.4 mm SL £ TIC
SD/NE W E A2 TWice HHF O O X
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Fig. 15. Development of the neurocranium in Japanese sardine. A: 5.5 mm in notochord length
(NL). B: 7.6 mm NL. C: 184 mm in standard length (SL). D: 25.05 mm SL. E: 109 mm SL.
Left, lateral view; right, ventral view. Stippled area, cartilage; open area, ossified portion. Auc,
auditory capsule; Bas, basisphenoid; Bo, basioccipital; Ec, ethmoid cartilage; Eeb, ectethmoid
bar; Eo, epiotic; Et, epiphysial tectum; Eth, ethmoid; Etp, ethmoid plate; Exo, exoccipital; Fr,
frontal; Ic, intercalar; Le, lateral ethmoid; Na, isolated neural arch; Nas, nasal; Os, orbitosphenoid;
Pa, parietal; Pc, parachordal; Po, prootic; Ps, parasphenoid; Pto, pterotic; Pts, pterosphenoid; So,
sphenotic; Sob, supraorbital bar; Sol, supraorbital; Suo, supraoccipital; Tr, trabecula; Vo, vomer;
Scale bars indicate 0.3 mm (A, B, C) and I mm (D, E).
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Fig. 16. Development of the hyoid arch in Japanese sardine. A: 5.5 mm NL. B: 7.6 mm NL. C:
18.4 mm SL. D: 25.05 mm SL. E: 38.3 mm SL. F: 109 mm SL. Lateral view. Basihyal shown
in Fig. 17. Stippled area, cartilage; open area, ossified portion. Br, branchiostegal ray; Ch,
ceratohyal; Ch-Eh, ceratohyal-epihyal cartilage; Eh, epihyal; Hh, hypohyal; Hh Lo, hypohyal
lower; Hh Up, hypohyal upper; Ih, internyal; Uh, urohyal. Scale bars indicate 0.2 mm (A, B), 0.5

mm (C), 1 mm (D, E) and 5 mm (F).

44.4 mm SL THI®O CTHLEE S N7z (Fig. 16E, 109 mm
SL)o

1471321 mm SL THIOTIABE S, 23.06
mm SL TIE5A & 72 o725 25.05 mm SL F TIZix 7
F723 8 ADEHICEL (Fig. 16D), #7054
RS TIRAYA % 5 72 (Fig. 16E, F)o R
B 1323.05 mm SL CTEEE L L 7 (Fig. 16D, 25.05
mm SL),

EREFLUTE

g, 3HOTHE E12r08E3) BIU4x
DG CE125H4) OKKEA5.5 mm NL T
FAEL Tz B 3 ERLIc i, F72, LA
BleL Bl EhTnwidr o7z (Fig 17A),

1 & FIHEE S #kE & F IR 135.95 mm NL TH)
DTHED LNz 4 THFIKREIX7.6 mm NL £ T
W E N7 (Fig. 17B)o S HAURTRICH 4 Ml &
4 L7 (Fig. 17D),

S DAL L 72 FE 5 k5 1318.4 mm SL (213 Ak
LCHIR & 72 o 720 FEBEAS O M7 #0E1310.5 mm NL
(ISR T ICHN (Fig. 17C, 18.4 mm SL), @i
L7z KR (167 mm SL) CHOMEDFEFEFTHo72
(Fig. 17E) o

RS D5 Li1319.6 mm SL THFE H, 28.4 mm
SL ¥ CIlZ4x2331b L7z 2845 1319.6 mm SL C
o ERAE AL L, 25.05 mm SL (21 3 B o F L s
Bo bz (Fig. 17D). £ 1 T#8-&1325.05 mm SL
THILL (Fig. 17D), ftho> 3 %41328.4 mm SL F TIZ
HIb L7z 284 mm SL T FIREEE 25/ L, TR
HOETOEHREZEDITEL L7,

S oMK TH S _FIFEE N E8.0 mm NL (2
MO TED LNz, 8 4N 1210.2 mm NL T,
2, SIHEEE1217.6 mm SL THFIL L7z 43 Ll
HF¥4E1315.15 mm NL TS, 1, 2, 4k
845 k5 1317.6 mm SL F TI2BN/. E4 RiFo
BFINIVIREDEE S (Fig. 17C, &H)), #
(255 4 L & A L7z (Fig 17D),

W T I BE 9 1325.00 mm SL T #k 5 1k L (Fig.
17D), 33.2 mm SL F CTIZEfb L 72, MHERE & g
1328.4 mm SL ¥ TIZa&TEHIL L7z, %4 LG ok
Sk 1E33.2 mm SL T TICEE S, 1 LEER
J7 DkE1344.3 mm SL F TICEO LN, INHD
RFITHEICERL T REOT IR T > T/ (Fig
17E) o

fEf1213 mm NL Tl 4 5t AHE & 1 58 FIRE
BIZCHEELTEBY, #1219.6 mm SLIZiE&E 1, 2.k
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Fig. 17. Development of upper and lower branchial arches in Japanese sardine. A: 5.5 mm
NL. B: 7.6 mm NL. C: 18.4 mm SL. D: 25.05 mm SL. E: 109 mm SL. Dorsal view. A and B
are lower branchial arches. In C-E, lower arches shown on the left and upper arches on the
right. Gill rakers removed in C-E. Arrows indicate the cartilages later fused with the fourth
epibranchials. Stippled area, cartilage; open area, ossified portion. Ac Bh, anterior cartilage
of basihyal; Ac Eb 1, anterior cartilage of epibranchial 1; Bb, basibranchial; Bh, basihyal: Ch,
ceratobranchial; Eb, epibranchial; Hb, hypobranchial; Ic Bb, isolated cartilage of basibranchial;
Ic Eb 4, isolated cartilage of epibranchial 4; Lp, lower pharyngeal; Lpt, lower pharyngeal teeth;
Pb, pharyngobranchial; Sp, suspensory pharyngeal; Upt, upper pharyngeal teeth. Scale bars
indicate 0.2 mm (A, B, C) and 1 mm (D, E).
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g F1Z, 72, 23.06 mm SL £ T2 3, 4.k
845 IR Sz MUNRBROBE 2 1 - 7o ligete 53
25 mm SL G T FIZ5EE L7,

ERESH LUCRALE

BB 1310.0 mm NL THI&H THIEE S 1/ (Fig.
18A, 18.4 mm SL)o 25.05 mm SL TIZ#E K E O
w7 g o—rELl (Fig 18B), ThbHDE
ALEB I RIS - T ETIZIE Ao 72 (Fig. 18C, D)o

23.05 mm SL TiZfR b4 (Fig. 15D), REB IO
S5HOIRT S BEEIL L7z, 6 HDIRTH1225.05
mm SL ¥ T2 & (Fig. 18B), H& b EEILL
7z (Fig. 15D),

FHEBLOTHE

55 mm NL Tl A v 7 )V KHkE AT 5 & I
D, LFIIEMELFEPESI/EL Twiz (Fig
19A),

Fig. 18. Development of sclerotic and infraorbital bones in Japanese sardine. A: 18.4 mm SL.
B: 25.05 mm SL. C: 38.3 mm SL. D: 109 mm SL. Lateral view. Supraorbital shown in Fig. 15.
Stippled area, cartilage; open area, ossified portion. Ino, infraorbital; La, lachrymal; Scl, sclrotic.
Scale bars indicate 1 mm.

Fig. 19. Development of upper and lower jaws, suspensorium and opercular bones in
Japanese sardine. A: 5.5 mm NL. B: 18.4 mm SL. C: 25.05 mm SL. D: 109 mm SL. Lateral view.
Stippled area, cartilage; open area, ossified portion. An, angular; Cl, cleithrum; De, dentary;
Det, dentary teeth; Ecp; ectopterygoid; Enp, endopterygoid; Hm, hyomandibular; Hm-Sy,
hyomandibular-symplectic cartilage; Io, interopercle; Ma, maxillary; Mc, Meckel's cartilage; Mp,
metapterygoid; Ope, opercle; Pal, palatine; Pm, premaxillary; Pro, preopercle; Qu, quadrate; Ra,
retroarticular; Sm, supramaxillary; Sub, subopercle; Sy, symplectic; Tr, trabecula. Scale bars
indicate 0.3 mm (A) and 0.5 mm (B, C, D).
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msmmNquf’2$ BIZ3ERDOHEZM R 72
FHRX 7V Kikg OMEIC BV TREb L7z, A

ﬂk&ﬁ%%iBAmmSL_x/#wﬁﬁﬁm&ﬁ
THIL L7z (Fig. 19B). 23.05 mm SL T3 Al _F5HE
& EE G L 220 BURE (WHNCSH 5720
BUZIZR LTV W) 1d A v 7 OV IKERE O %7 i ES
MTHIL L7 OB ENTZD D EIFH /NS v
b E S 5325.06 mm SL T3 67z,

M5 O 8§ 1360.3 mm SL TIZ#Bd 5 N7za8, 73.7
mm SL DA LT 5 2 Thd o7z (Fig. 19D, 109
mm SL). BB ORDHEEIIY A T L OFBERIZE
JBIRBEOEATH - 72,

BRES
1. I

5.5 mm NL TIEHHE — il — 5 0kghE
WLTw (Fig 19A). H#F B OKE1312.4 mm NL
F T S, BEREGHMA17.6 mm SL TKE
1t L7 (Fig. 19B, 18.4 mm SL),

J781217.6 mm SL C, [1351325.05 mm SL T#% 4
FibL7zo WEIRG &4 IRG1323.05 mm SL T
Ht L 72 (Fig. 19C, 25.05 mm SL)o
2. TR

ETOMHEFIIFEETTHY, 20N, EHEFFH
14.3 mm NL THRMIZHN, #iilzEs, MlZEss X
O FE3551319.6 mm SL (Fig. 19C, 25.05 mm SL)
T E Nz,

109 mm SL T i3 i il 3545 b (2 5HFR 0 #8358 5%
L, FEEEFEG LGB SNz (Fig
19D),

£

iR IR % & & B HES 83502 52 Tdh - 72
A, ZOW, SMED S DOH b %o 720 Hid OFHE
B0 5199520 IFMES 2 RBHETHY, Th
L OR®RTIIRMETH > 720

13.0 mm NL Tl&, REERD 3 Mg & s X
QML 7 & MBI L72e £ D%, AhiEr - fil
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Fig. 20. Schematic representation of development of vertebral column in Japanese sardine. A:
18 mm SL. B: 18.3 mm SL. C: 19.5 mm SL. D: 19.5 mm SL. E: 20.8 mm SL. F: 22.7 mm SL. G:
24.7 mm SL. Lateral view. Pleural ribs shown in Fig. 21. Stippled area, cartilage; open area,
ossified portion. C, centrum; Ha, haemal arch; Hs, haemal spine; Na, neural arch; Nc¢, notochord,;
Ns, neural spine; Pu, preural centrum; U, ural centrum.
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Rl L OMAES - MAEBROEERIIH LA,
18.0 mm SL Ti&, 11#fER - fifpi s 7 Mg -
MM SN TBY, REHOME S & mEHIE
EPIBL L Tz, HIZ, #H%O#20% H Otk b
DS L CLOHEIRDSZ20 S Tz HERTE IR 2 D Rl 5
M &BAmNEAEA T, HEROFILITHEROIEM D5
BED, WHNEEATHERE L2, RIEH: 2 2%
FO®BIIZHED S (Fig. 20A),

18.3 mm SL TIZ17#fE - Ak, 1215 - I
BB X C1THAR DI S Twie, IS, JRIEHERT
MRl 3B b2 LG L 72 (Fig. 20B)o

19.5 mm SL TiI240i#E = - AR, 231% = - 1L
BB X O20MER AR S, REEMERTHEIR 1 A%t
LB 2B L. mBHo 1 Mis - fikiis X o
3IMAER - MEMAEILL Tz (Fig 200).

MD19.5 mm SL OFERTIE, RIHOHEL, H2H0
REPEREIN TV, 208K, Mk OBULIE
TRBHNHER, BETIIAHNEAT, ZOEART
E3MEA DD b7z (Fig. 20D)o

20.8 mm SL TiZ&ToMEs - il Tw
720 T DASHARIZBAL L 72 & e o T 2R, $T5
D 6 HEARIE RO AP E LT Wiz (Fig. 20E).

22.7 mm SL TIRAETOMAKRDBIN T W72, &
JiD3HetRE RIEHE 1 3 T 2B L 2L Tw»
o7z (Fig 20E) . e - #kbpis X O -
MO BILIERT & ZBHIZHEA 7, 24.7 mm SL

TIRETOMRIEIL L 26 & % o Tz, HERIC
75 L e WHS MRS AT S ORTICTER S 1,
28.4 mm SL T#{b L7 (Fig. 15E, 109 mm SL), Z
DERTETOMEES - Mifkhis L OMES - mE
PEL L7z

Bk 1321.0 mm SL THIHTHNL (Fig 21A,
24.15 mm SL), 28.4 mm SL ¥ TIZE&TOEDPHZ
A5 712 M RE OE161225.05 mm SLIZ#E T b (Fig.
21B, 27.15 mm SL), 38.3 mm SL FTIZ% T L7

PR b & OB

Chevron ¥k (Patterson and Johnson, 1995) L4t
ORMFIEEE & L TR E L7z, 25.05 mm SL Tl
W DD 2 h o 72 (Fig. 21A),

28.4 mm SL TIZFIH D20 FafeE, %5010
e, A ole g, il o25 i AE B X 013
chevron k&A% 57z (Fig. 21B, C)o

% & OFHF IS T 5 LR & EihiE1333.2
mm SL ¥ TIZEHIZE L 72 (Fig. 21D). 30 EMEAE
& 33% 721334 chevron ¥4 1344.3 mm SL F TIZZEH
Lol HBEHOBRTIAE AR D
A A T\ 5 filamentiferous rod & osseous brush (X
IR LTWAW) &, Z1£Nn33.2 mm SL £38.3
mm SL (23 N7z, 358 DO FE1338.3 mm SL TEE
1LL 7z,

Fig. 21. Development of vertebrae (seventh and 40th) and intermuscular bones in Japanese
sardine. A: 24.15 mm SL. B: 27.15 mm SL. C: 29 mm SL. D: 3545 mm SL. Lateral view. Stippled
area, cartilage; open area, ossified portion. As, abdominal scute; C, centrum; Cc, cartilage
chevron; Em, epimeral; Epc, epicentral; Hs, haemal spine; Hym, hypomeral; Ns, neural spine; Pp,
parapophysis; Pr, pleural rib. Scale bars indicate 0.5 mm.
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TigiRgES g & A B W TR L, RICHEHEIET % 53008
10.5 mm NL Tit 6 rfiHEE T 20D TS S 11.85 mm NL ¥ TIZ#d b L7- (Fig. 22A, 12.2 mm
B, OISR IIFRD SN dr o 2o WA IREEE T NL),

Fig. 22. Development of dorsal and anal fin supports in Japanese sardine. A: 12.2
mm NL. B: 14 mm NL. C: 15.15 mm NL. 18.4 mm SL. E: 25.05 mm SL. Lateral
view. Stippled area, cartilage; open area, ossified portion. Dr, distal radial; Mr,
middle radial; Pr, proximal radial; R, ray; Sy, stay. Scale bars indicate 0.3 mm.
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Fig. 23. Development of predorsals in Japanese sardine. A: 25.05 mm SL. B: 38.3 mm SL. C:
109 mm SL. Lateral view. Stippled area, cartilage; open area, ossified portion. Pd, predorsal; Pr,

proximal radial. Scale bars indicate 1 mm.

13.0 mm NL Tl 125a i1 g5 2SHER IR S L7z,
B PR R O s - AT B 5 kS 13 1R 7 IS DS THR IS stay
W27 BB A%k b L7 (Fig. 22B, 14 mm NL),

WALE X O IREE S ORI RB T ORI~ &
#A 7S (Fig. 22C, 15.1 mm NL ; Fig. 22D, 18.4 mm
SL)o X TH 51T IHEEF & 18 i fHEEF iz 21
Z119.6 mm SL &£21.0 mm SL TE®H b7z,

WAL, B & OEA S OB — BRI HT T A
LN EHEAT L7222, AT O 2 @& HEgE o F 1L
BRI o 7z FIREET X5 5 2 HiRE T oA
BB IO LY BB OREFRTEHIL L7 (Fig 22E,
25.05 mm SL), & TOih:, B L O EMEEE I
K4 28.4, 44.3, 50.9 mm SL TEALL 7z, Stay i
28.4 mm SL THEALL, BICHEHTNMHPLEWZ
WL 7z0

ASELAREMIEZ21.0 mm SL T#kF & LCTHR,
25.05 mm SL F TIZI0ARDEHITE L 720 WD
AEEMARERP L T B LEVIHEES X2 DRI
LM BN TV (Fig 23A). REEMRBEBBO
BFLEE A S8l ~HEA, 38.3 mm SL FTII&T
MEAL L7z (Fig. 23B)o ANseatiftbimpl & FigELE
r3EEEE & OB OB Lo T Ic o THL %
-7z (Fig. 23C)s DPD/SL (AS5e &tk iR & 5
BB LR EE B A O BEE / RE) ZWMET S L,
Z Ofti1324 mm SL 252824 L, 34 mm SL
AR LEIZIZ—E L o7z (Fig. 24)

DPD/SL (%)
© B
]

2t L ]

............ LA That N U
Q72426 28 30 32 34 3% 38 40 2z 46
Standard Length (mm)

Fig. 24. Relationship of separation of posteriormost
predorsal and anterior tip of first dorsal proximal
radial over standard length (DPD/SL) (expressed
as %) versus standard length in Japanese sardine.

Bigings

12.4 mm NL T6Tf3HET 258 CHNL (Fig.
22B, 14.0 mm NL), & {7 #1 & & (215.5 mm NL ¥
TR E N7z (Fig. 22C). 1412 stay 127 % EA01X
18.4 mm SL THF b L7z (Fig. 22D). D174
HHEE S & 185 {7 fH % 1225.05 mm SL TR S 7z
(Fig. 22E), mACiHfEE & B iHiEg 0Bt & 4
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25.05 mm SL £28.4 mm SL 24 Y, 38.3 mm SL
FTIZ5% T L7z, Stay 1233.2 mm SL ¥ TIZELL,
BITMA TR L7225, BEOLO LV Er- 7,

MaggiBgEs (B

5.5 mm NL Tl3#eHa 2 gL, EHHas-Ro
FREDVPHEEL TV TORFITIE 1T 2ORPHW
TBY, WA B L OBITEEE L T (Fig
25A) 6

Mgk gl (BogtE) 1310.5 mm NL THIgE S
Nize LR & BMBES 134 4 16.55, 17.6 mm SL
TEAEILL 720

18.4 mm SL F TIZHEEHKR-EHIZIThREBE 2D T
HWICZR TR L7z BRE - BOEKRE IEHE %2
HABLOREZEELE SMORER> T (Fig
25B) 6

EAOBHE - BEOE#KEI1X12.4 mm NL F Tld%
A5l Tz 13.0 mm NL TN S Wikg»EA

Fig. 25. Development of pectoral fin supports in Japanese sardine. A: 5.5 mm NL. B: 18.4 mm
SL. C: 25.05 mm SL. D: 25.05 mm SL. E: 38.3 mm SL. F: 38.3 mm SL. G: 109 mm SL. H: 109 mm
SL. Lateral view (A, B, C, E, F, G, H) and ventral view (D). F and H are enlarged figures of
actinost regions of E and G, respectively. Marginal ray only shown in C, F and H. Stippled area,
cartilage; open area, ossified portion. Act, actinost; Cl, cleithrum; Co, coracoid; Co Ap, coracoid
anterior process; Co Pp, coracoid posterior process; Co-Sca, coracoid-scapula cartilage; Dr, distal
radial; Fp, fin plate cartilage; Poc, postcleithrum; Pot, posttemporal; Prop, propterygium; R, ray;
Sca, scapula; Suc, supracleithrum; Sut, supratemporal. Scale bars indicate 0.1 mm (A), 0.5 mm

(B,F),1mm (C, D, E, H) and 5 mm (G).
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- K E kG ORI 28 Jem IR S 1,
BREEIICKELSRD, 17.6 mm SL CTHjGiHHRATHE
#& L7- (Fig. 25D, 25.05 mm SL).

M 58 45 1323.06 mm SL T B & 1k L 7=
Propterigium (£21.0 mm SL Tk & LTHI, &E
HOEEIEROFMEEAEL (Fig. 25 D, 25.05 mm
SL), 28.4mm SL ¥ TIZE1b L 72,

3EROLA O 72 B 14 HEEHE13228.4 mm SL & TIIEEE
kL7, EHE, ROFBLOHEOR (MREh
TWwWiw) 3 $72284 mm SL ¥ TI2BILL7: (Fig
25E, 38.3 mm SL). Mfgik-Emid 4 4B 2ahn,
33.2 mm SL ¥ TIZ& T35 L L7 (Fig. 25F, 38.3
mm SL),

kB Pk o 3 A HH 45 1325.05 mm SL T#lH THR
(Fig. 25C), LA THNMIFTRE SNz, Th
51344.3 mm SL ¥ TIZEHIZEL, 50.9 mm SL F

2B L7z,

Fig. 25G & Fig. 25E 12109 mm SL D5k L 7= fufg
HigEFE2RLTW5,

[EegBEES (EH)
g5 1318.4 mm SL TH#kF & L CHN/ (Fig
26A). 3 @A H 6% H 1323.05 mm SL TikE L L,
metapterygium ¥ 1325.05 mm SL ¥ TIZEK S h
726 25.05 mm SL Tl fgF oI5 L 72 (Fig.
26B)
a7 H g 5 1x 28.4 mm SL ¥ TIZH 1L L (Fig

26C, 38.3 mm SL), metapterygium ® & 1k 13 44.3
mm SL ¥ T2 572 (Fig. 26D, 109 mmSL).

R#gRgEs (B®)

10.5 mm NL TIZ FRE 1 & 2 P kEb L Tz,
ETREE®EIZ 11.1 mm NL THNL7z (Fig 27A,
11.85 mm NL). HE® LJ#Hi312.4 mm NL TLHZE D,
13.0 mm NL FTIZ%T L7 6 TREIE 13.0 mm
NL F TlTERITEL 72,

RAEE 11314.3 mm NL THZRO#£ 5 H T
FILL7. 2 BRE (PO, %55 £915.15 mm
NL ¥ CiZi#k& & LCHNA (Fig 27B, 16.55 mm
NL).

TRE1-5 £ #®TRF1E17.6 mm SL THAILL,
TR 61318.4 mm SL F TIZEb L7z Aih O LR
H1317.6 mm SL CTHEE L L 720 HERELKET DO
A XTHN, BfEg 2 3 MEs lokTIE
BIENIZ B T17.6 mm SL THEEFIL L7z (Fig. 27C,
18.4 mm SL),

23.05 mm SL Tix#E L0 EREEILL, Rk

B3R 2 ORI TREIL L7z Hio 2 LR
#1325.05 mm SL THIL L7z (Fig. 27D),

TR LA DI ORI, 3 7% b b R B
PRI TR S 4, FEMBHE R (R A IR e 2 + 3,
[ 1, TREEKS5, [F60333.2 mm SL £ TIZHE
B S N7z (Fig. 27E, 60.3 mm SL)o

Fig. 26. Development of pelvic fin supports in Japanese sardine. A: 18.4 mm SL.
B: 25.5 mm SL. C: 38.3 mm SL. D: 109 mm SL. Ventral view. Rays not shown in D.
Stippled area, cartilage; open area, ossified portion. Bp, basipterygium; Dr, distal
radial; Mep, metapterygium; R, ray. Scale bars indicate 0.1 mm (A) and 0.5 mm (B,

C, D).
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Fig. 27. Development of caudal fin supports in Japanese sardine. A: 11.85 mm NL. B: 16.55 mm
NL. C: 18.4 mm SL. D: 25.05 mm SL. E: 60.3 mm SL. Lateral view. Rays not shown in D and E.
Stippled area, cartilage; rough stippled area, weak ossification; open area, strong ossification.
Cihpu, inter-haemal spine cartilage of preural centrum; Cop, opisthural cartilage; Cphpu,
post-haemal spine cartilage; Cphy, post-hypural cartilage; Ep, epural; Hs, haemal spine; Hy,
hypural; Ns, neural spine; Ph, parhypural; Pu, preural centrum; U, ural centrum; Un, uroneural.

Scale bars indicate 0.5 mm.

Fig. 28 135 fg, 'Big Wig gL L CREOE
ZOMNEREZRL TW5,

SERE L 72 55013200 H21RTH D, 218D L D
% o7z (40.0 mm SL  TiZZ DWNIIARD i %
FoTwiz), BigES% Fio 72 /MEKIZ11.85 mm
NL TH o720 BERERIIRETO D D EBEEESH
LREIHNEHEATZ, 21K O 2 #fig421327.15 mm SL
THID CHg sz (Fig 28A),

BRESRUTIINH2IARTH Y, 20RICE— FDDH o
72 (40.0 mm SL T3 Z OWNI9AR A5 i 2 o T
72)o B iEEESR1315.15 mm NL THI®O THI, 24.15
mm SL TEE & % > 7> (Fig. 28B), fESIEEIZARHR
A DRI AN HEA 72,

Jo %% 4521319.6 mm SL TRAIEIN, 28.4 mm SL

TI7218E (& THHixF-> Twiz) OEFITELT:
(Fig. 28C)o BEAIEBITTEHI 2> S JEH 5> THEA
73

M5 KIE 8 RTEEIT D 572 21.0 mm SL T
N EEEE Se 0 —FBASBIN, 23.2 mm SL TEH
(40.0 mm SL T&THHixF-> TWwiz) IZE L7z (Fig.
28D) o BESIEHAZAMA 2 S NI~ E A TZ,

REED FEELEFUIIIRTER I o720 ThHO
—#R1Z11.1 mm NL TRAIHN, 13.0 mm NL TE
¥ (40.0 mm SL TETHHiZ > TWwiz) ISELL
(Fig. 28E)o SESTEHLH ILEE A & F 0 5 1) & JE A 7
I~ A 72,

HARES A 72 OBHEEZOFMZIERIEF 1 Fig.
29 & Fig. 30 \IZ/RLTWw5b,



HAE~ A 7 OMMFET & rEINERE 117

o 8y 8 8 88 88
A "8 = e "o C see @ [.] . L
eene .. [ o
L 000 o (=] o oo E
[ . oo o o oo 19|
& ses o c
[T -

£ -
w e e [
3 g :

. 8
H o a .
8 . s 8 .
L . 24
g
z 2

. oo

e i PP
6 8 0 12 M % 18 20 22 24 26 28 30 32 34 36 I8 40 42

8 10 12 4 % 18 20 22 24 26 28 30 32 34 36 38 40

8 S A8 M A
f D bt LI LI ]
L3
EE 2
[ B . . . E . &
204 LN ] o8 8% & 8 @ =)
e soco s 0 o o S 2
8 - a oo o 3
. o o . Py A ik
E.“, & ° 6 8 10 12 14 16 18 20 22 24 28 28 30 32 34 36 I/ 40
[+ 4 -
" ° 20, E
g - 2," “ g8 afatee 8 BARAR AR A AR B8 B
i [
] [
q‘ﬂr @ 16
g L
2 X £ uf o
] L4 .
Z s I
- !
4 L u1o_
o
2t 5 o
- i i [
T Y e e 20 21 26 25 1 0 = s o a0 3o
Standard Length (mm) st

S " 12 e 16 18 20 22 20 25 28 30 32 38 36 3 40
Standard Length (mm)

Fig. 28. Relationships between number of fin rays and standard length in Japanese sardine. A:
dorsal fin. B: anal fin. C: pectoral fin. D: pelvic fin. E: caudal fin. @, total number of fin rays; O,
number of segmented soft rays.
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Standard Length (mm)

5 10 20 30 50 100 200
Neurocral"lium r T T T T T T T T rrrrrrr T T T L L T T T T L nl
Prootic (I I XK I 1 T I JelelolNeleloloRNeRNolel o o]
Exoccipital XX X600 O ®eMeemOC0O0 00000 00 O o]
Basioccipital XX X090 0 ERGMMOOC0O0 OO0 000 OO0 O (o]
Sphenotic XX X¥p 0O GDONOOINE®OC O OO OCO O OO (o] o
supraoccipital XX XXX X XXemd @0OENeO0O 0 OO OO0 O OO0 O (o]
Ethmoid XX XX X X{eleseswoOo0O 0 OO0 OO0 OO O [e)
Pterotic XX XXX X XXX e00eO00 0 OO OO0 0 OO0 O [e]
Lateral Ethmoid XX XXX X X0 e00eeee®C O OO0 000 OO0 O o
Epiotic XX XX X XX elesee®O0 0 OO OO0 0 OO O o}
parasphenoid XX XXX X XXX X000 0O 0O 0C 00 0O OO0 o o]
Frontal XX XXX X 0O XXNXXX00 0O 00000 00 O o
parietal XX XX X 000K XX XXXXX00 0 O 0O OO0 O OO e} o
Vomer XX XX X XA XXOXXX OO0 O OO0 00 0 00 O (o]
pterosphenoid XX XXX X 00X XXX0XXe0 0 0O 0O OO0 0 OO0 O o]
Orbitosphenoid XX XXX X XXX XXXXXXX®® O OO OO0 0O 00 O o
Intercalar XXX 00 X 0000 XXXXX X000 OO0 000 0O (o] (o]
Basisphenoid XX XXX X 00 XXXXXXXX0O0 OO0 000 00 O O
Hyoid Arch
Ceratohyal 00 080 O I WO CCO00 OO OO0 0 OO0 o o
Hypohyal SN MeNCC0 0O O 000 O OO0 o] o
epihyal oSN MeWMOO00 0 OO0 00O 0O O o]
Interhyal eeME e 000 OO0 00 OO0 O o
Basihyal X XX ooemee®e® © O OO O O OO o o]
Branchiostegal Ray XXX 00 X 0000 XX XXXXAAD O OO OO0 O OO0 o o
Urohyal XX XXX X XXX XXXXKXX00 0 OO0 00 0 00 o© o}
Anterior Cartilage of Basihyal XX XXX XXX XXXOUXAXX X X X @O 0 @ 00 © [ ]
Upper Branchial Arches
Upper Pharyngeal Teeth XX XXO OCODO0OIO000 0 00000 00 O o
Pharyngobranchial (2-4) XX XXX X AMMMA AAAGDOOOO O OO O OO OO O o]
Epibranchial XX XXX X XXXX Xargp@o®® O C O O O O OO0 ©O o
Gill Raker XM XXX X 000 XX XMAAO0 0 OO OO O DO O [e]
Suspensory Pharyngeal XX XXX X000 XXXXXXXx X0 @ O 0O OO0 0 OO0 O [o]
isolated Cartilage of Epibranchial 4 XX XXX X XXXXXXXXXXXXX X @ @ @ 06 @ @ & @ [ ]
Anterior Cartilage of Epibranchial 1 XX XXX X XXXXXXXXXXXXX X X X 0 @€ @ o @ @ [ ]
Lower Branchial Arches
Ceratobranchial 00 000 VWA MINNCO0O O OO OO O OO o] (o]
Basibranchial o0 080 G WEM NNV OO O OO OO O OO o o
Hypobranchial 00 000 QO WIDMNINNN®0O O O OOO O OO O o]
Lower Pharyngeal X0 OG0 O DA ONNNO®® O O O OO O OO (o] o]
Lower Pharyngeal Teeth XO OO OQAPMOOCIMOPCO 0 OO OO O OO O o}
Isolated Cartilage of Basibranchial XX XXX X opeipooeuseeoe ¢ 0 0 00 0 00 o [ ]
Gill Raker XX XXX X XXX0O000mo0000 0000 0 00 o] o]
Sclerotic & Circumorbital Bones
Sclerotic XX XXX Xes0080 e00GNN0O0 0 0O OO O O OO O (e}
Supraorbital XX XX X D00 XXXXXXX000 O OO0 0 OO0 o] o
Lachrymal XXX MK X 000K XX XMXXX00 0 0 0O 00 O 00 O e}
Infraorbital XX X 00 X000 XXXXOXXA0OO0 O O0OO0OO0OO0 OO O o]
Nasal XX XXX X 00 XXXXXXXX00 00000 00 O (o]
Upper & Lower Jaws :
Maxillary 00 O OOID@OIXOO0O0D 0O 0O OO0 0O OO0 o o]
Angular o0 000 O MM WO OO000 O OOO O OO O o]
Retroarticular 00 080 PGB MOEC0O00 0O O OO0 O OO o] o]
Dentary XX XX XO00OD@OoOMpo00 0 0O 0000 OO0 O o]
Dentary Teeth XX XXX X Q00D @MmMOomoo00 0 0 000 0 X X X X
Premaxillary XXX X 000X XXXXNXX000 0 OO0 0 OO0 O o
Supramaxillary AKX XKW XN 00X XN XXXXA0 0O O OO0 0 OO0 O o}
Splenial Ad X200 X X000 XX XXXXX00 0 O OO0 O 00 (o] o
Suspensorium
Symplectic 00 060 O GEEN ®OEOO00 0O O OO0 O OO O o
Hyomandibular 00 060 O A ®MOEOO0C0O 0 O OO OO OO0 o (o]
Quadrate 00 9000 © MMM WMONO0C00 0 O 0O0OO O OO0 O o]
Metapterygoid XX XX X 000X XX xes8000 0 O OO0 0O OO O e}
Palatine XX XX X X0 eeeeeel 0 O O OO0 O OO0 o} (o]
Endopterygoid XX X X 000K XX XXKXX000 O OO0 0 DO O o}
Ectopterygoid XX XXX X X000 XXXXXXX000O 0O OO0 00 00 O o
Opercular Bones
Opercle XX X0 X X dDoao000 0 0O O DO 0O OO O e}
Preopercle XX XXX X XXOX XXXXX0000 0 O OO0 0O OO0 O o
Interopercle XX X X0 X000 XAXXXO0000 00 OO0 0 OO O o]
Subopercle XX X200 X X0 XXXXXO0000 0 0O 0000 00 O o}

Fig. 29. Developmental sequence of head skeleton in Japanese sardine. X , unformed; &, initial
cartilage formation; 2, initial ossification; @, full complement of cartilages; @©, full complement
of cartilages and initial ossification; O, full complement of ossified structures.



Vertebral Column
Neural Arch & Spine
Haemal Arch & Spine
Centrum
Pleural Rib

Intermuscular Bones
Epimeral
Epicentral
Hypomeral
Osseous Brush
Filamentiferous Rod
Cartilage Chevron

Abdominal Scute

Dorsal Fin
Proximal Radial
Middle Radial
Distal Radial
Stay
Predorsal

Ray

Pectoral Fin
Cleithrum
Coracoid
Scapula
Actinost
Supracleithrum
Posttemporal
Supratemporal
Propterygium
Distal Radial
Postcleithrum
Mesocoracoid

Ray

Caudal Fin
Hypural
Parhypural
Epural
Uroneural
Accessory Cartilage
Ray

Anal Fin
Proximal Radial
Distal Radial
Stay
Ray

Pelvic Fin
Basipterygium
Distal Radial
Metapterygium
Ray

Fig. 30. Developmental sequence of vertebral column, intermuscular bones and fin supports in
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Standard Length (mm)

[=3o8
I3

200

10 20 30 50 _190 C
XX XXX X XA AMMAMAMOOO O O OO OO0 OO O o
XX XXX X XXX A AdAMAA LD O O OO O O OO O o
XX XXX X O X XXXsMA000 0 OO0OO0OO0O 0 OO0 O [e]
XX XXX X XXX XXXXXXA 4 © O OO O O OO O (o]
XX XM X XXX XXXKXX XX A 0 OO0 O OO0 O o]
XX XX X XXX XXXXKXX XX & 6 AO OO OO0 O o]
XX XXX XX XXX XX A O 00O OO0 OO0 O (o]
XX XX XXX XXXMXX XX X X OO0 0 00 O [e]
XX XXX X XX X XXXWHXX XX X O OO0 0 OO0 O [e]
XX XXX XXUXXUXOXX XY A A A OO O O 0 O ®
XX XXX XXX XAXWXXXX A AOOOO0 O O (o]
XX XX{ X AM A M AMMOOOO ODODOO O OO O o
XX XXX XXAAMOEIOOOO O 0OOOOC OO0 O o]
XX XXX XXX AAAMAGOOO O OO OO O OO O [e]
XX XXX XXX 0eeemee 00 O O OO0 O O 0O o] o
XX XXX X XX XXXNXAAGO @ ©O OO O OC OO O o
XA XMW X XAAMAMAAAA O O OO O O OO O (o]
00 O OQ0DOCOCAO000O 0O 000 0 00 O o}
o0 080 0GOS0 O O OO0 O OO O o
00 060 SO GNOGINENNONOO O O O OO0 OO O o]
XX XXX X AMA A AMAMAAAA © OOOOOC OO ©O (o]
XX XXX X XXX XXO®OO00O OO 0000 00 O o
XX XXX X XX XXXXGpoo00O O O 0000 OO0 O (o]
XX XXX X XXX X XXXXXXX0Q0 O O OO0 O OO0 O o
XX XXX X XXX X XXXXXXx9@® O O OO O O 0O O [e]
XX XXX X XXX XXXXXX XA 4 A 4 OO O OO0 O (o]
XX XXX X XX XXXXXXXXX OO0 0000 00 O o
XX XXX X XXX X XXXXXXX XX O O OO0 0 OO0 O e}
XX XXX X XXX XXXXXAAAA QO O ODODOO OO O o]
XX XXX X MA@O@OQIOOO0O O O OOOO0 OO O O
XX XXX X 00 @eap0000 0 000 0 00 O o
XX XXX X XX X XAAgO®OO0O O O OO O O OO O o]
XX XX X XXX AAMAMMO0OO O OO0 O OO0 O o}
XX XXX XXOXXXXXMAA AL 4 © OO O 0 00 o ]
XX XX X ¥ 000000000 O 0O00 0 OO0 o o}
XX XXX XX AMAMAAAL® OO OOQOOQO O OO O o]
XX XXX XXX XAMMAAAD O© OO O O OO O o
XX XXX X 000X XXX eee®® €0 OO0 O O OO O o
XX XX X 000X XAAMAAADO OO OOOQOO OO O [e]
XX XXX X XXX XXXeeee®0 O O OO O O OO0 O o]
XX X000 X )H000X XX XXXXe® O O 00O 0 OO0 O (o]
XX X000 X000 XX XXX Xe ®© ® ® 0 O 0 OO0 O e}
XX XXX X X000X XX XXAAO O OO OO O OO O [e]

Japanese sardine. 4, initial cartilage formation and ossification. Other symbols as in Fig. 29.
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Z =

Chapman (1948) ¥ V) 7 V=7 {4 T &I
AA T IR 2ODOBEHEF L RO LML, Thb
L, 1210 L) RFEHAEETH Y, MWIFIEBREMN
HIHETZREVHZH > FTHE, LL, HAR
AT VBB LLLEIAS, ZORVHIZ2EHD
BhOMT LTz, HoT, AHIZ 3 MO EE
BEoZEi12h b (Figs. 25 E, G)o ANVT V=T
AT IRTIAAL T Y OWEEEE O E F G
TLUENDHLEEbNS (Grande, 1985).

HRESA T POMFMTEELAOBHE - &
OEF®EPEmPRIBCEET LI EFBRIN
720 Goodrich (1922) =3 V& Clupea (Z Z TiZ
Clupea, Sardina B & O Sprattus % &) 12BWT
O RWEEANOTIRE L, IhzWEZH g
PREEIITHET S F CTHERELELBILT 57200
IERGLEZ. 2O REHIPEERE TS
Sundasalangidae % Elops ®fFf (Roberts, 1984) 3
TUHARMEH ¥ 7 F 47 (Balart, 1995) THilH 5
NTWb, WEBBEORFLHIEE LT, HEAESAT

3 HE - BOERE O 22RO kg
TE&, 20k, ELOXmIEET LI EBIEII
72

HARESA T VRO N2y ks (Fig
15E) & Phillips (1942) 12X B A ) 73 V=7 < AT
TOBFFEMMEIIETTHHEIN TRV, BHEIIBWT
COFEVHELEBREN O, Fhed, TLAE
LZVORNIHLATIER V. HRESA T VIZBW
TZOMRES L BN REMRIIHEL 2D, T2
HEEHE A LYY H 5. TS5 50
b Lz WwHIHE LT, Matsuoka (1987) & A LR
W~ A4 TIEE 1 HARSRED L 3iEk3 2 Hmic
HHZLEHREL TS,

INF CTRBIE SN LHOATEIIB T, MiES
LIME RS OWKEOEBIETFIEE L R o Tz (B
[, 1982)o =3 ¥ C. pallasii TEHFES & ME Sk
T2 1 REMEATHEARO T2 S i F~NTER S 1,
BICHE P SHBFT~FET S (Gwyn, 1940). HARE
<A T OMEER - IS kE OREEF (Fig. 30)
&, MRS ERL E =3 Y (Gwyn, 1940) % H
K % 2547 (Balart, 1995) & IZIZFEETDH
572 HAES A 7 ¥ OMFEIER X =2 ¥ (Gwyn,
1940), O. oglinum (Richards et al, 1974) B L O'H
KEEH 5 7F4 7 (Balart, 1995) & L LTz,
o, =V VBRI 7 F A4 VRNIBET A MHED
FHEEEBRIEIEVICHE D EDLZV DL EbR

%o

HARE<A 70 RlS, THSBIOESIZIEY
)73 )V=T7~<4 7 (Phillips, 1942) IZiEE#k & T
WL O OIREDTRD BN Tzo FEEAE Ok
& ([Potthoff and Telock, 1993] ®HEEE4) ¥~ %
4 (Matsuoka, 1985, 1987) *° L. calcarifer (Kohno
et al, 1996a) TIE/NS LB L LTRBEILTY
b0 LML, HEAESRA T Y TRIOKETIZIERIC
BCHEAMESB LU TMINES LB LT (Fig
17E)o ®BH O L3 FEE 4 L 520/ Esh
Tw5 (Nelson, 1967 ; Balart, 1985), HAFE~ A 7
TR A R o%RITITNS Rk 2Bl s (Fig.
17C)e COWREIIHE S RILE ORBOW RSN D 5
A, BRICE4 LG LA T 5 (Fig 17D). Nelson
(1967) &~ A 7 S. sagax melanosticta \ZB\NTH
4 FERE N SR L 72RE 2R L 7. RATSEO#
28T, ZOWFIIHL (F213%5) ElE»5
ML TWwbb0LEZ LN, FEOKEIZHA
BHT7FA T THRDLNLDY (Balart, 1985),
Whitehead and Teugels (1985) & S. leonensis 123
WT, ZhEHGHETHL EHEL TS, 1 1k
g B L OEESH T ORGIZINE TIRKRSNT
W72\ (Phillips, 1942 ;: Chapman, 1948 ; Whitehead
and Teugels, 1985), Z 3 5 ¥k OLEFE D H % Al
DHEAHBUCBVTHL 2T 2 LELH 5,

FABGAIE RSB 2 A v 7r VIKECE & 13
BOWBNIMTA I HNOBITOR D #ELY LR TH
D, BiEb X CREBHEE OREE L O Mgk & W
DEBNIFATHNORITOMLLIBETH L EE 2
bb, FHgORBIIMFRTHE~ND, $£72, Hido
DPD/SL (R (B X OHEAAM) ~ofd @Y%
BETHY, HEHROHRIERH~NORBITORET
bobLE2ZOLND (Fig. 78, #Aiwik)o

FE6E AREmOREKEIE

WA DB OREE IOV TIZE L DR D
TV, A OZFEBRICHET 2URITIERIC
L7y (Waterman, 1969 ; Raamsdonk ef al., 1978 ;
Proctor et al., 1980 ; O'Connell, 1981 ; Matsuoka and
Iwai, 1984 ; Matsuoka, 1987). =3 YEHIBWTIZ,
Batty (1984) & fEH (1990) #°% 4 C. harengus &
C. pallasi (22 THRMIF O FEE & IR P HEE D
ZAbE OBRIZOVTHE LT b, ki, KM
WAHED S ALBRFIOKIRSEE 2 EEHE RI-TI P
C. harengus 17+ CTH 5% & 72 572 (Johnston, 1993,
1997). % OEF A TR EIROH & A
oD 2B oK5. ROHIIERELHZITY, H
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i EICERERBICL Y Z7Y) a—-F U 2 5HET
bo FIEIZFRRMEROBICHEIEL, HEIREN
BB OBRICHREET 5. MW oM, P
(H[#5) % very small diameter fiber (sdf) F 721
tonic-like fiber DRV BEOEFHETIE I NT
W5 (F1Z21F, Matsuoka and Iwai, 1984 ; Matsuoka,
1987) o AAN O MWIEE X BN RPHEZ 25D
MRS OFREFELHHEICHDboTEBY, DL
e TEERBELZRIZTIDEEZEZONSL, £2
T, KETIE~A 72 OFRMGBHER ORI & Zh o
OHLBEEZHSPICT D, 2B, KEFFEO—IHIL,
Matsuoka (1998) (2 & o THiEHE SN TW 5,

Eat s Rapp-

HEAEXR

WFFEIC V72 B4 (3.65 mm NL) 45 b
290 A (162 mm NL) 7927 bty T
RELLZRKAWPOHELZZODTH S, HIZ, 37
mm SL LT OREARZ LALLT IS TH O TIREL 72
KEREAR (85~178 mm SL) : F XM CiffE s 7z
KRG 5153720

HigEER
fFHESIE Bouin i CREIE L, 785 7 4 Y ICEH L 72,
6~10 um O ZIERL, 7TLVI v - A
RFEIY U IF Y UOEERE T I T et
hEL720

B LFER

HHEAITT A I U TR E 72138 2 Bk L
etk, AVRYI Y= FIFALT A ARTHRK L72, &
~106 mm SL @ KBEEAIZ DWW T, FREEERHT T,
Hrgefds X OB 3 A A & A D — 5 % dik
LT Lz NS OUREREREICHTEET
FIA4TA4 A% ANREESH TRFE L2 8~10
um OBFERM U ZERL, 254 F7 T R
DT 7288, —20CDF v — ¥ — i TR X ¢
720 HMRALFHMBLZ LT o Tirb iz,

1. BEW. YWH % Sudan Black B ®70% = F V7
Va2 — VEFIE T 5 ~30% (Rl T) L, 7
V) r-EI7FVIZHALR,

2. anzyEKFEREE (SDH E. C. 1.3.99. 1)
Y F % Barka and Anderson (1963) @584t
STERFTIMMEHL, V) r-¥5F
JIZHEH AL,

3. NADH FikFE#% (NADHD, E. C. 1. 6. 99. 3).

Y H % Barka and Anderson (1963) @ J:124¢
> TR T TI5~600%ElL, 7)) r-¥3
FUIZHALR,

] £

Ehfi R

Fig. 31 A, B, C 12178 mm SL®~ 4 7 3 i fh (fif4R)
2B 5 3T (BIEE, HuedB, 250 A i &
ALTW5, Rl (EH) &ati G &
ETOMPTCTRO LAY, BBk X FE o A
WZHEL 72,

REmIBiE £ ORERI MV I T2ED
A, B ERE R L, Erhohg I
YEYT7aFEosTwWS (Bone, 1978). =2 °C, HgH5
L3I bary N TICEENLELEHEGYE (NADHD,
SDH %) Ok bF gt 3Rt & B @i okl
WCHWS ZERTE L, P idEli, NADHD B
L O SDH I B W Clkaf & Al & o iy 2 Yefa
Bt %<3 (Matsuoka and Iwai, 1984), Fig. 32A i
102 mm SL OF#E BT 5 oo NADHD i %
AL TS, ARt & [R5 o K5 % 5
O, OB RS ASFTET 5. Fig. 32B
1 Fig. 32A O fRfafhmif ok TdH 5. NADHD
2R LTI RIG L, roach ICHFFES 5 D & k7
tonic-like fiber (Kirarski, 1990) &3 5, LaL,
FAL OB ER I B B —E O M kAE X NADHD (2
xF L CHERIR < KBS 5o AERREED S B 5 126
5T, FREFE AEBIEE O SHRRE 2 A THT
%o Fig. 32C 12106 mm SL OFEAZ 35T 2 R4 55 1if
WeRLTBY, FfhE AhiorcHEE 2k
J& AR 5N 5, Fig. 32D 12106 mm SL DREAIZH
BRI RERMT A R L CTB Y, Mk <R
i e Ao ARIED LS,

AR B A D RE

LRI 7THE OfF48 (3.65 mm NL) Tid, ik
M2 B AZBIEOFE & EO AN RO Sh
Too SOOI, 8D 20 5 IEAAE & B A 72 1 TR DO EKIE
MRHEDIEAE L7z (Fig. 33A)0 SO AT — YV TN
O o S At & 20 A & AR AL 220 SO T X B3
5ZEIETE LD o7 (Fig 33B)o SAL#33E: [ D
fFfaci, FE MO NADHD &M BOS IZ N ER o
FI it £ 0 B S 201258 < % - 72 (Fig. 33C). &1t
FO8IE I DR TlE, KEWHMHED Z o RS EIZH
&7 (Fig 33D), L8285 A B 4H AT
f (5.6 mm NL) Tl&, 2%t (3 22 58 o o s ik
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Fig. 31. Cross sections of fresh lateral muscle in adult Japanese sardine, 178 mm SL. A: anterior
trunk region. B: central region. C: posterior caudal region. P, pink muscle; R, red muscle; W,
white muscle. Vertical direction. Scale bar indicates 10 mm.

Fig. 32. NADHD activities of cross sections of lateral muscle in 102 (A, B) and 106 mm SL (C, D)
Japanese sardine. A: central region. B: magnified section of the red triangular in A. Note two
types of tonic-like fibers (arrows). C: anterior trunk region. D: posterior caudal region. P, pink
muscle; R, red muscle; T, tonic-like fibers; W, white muscle. Horizontal (A, B, C) and vertical (D)
directions. Scale bars indicates 500 um.
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Fig. 33. Initial development of superficial red and white fibers in free embryonic (prelarval)
and larval Japanese sardines. A: histological section of 3.7 hour-old larva. B: NADHD activity of
3.7 hour-old larva. C: NADHD activity of 33 hour-old larva. D: NADHD activity of 58 hour-old
larva. E: NADHD activity of 82 hour-old larva (at the first-feeding stage). F: NADHD activity
of 144 mm NL larva. NC, notochord; SF, superficial fibers; SR, superficial red fibers; W, white
fibers. Horizontal direction. Scale bars indicate 50 xm.

HEEIERIZA S LWiEy NADHD GRS 278 L

7z (Fig. 33E)o NEWHISHK ¥ % )t id NADHD & (31F

U Cdh 7275, SDH i SUS 1E AR Tk IEH 1259
o7z,

TR BAAGTA 14 0 f AAE L O B A5 v 7 1 & A
HHDHKRTHEZ 572, 13.,5 mm NL DL ETIE, MvE
fe FHARAE AR B AN TR S, AT ORI 13
RLEED 7.

BB F1f f i 2 1 T8 o 22 S ot i ke AT O P
Tl v R O RS 1316~17 mm NL ¥ T 7z
(Fig. 33F)o ZOH 4 ZLIRETIE, 1 EORBEREOTG

HRAE (XK T RRRE LI o 72 3B TN A Y BR e 72,
20.4 mm SL D74 Tix, 28 H O FEEAREGsHED
e E N T 72 NS IR S 7z AR ke 1L,
IKFFERE DM TI2Fh EREMEDO A HFA TV
(Fig. 34A, &) Z 15 Ok 135 1M okt
24371, tonic-like fiber (2725 b D& Ebitiz, 20
mm SL PARECI, BEAFE O K A ik o B Mo
DOMWEK SN, HBHIHILEY A 7 2KEEEL
720

Fig. 34B 1327.7 mm SL OAF-E ORI %2 8 L
THBY, a2 2o S5z 29.25 mm SL @



124 LN TR

Fig. 34. Development of lateral muscle in larvae and juveniles of Japanese sardine. A: NADHD
activity of 20.4 mm SL larva. Arrows show the original superficial red fibers at both sides of
the horizontal septum. B: NADHD activity of anterior trunk region of 27.7 mm SL larva. C:
azan stain of central region of 29.25 mm SL larva. Note two types of tonic-like fibers (arrows).
D: NADHD activity of anterior trunk region of 37 mm SL juvenile. P, pink muscle; R, red
muscle; SR, superficial red fibers; SSR, second layer of superficial red fibers; T, tonic-like fibers;
W, white muscle. Horizontal direction. Scale bars indicate 50 um.

oGP, 7Y ciERIs D 2
I ® tonic-like fibers 25fF7E L7 (Fig. 34C, &HI),
37.0 mm SL OffifClE, 102 mm SL B & 106 mm
SL O fi & R AR A i AR, A,
Bk 5 B X O tonic-like fibers 2832 & & 1 72 (Fig.
34D),

{8 gh A B

<A TIE, P I AL & BT TR
# L CTw/z (Matsuoka and Iwai, 1984), L L, <
A 7 2BV AR ARG RTERICRAE L T
72, Johnston et al. (1977) 12 4 2B W\ THER 1345
T3 Tk & 2256 Y ik o B o0 v T 1Y) 7 b ko B D B S
FRBET 2 LRIB L TV 5, A MR ORIz L
PRI A T UIZBWTHRINEKIED T ) EETIE
Vo Lz, Higgins (1990) (2 X % & K
WY Salmo salar TIIMAFTHRHE XS MIZB W TER

LEETH Y, KET A THRWBIC R 5 ERIE
LTwb, L7L, 47y TREMAIIBWTHAEM
AT A ki & > Tz (Fig. 31A),

2 #iJH @ tonic-like fibers O, —HIZIEHIZHHW
NADHD K% 7~ L, very small diameter fiber (sdf)
(Kirarski, 1990) (2 & {lTw7z, %4 (Matsuoka
and Iwai, 1984) B L "2 Do E G % (Johnston
et al., 1974; Patterson et al., 1975; Mosse and Hudson,
1977; Carpené et al, 1982) Tix Z Ok 13 8% 7R
i E R OMICHFELET 5. L, HERESA
7 ¥ Tl tonic-like fiber 13K FHREIZIH - 72 =MD
R oS ERIZE P9 5 & 3kIZ, NADHD 2k
B < BB 5D & 4 7 tonic-like fiber A5B1%%
& N7z Gillerman (1980) (X% /NJE O —F Scomber
scombrus \ZB W T EAEROFRME OLWIAHFET S
WAk AHE & AR PO & 0 R (ki) &%
272 LL, =4 7?2 %H® tonic-like fiber 1
Wik AEASH < NADHD 2 LCHbta i & 0 i < BOs
L 725 tonic-like fiber D YLAEMEIZ W - < O & YUHE 9
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LR ORI HO TWw5 L) (Kirarski,
1990). ~ A4 7 ¥ ® tonic-like fibers i&, HIfH 533~
347 H OB AFAE T AR Nk (cartilage
chevron) (%2 EHESH) ZHMALTBY, HMUH
Wi OBENZEDOTHWL EEbNS,

AR 5 A D TR 3%

SMEEHO < F L I2BT L RHH o KM
i B HE 2 & A TW i h o 72 (Matsuoka and Iwai,
1984) —7, <4 7 ¥ TRERBMTIE» O
WHEZ & ATV, KB & o P i
FAMRAL 20 BUSTE T X BT & b o 720 FBATFBHLAI
(23T NADHD R IR 3 < BB 5 1 18 Dk
WIMRHEDSTER STz S OWBHEZW - D & Lz
W e FEREETR D 72O ITHERE T 50 Z DI OATfu
7S FROBEREITV, STROLEEPLZHEL TH
AT Do WY 70 R v 1% 2 R AR L A A 12
S TRRZ 3N, ZEHEERIINRO A X - T
HISINLEEZONL, HIZ, HOFH#EKIZRM
HHEDZ LI, ZRIIHARESA T O
WBEROKRFVE—HTHLDEERDbNSE, F2HE
EHMITRLZLIIC, WBEICLELRELE Lomd
RO % F o o2k 1325 mm SL GHICHHE 1125
#9 5o

PR A S 30 B B 0 2RISR AR B 4G B & 20
~30 mm SL THeZ -7z, EAFFHBH O AR
AT 1 g ORI T e % 7> Tz 20
mm SL PR TP Ra A 3 T 7Rt i ke o %
1t, tonic-like fiber M 7L & CEEAE DRV [ 75 4%
MR T OMCTIHEDO I Z 5 725 30 mm SL F
TIZ1X 2 # o toniclike fibers Bk ik HE AT 1L L
720 MG OFEBITIZBVTIZ, & TOMEEIZH30
mm SL F TIZEK L, BRROER I D Bh oz,
F 72, RUEOZEEL L AERICSHBEOR, KX,
MREFEORMN L EID IR TICB W TEEREE %
FoTwad w9 (Matsuoka, 1984), #30 mm SL
¥ TIREHIC L 2 EORRERK, PEFHICE LM
HWEOMERKB L OIS L 522500 RATTE & 72
n, EECABITEFEORINM LT OLEDLNR
%,

ETEH RBRESOTEBEE—I. B
MIGBAETECH AR 2> ORBITE 2179 £ T
ROEELREEBRO1OTH L, =¥ yRHEFEBMAIC
BB RO FEM 22 #7513 O'Connell (1963) 12& - T
ANTANZTRAT Y, WRKENS 7 FA TV E
mordax, T * ) 7 ® shad Alosa sapidissima K5

DE\NH ¥ 7 F 4T Anchoa compressa TS
TWVEHY, HRESA 7Y TREIMIRINTVE
W, BHOROMEE LM, HAAR BERB L O
o 3TEHOBEEMEZ o T b, HERIZERIK
HERUUFEE G L, BARIEEHEOBEICE ST 5,
BEERITEFHBE L2 DOTHY FE, HI,
199D), JIAY, HA (1973) 13 2 NASEERE W BB THE
ETsZ &Rl

% { OHEFMHE B 21X Oncorrhynchus &,
haddock Melanogrammus aeglefinus, sand goby
Pomatoschistus minutus, < % £, Dover sole Solea
solea, ¥ 5 * Paralichthys olivaceus, 7> ¥ ® 1 f
Ozxyeleotris marmoratus OFFEAENIIARED R <,
ML HHEAR D RDPAFAET 2 2 EDBR SN T WD
(Ali, 1959; Blaxter and Staines, 1970; Kawamura et
al., 1984a, b; Kawamura and Ishida, 1985; Kawamura
et al., 1989; Kawamura and Washiyama, 1989; Senoo
et al, 1994), Wik ADMEEIX, = Y HAHED
fHEINC BT, dLkEH ¥ 7 F 4 7 2 (O'Connell,
1981), ¥ W F ¥ — ¥ Sardina pilchardus (Blaxter
and Staines, 1970) B X O’ =3 ~ C. harengus (Blaxter
and Jones, 1967; Sandy and Blaxter, 1980) T fi £
ENTVED, AT VIETIEESHRS v, —
Ji, =0 v X F X Anguilla anguille DV T N
7 7 VA & Macruridae ORI TR O &
MBI ZZTTH L Z LML TS (Blaxter
and Staines, 1970), AL EE SHLHL D% D HO
BN HZICER SN D, b5 () HEMET T
BREBE T L3R ) W22, BEOm
B ZHE T 57-012, #iAREk & N8 O
DR ZIEE L 5554 H % (Sandy and Blaxter,
1980) @ X 5 RO 5L = HEE 3 5 MG
BiEixL ofafETcHvshTE 7 (Blaxter and
Jones, 1967; Sandy and Blaxter, 1980; O'Connell, 1981;
Kawamura et al., 1984a, b; Kawamura and Ishida,
1985; Kawamura and Munekiyo, 1989; Kawamura et
al., 1989; Senoo et al., 1994) . BHEAI B GRSl &
LTIEK SN, ITNo 3@ ERIHOER AL EH
KRR SIS (A, NIF, 1985). #4& & ko
ALK 2 3 2 L OTERER A RE D 6 AR & B S
B THOLNCTAIEPERELEZ LMD, AHilZH
KESA T T ORAIN BT 5 IO BN O Mk
IR iR 5 — v &, AFRERITNIC BT % IR BT
DB L72bDTH b, B, Kifgo—
ik, Matsuoka (1999) 12X - THEHE SN TV 5,
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At L&

HEER

190 mm SL O K AL BE RIS I B W THMICH D
THREL. RELFAD S BL2TREKIET T~ 7
Pty FTRELZRRIPLEFTLZDDOTH
B (552 AH). 19894 I2ME L7z 0133.6 mm
NL (51bE%) ~9.65 mm NL (5fb#12H) <, 1991
FIZHE L2 d Di3.75~11.2mm NL (51b#EI6H £
T) Tholze TNHOFMAITAKIELIT.0~17.5C TH
SRR & 2 %2 5. 2 THIE L7z, 2h b DA,
T by PREMITE DI TH VI TREL
726.1 mm NL ~35.6 mm SL O RKIEAR LM E& L
72

g
£ E Bouin i CREE L 720 W ZMH L, &b
BITH, JERTGM, BB X OEETHO 458

PLCEIWE L, 785 7 4 VICWUM L 720 4 um DOREH
BIOKFGRZERL, TV vF AT Fv
V- F Y ro=EmG i r i L7z, 7FHESIE Bouin
W& —EBit Zenker L CTHEIZE L7z0 4~6 um OREW
WhEEHL, R LRI, 7L xYyF - A< b
FI) v TV yTEEYA L2, MRV oBlg
3otE (W) BT TIT o 72,

] ES

REDREEE
BERZEENRE SN0, ([ZIFHBIES L TWw
LRbND, WEOTHEHM, EMETHE X0
HEE T ANETR &R U AR I AR B % R 3 FRAE AL R AL
TH o720 IBDIEVFEIEE Fi o 72 B 2SH AT
SATL, FNSOMIZIEFIT/NE L ORI TRD
LTS, Hig iz Big S h - 72 (Fig. 35A, B)o
AHERIE IR, S ROBMERDOBOFELZ R L Tz

Fig. 35. Histological sections of the retina in adult Japanese sardine. A: tangential section of
unspecialized part showing regularly distributed twin cones with stout ellipsoids and very thin rods.
B: transverse section of unspecialized part showing thick outer nuclear layer with many rod nuclei
C: tangential section of specialized part (area temporalis) showing slender twin cones regularly
distributed in a square mosaic pattern with central single cones. D: transverse section of specialized
part showing a relatively thin outer nuclear layer. ONL, outer nuclear layer; PEL, pigment epithelial
layer; R, rod; SC, single cone; TC, twin cone. Scale bars indicate 50 x m.
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(Fig. 35B) o

MO DO REM B 7 ALCE, ZHOHERE &R area
temporalis L WHIN DHHAL L7232 H Nz
S B 2 B BUHEAR 2SI T 2 L) P&, Zh
SABIMIC AT L Cwize TOESTIE, ARG
FHRERD SN h o7 (Fig 35C, D)o FHALER. area

temporalis O HVFER B IS IERFLTAL L D Eh o 72
(Flg 35D) o

MEOFERTE
SAL#3. 58, 3.6 mm NL off#E Tk, L v X
Al D Mk TE &AMl o Hi—HiRE D 2 B H 5 - T

Fig. 36. Histological sections of the eye and retina in the early larval Japanese sardine (all transverse
sections). A: 3.5 hour-old larva of 3.6 mm NL showing the developing lens and undifferentiated retinal
cells (arrows). B: 31.5 hour-old larva of 4.75 mm NL showing differentiated pigment epithelium and
visual cell layer. C: 53 hour-old larva of 4.85 mm NL showing pale pigmentation. D: 79.5 hour-old larva
of 5.15 mm NL at the first-feeding stage showing a thick pigment epithelial layer. E: enlargement of D
showing a pure-cone retina. F: 12 day-old larva of 8.9 mm NL showing a pure-cone retina. L, lens; N,
nucleus of visual cell; OM, oculomotor muscle; PEL, pigment epithelial layer; SC, single cone; V; visual
cell layer. Scale bars indicate 50 um (A, B,C, D) and 10 um (E, F).
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Wiz, WML F 22 RSIETH o 72 (Fig. 36A).
SAb1431.50:0, 4.75 mm NL OfFfTix, MBI
DAL BRI A, REOEREB L OBARE 2
B E N7z (Fig. 36B). s b#%53H:M, 4.85 mm NL
DT, BIRGATER S, EIrCBEAELIHN
7= (Fig. 36C) o

SAL%79.50:0, 5.15 mm NL OERFBGBIITA T

115

1, REOFEEIITHR 2 BaFE0 5hie (Fig
36D), B IZHHEARO AL LK Y, SR EO
B AR EADIEEIZ1 1 TH o7 (Fig 36E).
Fig. 36F iZ5fb#%18H, 8.9 mm NL ® H kD A
L AMEEZRLTH Y, BB OME L F R
BTholz.

Pl TR IR S AR M, (ZIEREIEIS L

Fig. 37. Histological sections of the retina of Japanese sardine in the larvae around the time of
metamorphosis. A: transverse section of 18.6 mm SL larva showing a pure-cone retina. Arrows indicate
darkly stained small nuclei. B: tangential section of 18.6 mm SL larva showing single cones. C: transverse
section of a 20.9 mm SL larva showing appearance of rods. D: tangential section of 20.9 mm SL larva.
Twin cones and thin rods are distinguishable. E: transverse section of a 26.8 mm SL larva. F: tangential
section of the retina of 26.8 mm SL larva. Note numerous rods. R, rod; SC, single cone; TC, twin cone.

Scale bars indicate 10 g m.
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Twze b s, Fig 37A 1318.6 mm SL OfFfi
BB OMBEO ML Z R L T bo N
T hEVY) TR G 5% K O S BEAHVERLIE
DIEFRIZFED b7z JVERIE O L SERFEMAD
RIAK 21 THo 72y, HEOKMIERIEIZFD
LN 7dr o7z WDKK R OBISTIE, BRI
ETHEEARTH > 72 (Fig. 37B)o 20.9 mm SL Off4
TIE, M FEHRRLHE 2 £ o 728U %80 S,
ISR DOIREDOIEEZ R L Tz (Fig.
37C) o MAMLRT 7 HRALOKFEIF T, HEBEfR oAk (A
HEARTEI) &M CAREATERS S 7z (Fig. 37D)o #8
WD T TIZ N S DFKIZERD H7za5, W
HEARIITER STV h o7,

PR WAL, T oRaEITHIL 72, Fig
37E & Fig. 37F 1326.8 mm SL OffkOME T, Rk
REZBOBMEN D 7 5 ZFEhE L 2> Tz, 35.6
mm SL O OREL, Wl & MERICEFICZ D
PR ZF o Tz,

Z £

O'Connell (1963) &H V) 7+ V=T~ A4 T e&E
TPHUE 6 MO MRS 2 Wi L7z, ABIFECRGET L7z
HAEXA T RANT A V=T <A T L FABRICHE
WL oD AR #2 J7 3R B ALERAL. area temporalis % 5o T
Wiz, HAEESA T Y OMEIZBT % IR LIALB &
UL 0 HiglEfR, AUSEIR 3 X OBMR O MLRR 7 I b
WEGAINT =V IZHNTF V=T ATV EIRFIC
LT V7223, JiEE TIRIEFMEERALIC B v CHLEEA
BEELBOONLED oD L, BETIIE I
L7 ANVTH+V=T<4 7 (OConnell, 1963)
EHAERESA T T TIE, FEEAIZBT 2 8RS
FEFIZE L, BESE WD, Eaduidn Em
Zdh B

TFFHEOL T M7 7 IV A L E#EED Macruridae
B wBHICEAOROMEZE > TWw5
(Blaxter and Staines, 1970) DXL, HAEE~A 7
VERELS K OBEGHEOTAIZ, HHAD RO
o TWwh, i, Omura et al. (1997) 13 H AR
Y+ X A. japonica \2BWT, ML 7 HOFAFHMA
EEX11.0 mm OKRK (SMLERH 2 BH) FahEE
RIS 2o L2 BRI L7z, H5I1H
RED FFHAOMBECIX, £ 11.0 mm O RKF
SR O R L B W TR 2z B v bR MR
BFoTW2Z &h b, BANIHARITU R M A
s, BRI R BT a2 b %
REL7ze HEREDFXOLT M7 7V A LGN

® Macruridae BHFICBWT S, Mo B HIE & [H
BRI, AN SIS SREML 2 R o T 1]
HEMED D %5

O'Connell (1981) &, dLREH ¥ 7 F 4 7 2 DfF
1B W T10 mm SL 7 512 mm SL F Tid 4 AL
JBORIX 2B THEH, TOHBT IT3EUEICE
L, Vb BRI TS E i L7
HARE<ATIIZBWTIE, AN MFI) SIS
/NS %1315 mm NL DL EoFA TR 5Nz,
L2L, CORMO/NE 2BEHEAEDED FF
9, N 51320 mm SL YL ETHW O THE SN,
Blaxter and Jones (1967) &, =3~ C. harengus ®
M TIEA % < L H RS20 mm F TIBRMAREREE
FHHLL 2w & 2 BFBHMEENIIZEIC X - THEIEL
720 C. harengus A TIEA~T P F ) Vigkgo/NE
BB ESH2 mm L ETER S, BRIEZF0O%
\2385% 72 (Blaxter and Jones, 1967), —7J5, Sandy
and Blaxter (1980) Z & S22 mm o= Y fFA D
MR o EE R L7 €79 7472
Brachydanio rerio TlX, RO ZHEE 8
HOAFICRRD S, FKIZE 12 H O CiiesliZ ik
P& N7z (Branchek and Bremiller, 1984), 215 ®
WFeh 5, [FAOMEICEDLND 2BOBIILTL
SN RO AR T b OTEEwh b Lz
Vo —77, O'Connell (1981) (ZLKEL S 7 F 4T
TIIARARIZI0 mm SL 2 SHB LD L L E 272,
ORI, ANEEFAAHHRCEISE 20, M 0)5E
% FtE LG 0 (Hunter and Sanchez, 1976) 12
—HTHEVH, LeL, dbKEIFZFL 7LD
REM 22 IZ S 5 A LI CHEL, o TemE [n) 5 1
BAROGAL L TR 2 LRI NS, HiRD
X912, RO 2 TR 5 72D D iEEIES <
DHFETHV LN TS, FMERD LR % FAELC
HONICT H7:0101%, FARZERICBIET 22 LN
VETH 5o

HARESA T ICB0TIE, BRI E LI
X R I24920 mm SL IR X 172, Sandy and
Blaxter (1980) {2 & % &, Dover sole {238\ T i,
FRARREAN G & BUEER DTS ZEM DO IR DR &) & 2578
PR AEITR I o728 v, R E BUEEER DI
R~ %4 (Kawamura et al, 1984b) £ D 1
T O. marmoratus (Senoo et al., 1994) ZiHED% < D
TR L TWwb, —F, =¥ C. harengus ®
R ERY OB (K &28~30 mm) 2785
7 (Blaxter and Jones, 1967), H $ & o @& 13 #%
LD BIZE S 572 v (Sandy and Blaxter,
1980) HIZ, W OohofifafE Bl bR
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(Kawamura and Ishida, 1985) 7 4 5 ¥ 7 Tilapia
nilotica (Kawamura and Washiyama, 1989) Ti%, M
HEROEBIIIEA L ) R BENSL EHEIN TV,

E8E BEZROTBBE—I. BES, KESE
BREREE, B - TERERE

ABIIRA 2RSS, FMOREIIBIT5%
OMEMEEAT 720122 N2 HTWw5b, 463
ﬁ% TEITIRHARESA T T OMEOISEREE IS

12 L7z AREIL, BREHROPOBRESE, WRER M
1‘?’52 B & U‘V\]ﬁ@ﬂﬁ”" A IR AR O FEE M AR
DWVTERT 5o

WSS L ORISR & LCTRERE L, 1
KHPIZEAFT 2 RRHWE 2 25T 5. MRS
BIXUOWHIL, BHMWZERE LTREL, KKz
MIAHZELIZE-T, ROFHEERL, TERME 2
3

FHEBDOEFRICE o TIFFICEETH 5 EELHIL
B - s, o okl - EEBE - ﬁh@ﬂ&ﬁiﬂ? [
BRICHET L b, TOREMUBRELZHRLL
XA R O BRI R R (Kawamura ef al,
2003) -

INEFCTOREREOREBRICHET L% OBI%
&, B, Y- < AM, WK, =Y, BEREST
RSN TE (Bl 21E, Blaxter et al, 1983; Blaxter,
1986) . I TiE, TN HDHIRIE, ¥4 1 (Kawamura
et al, 1984b), £ ¥ ¥ 4 Oplegnathus fasciatus (fiH,
JUAY, 1985), b5 72 Takifugu rubripes CHH, JII
F, 1985), v 5 X (Kawamura and Ishida, 1985),
F & 7 F N X Micropterus salmonoides, 7 4 I ¥
7 (Kawamura and Washiyama, 1989), Nt ® 1 ff
O. marmoratus (Senoo et al, 1994) BXUIF I %
Epinephelus akaara (85K 5, 1996) ([ZDOWTHNRS
nNTwa,

EIZIKE’\’f 7 ORI, RS EER I 2 50

BEORVERTH:MET 5, £ DEELRIE, %0)
, MOHE L FRICEEINS, €T, &K

Wi, fHAERRIERE HWT, HEUﬂW)TR %E

DHALBEL AL 2T L7 2B, KifEo—ikix
Matsuoka (2001) 2& o THE IR TV,

AP ETE

T M Ay FTRESNIRRI (2%
B4R ZAMESETHE L7224AE O (3.6~
11.2 mm NL) Z2OWTHE L7z b ofFfidk

M17.0~17.5CCTHE L, EHRABIICT &Y 25
L7zo 4RO RKTf (8.95~16.45 mm NL) |
T b rhy FTRE Lz 198k RIKEAR
(14.5 mm NL ~35.6 mm SL) &, ffid S&EMmAT%
HAF, BWOMTEREL 2,

IS OEARE Bouin % Zenker {8 CHEE L, /%
ST 4 VICAM L, 4~ 6 um ORI & R
L7tg, TVWVYrxvF -AMEVY Y - ZF 0T
ZEGL L7, S OMBRY 2Ot (EY) BARMEET
THIE T 5 LIk, BMERER 2 HE L7

12k E 74 (3.65~13.8 mm NL) & 3k
DORRAM (21.7~32.5 mm SL) % Karnovsky ®/%5
RIVATIVTF RETIVY =V TIVTFe FOREGWT
BE Lo TNODOEREBAKL, ERAMEZEDE Tz
ML, £+ >va—74 7 L7, SEMBIZDOHE, K
S F7 4 VATHE L,

fREI

65T DEEARIZ OV TBRRE Z FHIl L 720 Z DN35
TR DREA (24.5~188 mm SL) 13 ¥ & H Tl <,
30 AR DIEA (12.7 mm NL ~33.5 mm SL) %, it
Myan HEMIT 2 1T, B TREL 72,

LEATMARMOBEZR 2B L, Ry mL, £
L OB E I L7z SILOFEEE, SILWE 0%
EREICLY, LT 3B rhizc AT -V 1
BILREREE, A7—V1 : BilEEssERL, A
7= SBALBER e

& £

IRERR

SALHE 4 BRI O TLE, WUEZH Y SR a0 v (AL
LCw7 (Fig. 38A), 3.65 mm NL DfFf o i es
213, FER LOMSEREMIE S X OHHTE R
Vg 7z (Fig. 38 B)o HMUZKER DM 3.9 mm
NL OfFfCld, MEREMIES L OB E R MR
PHBIZHME L TH Y, FEREAINL O BT b 7
o (Fig 38C) .

HEE B 0 S E82E M D4 (5.6 mm NL) T

I, MEREIVYBOELI~BH L Tz, ThiEO0
ﬂéﬂi E—F L Tw/ (Fig. 38D),

18~19 mm SL DL FOFIC BT 2 Wi O RES:
HYSFROE R AR B B L Mk CThH o 720 7272,
JERR B OB TEDSIEF IS L T w7z (Fig.
38 E)s
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Fig. 38. Scanning electron micrographs showing development of the olfactory organ in the larva and
early juvenile Japanese sardine. A: head of 4- hour-old larva of 3.9 mm NL showing the olfactory placode.
An arrow shows anterior direction. B: developing ciliated olfactory epithelium of 4 hour-old larva of 3.65
mm NL. C: ciliated olfactory epithelium of 4 hour-old larva of 3.9 mm NL. D: head of 82 hour-old larva of
5.6 mm NL showing the olfactory placode. E: ciliated olfactory epithelium of 10.2 day-old larva of 10.45
mm NL showing numerous kinocilia. F: nostril of larva of 21.7 mm SL. G: olfactory lamellae of 32.5 mm
SL specimen. An arrow showing anterior direction. H: high-power view of an olfactory lamella in G. AN,
anterior nostril; CR, ciliated receptor cell; E, eye; IE, inner ear; KC, kinocilia; M, mouth; MR, microvillous
receptor cell; OL, olfactory lamella; OP, olfactory placode; PN, posterior nostril; RE, rudimentary eye.
Scale bars indicate 100 yum (A, D, F,G),10 um (E,H) and 1 um (B, C).
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Fig. 39. Relationship between developmental stages
of the nostril and standard length in Japanese sardine.
Stage I, the inter-nostril epidermis is not formed.
Stage II, developing. Stage I, completed.

B AL & PR L% 530 % SfLRRRZ 1%, 18.25 mm SL
FCRIEREN Lo (AF—V 1, Fig 39). &
LKL, BLodRicBnT, 22o0%EE LTk
WS ko 7z (Fig. 38F). & & 1o SALBERE % #
5 728 /NS 2 EARIZ18.9 mm SL TH Y, b KX
e fERI1324.2 mm SL TH o7z (AF—V 1), HILME
F D 2 D0ZERIL, /M TiE, 21.8 mm SL OfEfk (2
57— 10, Fig. 39) THA L TWizo BIE, WD
EE RS L TR S iz 18.9 mm SL OfFf
IZBWT, EHDOBIRAMREBEDRIEITL S iz, R
FRE X A D 2 55 123 > THEm L 72 (Fig. 38G, 32.5
mm SL)o MALDO M IZ1E, FEHICE L OEEMIE
DHETE R IR AL OB M TE 25BlZE S - (Fig
38H),

Fig. 401%, AE & B OBRZ WX 5 7 TR
LTWwb, ZOXT, BAIX19884E & 19894E1C T X #d
THRESINIERTH 5. HEIZI990EIZH I TER
FLEARTD 2. EMAEICE 5702 b)) =i,
UTo#Eh) Thb,

logy =loga+ blogx

v R

x RE

a,b: e

@D logy =-5.299+4.153 log x
(18.9mm =< x <33.5mm, K 5)

@ logy =-3.220+2.872 log x
(24.5mm < x £29.0mm, i)

® logy =-0.369 +0.948 log x
(31.0mm = x £60.5mm, )

@ logy =0.952+0.213 log

(67mm =< x <188mm, HMH)

No. Olfactory Lamellae

1F a

O OBy 85 100 700

Standard Length(mm)

Fig. 40. Logarithmic plots showing relationship
between the number of olfactory lamellae and
standard length in Japanese sardine. Solid circle and
triangle: specimens caught with a seine net in 1988
and 1989. Open circle and triangle: specimens caught
with a scoop net in 1990. Triangles joined by a
vertical line indicate different lamella numbers from
the two sides of the nostrils in the same specimen.

@FX @R DZEM H1330.3 mm TH o720 @R &
OO AI1362.7 mm TH o 720 BIRE DR AL,
182 mm SL DIEART2TH - 720

LREE

K THbON M oKEFEE (Fig. 41A) 2810.6
mm NL Offfi (5fb1£16.1H) O TSR, LT
WS OBEBE X RIS D TRD L Nzh, £
PERETZH->TWhdol, LR ET2RH-72
SEIE L720E#E 1L, 11.2 mm NL OfFf (51L#£16.1H)
THIgZ s/ (Fig 41B),

NS XD KERERTIE, WEZOEO LB X
O T &~ & oA 2 PRk L 7z

IR 2R

MR TR 2 A, 3.6 mm B & U83.65
mm NL (5fL#%3. 70 M) o ik, B 238
X RN 103 O Bl & 257880 B L7z, Fig. 41C &
41E 13 5% 4 R O WM& .o SEM B E %2R LT
Wb,

B O EOFIE, 4.75 mm NL (51b#%31.585)
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Fig. 41. Transverse histological sections of the taste buds and scanning electron micrographs showing
development of the lateral line system in Japanese sardine. A: taste bud rudiment of 16.1 day-old larva
of 10.6 mm NL. B: taste bud with sensory hairs of 16.1 day-old larva of 11.2 mm NL. C: free neuromasts
(arrows) of 4 hour-old larva of 3.85 mm NL. D: newly formed free neuromasts (arrows) of 58.5 hour-old
larva of 5.4 mm NL. E: magnified free neuromast on the trunk of 4 hour-old larva of 3.65 mm NL. F:
free neuromasts (arrows) of 28.2 day-old larva of 13.8 mm NL. G: neuromast (arrow) sinking into
the infraorbital canal of 21.7 mm SL larva. H: pores of the preopercular canal (arrows) of 32.5 mm SL
specimen. BA, branchial arch; FN, free neuromast; SH, sensory hairs; TB, taste bud. Scale bars indicate
100 um (C,D,F,H),10 um (A,B,G) and 1 um (E).
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DI TlX 4 %, 4.85 mm NL (S fL#£53MEH]) D114
T 7%, 4.8 mm NL (5fbf277 .5k, AL
TiE, 10xHcEm L 72 FHoREHE, 516315
R O Tl 7213120, SMEELG3RE M T4 T
1X12%} & 72 5 720 Fig. 41D 13 51b#458. 5K ] DF D
HEEER O SEMEBEHZ /R L TW 5 Al & UL,
SALIRTT 5 O TH 120 TH - 72

9.65 mm NL Of7fh (51b1%12.2H) DO R
Bixlaxcd b, R, 4 T26M &30 TH -
7oo KD FDOZ IIHEH OmFRK IO Hh
oo TNHLDOERIE, WERIZHEY, REBIRTFIZZ-
7z (Fig. 41F, 13.8 mm NL, 51bt#28.2H® SEM &
). 21.7 mm SL OfFf T, EEFEMSEED
FICH IR TWHEICEO bRz, LA L, 22.0
mm SL O TIXRBEY & 72 5725 31.8 mm SL ®
AT, AOEEEZ W3 2 ke d o7,

TEARAIARAE X, 20.9 mm SL OHF£I1238\\ T lateral
recess DR THGE LD TV 7z BKREIE, HIRRE
F R LR T w7z (Fig. 41G) . Infraorbital canal
3 £ ¥ mandibular canal 1%, supraorbital canal 3 X
OF preopercular canal & U GBI S 7z, 32.5 mm
SL OfEfRTIE, 1o OFEFUMMEF IR L Tz
(Fig. 41H),

NE

3.75 mm NL (51b#5.7HH) ofFf Tk, WHE
1Z PRI @ auditory vesicle DIREET, FOHIZ2D
OHFA (sagitta & lapillus) % Fo Tz, ERHEEKR
WM ALE L, utricular macula 38 & OF saccular
macula Z o Tz, BREEEIZIE, BREEBITRD
SN h ol (Fig 42A),

ZRHEO BB L OWEEEIX, 55 mm NL ©
i (SEk32RH) CTBig Sz (Fig. 42B). 4.65
mm NL D47 (5L %4958 /) T, auditory
vesicle X 5 2 I2ffak L, crista 2 % fF - 7234
@ semicircular canal (anterior vertical, horizontal
vertical B & UF posterior vertical) 2SR &I Tz
(Fig. 42C),

A 05.4 mm NL OfFf (5 b1%79.50 )
IZBWTIE, auditory vesicle (WH) &+ 3ER L
T\ 7z (Fig. 42D), Utricular macula 3 & O saccular
macula (265 ISR EELZHH, semicircular canal ®
crista IZEFEZPE> Tz, 18~19 mm SL & ) /h&
WFA O EREEZ, saccular S0 OMEHIASR R M A
T2 HBIUONEPHKE THEDODNIBD TV D R E
g, BB ORELIZIZRA T TH- 72 (Fig
42E),

18.6 mm SL 4T Tid, saccular pocket 2B &
UM A TWz, F 72, lagena @ sensory macula 2%
o TELE SN 727% lagena pocket IZTEH E N T
W7 A2 726 Prootic bulla 28K & 1, precoelomic
capillary # @ L THEE L B3 TWn7z, LA L, I
W FE 22 RIS LT o 72, Lagena pocket 1
20.9 mm SL OfFATEK S L Twiz (Fig 42F),
Prootic bulla & 52 412 # A TH i & N, utricular
acula B X U lateral recess & #5H LT\ 72, Saccular
pocket 1%, F&3% L T saccular sac & 7% ), recessus
utriculi 2 3@ L T utricle & # # L 72 (Fig. 42G),
Recessus utriculi ® E £, 29.5 mm, 32.15 mm B
X 1°35.6 mm SL DAk T, %&£ 4, 66, 26, 15 um
e olze HBE 2R TIINEREEIZEK L Tz,

% =

<A 7O (5MMEE4IFR) ORELRIZBWT
X, BEL L OB EOEREMBA ML Tz, &
DX % 2HEOKEMALIE, Dover sole @ 51L#
1~ 2 HOFf (Appelbaum ef al, 1983), SALiE %
DA ¥ F 4 o CRH, JIK, 1985), 5fb#% 3 H
DF F 7 FINADIFf (Kawamura and Washiyama,
1989) 3 X 0" 5 L #%ISH O 7 4 5 ¥ 7 OAF £
(Kawamura and Washiyama, 1989) ® X 9 Z FL.\ B
BCBZRIN TS, ZOMENPDS, 347 OBE
ok, dbkEH ¥ 254 73 (O'Connell, 1981) &
FRRIC, SMErE bR ERTsEERONE, I
(1991) &, THEFAFICBVTIE, HRo@mFEkEeN
FFOIH &L ) HaBERE T olfactory pit AMERR L, WA
WOHRBE LR A | LIRWL T 5,

AT TVOFAIIBWTIE, REBLIOMMEL
Feo - BREiiEs L OBEL o IR R
Whiz, LA L, rod cel i3BI% S o7z,
Rod cellix, ¥% 4, 4% 4 (CAH, JIk, 1985)
B L e 5 2 (Kawamura and Ishida, 1985) TiZ
oM TWb, =T, *+7FNA, T4 7ET
(Kawamura and Washiyama, 1989) BX =Y < 2x
Oncorhynchus mykiss (Zielinski and Hara, 1988) T
I S TWi\, Eller ef al. (1985) 1%, rod cell
R E DB, SMEMBORMGAANTIICEL LD
DL LNEVnEREBLTWS,

Yamamoto and Ueda (1978) &, ~ 4 7 > O
12 cm OBEARTIE, PEOFFEREMEE (¥4 710
MEMI) BEAETLEHRE L. LarL, KBIZE
T, AHEOFAMICBE VT, FEREMNEOMETE A
SRAAET A LR WEPIT Lz, BWNEBTEIL b
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s D, pc '4\;3._';‘_’;,;." . AN

B

Fig. 42. Transverse histological sections showing development of the inner ear in Japanese sardine. A:
auditory vesicle with the otolith and sensory macula of 5.7 hour-old larva of 3.75 mm NL. B: auditory
vesicle of a 32 hour-old larva of 5.5 mm NL showing the initial formation of the semicircular canals.
C: auditory vesicle of 49.5 hour-old larva of 4.65 mm NL. D: inner ear of 79.5 hour-old larva of 5.4 mm
NL. E: inner ear of 16.1 day-old larva of 10.6 mm NL. F: inner ear of 20.9 mm SL larva showing the
formation of the lagena. G: complete saccule in 35.6 mm SL juvenile and the recessus utriculi (arrow).
AC, anterior vertical canal; B, brain; C, crista; CA, cartilage; HC, horizontal canal; L, lagena; LA, lapillus;
M, macula; N, notochord; PC, posterior vertical canal; S, saccule; SA, sagitta; U, utricle; VC, vertical canal.
Scale bars indicate 100 um.
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FOEHHTRAEAVAT VBT, Bk L%
BAKICHENEERET A EEZBNA (Kawamura
and Washiyama, 1989). 12, #2358 3% L,
accessory nasal sac ®5&3#% (Burne, 1909) 12X > T
BOWKIATAPHERTAHZILIZEST, ThHO
BIIWEIWA T 5 bbb,

FAAMBEOWRREII R R - T L 728, Hds
HO—EHIETSH (EH5,1981) LF5bhTnb,
Yamamoto and Ueda (1978) 1Z12 cm ®~ 4 7 ¥ A%
4D E o Tz L L Twb, ABISETIE,
182 mm SL OEEARIZ28DO B % F > T ize DR D
H%1320213TH D, LY KERFEKITIES  OBR
EROWREEDS D B, —FH, OXNE@X % KT 5 &,
[l CARRHPANTIX, ¥ EMTRES k023
B CTIRE SN L D RBED S ViR E ko
720 ToOZkid, FEMTHRESINMEMRE, RER
W RSET A5 R, s T 2720 Bbh b,

<A T YTIE, BERAGHIICREF IR SN
5720 SEML L72MR# 1L, 11.2 mm NL (51b#%16.1H)
RO TSNz, v 4 TlE, SMEEIGHIC (&
I, 1981), &7 2T, SHMEfk12H (Kawamura and
Ishida, 1985) IZFID THREDIRDOLNTWE, D
e, Al JIA (1985) el Twa L9912,
N OMFPFEFE SO HTIE, FEE IR IR
BRIV TRV EERLTWVDS,

SV VHABICBW T, IR A5 E
LCTwa2%, iz v, REHMAEIZBT 5l
BEDOFEEBRELHAEEICOVTIE, HFHIHENA
ENTwiv (Blaxter ef al, 1983), SHLEZO Y
VF v — M, RN 7 ~ 8ok Fo 2
& (Blaxter, 1969), B X O, dtkEh s 2 F4 7>
D SLEZOFAE, KNI 1ok E, BEHIRIZ3
~ARNOREERFD, BRI THEIINT 52 &
(O'Connell, 1981) 28HIHNTW5, MEEHO =Y
v C. harengus 17fa1%, AANZ108, BHERIC 6~ 8
WO ZHF>TV5EZ LB IN TS (Blaxter
et al, 1983). ABFETIE, ¥4 7 v OfFf (5L
4T 1, ANC10R, BRI 2o REE R T
Wiz, D%, BHIBORERIIHEZEICHINL, HAERH
RENIZI0C e 5 720 — 0, RO EIF120012 1k
Fole Bz ens, EvFy—F, dtkEr s
IFATVBLIORA T IO XD g, &
INAHFAIE, =2 DL ) RILEIMISETNLT
FICHARTERR O ZREI BN TWSE EEZ S
N5,

HH (1991b) 1%, A4 7 > ORMER O b F I,
AFEXHT7 mm 22584 L, 10~11 mm F TIZFH ETHRE

T2EWMELTWD, AFFED SEM BISIZE 5 &
13.8 mm NL OfAE&Tld, EEEREHOI O L) FHE
FAZ T o TO BRI RED S 7z, 22.0 mm SL @
FRDSEHN 2 MR E 2R o Tz Z LB L U318
mm SL OISR RSB b N e o7z
TEMLEZD L, INLOBEMKEAERT 500
HDHVIIHEMICEILT 2008w SEHICE 2155
W BWMEPLETH 5.

<A T Y OHEBMHE L, o= v HAH (Allen
et al., 1976 ; O'Connell, 1981 ; Blaxter, 1987) & [Al#
2, lateral recess (2B W THEE % B#E L7z, Lateral
recess i, ¥4 7 ¥ Ti320.9 mm SL 225K E
7oo MfAFETIE, TIPS, REE=Y Y
T18~20 mm (Allen et al,1976), JdtKpEH ¥ 7 F 4
7 3 C18~20 mm (O'Connell, 1981) 3 X INKVEHE X
¥ IN—F"Y Brevoortica tyrannus TIlX17 mm T -
7z (Blaxter, 1987) o ¥4 7 ¥ OHFHMBE ORI,
325 mm SL T% T L7z —J, KEH=Y > TldZ
NXY2%RHKEL,50~60 mm TH5E V) (Allen
et al, 1976)

HEMFEONHIL, HEWIZ2Oo05LLHE
PHW b, 12 PHEEERE LT utricle & =2
WET, MHFIZHEEEE & L To saccule & lagena
T& % (Hoss and Blaxter, 1982), E & MAFHIC BT
LZNHOMMEE, FHICHEANE X OERENS
EBAICE L TRA&DIIE TN T v (Hoss
and Blaxter, 1982 ; Blaxter, 1986), Zh ¥ TIZ, t
9 X (Kawamura and Ishida, 1985), #+ % 7 F/% 2%
(Kawamura and Washiyama, 1989) B X UNE¥ o 1
fE O. marmoratus (Senoo et al, 1994) O SH{LEH
FHONEIX, ATV ERBRIC2ODEREF -7
HIEOHERTH -2 MEESNTW5D,

~ A4 7T, cristae #fEo 2300 = PEHE
X SEETISRE E TR SNz TORMPD,
cristae # 72 3 2O ZREHEOEKIL, FHAHHE
fHBAMGEI O L2 & IEA %3 Tk DR D -
HICLERTTRTHDLEEZ LN,

Prootic bulla 1£20.9 mm SL T 4" X A% 7 i L,
utricle & & T¥ %5 72o Prootic bulla & A% 45 L
TV AT A, W RERIEOEH ML, IRE
RHADTMRERET HEENDLEEZONL T
® (Blaxter, 1987), ¥4 7 v OffFfalE, ZO¥ A4 X
DBEIZIINER L & HICEREEZRBMT A LNTES
LEbNs, NEOH TREZICIEK X N5 lagena 1
20.9 mm SL TRH 5N, €4 7% saccular sack 124
32 mm SL F T ENT TNHED2ODERE &
prooic bulla — 3 2 57 A%, FEEBEAE & BHCBE
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LCwa 70, FEEMRRISHEAMIIREEICH AT 2 3
DEEDLNL,

BIE ENERE

F1E R EEINER

FAHOBRRIEELEO—2I12 "L d 5,
AT REIRERA (B - AFRER O AR R A &
MB7-OOHE) OMELOBENEZHEEL, &
nx Mk 1 BEROEINES X OBifih oo b5 2 E 4
THRLT, #BAEERL2H#EETLHETHL (JEL,
1983) ¥ A 7 2% 1 BESP IR R S AT [l BESR 9 % ) A
L) Rk, ME RO E A S L TERE RS
FA—=FTHY, DHiroimsIh &, ZomHl
BILC, AHS (1959) (ZIFHEOMMBFIMETIZ L -
T, Al ed 2m, 1HEHZ3EELER L, RESHH
bk 1AM Y S 2 MBI & HEE L7z, £ 72, Nakai
(1962b) (ZIRTEHIE A S22 ~3MEI TS L&
RTzo —, FHEFE (1964) [ FIPPEALIL % FR 748 R,
1 AEARAS 2 s DL B CREBN L 2w & 97 UE, 14RIC 1
MG 5 EEZLRETHAH)LLTVD, wET
1, Matsuura et al. (1991) (ZHARAIITFIEICHE DX,
Bl L 2T A THA ) ERELTW5D,
¥ 72, Murayama et al. (1994) 2 NEHATH 5
ZEERIBLTWAEDS, FEREEO IR ER EEIN I
DWW T OWIEZR K IR 5N TV,

=77, RIRFEIREO I 2 e T HEE L
T, HEURR B 2 H v 5 K54 5 (Hunter and
Macewicz, 1985). Z4UiZF U HICHEIR L 7z 00 % #§
DR EI G S, BEE L CONEN IR % 3k
DHLDTHbD, ZDOIZIIHEINE B OMERE D
RN L2 RN LELDHY, ZNFEFTITAVEY
BEICE Y ENFEINOERESA 7Y (HALY)
ERWV—pE~ AT Y S sagax (Goldberg et al., 1984)
DEND D, KETIZ, KRBT B HAE
A7 OHMREROHELERE, Fhr bl
LIRS (L EEN & ARGE L256) 120w TR
FHL7ze &b, KUIZEO—IIE, B (1997) 12X -
THEIN TV,

Eat s Rasp:

fEEkfud, 19934 3 H13H & 14 H I PG iiEX K PEWFSE
FTCERAAR [Bth] [2X o T, KEmMPOLEHEL

72 2 Mk (Ie#E32° 26.17, BkE129°33.9” & db#32°25.9,
FRE129° 27.0°) (Fig. 43) T, IS & - TR L 726
FEONBHAAREZ] (HE S, 1954 ; A%3l, 1992) & Bbh
% 20/ B 205305 D 1,  BEIRAKER & HEE S B K
35~40 m i 1 KoK (H A48 mm, 2550 m,
MIE10 m) % PLkE S 2755, 3 HI3HICIX143 MMk,
143250 A28 H N tze o ds, 24BRICHREE
AR TR LS N Do 72, FRERICBITS 4
m KEOKRIZ, 13H1Z1X18.8C, 14HI21317.0C T
Hotze Tz, PREH AT OB E IS BT 550
m KEDOKIRIZI7T.5C TH 720 TOMIUT, 19934 4
H29H ([CF B0 JiE (Jb#E31°59.67, HRE129° 43.67)
THRES N4 RS ERE LTHW 2,
BoNLEAD S B, 3 H13HRER OMEASE K L
14 HBRAERE DO -EGOM AR I DTk, MR & Bk E (DL
TRE, SL) ZER, EBHICIEARE L T10%
R V=) v (EBRAKEZF MY 7 A B X OERT
KFEF V22X %) (Hunter, 1985) THIEL,
BB (E&5~7 um, A< brFFT ) -
IF Y rgeth) BUERL7, F72, BEE LR —
AR ML, ¥ty N TIN50 L7
%, FERBMSE BT 5 L ICHEERE 21T 720
HEZOW T B RAF 2, ARE, SLBIORREER
ZEHI L 720 4 HICERE S N MEERIC D W T kR
WCHIRREI R 2R L 7o

Goto-nada

[

T T
129° 130°E

Fig. 43. Sampling sites of Japanese sardine,
represented by asterisks.

REE A REHEE, & PO, MEIRE, ARG, (LARRIE, EIEEE, TR, 1990 fE TICB L~ A 7 ¥ OE L PR RIERIC OV,

P 2 4B HAOKEZ R RFREHEEE, 70
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WEINTA T T OMEIZ20~22 cm SL OfEEDS
KT, 3 HISHERER O GSI (EFHREE < 100/ 14
) MR EE R TEEIZ L, RRKTH109TH -
7z (Fig. 44A), —F, H4HREHO GSL iz &RIzE
Wi E /R L, k3234 TH o7 (Fig 44B), i
19~21 cm SL &ML D /&<, GSIIZ13H B &
CIAHRERE BIORTTH - 720 M GSI D
PO AT, 13H & 14H OIREREIZ R O RETHEE D T HE%:
MWEV 4 FICHRE SN2 MR A GSI 121,081 T
Holze 3 HICHRE S N2 HIZIZHEINIE $ DO WK
P EFORARREETNTBY, Bk LI EMIEIE
WICHWIERICE TN T (Fig 45A). HEUREIE
FADRMEIRIT A % < & D LIT 0 3 BEREASHHIR IR 2
N7z,

BITZT—20 : PRI £ oI < T2
%<, IRWAREE#E 5 Twiz (Fig. 45B). BRI R
R AR U 7208 (GESRBHAGR X2 SHEE L T 1
RERIDIN) 1, RS 2D, Bl L Tw
7oo EIIEL Y, AEEAT MR I VO
Tz ¥ N TWiz, BRIV OFIERE & Pl oo FEk:
RSy, FRHRE L YNCHIICE L, €0
M, NI FFYY ro—icfta i n, %250
B BITOREIREL B SN h o 7z (Fig

LN TR

45C) 0 PLED X9 ket Fodb0x Y HE
YRR (REBR#2 0 H) & L7z Fig 45D 3 AT —Y 0
DR DO FEERBEMERIZTH VD, % < OHIIZIEI A
DHEN STz T2, EIRSI NG Do 72K AME
PR LTz,

BITATF—21 @ B AMREOBSICEL AL L,
4 T SN72IRBE L 7o 7o JERHIIL ORZ B S
AR D, AT MF Y TR T G L # L
B F AR D LN, T, L BB h
% & o 7 RAT ISR ASBESE & %2 5 72 (Fig. 45E),
Vbho ko 3tz iob 0% @itk 1 HoM
R& Uz ERBEMESTHEICLS L, A7 -V 10
PIRIEIIE A 7= 0 1CHRT/NEL R Y, Bbwd
LTw7: (Fig. 45F),

BITAT—7 2 BRI ORI A2 ) A,
PICFRA 2T E o DI L, KRB LI IE A
-~ 7z (Fig. 45G). Dickerson et al. (1992) 1Z~%/3 S.
Japonicus (2 B\ T, HEINFEA8IREH o JE L 0 He e g A3
PENENIEEZREL TS, 2D L) LIk
Mo box % 2 HOMkE Lizs A7 -2
DOHEIRLIENBITIET IS <, FARBEREE T Tl3EH»
WD L 72T & 72 (Fig. 45H) .
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Fig. 44. Relationship between gonadosomatic index (GSI) and scaled body length of the
female Japanese sardines. A: sardines collected on March 13, 1993. B: sardines collected on

March 14, 1993.
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Fig. 45. Photomicrographs of oocytes and postovulatory follicles of Japanese sardines. A: hydrated
oocyte and thin ovarian follicle (arrow). B: postovulatory follicle (POF) immediately after ovulation. C:
POF at regressing stage 0 with no degeneration of granulosa cells. D: POF (arrows) at regressing stage
0 and remaining oocytes observed by stereomicroscope. E: POF at regressing stage 1 with disordered
arrangement of granulosa cells and pycnotic nuclei. F: POF (arrows) at regressing stage 1 observed by
stereomicroscope. G: POF at regressing stage 2 with marked degeneration of granulosa cells. H: POF
(arrows) at regressing stage 2 observed by stereomicroscope. I: oocytes at the migratory nucleus stage.
J: atretic oocyte not spawned and POF (arrows) at regressing stage 1. K: many atretic oocytes (arrows)
in an ovary indicating unsuccessful spawning. L: postspawning stage consisting of immature oocytes and
atretic follicles. AF, atretic follicle; AO, atretic oocyte; FL, follicular lumen; G, granulosa cell; N, nucleus
of the granulosa cell; PN, pycnotic nucleus; T, thecal cell; V, vesicle. Scale bars indicate 0.1 mm (A, B, C,
E.G1LJ, L) and 0.5 mm (D, F, H K).
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MO & M)A 5 7% %) (Hunter and Macewicz,
1985) L OXFRL R WETH o720 1o T, HAE
FE~ AT T OPRIBRIERIEHEIE () #2HFET
PRPITRETH o 720 U EDOR BRIV —FETAL T Y
(Goldberg et al, 1984) O L IZIZAEBETH D, B
TAT =Y 0NV —FES A 7T Y OREINH 0 ~ 6 B
#% (0H) 12, BIFAF—Y 1137 ~308/M#% (1H)
2, BATAT— Y 21331~530 % (2 H) OMRk%
IR L2 BA ST (IR & KIRL7CICBW
THEIP 2 A8WE H CHEIR BRI ML & A5 Ak & oo B 72
PR DSBS 2 B LG LTV B, Sl OB SANE

0)7J<‘i%"<50 m DKIRIFL7.5C &L R FE 2o f:fﬁ Hij
DX, EINE 2 H I TEIOBIIZFTD TR TDH
Of;o

HEOR 2 I8 M DAL 0 DR BERLAR % 2 & DU o 2245 1
LNz WKBEBIZET 2HTOIEIND ) b,
KODEFOMALZINIEBEHOMMIZEL T
72 (Fig. 45 1), dtkpEh ¥ 2 F 4 7 3 (Hunter and
Macewicz, 1985), AREH ¥ 7 F 14 7 ¥ (fi#,

24r

ZVN TR

1990) %~ /% (Dickerson et al, 1992) DI 5
INHOINIES B HOFIRE (FlIX, HIHs,
1954 5 A, 1992 5 A, 1993) ICEMRE b DL
Fr bl 7 EIRIC—BOWKINR D 5\
BRRHREOBNIZIIPEAN L LTHRY, WEho
JEJE U 7= SR I TR S 1% (a BRSO PASHIE
fa) (Hunter and Macewicz, 1985) 23#® 5 17z,
Fig. 45] (&HEIN# 1 H U8l & 59 58 O PR 5 A3 81

BINTBIT, DL 2ROEIRZRET S HE
WA —T7, BBEBMOIIZHS, GSIAYWE <,

ﬁ%ﬂlf?@’?ﬁ?xl‘a@ﬁ%ﬁ(@ﬂ@ﬁ“‘( 0 5 N WK
BHDTERTEZLIDEEZ BN, T2, —FICiX
3% L 72BN O R ARITEN: (BRI L7z
DB HEHE 7 (Fig 45K)o 2D X 9 % BT 2SR
RIS (1990) RRFIL, Al (1991) THIHE SN
T, IS OINHEZ FEOREMAEIIAT & 2D 5 [H T
JHzZRBL7zb o L Bbn b s, GSIIE40, 69, 79,
87k i & (Fig. 44A, B), RDOEINZATS WHE
PEZEE TE B\, Fig 4L GBS 2 & T L7z

B .
22
.
201
18
.
161 .
.
14}
12 0 12+ .
A o
- ]
10f 1o- :
N
.
. ® .
8 . . sk
s ! LR ™
- L] L
W B &l :
L] ‘s H []
. oY 5
-
ar * 4k . .. . !
L | . . . o ! .
. . l .
2 » ' ; 2r . ‘
. l Y
H
o L L " " L L ° L Lt L L L
A -1 HO +1 +2 Ot P A -1 HO +1 +2 Ot P

Fig. 46. Relationship between GSI and gonad stages estimated by ovarian histology of the
female Japanese sardines. A: sardines collected on March 13, 1993. B: sardines collected
on March 14, 1993. A, atretic gonad; H, hydrated oocyte; —1, one day before spawning; 0,
immediately after spawning; Ot, others; P, postspawning; +1, one day after spawning; +2; two

days after spawning.
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T, £ Da~BEEOHHIEN (Hunter and
Macewicz, 1985) & REHINAFRD S 7z, Fig. 46A
13 3 HI3HREDASMEKIZONWT, FIRDAF— VX
& GSIOBRZR LD DTH Do ALBITEMN,
— L3R EhI (EERET H ), H X PESH o 1R O WAKIH,
0% O HOWEI AR, + 1 BL0+ 213
K4HENBIBBIU2HOEREZHFH LD, Ot
Z oM, PIIEIK TEAZRL TS, ZORIZHR
KIE % 0 b DAIGSI 10.90 1 KD A TH B DIZHF
L, %O HOMEEEZR>L o (GSI 1.6~4.2) »°
1Mk E % < RO B, Y HIZEINAH IR 1247
bhiztBbhb, /2, EWAHODH D (GSI 4.5
~8.0) I3tk A7, EIHKE 1 HOWEREY Fo
itk GSI 1£1.8~5.2, IR 2 H O % Feo ik
T131.6~3.3, ZDMOMEMAKETIZL.I~3.0& K%
RU7ze HEIERT L7 5 EkD GSI 120.8~1.6TH
5726 0T, ZOBIIERE LTEINN D% Y H#LT
L, BTIZHD» o TW5DZ DM 272, Fig. 46B 13 3
H14HRE DRI OV TABEDHBREZR LD D
Thbo EWHTHD L DIF15MAE % <, GSI DHIPH
(34.8~11.28 JEH > 720 WAKIP % F5D b D1 7 Mk
T, GSIIX7.2~23.4L ILHPAIC KA 7Z. FEINEHZ DI
faz$>od o (GSI 3.4~7.3) X3 MkELRL, &
DOBRERE ORI 2 AT ) MR oz L Bbh
%o WIS 2 H O % Feo ko GSI 131.9~8.4,
ZOMDOMETIZL.7~6.25, HERE W GSI 2 #Ho
BOREEINTW, TDEHIZKRATF— Y TGSI
DIRHBIEDIL, FEERO S D25 2 HB 51T
FNULOFEEDPRBEL T 272D TlEhwnwnrtE 2
bNbo HEIZEHT L7z 6MAD GSIi30.8~1.4TH
ofze Fi2, 4 BICRES N D DT TR T M

KT, GSI20.7~1.6TdH - 720

Table 4 &, FEEIH OEIMEAROE G5 5 IV
Badie LB Th b, w0 HOMAKIZ, WkIN
RO D O LFEINY H oY RER RO b 0% A5
L7-METH 5. 3 F13H ISR 1 R DSRETR £
0 HT, 11/450#5TH %4.10°Z OEEOFHE ) IR
JAE (HE) o 1#l&w) T Lilied, Bz, 100
kD 5 H10EERAEIIE 0 H7Z 572 &3 5. 10/100
DHFIIZI0TH %A H IR FEIR L 72 T 5% 5,
10H I CLOOMEMAR DS EEIR§ 5 Z L il b0 1E-TC, B
ELTCORIEGIZION L VWS 2 &2k b, BEIIHE ]
HoOWERZ RO MEE» SHEE LA 341HEH T
xR L7z L2, EIIRTH & IR 2 H O H
L L2 AICE, FNENIS0N B X09.00 &
BWEE R L7203 H14 B 21260484 H LA A A3 51
%O AT, MEINEMIZ6.0R & %o I &
PRtk 2 0 ok SHEE LA, £hEh4.0
HBXOT75H &R WVEER L72AS, #EIRE 1 H O
ROBEAITIF30.0H L IEFWICE WEE R L7z, ko
EAAMEEMICIZIZS D X HH 5 DI, BIEEAK
BRRD v L oM, FIREEREC X 2 IR EAAM
BDIEEDEH 5 VIFHEINT 2 HEOEEGHIZEY
MY RRDLEEEEDEHLOND LNk, Kk
DEIZOWTIE, RAWEOF—HEIIB 57T~
7 bk FORBERMOMRE, <A 7 S REINEDT
EMCKREC BARDZE E3FHEESH) 2607
DOWREEIRZ D0 ZD L HIKHEEMBOEENE L
TREIHRFTL2LENDH LD, ROIMEEICIrOBY
T SN IR 0 HOMBE» SHEETHE, <A
T OFIRREINEI & LT 4 ~ 6 H & v ) HEE A
Bohl, BA, B (1990) F—@tkrsrve s 2

Table 4. Days after (and before) spawning and spawning intervals determined from ovarian

histology of Japanese sardine

Samples on March 13, 1993

-1 0 +1 + 2
No. of individuals 3 11 11 5
% 6.7 24 4 24.4 11.1
Spawning interval (days) 15.0 4.1 4.1 9.0
Sampling on March 14, 1993
—1 0 +1 + 2
No. of individuals 15 10 2 8
% 25.0 16.7 33 133
Spawning interval (days) 4.0 6.0 30.0 7.5
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Bl A YR8 ~9HAKRHUENZ T2k
EHRELTWA, F£72, BN# (1992) 139700 2 B0 5
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) KIS E WIREE C ORI AEREZ B S 22T 540
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E28 EWNLEXRRBRTOMRE—HE2IFA
73 EDBE

RATTYBION Y 7 FA4 T ISR A
WZEENED, WIED450R5 L LOBHEEH 2 /R3O
IR LT, BTN 365 L LFOIRIZ /S v
(BB, 1992), T X 5874 2 Wi % s %
Zlid, FAHEOEROEVWERIT L LICOR
MNHLEZONL, T, RETIEEIIRGZ &IN5
HEBRRIZOWTHRE L7,

<A 7Y DREIANZ O W TIZ IS < OS2
HH (FHRS, 1954 5, 1955 K4, 1992 A,
1992 ; #FA, 1993), M d Ar& EICEINA T Thh 5
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TWEDARTH D, —FH, W¥7FA4TUIZODWTIE
BB FIIBU 2 BRENIWETHY, HEFFNTORE
I (B2 S, 1983 ; Kawaguchi ef al, 1990 ; #5H,
1992) & RIXMIRCTOREIRRZ] (FFIF 5, 1955 1H,
1958 ; W, 19815 HH, 4, 1981 ; HJE, &K,
1984) ASHBENT VD, D) HLAFDREINDHAK
Flfrbh s LHEE L2 INE (1958) ot # B X,
LT~ A T EFBRICHIREICHEINS NS L LT
Wb ZFE, AR (1984) IZHARE I BIT 5
AT B E 7 OMEFREICL > T, FAT =IO
BATHEZ R S ICOWTER LTV S,
VLRI S B OFEIZOWTORETH Y, Wil

ZFRF IS L2 v 19914E 3 HIZR A T v D
IR 2 AR A 7202 1 R B &46BD A v bR,
WxiTo722h, H—RM@TIA T ENY T FA
7 DY EAFRPFERERE S N2, 22T, WA
ZEH LU THAE L7256 O K 2 OREIPIGS] & 54
WA IERMRET L7s BB, 8R4, AF (1997) 12k
bl KFEEREBICBILAY 7547 02~3H
OFEJEITIIELIBEEME L TB Y, KFAENTDNI
72T R T T9914E IR IZHEIM L 72 2 & AR ENT
Who B, REIFEO—EIE, RES (1998) 12X -
THEINTWS,

AFETE

PRAE T A 1 V4 v DX K R BE FE P U S R A [ oAl
WXy, BABOIMO 1 E 8 (dL#30°40°, Hi%
130°25") (Fig. 47) \CBWTHE L 720 TDEHDE
PUIY 25T, FORIEPRTY v FiREE T A ¥
EoEERAEZITY, AT VIHOFEERERE L L
THPE L7zo I - FAREICIZIEKET 285 L0 R
B No%y 7 %y MR, 19914 3 B12H08 2 5
14H058E F T, 74 ¥ —8150 m DR 1 KR
B EIHEHAOMAT > 720 IS, WFRIMPES X OKE
300 m ¥ T®» CTD (Neil Brown MARK III B) #iilll
AT o Tro FREBREARIZI0 % KA V<) ¥ TRIER,
RATYBIOHA Y 72 F AT O - 1% EE L

Yaku Is.
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L 1
130° ' 131°E

Fig. 47. Serial net sampling site of Japanese sardine
and Japanese anchovy eggs, represented by an
asterisk.



HAE~ A 7 > OMBFEE & EINERE 143

K % DB BB BEA S E G L 72
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HWEO A, B, CHloMIZ, BN, IPEEA 2 (PH
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BIFRR
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46l D RAIZ X Y~ 4 7 THIT57TIE (JEK 100m®
720 0 ~23148) (Fig. 49), [FM315M4& (0 ~
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B L 2w AA OSN3 H12H208F, 21K B X O
3MFICEREE SNz F 7z, BEELPRIRME & IR 2 T K
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b HNT, —J, 12H24KI2E SN A BN
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A M OFFEREIZ12 020058 XA S513A11RE F T
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Fig. 48. Temperatute (top) and salinity (bottom) from the surface to 300 m depth during the serial
net samplings.
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Fig. 49. Numbers of Japanese sardine eggs collected by the serial net samplings.
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Fig. 50. Frequency (%) of respective stages of Japanese sardine eggs collected during each hourly
net sample. AA (from fertilization to enlargement of egg capsule), A (to closing of blastopore),
B (to detaching of caudal end from yolk), C (to attaching of caudal end o head region) and
CC (to hatching) indicate the developmental stages, and U undefined eggs. Arrows show the

transformation of egg stage.
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Fig. 51. Numbers of Japanese anchovy eggs collected by the serial net samplings.
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Fig. 52. Frequency (%) of respective stages of Japanese anchovy eggs collected during each hourly
net sample. AA (from fertilization to cleavage), A (to attainment of blastoderm to 1/2 of yolk
length), B (to detaching of caudal end from yolk), C (to attainment of caudal length to 1/2 of yolk
length) and CC (to hatching) indicate the developmental stages. Arrows show the transformation

of egg stage.
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BBRITH EIIDIT DN T VB W REMEDRE Sz,
o (1954) LD A5 AA BIPH &2 B RICIRE L
TWwb, LHL, INH0INZT] &k I L7288
ELREIN ol E, BXIUY, A7 0k%
FEIRIESZAEIR & RARIC I PRERIE & iR 2 TR 3 % &
Lo (BE3EE A, NS OINIIER & AT
BHI X > TEARINZ DO TIERVRZRIN (Bl
EHEDIE A S ZIZNT5E) DOWREYD 5.

RIRWIRIZ BT B H 5 7 F 4T 2 OREIREZNIZD
WG, HIES (1955) (ZFEE AN O MBLIREE A & 5
8L C20~ 23R B IR T b L L7z 1L
(1958) 13 KA B2 B> T23~04HF D A - 1 FEIR AT
fibh s L L7z7%, BEH (1981) (XFEEIZHE W THIK
PO22MERI BRI PFINIEIN S NS E M LT b,
PLEORRIEINC B 2 EEIRREZ o ¢ ILH (1958)
DORDVEETH D E L, WU EH#HE L 20
(1981) LiZ@E B LHRERL TS, ZOEN
DOFERIIHZE LB L > TIHEREL72720T
EWwWneEZO6N5, BF 7 FA4 T DREINKEZ
20 m (FHH, 49k, 1981), F7:1350 m (B, K,
1984) L Thy, KEE TRETLDITHKM
DI 5 T2 DR TIIEINAR D 2 VW INITERE X
NhholzdbnEbhs,

FBETICBIDLHY 7 F4 T2 OEINEELF22~
U E W) WMEFALRDH L (FRS, 1983), F 72,
Kawaguchi et al. (1990) (& N T-FEBHF CHH %17\,
IR 1 ~ 150 R CREMDUEE D, 3.5~ 4 KK <
EHAELTWS, BBH (1992) 2 X AUEAHI H %%
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2 ~ 3R 205, (21T 2 B o M2 %
HTTHEN), SHOFERTIE3 AI2HEB X TI3H
& B 2A~01RFDOMICFIZEIN D Tb NIz, 2D LI
INFTOHE L 2% D BRI EIN SN2
LERLTWA,

Db X512, SHOREMRETIEI~YA 7 2 IEHIK
EORCEEEHICHEINL, BT FA T VIZE P
SHBEOFIICHEINL, WO EIRAIT e EE
LZeholze STORKIZOWTIZHS 2 TIZ R WS,
WS T I L CHRAET A58 1IN % 4
JCTWBREMEARIE S D,

Table 5 1346[M1¢ CTD Bl & > TEH S 72k
W10 m & oFHKILE, FOKBEAETICBITS
RATVBIOA S 7547 VIO SMEEER %2R L
TWb, ¥4 7 HDSERER & KR O B R 105
(1983) Rz, 72, HF¥ 7 FA T VIOV TIE
BEF (1981) ORUHE o720 TDENS, AT VB
XN 5 7 F A7 OIMICBT % 5 KEE e
LThb, 4B, mEAEOGEFMEIITIE, 0%
BRI X o THOMKIEEEZ D ENHOLNTWD
A5 (VikF, 1960 ; JEEB, 1970 : /NP4, 1980 : hH, 49t
1981 5 ZJ5, 5K, 1984), Z Z TP 4RmMmK
RELIIMOKRT GBI LI2KREET 5o Hi
RO L), SROEFREIC X o THEE SNz~ A
7 VIO ST E T B R[] 1342 5WE [ & 45 58 & 7
5720 TN% Table 5124 Tidd b &, 4258 D 5
LS B E 3 KIR19.5~19.7C DA ICHS L, 20
KIS T B KEIZ0~10m &% b, 72, 455
o0 SALIE R IEAY19.0C ICHIYS L, Z D/KIRIZ R
FTHKREEIRO M ERD, —FH, h¥ 7 FA4 TP
MSLICET BRI~ A T VL )RR EL, 465

Table 5. Estimated duration (hours) of the
egg stage of Japanese sardine and Japanese
anchovy at the average temperature at each
depth

Average Egg stage Egg stage
Depth(m) Temperature duration duration
T of sardine * of anchovy **

0 19.7 419 412
10 19.5 433 422
20 19.2 447 433
30 19.0 457 441
40 18.9 46.5 44.7
50 18.8 472 453
60 18.6 48.4 46.2
70 18.4 49.8 474
80 18.1 51.7 489
90 17.9 533 50.1
100 17.6 55.0 51.4

* Adapted from Watanabe (1983).
** Adapted from Azeta (1981).

ER & S0REf & e SNize <A T VHIE BRI SR
% Table 5 I24TidH 5 L, 4658 D SHLERHIZK
H18.6COBLAITHAY L, ZDKIRITHIRT % KEGE
3H60 m & 7R B. F 7z, S0EER D SALEERIZ17.9
CIHBL, ZOKIMISHIET HKEITHIO m &%
5o DEDZENS, A7 VIOIHA4IFIE 0 ~30
mOENEVEL, Fh A5 7FL4T7VOE
S A18Z60~90 m DIFEWVBIZH o 72D TiEwhk
HEIND (ZOMICELTIE, $£3HEIHTLE
[l B K S A O LR IR A 1 & o TA B DFERATE S
n7z)o /AP (1980) (& iE, ~A4 7 VIlEEREIC
WHTELGATHEN), TDXI) LHABOEE
FIERITERE LT, IOERF EEEDE,
HHVIE, EINKREOEVREPEZ OGNS, b LK
EVREBRLTWE ETNIE, AUy rFAT
YN R LUTHELE L TV AEAIZIE, EIRER 72
T CEINKEED BICT A REMAVRIE S NG, &
MLk ->T, AEOWNETELLETME > THAT A
X BBHED B D00 H Lk v,

BIF FEWMKRE—HEZIFATL EDERE

<A 7Y OREINKEICH L TIEPER (1960) & RH
(1961) DD 5o i I AMED YK 1L20~
23 m EHERE L7228, ThiEdH < T TIOFLEBEHD
SOMEEIZT ER v, BHEIE [BUNEEZD L VI35
EIOIBOIRERE TS AT, HINKEEITRE D S
70 m b OEPHIZ K, FOWELIBITHIEL] - B
HIZABOKRE SHICE s TRV ERICE LS, —
BeiZvo TEE2SHRE (30~50m) IZHb] &
HELTWD,

HETFATYOEINKEIET2HMED D %L,
FRH, 49 (1981) 13KE20 m fHE & HEE L THB D,
5, K (1984) 1350 m Rtk L HEE L T b, F72,
Iseki and Kiyomoto (1997) ZEEIRER S vl ¥ 7
FATVIERBICHRD LV EHREL TS,
PEDOMEIZA T ey 7 F 4T OO
RTHoT, WMHEAFE CHIHTEINL w256 %
BL72BNEINE Tl 5 354 2 Tl pErE i
ZBWT 1M B XA D TT > 7 b v h v b O
ERMZ T o MR, AT VeI I FATID
PEIRBEZNC T NAH 5 Z & 2T L7z o T, #EGE
KEIZDWT D WA CHEIS TR 247> T b5
EOERTHLIPIZTLULEND S,

<A T YOEINELNZOVWTIZZE L DHRYH S
(B ZE, DS, 1954 5 A5, 1992 5 FHA, 1993 ;
BIFEM 2. L, EINKEREESAMICEL
TRARDP DRV, BICHET 2 LEVH L. F
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7z, EI3WBAMOMETIE, EREEHIIBVTES
BOFFMBLI-OTEZwrEEbNE~ A 78
EEFAN L7, ZOMOMBUKGEEDOAR RS 72
DI, BN ZTLMMILTTI Y7 b rdky FoE
FEshiE B X 0% B I KK Mg % 17 o 7o R R % 3
H9 5, &k, RFFEO—FIL, RS (2002) 12X
STHEIN TV S,

AFETE

AL VG XK ERT SR SE AR AT AR [ FeottL] 1I2 &
2T, 19924F 2 H21H % 5 BEFEIHE O T IS b 72
ST b7z £9, KEPLTY v FfEZ 20 L,
B 2T 2B WEE 1T o720 ZORE,
T CTRAR - M BT E TRV b7z 5T
W7o A T VEREHIIZIZEELTBY, o5
PEEE - RIBEEOBRELVICRONTH A, £2T,
W2 < IIASRIE S N B0 E M (A6#35° 55,
HAREL30°29") 2BV CHEBIRERE % 1T - 72 (Fig.
53)o

SHIERMICH WA A Y MEOE45 cm, HA0.335
mm ORI Vo8y 7 kv T, ZRERIREKEHHE

130°E 1317

-Sun,
9 Py
n.

31°

*

Yaku Is.

v

30° T

Fig. 53. Map showing sampling station. An asterisk
indicates the station where the net samplings were
conducted.

WCHWZ=013 104860 cm, BAIII3.77, H£0.335 mm
DAY b ThbB, ¥, ARMI VY 742y bO
SERAM (74 Y —K150 m) %17, FOH5EO
KR Z 4T > 720 60 cm A v M I & BHEK
HAs, 1FIZKMET, 20m, 40m, 60m, 80 m I
B EHITRMET A X =Y T 7z R A
IEL7ZRET, 2y bREFSEAL%B 27y Ml
BTl MR L 720 & v MRHISHZERE & L T General
Oceanics #:® Double Trip Mechanism % W72, 7
A4 X — DRBEERTIIEA Y DS FERY AU,
WHTRICZ OKEDIZIZAFEIC R D X ) hodEh %
R L 72 BB, MRS LAy MY YT O
s, TAX—HDEBTHLENELTEERAY D
SEX e MRERIEEER L2 Ay PERIRT R, UiE
KFIEST L ETIS, LDRVEBOINESZPRAL
TR RENEDH 5, BT 3 H 1 BI85 3 H 2
HO6WF T2 & 12 7 ], 122 1 [8], BHIZ18HF
25 3 H 3 HO06I:E T2 R & 12 7 BOFHLEAT -
720 TOMIZ, BAERIIC CTDIC L %21 m I & DKl -
WOBliz1T o720 v MEREWIZIEHIZ10 % #EK
AV YCEELTRLED, AP ehsy s
AT OIEENL, HHEBREINCEIEL 2,

<A T VINORE BRI ELARIZ Nakai (19622, b)
WZHo7zo 72720, RIMAMATEIITEL T 5 LI
DINTSEEF DO Cc AT =V E LT AFT7F4 Y
TINDFEEIE IR, $5AR (1984) (2o 7278,
JRERT OB % AA ZAF—V & L, RBEIIIERDNL/2
UL D% Cc AT —VE L7

5 R

BEIRE

Fig. 5413t iR4E 2 1T - 722 B 2 kiR (1)
&g (F) o CTD BlllFEREZRL TS, SHEW
HAT N7 KEELS0 m 1Z14CAETH Y, #iB1317C
BTH o720 KFRMAFTHN7280 m LLikiZIFIT16
CHAEPLITCHOHEPAICH ), AKEIEE L ) Ev ki
Tholze WAMEAEOF FICIE34.7HDKEHE B
S 7278, BPICIIFR EORMIKIEA34.613 L 7o T2

Kt V2

SN RO TIX, 3 H 1 HOBIIHA IR
EHEDO AAWRS T VIRES N LD o7, LA L,
2HD22HHIIZ AAGIE & ISR ZHIIA L 72
LEbNBIN (53T 41, Fig 64) »% {RES
N7z ZOINE 3 HOOKFIZ b IRE S N2AY, ZDHIT
AN o7 (Fig 55).
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Fig. 54. Vertical distribution of water temperature (C) (top) and salinity

(bottom) during the net samplings.

HERMOFERTIE, AAYIE 3 H 1 H220 0 KiE
40 m A3, 2 H200E 040 m A3, 2 H228 040 m
fHEB L U3 HOOBE D60 m HHE T b % S IHRE S
720 HEo T, ZOROEINKFEIZ40~60 m, FF1240
mfETHozBbhd, oMz, HEDRM
THEED O AA JIHDHRE S N7z (Fig 56) 0

KZHIBREB L /- Bbn a0k, 3 H 1 H228:
~2HO2BEECTo 3 RMEE, 2 H20M~ 3 HOOK £ T
D3RR TTRESINZ. DS 272D1Z2 HOO
B DKEESO m LT, KiZ 2 H22B D40 m ¥ TH
- 72 (Fig. 57)o

Fig. 581& A RO MEE /3 AiZ R LT b, AIRIEER
Ji& 2 5 K80 m A F THRIA < 7045 LT 7228, 4§
23 H 2 HIZ04KE7 H06KELS, KEZE20~60 m LI
% o720 3 HIZ02 A 506512 & A 520 m i
2% A LTz,

hEIFAT>
HERMEOMETIE, SHIH2S 2 HIZATTO
RIZIZAAINEH F D ERESINT, 2 HOO2WEIZA
LALGNIZOARTH o720 TDHDAT—TVTHD
AJRBENLPRESI N o7 L2L, 2HD
5 3 HOKIZIEZFAMMATE TS < OEINDDH - 72,
AA PN 2 H22052 5 3 HO4RF £ CTERE ST, FhiZ
e AJRBZ AL N (Fig. 59).
KEHRMORERETIE, AAINZ 3 H 1 H228F 2K
40m E60 m TRREL L AbNT, 2 HIX22FE1240
m THENE <, 2 HOORHZIZERE 2 540 m LIS
FEHITE <, 02FEI320 m FAHEICR R L AL Tw
7z (Fig. 60), Fig. 60055 % 7 F 4 7 ¥ ORI
F0~20 mfrikBbhi, ¥72, HF¥ 7 FA4 T
IZBWTIR~ A T A LN &) e RZAEIN D i 38
L7z Bbhs X 2N ERESI N LD o7,
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Fig. 55. Frequency (%) of respective stages of Japanese sardine eggs sampled by intermittent
vertical tows. AA (from fertilization to beginning of enlargement of perivitelline space), A
(to closing of blastopore), B (to detaching of caudal end from yolk), C (to attaching of caudal
end to head region) and CC (to hatching) indicate the developmental stages. UF indicates
the unfertilized and disintegrating eggs and U shows undefined ones. Arrows show the
transformation of egg stage. The number above bar shows egg number collected per haul.
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Fig. 56. Vertical distribution of AA stage eggs of Japanese sardine sampled by horizontal tows
every two hours from 18:00, March 1 to 06:00, March 3. Egg numbers were calculated per 100
m® filtered water volume. Scale bars indicate 200 individuals.
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Fig. 57. Vertical distribution of the unfertilized and disintegrating eggs of Japanese sardine
sampled by horizontal tows every two hours from 18:00, March 1 to 06:00, March 3. Egg
numbers were calculated per 100 m”® filtered water volume. Scale bars indicate 200 individuals.
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Fig. 58. Vertical distribution of A stage eggs of Japanese sardine sampled by horizontal tows
every two hours from 18:00, March 1 to 06:00, March 3. Egg numbers were calculated per 100
m” filtered water volume. Scale bars indicate 200 individuals.
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Fig. 59. Frequency (%) of respective stages of Japanese anchovy eggs sampled by intermittent
vertical tows. AA (from fertilization to cleavage), A (to attainment of blastoderm to 1/2 of
yolk length), B (to detaching of caudal end from yolk), C (to attainment of caudal length to 1/2
of yolk length) and Cc (to hatching) indicate the developmental stages. U indicates undefined
ones. Arrows show the transformation of egg stage. The number above each bar shows egg
number collected per haul.
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Fig. 60. Vertical distribution of AA stage eggs of Japanese anchovy by horizontal tows sampled
every two hours from 18:00, March 1 to 06:00, March 3. Egg numbers were calculated per 100
m® filtered water volume. Scale bars indicate 200 individuals.
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Fig. 61. Vertical distribution of A stage eggs of Japanese anchovy by horizontal tows sampled
every two hours from 18:00, March 1 to 06:00, March 3. Dotted lines at 18:00, March 1,
speculated values because of revolution miss of flow meters. Egg numbers were calculated per
100 m” filtered water volume. Scale bars indicate 200 individuals.

Fig. 61 (X AJlOEESAEZRLT5, 3H2H
WCIXISIFICHRBOEA T APRESNTH, ZD
BRI L h o720 3 HIZIZ00KE 12K G TH L~
b7z, 02MFI21320 m i T CRES N2, £
DHROAMFIZIZFRIE 2 520 m TE L, 06K ICIZEBED
ATEHLRESI NI,

Z 3

AT YOAAINE R, wBRCREBEINRTHALH
PIREDSTERR S5 F TOMEI 5 (55 3 B4 4 1))
DEOINTH B2, #F - THRESND Z L3
TA 7%\, Nakai (1962a) (ZPRIRIED 7\ RZHEIH &
E 2 7290 % 395, 9104 DR EIN I TR O AT L T
Wb, SHORBFEIZBNT, TDXH %R ALK
40 m 260 m TR Z RS N2 LD, £
DA DK D REINKIETH 5 LM SN b, 1993
£ 3 HI3H L 4B ICKRE WM CRIFEIREZ T 728 2
%, COKGEAHE TN E % R EEIE A O B <
RESN EI3FE1H). ZOMETIE, HEINF
I (RS, 1954 5 ANH, 19925 FFEA, 1993 4 3=
B2H)EEZ 5NH20~2005305F T 1 KoHilHE(H
A48 mm, K50 m, MEI0 m) Z7KEHE35~40 m 12

LT S8z, #WIEA10 m T 555 MO HEH1Z35
~50 m DFPAICH -2 EITh b, ZFDORREIZHIC
(3143MEfA, 14 HIZI3250 R DB HRE S 7z 13
HACERE SN MR D 5 5, 24.4% HSPR B A I FESH
BT OFARIP R FE IR E % O HEIR R IEML & FE > T/,
H4HIZDWT $16.7% OfEAZ 1 & DI R HEIN %8
Joz¥ioTwize $bbH, 35~50 m DK DY
KBIZEZ L TwizbneEZ5N5,

Bk X H12, A4 T DEIKFEIZOWTHEN
(1960) 1320~23 m, HH (1961) Ff% @ i1L &K H
S (30~50 m) I2H B EHEEL . SRR
Lo T AT YOREIKENHE (40~60 m) (2
HHIEDPWENE o7z, T2, FA, Fi (1991)
1219904F 3 FH DEER RIS BT 5~ 4 7 3 Dk
R1310~30 m % HOMCHR, BRIC X % IR 5
HIEOEALIZRD SN hro/z b MEL Tnb, 5N
DAy NP ORBEEEKG T, AEIEREH, S50
~60 m fHEFE TALNIZ o T, HWREBIZHAIT
RNV A T Y OEIETH B R E & b
N5,

AAJRIZ, 3 H 1 H22Kf, 2 H208E, 22Kf, 3 HO00
FEOMIZ D DRV BHIH E OR[N THRE SN
(Fig. 56)0 ¥ A 7 ¥ OREIIIMD THIFHIZHE > T
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Thbhb b Tnsd (HAE, 1993), £->7T,
O OINZFERE O REIIRE T (20~2208) (2R S
N7z DOTIERL, FRHICHE L EHEEBEOIN D RE
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2 HOOKF D KRS0 m L THid TH L FRE S 7z,
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20m EFEZLNDL, BIBRDLHIE, HFIZFATY
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DRGSR S WA X FEIIRIED BIZ L TV A BIAR S
N7z PEINRER) & BEIIAKIRZ RICTH I LIZE 5T,
FFEOIAMEE > THAi L, HROBENOBRIZD
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BAE REREBRICHETIRZIBIWOLE

YA TTONTZRE (5523 1) OB, wl
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IEFEF-TLE) bOPALNL, HLHOEGTMHAE,
BIZ LT TR a (Bl EoglizEKICNSG Z LT
HEIMHEI NS 72012, EED~< 4 7 VIR ERIC
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BRASERENT VD, TOMRITEIFAEIZL > T
I R AT 572 OICFHT 5 Z EBTRETH
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ARHNERZHEIN & 2RI DILREA I ZEAL % BRI Y
WKHLPIILbDTH D, ZOHRIZEDINT, B
B RO HREIN B 5 KB OFEO RIS
DWW Ciak L7z %8B, ARIFFEHO—FIE, Matsuoka
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and Konishi (1996) 1Z& - THiE S Twb,

AFETE

BRI 3 EE 1SR L2 FECREL, A%
FEFEBIC it Sz,

4 AR DOWARIE 2 FEo M & 4 RO KL 72 1%
WV, 5 BOEBRETo 72 TNENOERICIBWTH
LOOOE oM 2 vy, 22007V — T4} 72,
1207 )v—7IEBEEEKICAN GEERER), o
TN —TIIHEEI L) R S 27 (BERETE) o I
EEIScmDYy—LEidlee—h—I AR,
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WL, FEAEmETBIgEL, THEEEEIT-72%, 10
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] £
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72 (Fig. 62A)0 WX 52 DINEHE TEA, HETIE
Zedrolze PEMEE205DINIC NS O BEINI AR D
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Fig. 62. Unfertilized (A-H, K) and artificially fertilized (I, J) eggs of Japanese sardine. A: immediately
after stripping out. B: distorted and disintegrated eggs (20 min after stripping out). C: initial formation
of perivitelline space (arrows) (15 min). D: initial formation of blastodisc (arrow) (32 min, formalin-fixed
eggs). E: formation of fully developed perivitelline space (1.15 hour). F: irregularly cleft surface of
blastodisc (1.65 hour). G: slightly roughened surface (arrow) of blastodisc (3.25 hour, formalin-fixed
egg). H: disintegrated and sunk eggs with cloudy appearance (11.73 hour). I 8 and 16-cell stage eggs
(1.58 hour). J: C stage egg (40.67 hour). K: various types and stages of disintegrated eggs (11.58 hour).
Scale bars indicate 1 mm.
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Insemination

Fig. 63. Schematic illustrations of morphological changes with time in three types of unfertilized
eggs (1-13) and artificially fertilized eggs (14-18) of Japanese sardine. 1-3: unfertilized
(distorted type). 4-8: unfertilized (narrow perivitelline-space type). 9-13: unfertilized (normal
perivitelline-space type). 14-18: fertilized and developing.

Fig. 64. Anomalous wild eggs of Japanese sardine collected in natural spawning area. A:
disintegrated eggs having little contents except for the oil globule. B: eggs which disintegrate
yet still have their contents. Scale bars indicate 1 mm.
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Fig. 65. Vertical distribution of disintegrated
anomalous wild eggs and normal ones of Japanese
sardine. Stippled area, anomalous eggs. Open area,
normal eggs.
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Fig. 66. Total number of Japanese sardine eggs and larvae collected at nine

stations in three days in March, 1988.
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Fig. 67. Individual number of Japanese sardine eggs collected at nine stations in three days in

March, 1988.

No.of Sardine Eggs/100m?

- X
]
Lk

No. of Sardine Larvae/100m3
@

15 17 20
Day

Mar.13

25

Fig. 68. Total number of Japanese sardine eggs and larvae collected at nine stations in seven

days in March, 1989.
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Fig. 69. Individual number of Japanese sardine eggs collected at nine stations in seven days in

March, 1989.
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Fig. 70. Number of Japanese sardine eggs collected at station & from 19:00 to
05:00 in 17-18 March, 1990.
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Fig. 71. Number of Japanese sardine eggs collected at station @O from 18:00 to
05:00 in 25-26 March, 1990.
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Table 6. Number of net tows for collecting Japanese sardine eggs by six prefectures and the

Seikai National Fisheries Research Institute

Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 | Total
Yamaguchi Pref. 160 160 142 150 184 182 160 214 150 120 120 120 120 120 120 120 118 | 2.460
Fukuoka Pref. 60 80 100 100 100 99 100 110 110 110 110 110 110 110 110 110 120 1,749
Saga Pref. 7272 72 72 73 76 9 91 90 91 9% 8 76 76 76 72 74| 1,352
Nagasaki Pref. 120 120 120 120 120 123 120 120 120 117 120 120 120 120 120 120 120 | 2,040
Kumamoto Pref. 84 83 100 74 84 82 84 84 84 84 84 o6l 63 84 84 84 84| 1.408
Kagoshima Pref. 303 305 162 132 132 132 132 132 110 110 104 68 105 105 60 60 80| 2,232
Seikai N.F R.I. 45 47 54 49 52 57 52 52 165 167 156 166 133 155 182 176 189 | 1,897

Total 844 867 750 697 745 751 738 803 829 799 T84 734 727 770 752 742 785|13,138
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Fig. 72. Map showing three large area (I, I and
) for estimating egg production of Japanese
sardine.

|
«10" |

| XX |
1ooo—i]' | I 1]

Egg Production

EREDEL
1979~19954F F TOIINHBHEIRIC BT 2~ 4 T ¥
FEIR DO ZEAL % Fig. 7312R L7ze T OW, 19944E 12
T BRI O 1 5T I R ERE R (1 A
W70 #7,00080) 3oz, FEEoOEIE
131,065 0L & FEH AT E W & %2 o 72 (Fig. 730 5t
) o FREIIDOKIRGHFAEMPIICTH > 722 & h
5, ZORFRINCLENIEINE SR OEE L7 %
REL-DEEbLNL, ZOHMEXZ BRIV
221k &, (ZIF19934EN: & 72 %o
1979~19954E DN T D < 4 7 ¥ BEYI&E O AR AE
1319954F DATIRRE, I3 5 13 19874E 2,873 Ik Ak & 60
U EDOEBDRD STz DX BRERHDFER
X OER#ER COENEICHELTWD, ZLIiC
19874 IZEAE B L OB O i TIF 2L <
DFERYD > 7zo T OMIANLI9904E F THh &, 20k
TR 7 IR AME ik U7z

XTSI REDBIEZDRD b5,
C DX TIZ19894F 1236207 & & v E N i 3Bl &
72h%, ZFOMIZ19794ED165IRK L F TH o720 TIX
TIE19804FE 12344 IBRE &\ 9 72 72 ) 15 v e ) S 3 2 il
SN, 19844F 1212 139JKAE & HLB Y 5 70> o 72 9%,
MBDAEIXTOIRKI LT TH - 726

Fig. 73. Egg production of Japanese sardine in waters around Kyushu from 1979 to
1995, divided into the Areas I, II and Il (see Fig. 72). A bar in broken line in 1994
indicates an egg production estimated from all the net tow data including anomalously

high density of sardine eggs.
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Fig. 74. Total egg production of Japanese sardine in each month (January to
June) in the waters around Kyushu from 1979 to 1995. A bar in broken line in
1994 indicates an egg production estimated from all the net tow data including
anomalously high density of sardine eggs.

D : -s = i'-: - e sl (5T
1979 80 84 85 B6 87 88 89 90
Year

Fig. 75. Proportion of egg production of Japanese sardine in each month from January
to July. In Area I, number of net samples was relatively small before 1986.
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Fig. 78. Diagrammatic developmental pattern and ontogenetic intervals in Japanese sardine by

bones and cartilages.
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Fig. 79. Diagrammatic developmental pattern and ontogenetic intervals in Japanese sardine by

lateral muscles.
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Fig. 80. Diagrammatic developmental pattern and ontogenetic intervals in Japanese sardine by

eyes.
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Fig. 81. Diagrammatic developmental pattern and ontogenetic intervals in Japanese sardine by

sensory organs without eyes.
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