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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
firstfeeding 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 (Areas I (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 x 10" in 1987.
The fluctuation mainly occurred in Arealll. 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
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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. 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 507 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 50T 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 173403 39.58
20 15 A 507F 17.3£0.3 4430
21 15 A 507K 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 50% 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 F 21.0£0.1 34.18
32 17 A 50%FF 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%FF 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 21.94+0.3 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
Kih (FHCRKIR) OB E RS 72012, %#950 & R
TR D IR % 355 BE34.2 % 7213347 DU # g K & A7z
500 m¢#E AR NS L, AKiR%E17.3, 21.0, 23.5, 26.7 KBDEE

CHifR IRk Lo HEAKENIZERE L. £/, i
OB R D 7212, K RI50ME 0PI % 3 55
17.4, 26.1, 30.5, 34.9, 39.6, 44.3, 53.8D &K
#ANZZRBERNAEL, Kilk16.9~17.9C OHiPHIC
BOTHEBAMEHA THILEE2 (Table 2)o &4 D5
BT THABDOEREZITV, ZON 2 BIZSHLEICEH
V=) VERL, &5MEEB X UIEEMEE (RET
AR SMUERIFEC LR Z R0 0) Z2RML
720 M 2 BEZIBABBIMICSH S F I AV RT A
Y UTFUAY) Bz, 2o 1FHEBRICEEL, £
A LR LB L, BRI WTE, HLE
WIZT L2350V EZOTHLAHBEIZRO 5 b b
D % AR AR LRI L 72

Vi B VAR D PR,V ¥ DX K RE AT R T U6 R A A
(et 12k - T, 1989%E3 H 2 ~3 HICHET- BT
M (deRE30° 35.37, HIRE130°51.3°) THREL 2. Hw
72757 bty MEOR45 cm OUREE LSy
7%k v b (F% 1989) TH 5. RN O K KR
1320.3C TdH - 720 Ba A 7 — Y DY FI50M8 % /K i
16.2-17.6C D #ipH< 5, 21.1~22.1C DO #ipH< 5 &
SEEET, T2, Aa AT — Y (FERY) 0%
501 % Ki#17.2C T 1 #, 22.0~22.1C T2 H 5L S
B7zo M L2 I0B RO 2N H 34.8TH
572 (Table 3),

17.3C X T3 1 # T4 5 1L %E86%, 1L ML=
74% LR RENEEZRL72b OO, BIOBTIEH 4
100%, 94% & &<, 21.0C X Tlda b3 i139%6% &
100%, 1E4 SAE31394% £ 98% & 28 & b H Wil
Tholzo TNITH LT, 235CKTldE&HbEIL
88.2% &£94%, 1% 5MELFIL76.5% &£82% &, HFiltk
HTRRENEHIN A ST, 26.7C X Tldesb®
1320% &28% & IEFITILL, EFSEEIZO% TH
- 72 (Fig. 5)o Fig. 6A 1326.7CIXDIETIR & H1LIF
ERLTWED, SMUF I TR A 2B
L720, Y L8k Th-o 72,

BRI AR R IZ17.3C X TiE 2 8 & 390%,
21.0CIXTI392% £98% & EiEZ R L7=DIZxf L,
23.5~23.7CIXTId72% &£ 76% & K<, 26.7CIX
TR E DRI E LR, 0% & 4% TH o720
BT (X17.3C K Tid54% £68%, 21.0C X Tlix54%
E70% LR EDHITIZFAMOME R L7z, 23.5~23.7
CTIXTIX20% £56% T, 1 BEThH 7% D EWEEZR L,
F 72, 26.7C XTI B EAITED b h o 72 (Fig.
7o

BYOE

W EE26.1, 30.5, 34.9, 39.6D 4 X T34 5k
#1394~100%, 1EH SLAII88~98% & &<, &FIX
DEIZKRERE I o720 T2, 44.3B L 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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VRO bz, BAEIIIE R E26.1, 30.5, 34.9D
3XTIER60% iR TH - 7225, Ik KRS
D17.4X%39.60) Lo FEH S X TIHKT 3 2 A5
- 72 (Fig. 9)o
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Ba 27—V hHEBRZMMG L IO 4 5L53R1
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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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21.1~22.1C @ & 18, T98.0~100% (*F3598.8%) &
B, MEHEHETHREZ I o720 B SMEKIED 7%
NIXS20&ERH D00, K T76.0~94.1% (*F
¥H-87.6%), i T82.0~92.0% (*F3487.6%) &Ik
oSN o7 (Fig 10A),

Aa A7 —7 (RERE) 2 5FEE% G L72H0T
W&, EBHIET LI MU AL, 20t
BHEWHETH 5720 Z 2T, EHIMEBOARERT &,
17.2C X Tid76%, 22.0C X T76%., 22.1C X T62%
LR WETH - 72 (Fig. 10B),

Z =

SO RGELEP SRESNIz~ A 7 2% v
72 EERFERTIE, 17.3~21.0C O#IPH TIZIN D 5 1LFK
RAFDEFRFBE I IFICEBE RIZE RV DL E X
Sh7z. Lo L, 23.5C UL ETIZSEERRERE DL
TL, WoRICEZENZDLN, 2O ERD,
PP & S AL o K P o 1 R1221.0~23.5C O
HHLDEEZOND, T2, HEHTEHRICHBIT B
ESLEETIX, Ba AT =V SFEBRZRIB LY
A, 2CATOEVSMEEREZR L7, BH(1991b)
FREINRAAERNCER SR, A TV OENBLUZD
BOIMDOFEDIER FRRKRE21CHEHE L. L

"L, REBPOLALIRD, PRt BaAT—7
VIRETIZ21C OKRIRDISEDREEIC 2 5 L IZB bk
Moiz. MR (1989) X2 F A Sillago japonica @
PIZ BT, S AU RS EE S [ i i 2 13 I AR (B
KR EHHBE L TEILT 5 L LT 5, 1o T,
PER SO BKIR T CRII S NN, oK IR
TR SN0 (B 2 TRESEES) LS
iz RO D E R b b,

—7, BEOM ORI 5 FEZ FG L7290
IEH SR DX TH R NEEZ R L7z, 1
FAMBAEOMFETIE, SRR SRR £ < & 38k
2 SRR ORI EASE) 1% T o 2 MR ASKIE
ZALZHTHTV Z 2SN TS (A, 1989), F 7=,
A N %5 Theragra chalcogramma TIIZEL
T TOINIEAK I DAL L THED THH W & it
H:ésﬂfl/‘% (b 4%, wiHE, 1984). HE->T, <A 7

WZBWTH, IOFEMIIITE KR 72 1 3ERKE
’?’7k(n'?'ud|$ R L TEWESEE RO RS D 5.
Sl D 5L IR D B RRIEFET OEATERRINE H»
7=DT, ﬂﬁ035%‘%*)]%50)‘2%?{@"&6:0b‘f&iﬂwﬁf‘ﬁ)
o TOZEEPILNPITT B0 KA N ER
P F I AT % H v, Uﬂﬂ) E*ﬂﬁﬂz’)‘%&'ﬂz
EEREATOVEDSD L, T/, AWFETIREFICEKIR

DB RRD 12O ERGFHEZRE L. L2L,
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Lasker (1964) 12X 5 &, V)74 V=T <A T YT
1313C FKiili O KR TR OO LR ILE R HFHOIE
Bl X B 723 M SN TW5b, fE-T, BITK
TRIRD % FANRAR D LENH 5,

Nakai (1966) (&35 %% BE8.6, 17.3, 34.6, 69.2
FiRTA T V% SMES R, 173K THL
K, IEFEARATRRESR D S oo LT b,
—7, AWFFECIXIE 5 EE26.1~39.6 DB Tld 4 5
b3, B S, EEFEBINA RS IS EE R
L7278, Fh &k DIEEGEE X OS5 Tl &
T L7ze B9IC, B REEL7 AX OIEH SMERILIER
WL, BRoO#EE L I3 BB R TH o 72,
Nakai (1966) D FEERIZ A X IZHE DG OIN %2 723
DTHY, EHEALTHMFALZETLLE LTS LHIT,
B OBRLERTH L, — IS, BEMDOINTIZSE
T RE#IPAASIA <, FRICEIEREM ORI L NV A3E
{, BARRICEIHEFELLZVBEIZBWTHIEES
LEFFNEWVS (AR, 1989). F72, 7774
YV F ¥ — K S. ocellata TI%, H/iiE33~36D
FANTIZINDAFRIZIR LB AL e o 7o i ST
W2 (King, 1977)0 ARWFFERE RS S, MG 2K - 5
BARERINC LT, <47 VBl b iEEfndp &
FARICEBWIES A RO LS e o7z,
5T, —MIT~A T TINDGA T B WIS BV TS
G~ A 7 VIO SMERCEM BRI DA FRIC L 5T
KEGBEEIIRLZZ LRV LEVWEDEEZOND,

E3H SMEEZICRIFTEKEOSE
B2EE2HTIXI7TICLULOKIRTERLTE
D, ZRLT OBEKEOEEIZOW TR TW
WV RIRD X I, ANVTFNZTIALTIITON
Tlx, Lasker (1964) 12X o THEKRIZ X 2 FH D%
BOMESHREINTVS, FH (1961) 2k EH
KE< A T VITKIRI0~20C THEIEZIT->TBY, F
72, Nakai and Hattori (1962) 31949~19514E% H A
WLHED BRI BT B FEMMI O M A5, 111~
191C &2~ A4 7 Y OEKEE L L7z, fE-T, 10
CHit: DI DIMFFDOFEE G- 2 BT OV THR
W BUENED L. B, RFFEO—IHIL, #2178 (2001)
WKEoTHHEIN TS,

At ETE

FEEIZH W2~ A 7 VPNE, 19924E 3 HI3H & 17H
WCRIFEIINCB VT, 62 848 2 MilCil L2 H i CF
# L 72, BRERORMAKIRIX6.1~174CT TH - 72,
Aoy MEEWEFEREICR DR, FEARBEBEET T

WIZHEIN I N2 BbN L IR ARREAH O (Ba A
F—Y) BEJPL7Z, 10 —H—DiEKTIZ9~
101B DI % AR, ZOY —h—ZERAMNICEWV
THEEREITo 720 ©—h —HNOKIRIZ 1 RPN
R KIRICE L7z 3593464 D3REBL DK %
H T AMMEIER. (Whatman GF/C) T L TH5z -
i EBRICH W, ek e, 8T, 11T, 14
C, 17TCICT A FETH o725, HERHNC X 592
X 7.3+0.8C, 10.8+0.4T, 13.8+0.1C, 17.1=0.1
Cehrolzo MERTHB X OHEATFILEINIC10% i
KEN=) CREEL, FERBEHET TFROFHER
RIS 21T - 7o FBARGBIICY A2 % 5. 2 28]
EE L A bETT 572

BRELUVEE

73CKIZBIT 5 SMEEBRIZISHORE T2 M, 17
HORET 1 [ 75720 SON 2 BOFEETIIR LK
DIV BFTIEEL, 5D OIS A BEB A 3
LHEORFEEEL, SMEPAWRLKEIIH 72, &
SMEBEIWMEZE L D 0% THo72, 3HHDEKRTIE
62% HS5AL L7225, RO DGR B A58 51,
E#HSMEFIZ0% TH o7z (Fig 11)s

10.8C TOSMEERIZ 2 MAT - 72, 1 HOEERT
1345 EHI398% & B - 7248, IEH 5HE31390% T,
RO - Bl EAS 8% o shi, 2HHE®
FBRTIE A5 E399%, 1IEH 5HLHIT7% & Fh - 7275,
DO RBIIAG - Bl AR RSB - 72 (Fig.
11)

13.8CIX T 2 M D FEERED 4 5L FA99% & 99%,
1% SEEA98% £99% & iiZ R L7z, 17.1TK
THREMI, 2 B OEEDESEEHI8% & 100%,
1EH SMEED97% £98% & Eiho7z (Fig 11).

BAFGBY $ ToAKRERTE, 7T3ICXTRID
WIMIAC AT L7z 10.8C X TIZAFRZI1365% &
89% Th o720 TNHDIFAOHIIZIEFHFA L DT
EhER MG EZF > TOLAAEAKL ST TV,
13.8C X TI1395% & 98%, 17.1CIXTIi396% & 97% O
FRDIEEICEE K- 72 (Fig 12),

RICIER LT nags, EERGHICY &Y &8
filf L72FEER T, 10.8C X TI334% DO F A5 L
720 10.83C A 513.8C KT A S&7- 1L
7o FEERIX TIL, 38% OfFMANEET L 72, #1213.8C 2
510.8CITRIRZ LT S B /25 ICHM L 2 EBRK Tl
22% DA B L 720 13.8C X TI1d35% D h3E
L7720 TN HDOERTIIEXOEAFRD W%
FEWE RS R o720 4 ENIE17.1C X T O RR
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o ke

BT R olzns, 2 5E2HOFEHRTIILT.ICT
SE61% DM DB L 720 S OfEICHERS &4
DIKIMIR T ORI R R > 720

Bk X512, #INT+ V=T <A T II214C K
TIESMUFADOTELIEFITH <, 13C K TIIH
JEDBFLAERLHOTHAI KA 5 L s hTw
% (Lasker, 1964), &M oFEETIX, 13.8CTIXITIE
IEFIZAEL, EEERIERRELE L, HEELIT-
720 10.8C XT3 &SI T A o 7228, B EROILH -
Bl L BEFarAR SN, T2, BRBHIGIAR
FIX13.8CXITHRTHL 2K 572, LAL, &
D& BT T 334% DA OB EETH -

720 7T3CIRIE~A 7 VP8 - M L > THEAEARTBE
TR THoTzo LD ERNS, INVTF LT
AT EREBETAHE, HEESA T I3 X D IRGERE
THREDVPWHETH B Z L2959 o 72 Lasker (1964)
WEANT A NV=T <A T T INOERER O R KR
128~222CTho7z L Twb, Z OKImifH
FRGR O HAES A 7 > O REIIKE (10~20T [,
19611, 11.1~19.1C [Nakai and Hattori, 1962]1) 2kt
N5 ERRE N, 0T, HRESATVIEANVT +
WoT AT VIR TE VERVEECTEINLEE T
BINITHEELTVWELDEEZ OGNS,

—7, BARESA 7Y OEIKIRO FRIZI0C (f
B, 1961) B X U11.1C (Nakai and Hattori, 1962) T
Holz, TO LX) REKEIE SROERER,D
AL A TV AFAROIEFELRREEICE > TUHET
EnLiibhs, 10.8C K THOEMBAMGT F CoERR
RIF138CICHRTHL Mo 720 T2, T2
HE2HbHEIBORTOENMAAEDL AR shz, Th
5O EhS, 10~111CHETERINZH DI,
ZOBOAFRBEMMET T2 HMESDH 5,

FA4E FADRBERE

AT VEAEOSML - FICHLTIE, A) 7
FNV=T AT TEPRY DRSS b (Miller,
1952 ; Lasker, 1962 ; Schumann, 1965), Anon. (1967)
1364-102 cm T TETCAHZ LI LTS, &
Dk, MT7T7VHEVFY—F, FIELVF v —F
S. sagax BEX =2 -V =5V FE¥NLVF X —FTD
FICRARINZ H 72510 - FHEEBRIITbIL T2
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(Baker, 1972 : King, 1977 ; Garreton and Balbontin,
1982 ; Brownell, 1983 ; Uriarte and Balbontin,
1987) HARE~A 7 I Tlt, e SMUTHORERD
72O OfE I 2 ofThbiiTw 5% (A, 1903 ;
4y, 1916 NH, 1943 /AR, 1944), FEH0 7 $Ri5
& L Tid Nakai (1962a, b) OSSN TV 5 I
FTERV, L2L, TO¥AED, %8 HTEMEY
FTIAETHCL TV, BETIE, HEEEOIITY
FEE D7 7z (Hayashi ef al, 1989), AHil,
RWSTE CHRE SN2 W Ta1L - fEEE%
Tol2bDThHb, B, RFFEO—FIL, BF, =
2 (1989) WX o THEINTW A,

¢ & Rai B

P OFRH21319884E 3 H14H, 19H, 28H1Z, Fig. 4
VR L7280 C, 8 2 B 2 fICiE L 22 T o 720
PRAERZIZITIZ08RE30%5 2 5 12KE303 DI TH 1, R
FEIFORMAKIRIZ16.9~17.3C (14H), 16.3~16.8C
(19H), 15.6~16.2C (28H) TH o7z, THREWIX 3
0 BRI AN TR R 1B IR D, EARBEMEE T T
<A TV R REERE RN L, MEERIE, H
TARREPICRBE L1 L ¥ —A—B X5 ¢ [TEKM
T, KiR17.8(£0.3) CTIT o 720 HIEIZ1001H,
BEICHOEOINZ A L, AT BB E A 5
MWEEEBLOF Y ) 7una Y ATEELEZTLAY
R L7, EKCEPEDOF Y/ 7uu T AR
Mz 720 WRT 5 & KA THET 2 HEAED SNz
720, ®wHTHIELZ. (2iTH, EEOEREZKR
F4 5 I, 17109 51/5D8K % 1T 720

F 72, FAOHUERIHIEZ RS 72012, Mtk 4 H
H R4 H), 8HH, 12HH, 17THH» o Hif
EEREAT o720 BBHREWHA L1 L ¥—7 =12
B L7HFAOEFRIMET L, BT RD Shiz
R CTL0% AR AV <) VREE Lz, FRoERIE
MS222CRile L 7%, SERBEMEEICHLD f11F 72 e
&% HT0.05 mm FTEM LAz S~ VREE
BoOLED FEOREEEE T L7z,

& R

SMEEZOMFMIIKRELRNEL 1 HOMEKL A
L, ZOAEFFEIYE£EIZ3.44 mm (3.25~3.60 mm,
n=10) TH Y, FEEHEOWE TIE3.28 mm(3.05~3.45
mm, n=20) TH-o7 (Fig. 13A), »fbt#E 1 H+17.5
RO AT, MBI CEmEITESE LT,
PREEIE AR & <, MERO K& ZITIE MM

XOH»RYEIRD -7 (Fig 13B). Fig. 13C i 51t
%2 H+ 12O Th s, BB HORHIZY
20, BaolEeRs, IOl vl F
EEWT Wi oz, I LIED, WERIEIEFIC
INE L T o Tz FROEEITTHE TIT L 723k
BTHo7z, 5Lk 4 HEOTNIIEZ KRS,
finod > 7 A BT & AR R % S RO # TS
RO LATEN 2R L7z, BHBBHN OB ERERIZ
#95.7 mm TH o 7z, BEHFBLUINIEITLAIDOFTY
IO LDEHEL TWAA, REIZHEK S
LY HHLENICROONS L) I2hk -7 (Fig
13D). Fig. 13E i 51fbt%: 8 H H, K4 KS8.25 mm
DA TH D, HMUEITHH, M12.00 mm O£ T
T RIERFEOMMET R ELEOFEEIR S, B
fFE DB A>Tz (Fig 13F),

Fig. 14A 21 0¥ —H —THE LLHEORES
AL DT, SMMERI2H BICHER FYEET A7
mm (6.25~8.60 mm, n=11) & % - 72, Fig. 14B (&
5 0 KW CHE L2 HE0ORET, SMEBITHHIZIE
[79.87 mm (8.50~11.95 mm, n=20) ZE L 72,

ARG X VIRl B Wb oTid, Atk
EROWBPVRD SNz (Fig 14A). # 2 HEHME
BB L2 25, — B8O MAIZIBM L7228,
KB FEE TICLTWA D, SFRUTEIZ/RLTD
FHICR PO D Vb DAL o 72, Fig. 13G i3 1L
7THH, &3 HOFATHS. HRIIIEFISHL %
D, FREEERIGEE L, RO REFELTWS
LW PEDOIRETH D, SMEBESHH, 12BH, 17
AH»SHAESELLDOTIEI~4ATLEED L) %
WPCIREE & 72 5 72 (Fig. 14B), Fig. 13H & 5120
HH, ME%ER12.80 mm, ik 3 HOMFMTH %,
oI, FREmS EHIRIMLTBY, TR
FHREFPLHTEOFEDER S NHDOTEY, Hhoff
I (Fig. 78) ICA-> Tz,

Z =

SHOFEIRL LY —A—&5 0 RMZ RV
BB L DTH o772 SMEBITHH EF TTRAEE
11.95 mm DOHFF D S N7z 19904E DT TiZ29H
HIETHEFEZITV, RATEE20 mm & %&o72 2
O OFRERIL, B 2 il I RARIEC OB &
DRV ESTWDLEDEEZEZONDL, 4T UF
M BE L DIERICT A Y RRHAL, FRICEER
W2 ffE e b oz LAL, BRLEK
AT o T2 B ST DMR RN 75 L T3 2 ks
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HAE~ A 7 > OMBIFEE & 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 T2 DD TRPLETH A9,
IR O~ 4 7 AFRIEH 2 H oM I/
226N ThH, ZLOMEKIBMTE Lo/ F
bbb, T OREETREIZ “Point of No Return (i &%,
BB L T50% D E A2 E 5 A W) (Blaxter and
Hempel, 1963) #BEXTWAIDEEZ BN/, BIC
BELATMATH 3~4 HTHRRDIRBISEL 72, R
PRIFIRIZ B 1T BATHEF O A TR & A I8R5 5 72

DITIE, REEREORZ BHEAIZOWT, FRA K
LT CT® “Point of No Return” 239 % M % k54
TEULENRD L, FFEHAOF ) ENLVTF ¥ — FOFMAT
A RITRE S TERER & R FIZ L oM
N7z (Uriarte and Balbontin, 1987) . RAKIERIZEB T
BRI X 2 FER 2 HE T B 7201218, HAES A
TV THIDE) LRFANEETH 5.
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FEOE EROEKERE

Dingerkus and Uhler (1977) 2Sfiiffi 22 #k& - 645
“EREEERREE L CUR, ESAEHOWKE - e
FEIEICHT 2 MM L Cwb (212, Fritzsche
and Johnson, 1980 ; ¥, 1982 : Kohno and Taki,
1983 ; Matsuoka, 1985, 1987 ; Potthoff and Tellock,
1993 ; Kohno et al., 19962, b) . Matsuoka (1987) i3~
% 4 Pagrus major DFE& & BN OFE R % IS
B - TR R FREBICOWTHRET L2, Wik,
Kohno et al. (1996a, b) & Lates calcarifer £ I V27 7
1 ¥ 2 ONPFEEH RO BRI W THEEERE
wRET L7z,

Y UHRE T, A FKRORREIEE AV
74V =7 <47 (Philips, 1942), = » B
(Clupeidae) (Chapman, 1944), 7 )V 2 4 7 ¥ (Chapman,
1948), Sierrathrissa leonensis (Whitehead and
Teugels, 1985) B X O Sundasalanx (Siebert, 1997)
bR TWS, =¥ VRAEO BRI ST,
BIZHEHERBIZDOWTIE= ¥ ¥ Clupea harengus
(Ramanujam, 1929), C. pallasii (Gwyn, 1940),
Harengula jaguana (Houde et al., 1974), Opisthonema
oglinum (Richards et al, 1974) THFZE SN T 5,
L»L, ¥4 7 YVEIIBIT2EREEE/RIITEEMS
nTwiz vy (McGowan and Berry, 1984) .

RETTIEHARES AT 2 OBUINOLETOEHKDIE
EBRIZOWTHHIRE D SZHICED TR
LWL, BEORBMIZOWTERE L. B, A%
?D—#Rix, Matsuoka (1997) I2X o THHE I TW
5o

HEF LA

KREFFETIE, SMEEHED S4KELI7 mm $TOR
200 RO« LR BBEBEOBEARE Ve 707
FrAy PTHRELZZINEZEEEL, SMELFHZLS
HEE L7ze RRFRIZTTI 27 Moy MRES
X OEASIT 2 7RIS & o T 72 RIUER
A3 F XM X DUED D 51572

10% AR BNV <) ¥ CTREE L 7-BEAR%ZB% T F )L
TV a— Vi CRAE L, Dingerkus and Uhler (1977)
D F R R YWE L Ty - Mg ZHmg AR
EERL 72, HHRE (DUFNL) (17 mm Kiif oA
WL, Wi SRFFRREE COHERY) T2
3AE (DUFSL) (17 mm ML EOERIZHFL, W
Wi & NRE BN E COWBEERT) ISR
BICEHI L 720 S ER O 2 BI84E 5 ko fi
BREAR (3.4~6.9 mm NL) &27fEDOKREAR (7.6

mm NL ~167 mm SL) Zf## L CTiT o720 RRMAD
IR IIERERF OB RN Z WO H T 2 dh o
720

B R OB I FERBEMBE T TIT o 720 £ B DL
& Matsuoka (1985, 1987) 3 X OVBEHI (1990) \2HE - 725

& R

BEHEE

SMEEH O (3.4 mm NL) 12I13#kg b e b
Loz, BHIEHO—EIZSLE3RE M O (4.2
mm NL) TR SINE LI, OB TEH
D7zo BEHBMGY (SMMEBET7TRR, 5.5 mm NL, Fig.
15A) TIEERENR, PikEg B X OHRO MO
EFEIAREIL L, EWICHERE L7z, RICERKE
& Higtik g O EMFR R MR L, Bt ®BA5k
HFiL L7 (Fig. 15B),

B & 43 1318.4 mm SL ¥ T2 L 72 (Fig
15C) Ectethmoid bar, supraorbital bar, epiphysial
tectum B & OEikF TREL L, BISIEE IEE S
IR CBEE L L 720 SMEEES, BKKREHE, MEs
OB H1320.0 mm SL ¥ TIZHIL L 7=,

RS, BEHTEE B L 0845 1323.05 mm SL T
b L7z FIREICEBE AT & IREE S 25k gk L, i
i & LEEHFPEILLIFED 72, 25.05 mm SL Tl
W, Wika, LHS, REEEE B X OEEEE
FLL, MEESPEEE LK (Fig 15D).
IR OkE 13284 mm SL F TI2EHfb L7z, &
DEBETHETOETOERERSHI L2205, 72
JAWCEREIRASEAE L T,

Fig. 15E 1109 mm SL ®%EK L -#HEHF 2R~ LT
Wb,

G

THE, AHS-LEEB L UCHEEOKKE I
BB (5.5 mm NL, Fig 16 A) IZIZFEFEL,
16.55 mm NL (Fig. 16B) T (ZIZF CIRETH - 72
ZE %45 1311.85 mm NL THEIb L7z (Fig. 16C, 184
mm SL),

AETEFEAEE - LHESREORHIZBWTL7.6
mm SL TH b L7 (Fig. 16C, 18.4 mm SL). T F
OTFTEFRTFEFRFOTHMTHILL, LEFIEMA
T8 — LR EHkE 0% 125 T19.6 mm SL THEAL
L7z MEBKE D ZORMIZELLZ. EHFDOTE
H1325.05 mm SL (Fig. 16D) TF&HEHKE D EHIC
BwTHIb L7z F72, EE51328.4 mm SL £ TIZ
SDO/NE W E R TWine HEEHF O OWE 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 THH THE S /- (Fig. 16E, 109 mm
SL)

825151321 mm SL THIHTIARBE SN, 23.05
mm SL TIE5A & 72 o725 25.05 mm SL F TIZix 7
F2k 8 A EIZEL (Fig. 16D), #h O 5a
R RICHE > TIEASIA 7 o 72 (Fig. 16E, F)., 2
W5 1323.05 mm SL THEEH L L7 (Fig. 16D, 25.05
mm SL),

BB LUVTHS

g, 3HOTHE GE12r08E3) BIU4x
DG GE12584) OFKEA5.5 mm NL T
FHEL TV, 0 3 Hhh N, F72, LR
IR I w57 (Fig 17A),

1 4o FIHEE Sk & FIREE S 135.95 mm NL TH)
OTRDLNT, 854 THFKEIZ7.6 mm NL £ T
W S 7 (Fig. 17B) . ZHUIHRITE 4 Mg &
4 L7 (Fig. 17D),

3 DFRAL L 72 L AL-F#R45 1218.4 mm SL LA,
L THRIRE 2o 720 BB O IRE1310.5 mm NL
(CHEEE R ITICEIN (Fig. 17C, 18.4 mm SL), Bi%
L7z KR (167 mm SL) CTHEDFEFTHo72
(Fig. 17E) o

MG D5 61319.6 mm SL T E Y, 28.4 mm
SL ¥ T2 4xHEIb L7z 26841319.6 mm SL T
FgLE gt L, 25.05 mm SL 121d 3 A 0B 1bAs
B onhiz (Fig 17D). # 1 FiE451325.05 mm SL
TH{LL (Fig 17D), Mo 3 %$1328.4 mm SL ¥ TIZ
FAb L7 284 mm SL TIX FIHEEG 2B L L, Tl
HOETOFERERDER L.

LR OMREZETH 5 LINEHIZ8.0 mm NL 12
WO TRD BNz 8 4MEEE1X10.2 mm NL T, 4
2, 3IHEE1217.6 mm SL THEILL 72, 4 3 ki
FikE1315.15 mm NL TR SR, 1, 2, 4k
i85 #k451317.6 mm SL £ TIZHN, 4 LiEo
BH NS CIE I S (Fig. 17C, &H), #
255 4 RS 24 L7z (Fig. 17D),

Y& T I 5E 5 1325.05 mm SL T ¥k 5 1k L (Fig.
17D), 33.2 mm SL T TIZHfb L7z, MHERE & |-
1328.4 mm SL ¥ TIZ&THIL L 720 4 4 L oMl
VHRE1333.2 mm SL T EN, %1 FEEw
F OEREIF44.3 mm SL FTIZED LNz, ThHD
REFEIIRELTOHBOT IR T > T/ (Fig
17E) o

8313 mm NL Tl 4 x5O M4 & 1 xF o FIKEE
BICHFIELTEBY, 12196 mm SLIZZHE 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, 23.060 mm SL £ T2 3, 4.k
845 IR Sz MUNRBROBE 2 1 o 7o ligete 53
25 mm SL G I FIZ5EE L7,

ERESLUVRALE

FBLE #E1310.0 mm NL THI&H THIEE S 1/ (Fig.
18A, 18.4 mm SL), 25.05 mm SL TIZFE G #kE O
Wi &tk o—#MIrEILL (Fig. 18B), Th oD
ALEBIZH RIS - T ETIZIEA o 72 (Fig. 18C, D)o

23.05 mm SL TR EF (Fig. 15D), e L
S5O TEAEEIL L 720 6 HDOIRT&1325.05
mm SL ¥ TIZEEK s (Fig. 18B), H& bBEILL
72 (Fig. 15D),

FHEBLVTE

55 mm NL Tl X v 7 WVICHERE 251 50 % #% I
0, EFEIIIHVE LG SESE L 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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10 5 mm NL T3 2 A, £ 3 RKOM % i 272
FARA v )V KEE OMTE BV TEEL L7z, f
’E"?:Tﬁf"ﬂﬁﬁﬁ‘ 318.4 mm SLIZ X v 7 VIRERE DH T
THAL L7 (Fig. 19B), 23.05 mm SL TR F¥E
ELEEEFHEVEAL Lz, ARE (WHEICH 5720
BIZIER L TR 134 v 7V RikE o) EER
MTEHIE L7z IR I N2 LiZHlo/hE v

J81317.6 mm SL C, 135451325.05 mm SL T#% 4
FAL L 720 WELRE & A 3RE 1323.05 mm SL T
B b L7 (Fig. 19C, 25.05 mm SL).

2. WHIETE

ETOWEFIEGTHY, oW, LHEZFGN
14.3 mm NL THRICHN, FrzEsd, B@Zzas L
O T8 451319.6 mm SL (Fig. 19C, 25.05 mm SL)

b S A%25.05 mm SL TlZH 57z,

B O #i1360.3 mm SL TIZ# 0 57278, 73.7
mm SL LA ETIEW S 2 ThH o 72 (Fig 19D, 109 L, EMEFF LI REERSZRD 5h/: (Fig
mm SL)o BEOWOHRIE~A 7 OFHREKICE 19D),

T ARBEDEALTH - 72,

Tﬁ;ﬁk‘énf:o
109 mm SL T3 A 8 255 - 12 S S 2856 &

B
BED REHRIRE % & T HHEE 135020 552 T - 72
1. OB 2%, FOW, SUAD D O b L0 o772, BiHDOFHE

5.5 mm NL TIEH G — Ehilg — 5 OkgHHE
WLTWw (Fig 19A). H#F 5 O#KE1312.4 mm NL
F TR SN, BERGEHMA17.6 mm SL TG
1t L7 (Fig. 19B, 18.4 mm SL),

HO)HI9HH20MI3MESZ XK EHETH Y, Th
ENRFIRHETH o 72,

13.0 mm NL Ti&, #H&&RAROD 3 #ifes & fhidiis &
CIMAE R & MEMDP AL 72, TD%, ke - Al
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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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B X M - MO T~ E AT,

18.0 mm SL Ti&, 11##EES - kil e 7 i -
MEPMATEE SN TBY, REFOMES & ME#MIE
EPIBAL L Tz, HIZ, #H%O#20% H Otk % h
DS L CLOHEIRDSZ20 B 7z HERRTEIKIE 2 O R
& BN EHEATE, HEERDFILITEROBEM DS
HEY, WHANLHEATHZIBK L. REEHE 2 275
RKOBmIZHED 5Nz (Fig. 20A),

18.3 mm SL TIX17AfER - Mkl 1215 - 1
BB L C1THEARATE R STz, HIZ, REEHERT
Hek1A3m b2 4G L7 (Fig. 20B),

19.5 mm SL TiI240hiE = - AP, 2314 = - I
BB X O20HER AT S, REEMERTHEIR 1 AL
L7z 2T Lz IR 1 /iR - fkiiis X o
3IMAER - MEMAEILL TWw/z (Fig 200).

D195 mm SL DEERTIE, BIHFOHE 1, H2 M
BREPER SN TV, 20K, MfES OBULIEET
TlBH~ER, BIETIIHAHNEATS, ZOEART
IE3MEAR DD b7z (Fig. 20D)s

20.8 mm SL TIXETOMKES - fifaBnTw
Too RIJTOASMEARIZBAL L2 & e o T2, $BJ7
D 6 HEAKIZ—EBO AP E Tz (Fig 20E).

22.7 mm SL TIZ&TOHMAEDBBN TW7228, Kk
F D 3Heh e RIEHE 1 13 T 72 b L2 2L Tw»
Zmro 7z (Fig 20E) . A - #bli b & i s -
MO B AL~ & 2 I A 72, 24.7 mm SL

TRETOHERI B L2 L o Tz, HERIC
375 L % WIS S A3 LR S O WIS S 1,
28.4 mm SL TH b L7z (Fig. 15E, 109 mm SL), Z
DEETETOMEES - MEEs L OmES - mER
BEILL 72,

BE k4 1321.0 mm SL THIO THI (Fig 21A,
24.15 mm SL), 28.4 mm SL ¥ TIZE&TOEIHZ
5otz EkE O516i325.05 mm SL 124 F Y (Fig.
21B, 27.15mm SL), 38.3 mm SL ¥ TIZ% T L7z

PRI b L U REEE

Chevron ¥4 (Patterson and Johnson, 1995) L4t
ORWRFIIEE L L TR E N7z, 25.05 mm SL Tl
WE DD 2h -7z (Fig 21A),

28.4 mm SL Tiaj 5 D20 Lk, %A D101
e, ®I o016 e, w025 EHEARE B X U13
chevron #kEF 2588 57z (Fig. 21B, C).

& 2 OFHEF IS T 5 LR & LhE1333.2
mm SL F TIZEEIE L2 (Fig. 21D). 30 LMK E
& 33%F 721334 chevron k& 1344.3 mm SL F TIZEH
L olz, HEFOBRHEIME LEBRTHANICAD
A A T\ % filamentiferous rod & osseous brush (X
IR L TwhW) 1, #1#N133.2 mm SL &£38.3
mm SLIZH N7z 35O HIX38.3 mm SL TEH
Ll 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 i & R BWTHE L, RICHEHEIET % 53008
10.5 mm NL Tl 6 FEfi i S 20D THE sz 11.85 mm NL ¥ TIZHg b L7- (Fig. 22A, 12.2 mm
WS, OISR IIFRD SN dr o 2o A IREEE LT 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 Tl125a g5 2SR IR S 7z,
W PR 0 O s - AT R B 5 kS 13 1R T IS DN TR IS stay
W27 B RSk b U7 (Fig. 22B, 14 mm NL),

WALE X OEAIEEEE ORI RB T ORI~ &
HA 72 (Fig. 22C, 15.1 mm NL ; Fig. 22D, 18.4 mm
SL)o B TH 5170 BEE & 18 IHESIEEh
Z119.6 mm SL &£21.0 mm SL TE®H b7z,

WAL, B & OE A O a b — BT A
LE N EHEFT L2, REiE O 2 EA T oF it
BRI Z 5 72, FIREEEIXEE 5 2 HRB T oA
OB BB OREETEIL L7 (Fig 22E,
25.05 mm SL), & Toihi, B L EMHEET I
%4 28.4, 44.3, 50.9 mm SL THAbL 7z, Stay &
28.4 mm SL THALL, RICEFNMIVZRVHETE
L7z

AL BE21.0 mm SL THkF & LR,
25.05 mm SL ¥ TIZIORDEFITE L 720 wBEFTD
ANSEAPFE DR & B g0 B HHEEE 13 Z ORI
kL@ TV (Fig. 23A). AR
IR S ~tEA, 38.3 mm SL FTIZ&T
MEfb L7z (Fig. 23B)o Aseafife M & 5 iE 5 1k
r3EEEE & OB TR OB ILoEITICONTHL %
-7z (Fig. 23C). DPD/SL (ASsaa ikt B um & 35
s 1A T R O B/ AR) ZWET S L,
Z OfiiE24 mm SL 25 28U A L, 34 mm SL
AR —E L ko7 (Fig. 24).

DPD/SL (%)
© B
]

2+

............ 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.

BigEgEs

12.4 mm NL T 67 HE45 259 o TH N (Fig.
22B, 14.0 mm NL), & fi 8 6% & 1£15.5 mm NL ¥
T E N7z (Fig. 22C). 12 stay (2% % 3471k
18.4 mm SL THkF b L7z (Fig. 22D). BED1TULAL
% & 183 A $H i 1325.05 mm SL TR s h iz
(Fig. 22E) wmAriHfigig & a8 o5tz & 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 ¥ TIZEHLL,
BT Z TR L7228, WEOD O L Y iEh -7,

MaggiBgEs (B

5.5 mm NL Tid#HE gL L, BHE - 51
BREDELEL TV TOWEFIZIE I D2DREHW
TED, BOmihB LR AFEREZHZ Tz (Fig
25A)

Mgk (o) 1310.5 mm NL TS
N7z EHESIE & BMTEE 134 4 16.55, 17.6 mm SL
TREAEILL 72,

18.4 mm SL & CTIIIWEERRFHICIZRIR L ZOT
M2 B 254 UZze B W — 5 8 s 1 BT 22
HIABLOHREZERELE SMORER> T/ (Fig
25B)

EADE RS - BOE#kE1312.4 mm NL T35
Z\ZAEEL Tz 13.0 mm NL TR WIRE AL

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),1 mm (C, D, E, H) and 5 mm (G).
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DJE g - KBIESRE ORI 29 E0m IR S 1,
BEEIICKELSRD, 17.6 mm SL CTHjGiHHRATHE
#& L7z (Fig. 25D, 25.05 mm SL).

M 55 & 1323.05 mm SL T B B 1L L 7.
Propterigium (221.0 mm SL Tiki & LTHI, &E
JiDESIETFOR M EmA L (Fig. 25 D, 25.05 mm
SL), 28.4 mm SL F TIZE b L 7z

3 AL & 7 B AR 1228.4 mm SL F TS
ItL7z. EHE, RBOFBLOHFEOR (MRS h
Twi\w) b F7:284 mm SL ¥ CTi2Bib L7 (Fig.
25E, 38.3 mm SL). MfE#kEHIE 4 FHE 2o rh,
33.2 mm SL ¥ TIZ&THEIb LA (Fig. 25F, 38.3
mm SL),

BT O AL EE S 1325.05 mm SL T O THM
(Fig. 25C), EADSLTHNMTFTRE I Nz, Th
51344.3 mm SL ¥ TIZEHKIZTEL, 50.9 mm SL ¥
TIZEib L7z,

Fig. 25G & Fig. 25E 12109 mm SL D352k L 7= fu g
HEEEFEZRL T b,

[RegiREES (BB

FHMEH 13184 mm SL THkE & L CH N (Fig
26A) . 3 3 {7 1H % 1 1£23.05 mm SL THEAL L,
metapterygium #51325.05 mm SL ¥ T2 S L
720 25.05 mm SL T3 &5 o 2351k L 72 (Fig.
26B) .

A g5 1k 28.4 mm SL ¥ TiZEfb L (Fig.

26C, 38.3 mm SL), metapterygium O & 1t 1% 44.3
mm SL T 572 (Fig. 26D, 109 mmSL).

RigiaEs (BE8)

10.5 mm NL T FRE 1 & 2 2kEfb L Twiz,
T RESH®REE 11.1 mm NL THN7- (Fig. 27A,
11.85 mm NL), H#® LJH1312.4 mm NL TIHZE D,
13.0 mm NL £ TIZ% T L7, 6 TREE 13.0 mm
NL F CIZERIZEL 726

RAREE 11314.3 mm NL THZE OB EHE TH
T L7 2 RREE (PR, %58 4915.15 mm
NL ¥ ClZi#kE & LTH N (Fig 27B, 16.55 mm
NL),

TRE1-5¥ETREIZ17.6 mm SL THEILL,
TRH 61318.4 mm SL FTIZHILL7 BIAFD LR
H1317.6 mm SL THE L L7z BRELKED D
P A X THNIz, BHREE 2 I IRMET 1 0BT
MEIZBT17.6 mm SL THE1L L7z (Fig. 27C,
18.4 mm SL),

23.05 mm SL Tld#%FO LREFEILL, B
H 3BT E 2 0B TEBEIL L, BihD 2 LR
H1325.05 mm SL TEfb L7z (Fig. 27D)s

FRELKEUNDOMNIERE, %L R
PRI BRI RS 4, R SEHERTHE AR A B ik 2 + 3,
1, TREFAKES5, [61%33.2 mm SL ¥ TIZE
a7z (Fig. 27E, 60.3 mm SL),

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 13 g, 'BiE Wig gL L CREOE
ZOMNEREZRL TWb,

SERE L 72 IS 80132070 5218 TH D, 21KD L D
D% o7 (40.0 mm SL F TIZZ OWNIIARD-Hi %
FoTwiz), BWigES % Fio 7-&/MEKIZ11.85 mm
NL TH o720 BEERIIRETOD DO EREE L2
LETHNEHEA TS, 21RO EHfiE51327.15 mm SL
THID CTHZ SNz (Fig 28A),

BRESEII19D 521K TH D, 20RICE— FAH -
72 (40.0 mm SL ¥ TIZ 2 OWIIAD i 2 o T
72) B EIES13215.15 mm NL T#H o THN, 24.15
mm SL TEK L % -7z (Fig. 28B). fELKIEH Ik
ORI EA 72,

i fi51%4213219.6 mm SL THANIZEN, 28.4 mm SL

TITHI8R (& THHizF->Twiz) OEBIEL
(Fig. 28C)o BELIRIZEEM A & M~ 22> THEA
72

MEEES KT 8 RTEEIT D> 726 21.0 mm SL T
NG 4 0 — A BN, 23.2 mm SL TEK
(40.0 mm SL TE&THHEixF-> Tw/2) IE L7z (Fig.
28D) o [ESIERRATAMI 2 S NI~ & A 72,

RAED EMEFFIIIIRTER I o720 ThHD
—#R1Z11.1 mm NL TiRAIIHN, 13.0 mm NL TE
¥ (40.0 mm SL TETHHiZ > TWwiz) IELL
(Fig. 28E). SESIEHUTH I 2 & F 07 0] & A 77
TI~HEA 72,

HARES A 72 OBBREZOFMZERIET I Fig.
29 & Fig. 30 IZ/RLTWw5b,
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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 ® EPE IOWMOO0O0 0 OO OO0 0O OO 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 X80 eeseeeO 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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Chapman (1948) iZA V) 7 V=7 [T TN
AA TP 2ODOBEHEEFERO LML, Thb
B, 12380 X R FHAETHY, M HEHN
HICHETZEVHZH 7B THE, LL, HAR
HERATVEBIRLLEZAS, ZORVEIZ2EFEHD
BhOMT LTz, HoT, AHIZ 3 MO EHE
BHEoZ Xl b (Figs. 25 E, G)o ANVT V=T
XA T IRTIVAAL T Y OWEEL R O & TG
FTHULENRDLELEEDNS (Grande, 1985),

HERESA T VOFMTIELGORETE - K
OFRENEmbPRMCTEATAIEVPBE SN
726 Goodrich (1922) 1= V& Clupea (Z Z Tl
Clupea, Sardina B & O Sprattus = &) 12BNV T
O REWEENOTIE L, IhzWEZH g
WREIITHET S F CHIEELELIRILT 5720 D%
LG EEZT, COL) RBEIYDERAL TS
Sundasalangidae % Elops ®fFfi (Roberts, 1984) B
SUHAMES ¥ 7 F 4 7 (Balart, 1995) TH D5
NTW5, BEBEORHFHE LT, HARESAY
¥ TR g - BEE G DT 2958 0 S 18k A%
TE&, 20k, EADOXmINEET 2 I EWBigEsh
72

HAESA T DIZRD LMyt s (Fig
15E) 1 Phillips (1942) \2X AV 72 V=T~ 47
YOFFMMIRICIIEE I TRV, BHIZBWT
OBV LERRFEN O, FhE D, LA
LaVOPEHL2TIE RV, HEAEYA 7 V2BV
TZOMEES LB REMMPIIHEE L2, T
HBEE EWELTRERD S, TNICES T2 0
b LNRWHEIEE LT, Matsuoka (1987) & A L¥f
W~ A TIXE 1 HEARINERR S L IEHEET A
HbHILEHREL TS,

CHETIBESINLLZHOMEIZE T, Mt
LIES OWREOEKIEFIIF L BroTwz (1B
i, 1982)o =3 ¥ C. pallasii TEHRES & ME Sk
FILEE 1 REHERMHEAROTMA D SR T ~NER S I,
BACHER P S BF~FET S (Gwyn, 1940). HARRE
<A T oMK - E S kG OREIEE (Fig. 30)
1, MRS 2B E=ZY Y (Gwyn, 1940) R H
KA Y 7547 (Balart, 1995) & IZIZFERTH
o720 HARES A 7 ¥ ORI 1E =¥ > (Gwyn,
1940), O. oglinum (Richards et al, 1974) B X U'H
KEEH & 7547 (Balart, 1995) & X {BBlTw7z,
PoT, =V VYRR T I F AT VRHIET B MaFED
FHEETEMBERIEIEWIIH T D ED RV DL bR

5o

HAMESA T oLl THEBXOESIZIEA
Y73 )V=7~4 7 (Phillips, 1942) IR I T
WL DD DIREDFED HTze FEEAT DMK
5 ([Potthoff and Telock, 1993] D HMEE4) 3~ %
4 (Matsuoka, 1985, 1987) * L. calcarifer (Kohno
et al, 1996a) TR/MSZEHFEL LRI TW
%o LrL, HERERAT Y TIEZOKEIZIFHRIC
ELAEAAWEB IO TIRES LEHLT% (Fig.
17E)o HBEHF O LG IE LG 4 L 50K S
Tw 5% (Nelson, 1967 ; Balart, 1985), HARRE~< A 7
YT 4 R OB NS RikE NS (Fig
17C)e ZDMEIZE 5 REE ORBOWREEN D 5
D, BICE 4 LE L EE 9 5 (Fig. 17D)s Nelson
(1967) &~ A 73 S. sagax melanosticta \ 2B\ TH
4 FEE DI LG 2RI L 72 ABTZEOB
2T, ZoORFIEHE4 (723%5) RG2S
BMIALTwBHDELEEZ LNz, RO ITHAE
FEAY 7FA T THRDONLDY (Balart, 1985),
Whitehead and Teugels (1985) (& S. leonensis 2B
WT, ZHIHGHETHL LMEL TS, F1 L
g B X OEREFHOBRFIIINE TICHRSNT
W72\ (Phillips, 1942 ; Chapman, 1948 : Whitehead
and Teugels, 1985), Z 5 DURE DIFAE DA % 1l
DEFHBIZBTHL 2T E2LEND 5,

FEBIAIE RSB 5 2 v r VKR & E R
BFORBNIMTA I H~NOBRITOR D H Y LIBETH
D, Higb X CRBHEE OREE L O IEEkE it
OB AR TAHANORBITOBY LIEETH D L E X
bNb. FHEEOBIIFAIMH~D, T/, fido
DPD/SL i3] (B X OHfM) ~o&kd Y%
HBETHY, WEROHRIELH~NORITORET
HbHLEZOHNS (Fig. 78, #Aiwik) o

FE6H AREmOEKREIE

B DR OREFEIZ O W TIZE L OIFEDFTH
NTWD P, AT OFRFEBFRICE T 20 RITIER I
L7y (Waterman, 1969 ; Raamsdonk et al., 1978 ;
Proctor et al., 1980 ; O'Connell, 1981 ; Matsuoka and
Twai, 1984 ; Matsuoka, 1987), =3 ¥ FHIB W T,
Batty (1984) & f&H (1990) 25% 4 C. harengus &
C. pallasi (22 THMT O FEE & dkbk R HEE D
ZALE DRI OV THGE LTV Do i, AR
i AL [ o e AN @ b N A & e K el /N
C. harengus 1+ CTH 57 & 72 572 (Johnston, 1993,
1997)0 % < OEA A TN R IR & B
B 2 O 5 . R ARER#ZITV, |
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i FICEBRAHICI ) 7)) a—F v 2 5RT
b0 I TR TR OBICHERE L, BB IEBRRN
RSB O BICHERET S WA OIS, PR
(b #5) * very small diameter fiber (sdf) ¥ 721
tonic-like fiber DFFEVHE O BEF A THRE I NT
W5 (B121F, Matsuoka and Iwai, 1984 ; Matsuoka,
1987) o R OIS E S BARE D R HEZ 25D
RBREDORELFEZ b TBY, FHOERK
e o THELRFEEZRIFTIDEEZONS, £
T, AEITIE~A 7Y ORMFGHMHER QS & Zh s
DL HEBEEHL2IIT 5. B, RFEO—TRIL,
Matsuoka (1998) (2 & o THiEHE SN TV 5,

AFETE

HEER

eI 72 54 (3.65 mm NL) 205 5 btk
200 off# (16.2 mm NL) 7527 F¥ % v T
RELLZRBRINPOFHELZODTH S, I, 37
mm SL LU OFEAR 2 AT TS TH O TERE L 72,
REFEAR (85~178 mm SL) 3 ¥ TSI 7z
KL D 545720

HEBFEEE

fFHEfUIE Bouin i CREE L, 785 7 4 VTP L 72,
6~10 um DHBWH ZERL, TV Y UF -~
RENFVY Y AT UOEEGEM T IT Y et
ZhtiL 7z

M LEER

FPRESAE Y A X6 U CTRef F - I3 2 Bk L
eth, AVRVE V= FFAT A ARTHFE L2, 85
~106 mm SL O REEARIZOWTIE, REELETEE,
UL B X ORI 3 AL S AR O — B A Fif
LCHME L7ze SO OHRERZMAICMTLFT
FIA 74 A% ANTZRRE ST CTRIE L7z, 8 ~10
um OHFEHBO R ZERL, 274 F7 7 22
DT 7288, —20C DTV — & —th TR X
720 HAALFEUEII LT O F P Tirbihsz,

1. BBWi. YWH % Sudan Black B ®70% =5 )V 7
VI — VEIFIE T 5 ~305 (i F) Htul, 7
V) -5 F VIZH AL,

2. ansBiiKkEREFE (SDH, E.C.1.3.99. 1).
Y H % Barka and Anderson (1963) @5 #:12HE
S THRBEFTIRMEHL, V) -ETF
JIZHEHAL

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

) i % Barka and Anderson (1963) @ J7 124t
o> CHEi FTI~600%MmL, 7)) ry-¥5
FUIZH AL,

b £

R Ry

Fig. 31 A, B, C 13178 mm SL D~ 4 7 ¥ il (ff4h)
B A 3WAT (HIER, AUt BRI A &
ALTWa, At (&%) L@l (Fam) &
ETOMEFTTRD LN LA, BRI O A
AR L 720

REFIIREE L DRERIPI VNI TE2ED
2, FICI3IR E B R L, EhONE R I b
YU T R¥-TWw5S (Bone, 1978), =2 T, MRl
RIParFYTICEEThLBRILEERTGE (NADHD,
SDH %) DML G Rah & A ek okl
WCHWA Z E23TE %, Hhtaiiid Gl NADHD B
L O SDH 1B W Oilafl & P & oo b i 2 deta
Rt % 7~3 (Matsuoka and Iwai, 1984). Fig. 32A 1%
102 mm SL OFEAIZ BT 5 H9LEo NADHD &M%
AL TW5, ARt e E Al o RIS % 5
B, ZOMIHE Dk #METEE T 5, Fig. 32B
\& Fig. 32A R HEmiB oK TH %, NADHD
2R LTS BUG L, roach ICHFAET 5 0 & B %4
tonic-like fiber (Kirarski, 1990) 3G # 3 %, L L,
IRt O B IC B B — O i ik#E 1L NADHD 12
LT K KIS 50 AKFREEED SHEN 5 125
-TC, KREfEAEHIEEOCEERBRIEZ A THT
% Fig. 32C 12106 mm SL OEEAIZ BT 5 R4 75 i
HERLTHBY, KRMafhe Ao Mg 2kt
JEAFRD b b, Fig 32D 13106 mm SL OEARIZE
AR ERREMR AR LB Y, s R
uffi & B OARDFED NS,

AR MM DR

LR3I 7THEM D748 (3.65 mm NL) Ti&, ik
MeZ B AZBIE OFE & EO AN RO Sh
Too TOMIT, 8D 20 5 A & B A 7Z 1 R DOEKE
MWHEDIEAE L7z (Fig. 33A)0 SO AT — Y TN
O o S At & 250 A & AR L2209 SO T XS
5ZEIETELD o7 (Fig 33B)o s AL#33E: [ D
fFfci, FEHMHED NADHD &M S XN ER o
FI it £ 0 B S 201258 < % - 72 (Fig. 33C). &1t
HEBFI DT TIL, FKEMMHED Z D BUSIZHIZH
&7 (Fig. 33D), L8215 A B an AT
f (5.6 mm NL) Tl 2%k (3 2258 o o i 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 um.

HEEIERIZA S LVWiEy NADHD iEMERIG 278 L

7z (Fig. 33E)o NEWHIZHA ¥ % JItid NADHD & (31F

U CdHh 7275, SDH i SIS & AR T 1L IEH 1259
o7z

FEAT BG4 0 i AkoHE 2 0 BT v i 7 1 & RS
HIHDHKRTHEZ 572, 13.,5 mm NL DL ETIE, MvE
e FHARAE AR AN TR S, AT ORI 13
KLIED 7,

R D At ke % 1 8 028 ot i it 25T 0 PR
&) R ORERE1316~17 mm NL F Thev 72
(Fig. 33F)s SO A ZLKETIE, 1REORBRON

MAHE TR RRBE LI - 7238067 TN B AS D 2R 72,
20.4 mm SL OAFTix, 2 & H OFREREHHED
e & T W7z AT & 7z K@ R e i,
KPFRBED WM TIIFR EHEBHEDO A E ZA TV
(Fig. 34A, KH)o 5 Ol 1 7 1M i ikt
124371, tonic-like fiber (272 % b D& Bbitiz, 20
mm SL PR TIE, BEAE O KW i HE o BT
bOVER SN, AOHITHIZEY A 7 2 REZ 2L
720

Fig. 34B 1327.7 mm SL OfFFAOARMfERiE 2R L
TBY, BEmHE»RD 57z 29.25 mm SL @
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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 TR s NS 2
# o tonic-like fibers 25fF7E L7 (Fig. 34C, &HI),
37.0 mm SL OffifClE, 102 mm SL B & 106 mm
SL O fa & R AR il i R, e,
e £ /5 B X 0 toniclike fibers 7832 ® &5 1 72 (Fig.
34D),

{8 h A R

<A TIE, MmN RET 2 S B E TR
L Tw/z (Matsuoka and Iwai, 1984), L2*L, =
A7 B BRI AR IR RAE LT w
720 Johnston et al. (1977) X2 £ IZB W CTHERGIZE:
eIk & 2256 Y vk o> B o0 v BT I 7 b ks B D B S
BREET % LRIB L TV 5, A AVl O R IC L
PRI A T VIZBWTHRINEKIEH T ) EETIE
WOy Lk v, Higgins (1990) 12X 5 & KW
WY Salmo salar TR IIEAIIB W TR

DEETH Y, KETLIH o TR % ERIE
LTwa, LAL, 47T TIIBMAIZBWTH AR
90 T B W e Bk & 5 > T 72 (Fig. 31A),

2 #i¥H @ tonic-like fibers D, — HIXIEH IZHHW
NADHD i % 7% L, very small diameter fiber (sdf)
(Kirarski, 1990) 12X < lCT w7z ¥4 4 (Matsuoka
and Iwai, 1984) B L 0" ZF Do E G £E3H (Johnston
et al., 1974; Patterson et al., 1975; Mosse and Hudson,
1977: Carpené et al, 1982) T Z Ok 13 8% 7R
i L OBICHFAET 5 L, HARESA
7 ¥ Tl tonic-like fiber I3KFEREEIZH - 72 =MD
R DLW IR EF T 5 & 412, NADHD 2K
KRy < RIS 28D % 4 7O tonic-like fiber A3Bi%E
S N7z Gillerman (1980) (&% /NJ& & —Ff Scomber
scombrus \ 2BV T EABORMOEHOEHICHET S
AR AE & AR L E RS & 0 A Bk ih) & &
Z72e L22L, =473 ® 2% HOD toniclike fiber &
AHEHSH < NADHD (Zxf L Caktafs £ b 5k < BS
L 7z, tonic-like fiber ® PLAHEHEIZ W - < ) & WE 3
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AR O LT BHO TWw5 L) (Kirarski,
1990) . ~ A4 7 ¥ ® tonic-like fibers i&, HIH A 533~
347 H OB AL T AR Nk (cartilage
chevron) (%2 ®E5H) KL TBY, KM
WM OBRENZ2EBOTHWL EEbNDS,

A:AR 5 A D TR 3%

SMEEHO~ F LB T R0 o KM
i JE A HE 2 & A TW b o 72 (Matsuoka and Iwai,
1984) —7, <4 7 ¥ TRERBHTIE» O
WHEZ & ATWDs, REMlE & o H i
FAMRAL 20 BUGHE T KB TE o 7z FEAFBH LA
(23T NADHD R IR 3 < G 5 1 8 DRt
MMRHEDSTER S 7z S OFBMEIZW > D & LzW
W R FEREETR D 72O ITHERE S 50 Z ORI OAFfud
7S FROWERE TV, S FRIOYEE) 52258k LT
AT B0 WY 70 et vk 1 2 R AR A A A 12 &
STRI SN, ZEMEERIINEO AEHSHEC X > T
HIEINLEEZONS, BT, HORH#EKIIRME
MMHED L LRI Y, ZRIEHARES AT O
WRAENOKRFY E—RTLLDEEDLNG, FE2E
BHHTRLAZL I, WBREICLELREE Lo
LD % 7 o 722821325 mm SL GEICHEH B2 %
#T 5o

PR RE RS B0 B B e AL ERAT B Aas  & 20
~30 mm SL T2 Z - 7z, EHBILGH O MIdHRE
R#FEITH 1 BORBREFHBAMZ R o> Tz, 20
mm SL PLR&E TR R IEAT I C o ARt i i 0 % e
1k, tonmic-like fiber M 5bIB & CBEAE DR H o i3k
HER T OMWIBHED FTEBAE Z 5 725 30 mm SL F
T2 2 B tonic-like fibers P Mkt f e A3 251b L
720 HUGOFEBRIEICBVTIE, & TOMEIZHI0
mm SL F TIZEK L, BRROERE D FEh oz,
F 72, KHE ORI L FERCIEO R, KX,
MBEFORNLEAD IR T B TEER K%
FoTws w9y (Matsuoka, 1984), 30 mm SL
T TICAREHIIC &L 2 BoFER, BEFHICL 5P
B OB L LI & 522508 IRATT E & 72
0, HEPAMITESEORDPMETS 0L bR
5o

E7H BREBOERERE—I1. B

RIS EAEATE R AR 25 oRBTE 2179 £ T
WOEELKERD 1O TH b, =¥ RHEEBMIC
B B0 FEM 72 ##%3% 1% O'Connell (1963) 12L& - T
ANTAN=ZTIATY, LKEASY 7 FA4 7Y E.
mordax, 7 * V) 5 D shad Alosa sapidissima K=

DEND Y 7 F 4T Anchoa compressa THRDH I
TWDHH, HRERA TV TRELIMRINTVE
Vo SOOI E Y, B, SRS X U
HRo 3HEHFOREMIE L o T b, BRI
B EICHS L, BRI AR ORI ST 5,
MR EFRBICEAEZbOTHY GFFE, FHI,
1991), JIAY, HAS (1973) 1% UASERE W ERBE THE
HETAZLaREL7,

%2 < OB FHHE Bz X Oncorrhynchus &,
haddock Melanogrammus aeglefinus, sand goby
Pomatoschistus minutus, < % A, Dover sole Solea
solea, ¥ 5 * Paralichthys olivaceus, 7> ¥ ® 1 i
Oxyeleotris marmoratus OFFAIENIIARED T <,
ML S HHEAR DB DAFAET B Z ENBIFE I TV D
(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), WHikoAoMEEIX, = Y HAHED
A BT, kS ¥ 2 F 4 7 2 (O'Connell,
1981), ¥ WV F ¥ — ¥ Sardina pilchardus (Blaxter
and Staines, 1970) B X O* =3 ¥ C. harengus (Blaxter
and Jones, 1967; Sandy and Blaxter, 1980) T #i %%
ENTVED, AT VIETEELHRS v, —
F, =1 v 3y F+F Anguilla anguilla DV 7T M
7 7 VA & Macruridae ORI TR O &R
MR ZZTTH L Z LM OEN TS (Blaxter
and Staines, 1970), AL EE SHMEL D% D HO
ZREIEI IR SN 5, 4 () BT T
BAEEZBIHETL2 L3 ) WL, Aol
B 2 HEET 5 720102, #KE & AR g o
DR ZIEE L 5554 H % (Sandy and Blaxter,
1980) @ X 5 RO 5L = HEE 3 5 MR
Bk ol THWSNTE 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) o BUHEA I HEHEAKR AR A
LTINS, ZNHITEFERBYOER»ERED
B SN D (A, JIA, 1985), Fifk & Bk
ALK 2 i 2 L OTERER AR RE O 56 M AR & B S
T THOLNITAHIEDPEELEZ OND, AHilZH
RES A T 2 ORI BT 5 RO AL O MLk
IR A 28 7 — v b, ATREfRINC BT 2 R
OB EZ R L7 b0 TH b, B, KO —
#Ri%, Matsuoka (1999) 12 & » THHE XM TWw A,
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At EHE

HEER

190 mm SL O B A I BE RIS BV TRIMIZE D
THREL. MRELFAD S BL2TREKIET T~ 7
FoAy PTRELAZKBRINALEFTLLZLDOTH
B (55240, 19894 I2MFH L7z D133.6 mm
NL (5 MEiE%) ~9.65 mm NL (5fL#12H) <, 1991
FIZHB L72D D133.75~11.2mm NL (51b£16H F
T) ThHolzo THOFMITIAKIRLT.0~17.5TC TH
SERRLGIA LI T & Y % 5.2 THE Lz, 2 b DAk,
T bk y PREMITE DT TH VI TREL
726.1 mm NL ~35.6 mm SL O RKRIEAR LMK & L
72

g
A Bouin i CHEIZE L7z, MWL, BT
BIOGH, BERTGH, E A B X OEE RO 4 58

PACEIWT L, 785 7 4 VWML 720 4 um OREH
BIUKFOFZHERL, TV yrHF - AT
VI roZERME L 72, 7RIS Bouin
e — i Zenker ¥ CTHEIE L 720 4~6 um DKW
Y 2ERL, BAZEMKZ TVIYryF-A<b
FI) vV yTEEYA L7, MY 0Bl
3ot (AW) BEMER T T1T - 72

& e

B A DREEEE

BARIIEBICIRE SN2 720, (ZIFHBIEHL L T\
LlBbND, WEOETHEIHM, EMF L L O
TN SR & CHLER S 108 2 7R 3 IR AR LG SR
TH o720 WDE KA Fi o 72 SRS BLRTY 12
SAi L, TS DOBICIERITNE L BOBED D
SN As, B KIZEE S e h - 72 (Fig. 35A, B)o
AHERIRE IR, ZHOBKROBOFEELZ 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 PEM B S AL, ZHOHEARE &R area
temporalis £ WHEN DHHAL L7230 2538 H Nz,
Je o B g 2 MR OB ARSI G 2 B P&, Fh
5AHBAIIZ A L Twize ZOERGTIX, K1
FRLHD SN D572 (Fig. 35C, D)o BHALERN. area

temporalis O FR & X IEFALTA L D #ED o 72
(Fig. 35D),

BEORE B
SAL123.5M ), 3.6 mm NL OfFfaTid, L > X
P DMEMETERE & SM O B —l R O 2 JE 7> 5 B - 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 MBEMIRLIE F 22 RSIETH o 72 (Fig. 36A).
SAb1431.50:0, 4.75 mm NL OfFfTix, MBI
DAL EHIT A, KEEEEDB X OBME 2
B E 7z (Fig. 36B). s b#%53H:M, 4.85 mm NL
DT, BRI S, ErCBEAELH
72 (Fig. 36C)

SAL%79.50: 0, 5.15 mm NL OERFBHGITMA T

11z

1, REOFEIITHE 2 BaRRO 5 h7: (Fig
36D), B IZHSERO ALY, SR EO
L SRR RO IEIZ 11 TH o7z (Fig. 36E).
Fig. 36F 125 1L#%18H, 8.9 mm NL ® H kD A
L AMEEZRLTH Y, HAHGBHOME L F R
BTHholz.

Pl TR IS ERE SN AR, (SIZHEIERS 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 um.
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TwtEbhb, Fig 37A 1318.6 mm SL D41
BB IEFLE M OMBEOBMIBZ R L TWb, N
T EFT) TR YT 5 L DS BBEAHVERE
DIEIIZFBD b Tz, AR E OB L HiRE RO H
FIIK 2 1 Tho 7285, BIROFE R/ XD
SNLho Tz MROKFY R OBILETIE, HMIL
LTHHRTH -7z (Fig. 37B)o 20.9 mm SL D4
T, MRS FIAR R E 2 £ - 7 BRI 23320 S,
INSEFEEOHOREOEEZRL T (Fig
37C) o MAMEHT 7 HAL DAY T, Bk o4k ()
HERIERD) &M VARIRDER S Sz (Fig. 37D). ##
D% T EATIZ VL S DORMRIZEED H7zAs, B
BRI SN TV Do T,

AR AR RE, T okadIcHnL 7z, Fig
37E & Fig. 37F 1326.8 mm SL OEfkOREE T, Mk
RESHOBEDP S %5 ZEHE L e o T2, 35.6
mm SL ORESOMEEIE, Bl & FEICIEF IS B
PR Z - Tz,

% %=

O'Connell (1963) EHV 7+ V=T<A T &&T
TR 6 MO MEIBRE R 2 AT L 720 ABFSECRGT L 72
HAESATYEANT A V=T <A 7 L FBECHE
Lo JE AR 74 T 3R A B LERAL area temporalis % F§- T
Wiz, HARES A 72 OMBEIZEBT 2 IR B &
OHFLEBAL 0 HLEEAR, USRS X OFHMR O MRS
BEDAIINT =L AN TF V=T ATV EIFFIC
L AMT W2, BIEE TIRIERHMEERAL I B\ T HHA
FECRBOONL o703 L, HBE TIIEDIHE
L7z ANVTHN=FT<A 7 (OConnell, 1963)
EHARESA T VTR, T BT 2 SRR R
JEFITE L, BRESE WD, EaEidar EJim
ZH5b,

TFEHOL T M T 7 IV R E RO Macruridae
B, MR RAOHELZ > T
(Blaxter and Staines, 1970) ®ZxtL, HAE<A 7
PaELE L OBEFAEOFAIL, HEEARD A ORI
ZHoTwb, HlE, Omura et al. (1997) & HARE
Y FF A, japonica \ZB\WT, HMLE 7 HOFFTA
EREX11.0 mm ORK (SbEH 2 EH) FHaH38
IO 2 R Z L 2 /I L7z, 5 I1EH
KT FFHFAOMETIE, £X11.0 mm ORKKF
FSKIE D JH DB B\ THR I 72 R v b R
EFRoTWZ &hn, RANIHARISU - BB
R s, BICEERICDE M EtT a2 L %
RB L7z HAEYFFOL T M7 7V A LN

® Macruridae FHFEIZBWTH, fLoEFHFH L FH
RIS, BN SEARICDOBRREMIL 2 B> T BT
DD %

O'Connell (1981) %, AL REH ¥ 7 F4 7 ¥ DT
A28V T10 mm SL 2512 mm SL F Tix 4 AL
BOBIT2BTH LD, €0HBT 3B EICE
L, VbR EPERIN TS &G L7
HARESA 7 VIBWTIE, A MY VIR gy
5/NE %1315 mm NL DL E oA TR 5Nz,
L2L, ZORMONS ZIEREMNED IS R
9, FN 51320 mm SL ML E T TEE SN,
Blaxter and Jones (1967) &, =¥ ¥ C. harengus ®
M ClEA % < &£ B EEH20 mm F TR
FHHL W L 2B HEMSEIZEIC X - TIGEL
720 C. harengus A TIEANT PF V) Vikgo/hE
BAIZE 2 mm B ETERE SR, BEREEF0R
12%83% L 7> (Blaxter and Jones, 1967), —7, Sandy
and Blaxter (1980) I & 22 mm o= YA D
MBS o EE R L72 €79 74 7
Brachydanio rerio TIX, BROBARMRRII R % 8
HOF#IZED S, AERIZFE12H O TRAICHK
Bl E N7z (Branchek and Bremiller, 1984), 25 ®
W5, FAOMEICED LN 2BOBIZLTL
DRI ZRERO MBI ZRT S OTEZWA2d Lk
Vo —77, O'Connell (1981) (ZILKEL S 7 F 14T
TIIAERARIZI0 mm SL OB LD L L E 272,
DRI, ARG E 20, 0l
% FtE LG A8 (Hunter and Sanchez, 1976) 12
—HTBHEVH, LAIL, EKREIFYZFA4 TP
REM 22 RIZ D S A LI CIE L, #0oo JeE 056 13
BAROGAL L THBIIRISEEZ 2 LRI NS, ik
X912, BEOGLREE 2 X5 72D DL S <
DOREFETHC LN TWE DS, RO LR % IEfEIC
WSPICT H720121F, BARZERICBIET 22 L8
VETH 5o

HARES AT 2B, REERIERA S
IEREBF 128920 mm SL B IR X 72, Sandy and
Blaxter (1980) {2 & % &, Dover sole {238\ T i,
AR & AR DT EMOIRORE) & 4R
PIEE DEITR I 5728 v ), R E BEEER DK
BliZ~ %4 (Kawamura et al, 1984b) NE D 1
T O. marmoratus (Senoo et al., 1994) % IHDHE L D
MET—H L Tnb, —F, =¥~ C. harengus ®
HHEHIZERM OB (K 228~30 mm) 2RO 5
N (Blaxter and Jones, 1967), M 1k o @l & 1342
LD HBIZE T 572 £ v (Sandy and Blaxter,
1980), HIZ, WL oroflifafl, FHlz1E, v I R
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(Kawamura and Ishida, 1985) 7 4 5 ¥ 7 Tilapia
nilotica (Kawamura and Washiyama, 1989) Ti, M
RO L D PR BNL EHREINTWS,

E8E BEZROTBBE—I. BES, KRS

B A ZERESE RS, FHOREIIBIT%%
DOEREEANMT -0 b2 HVwTWw5b, 63
BETHTIIHAESA T L OO EREZH S
M L7ze ARENE, BREROTOMRESE, Wi, fl
R ERB L ONE OB - PR OFEE MR
DWTERT %o

MR X ORE S LA IR AR & LB L, i
KHPZEFT 2 R E 2 25T 5. WHREES
BIOWHIL, BHWZERE LTHEEEL, KikxzH
MIAHZEICL-T, ROFPHEZRL, TEHHE %
Foas

HHEBR DRI o TIFFICHETH 5B,
B - WiEED O oM - EEBEH) - BLOBEEIC
BRI L EEbh, ZOREMRRERRLZL
WG S O B IZ R v (Kawamura ef al,
2003)

CHE TORRESEDIERILIHT 2%  Of%E
&, FIZ, b7 - AH, WK, =3 v, BREET
RN TE A (BlxiE, Blaxter et al., 1983; Blaxter,
1986) . wIETl, 2N DAL, ¥4 (Kawamura
et al, 1984b), £ ¥ ¥ 4 Oplegnathus fasciatus (fiH,
JUAY, 1985), b5 72 Takifugu rubripes CHH, I
#, 1985), b 7 A (Kawamura and Ishida, 1985),
* F 7 F N A Micropterus salmonoides, 7 4 T ¥
7 (Kawamura and Washiyama, 1989), ¥ o 1 ff
O. marmoratus (Senoo et al, 1994) BLUIF I %
Epinephelus akaara (55K 5, 1996) IZDOWTHNXSL
nTwa,

HABESA T ¥ OFMIE, S BRI &%
RBAEFTORVBERTHMET 5, £ ORERE, €0
%, MhoHELAKIIERINS, 22T, AEIZE
WU, fHEMERREARZ AT, RUANOBERER
OGALBREEHLNI Lz, 7B, KO —EBE,
Matsuoka (2001) 12X o THE STV 5,

At ETE

Mg

T M Ay PTRESNIZRRIN K2 %
B4 E5MLIETHE L2224k A (3.6~
11.2 mm NL) IZ2oWTHEF L7ze NS DIk

l7.0~17.5CCHE L, BHERBIICT &2 25
L7z 4RO KK (8.95~16.45 mm NL) i,
T bty PTREL . 196K D KIREEAR
(14.5 mm NL ~35.6 mm SL) &, #fiH»SHEMa40%
MUY, WO TREL

IS OEEAR% Bouin % Zenker i CEEL, /%
F74 VUM L7, 4~6 um ORERIY R % ER
L7ztk, TVyxF -AMFT) Y - 2F 30T
ZEGen L7z, ZOMBRI 2ot (EY) BAREET
THIgST 5 LIS, BT E 2 L7

12f8 ko i F 744 (3.65~13.8 mm NL) & 3 fifk
DORBA (21.7~32.5 mm SL) % Karnovsky D/¥%5
FVLTNVFe FEFIVE =L T IV FORABTET
g L7z SNOOREREZBIKL, B AEZERDE T
L, A F>va—51 v L7, SEMBIZEDHE, K
S04 P74 VATHRE LT,

fREI

O5MEARDIEAIZ DWW T IRE Z FHIl L 720 £ DN35
TR DREA (24.5~188 mm SL) 13 ¥ & H Tl S,
30fEADIEA (12.7 mm NL ~33.5 mm SL) &, ¥#
Wiz O BALT 2 IV, WORTREL -,

EATARMOBEZRZ/MB L, Rz ML, £
HAOWRMEEFH L7z RILOFZER, RILRE R
EREIZLD, T 3B AT -1
BILBEREE, AF—V1 : BILBEREEE, &
TV B SEK.

] R

R 2R

AL 4 BRI AT TIE, WL B3 W SR B o (A
LCw7 (Fig. 38A), 3.65 mm NL OfFf o B eE
2IE, FEEE L ORI B X O B R
Mg sz (Fig 38 B)o SBR[ 3.9 mm
NL OfffaCid, MEREMIEE L OB MR
AL L TB Y, RS ORI T 72
o572 (Fig. 38C)o

B O 582 M D47 (5.6 mm NL) T
X, MEHFIWIMOTEH~BEH LT 20I0O0
o & —8 LT/ (Fig 38D),

18~19 mm SL DL F O fIC B 2 SR O RES
MR ZEAR I I IR BHAG I & MR T - 720 7272,
FE AN OB AT A IEH 1SN L T2 (Fig.
38E)
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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 um (A, D, F,G),10 um (E,H) and 1 gm (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.

A sfL & B BRIl % 50T A S FLRREZ 1L, 18.25 mm SL
FCRERENEL -7 (AF =Y 1, Fig. 39). &
Lz X, Bfloddiicbsnwe, 2-o0%Eke LTE
WS ko 7z (Fig. 38F)o & & Lo SALI R % #¢
o 72 b /N E 2 AAI1318.9 mm SL TH Y, DKE
ZRI324.2 mm SL TH o7 (A7F—=V 1), &L
FD 2502, i/hTid, 21.8 mm SL Offfk (A
75—V, Fig. 39) THAL Tz, BEIE, BiEo
JEE AR L T S 7z, 18.9 mm SL O£
IZBWT, YOO HZIICTER Sz, R
WA I MR DR 1 - T L 72 (Fig. 38G, 32.5
mm SL). MEOMImIZix, FEFICEL o REMIE
DWER IR OB ELI B S /- (Fig
38H) -

Fig. 401%, fhE &R OBBRE W7 7 7 TR
LTWw3, ZORT, RriZ19884E L19894E12F X1
THRESINTERTH 5. HEIZI990FE IZH W HETHR
HLERTH S EMAEICE A 70X M) =i,
UTomhThb,

logy =loga+ blogx

v WA

x: KR

a,b: B

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

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

@ logy =-0.369 +0.948 log x
(31.0mm =< x <60.5mm, Hr0)

@ logy =0.952+0.213 log x

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

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.

QX EBXDZEW H1230.3 mm TH o720 @ E
@R DZEM H1362.7 mm T - 720 BIRHMOR KNI,
182 mm SL OREEART28TH - 72

LREE

R THEbN I BEOREEZE (Fig. 41A) 4°10.6
mm NL O (51b#16.1H) O FEREEE, +T
WS OHERB X OMHIEERIC WD TR bz, &
PREEZFosTwhhol, LRIEREEZF- 72
SEI L 72R#1Z, 11.2 mm NL o1 (51L#£16.1H)
THIg s Nh7: (Fig 41B).

IHS XY REBMEETIZ, WEIZIEO EEBB X
OTEANE A L7z,

IR 2R

AR TR 2 A, 3.6 mm B X U365
mm NL (5L#%3.70:0) DM Tld, B 2B
L ORI 103 O Bk i [ AS3880 S 72, Fig. 41C &
41E (3 51L% 4 BER 0Bl > SEM BB %R LT
w5,

IO O, 4.75 mm NL (5fb1%31.50:0)
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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).



134 LN TR

DI TIX 4 %, 4.85 mm NL (5fL#£53MEH]) D114
T 7%, 4.8 mm NL (5fbf277 .5k, LGN
TiE, 10xHcEm L 7. FHloREHIE, 5164315
FER O Tl F 7213120, SLEL63R M D74 T
1X12%} & 72 5 72 Fig. 41D 13 51b#458. 5K [ DFfA D
HEHER O SEMEBEHZ /R L TW 5 Al oK UL,

SALRT7 SIFH DA THI2H TH - 72,

9.65 mm NL D17 (51b1%12.2H) DHEFBOK R
Buxlaxcd b, R, 4 T26M &30 TH o
720 HADKEDZ IZFHEIF OMFEE IR S
720 TNHDORKIIE, BRI, REITRHTFIZ%
7z (Fig. 41F, 13.8 mm NL, 51t#28.2H @ SEM %
H)o 21.7 mm SL O TIE, KREZEHIERLO
FHICHEN TR bz, L, 22.0
mm SL O TIIEBK & 7 > 72, 31.8 mm SL O
kT, A OKEZ W72 2 &3k R 2 - 72,

PHERMIARAE X, 20.9 mm SL OfFi2B T lateral
recess DERAL THIE LIFD TV ize KT, MRS
AR LR Tz (Fig. 41G) . Infraorbital canal
B X ¥ mandibular canal {Z, supraorbital canal &
U" preopercular canal & 9 B2 E 17z, 32.5 mm
SL AR TIE, Zh o OFEFUMME IR L Tz
(Fig. 41H),

AE

3.75 mm NL (51bL#%5. 70 ) offfaTid, WH
XU @ auditory vesicle DIREET, Fodiz2o
DOHF (sagitta & lapillus) % Ffo Tz, EERE
WEPE N AL L, utricular macula B £ O saccular
macula o TWwiz, EREERICIE, EEEIRD
bNeh ol (Fig 42A),

=PHEO LB X OHEEZERIE, 55 mm NL O
o (5 ML1R3215H) TBIE S h7z (Fig. 42B). 4.65
mm NL O (5L #4958 1) TIiX, auditory
vesicle X B3 5 2 Ik L, crista B 3E % fF o 7234
® semicircular canal (anterior vertical, horizontal
vertical 8 & U posterior vertical) 2R LT 7z
(Fig. 42C)

FAIPALGI 05.4 mm NL OFFf (5161479.5851)
IZBWTIE, auditory vesicle (NE) &+ HEE L
T\w/2 (Fig. 42D), Utricular macula 8 & O saccular
macula 135G KR EX D, semicircular canal @
crista (X E %> TWize 18~19 mm SL X Y /h&
WA ONERER X, saccular BB DIETE SRR A
TWBHBIUONEDNKE THEDNIHRD TV L HE
BvC, BERBHORELIZIZRA L TH - 72 (Fig
42E),

18.6 mm SL ® {41 Tix, saccular pocket 25H] &
DM A TWiz, F 72, lagena @ sensory macula 2%
P THEIE XN 722% lagena pocket IZTER & T
W72 5 720 Prootic bulla 28K & 11, precoelomic
capillary # i L THEE BEH 5 Tz, L L, EEIC
W E A AT LT\ o 72, Lagena pocket 1
20.9 mm SL OFfA TR S Twi (Fig 42F),
Prootic bulla X 58 412 % A TH i & 1, utricular
acula 3 X U lateral recess &#i& L CVv27z, Saccular
pocket 1, &% L T saccular sac & % V), recessus
utriculi % 38 L T utricle & # & L 72 (Fig. 42G),
Recessus utriculi ® E££1X, 29.5 mm, 32.15 mm B
X 1°35.6 mm SL O @K T, % 4, 66, 26, 15 um
Loz, BE 2R TIINERIEIZZE L TWwiz,

% =

<A T YO (SMLR 4 RER) OBEEIZEWT
&, MEDB L O ED RIS L Tz, &
D X)) % 2FEHEHOKEMALIE, Dover sole @ 51L#
1~2 HofF# (Appelbaum et al., 1983), SfLEA
DA ¥ F 4 O CAH, NIA, 1985), 5Hfb#% 3 H
DFF 7 FINADFf (Kawamura and Washiyama,
1989) B L " 5L &EISA O 7 1 7 ¥ 7 DAf A
(Kawamura and Washiyama, 1989) @ X 9 7 BBk
BCBZ SN TV 5b, ZORRENDS, 347 OBE
Fenglx, dLREAS ¥ 2 F 4 72 (O'Connell, 1981) &
MRk, SMEeEd R T sLEXONE, I
(1991) 13, TEFAFEICIBVTIE, BRom#Fiksed
BOIH & ) HaBEREC olfactory pit AMERR L, WA
OHRRE LI A | LR L T 5,

AT OBV TIE, REBIUOMMEL
Feo 2R EMEs L OBEL R o - IFREME AR
WhMNz, LA L, rod cell i3BI% S o7z,
Rod cellix, ¥% 4, 4 %4 (A, JIk, 1985)
B L 7 2 (Kawamura and Ishida, 1985) T3E
LN TWb, —F, AT FNA, T4 F7ET
(Kawamura and Washiyama, 1989) BL U= <X
Oncorhynchus mykiss (Zielinski and Hara, 1988) T
EBgE ST, Eller ef al. (1985) 1, rod cell
FEEOBIS, MEMMOREAANLIZEE L2
DL LNEVnEREBLTWS,

Yamamoto and Ueda (1978) &, ~ 4 7 > O
12 cm OEARTIE, PEOFKREME (¥4 71D
MEMI) BEETLEHRE L LarL, KBIZE
TR, AHOFAICBE VT, FEREMEOMTE A
ZRAAET A WMLz, BWNEBTEDL 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 EE 2 BNA (Kawamura
and Washiyama, 1989), #% 12, #2358 3% L,
accessory nasal sac ®5&3#% (Burne, 1909) 2 X o T
BOWKY AT APEERTLHIEIE ST, ThHD
BOIREITWA 55 L b b,

B A OB R E - T L 225, Fils
HO—ZHIET S (EHS,1981) EEbhTwb,
Yamamoto and Ueda (1978) 112 cm ®~ 4 7 ¥ 2%
OB R > Tz L35 LT b, ABIFETIE,
182 mm SL OEEARIZ28DOBR % F > T 7ze @A D
B %X1320.213TH D, LY RKERMEKEITIES  OWBR
EROWREEDSDH B, —H, OXNE@QXZ KT 5 &,
HUARHANTIE, FEMTRESINEEO S
P TR SN7ABR L ) BB L Wi R L o
oo TOZ LI, FEMTRESNIBRIZ, RER
W RZET B AR, ARDsiE T 27 b b,

<A 7 YTIE, BERGIHICKRE TR SN0
ol R LAZMEX, 11.2 mm NL (5Mb#£16.1H)
WD TEEINz, vF 4 Tlk, MEBIGHIC (&
3, 1981), v I A Tix, »fL#12H (Kawamura and
Ishida, 1985) XM TIREARD LN TV D, 20D
T, A, IR (1985) AL TwA L9,
NS DR RO ATIE, RGBT
BRI TV RWVnI EE2R LTV,

SV VHAHIIBWTIE, BB A E
LTWwW3285, N2 v, REMAFHIIBT %
BEDIEEBBERHSAEEICOVWTIE, HFDMH
ENTWwWi\ (Blaxter et al, 1983), SLEHD Y
VT x— FAE, HRENC7 ~8 WD EZFD S
& (Blaxter, 1969), BX U, dtkEh ¥ 7 F 47
D SLEZOEIL, FEIC 1HI 0K, FHIRIZ3
~ARNDBREERD, BRI THEEINT 52 L
(O'Connell, 1981) 2S5 TWwW5b, SMEEFEDO =
> C. harengus F£1%, HMANIZ10%), FHIIZ6~8
WOEEZ ;o TnD Z EDPHEIN TS (Blaxter
et al., 1983)o AWFETIX, ~A4 7 DiFf (AL
4 TREMH]) 1, ARENCI0R:, BHERIC 2 W Dk E R o T
Wiz, 20k, HEIOREBIIEZ ML, EHEHE
GINZIZ1001C 2 5 720 — T, Rl RREIX 123 IR
Fole Doz Eens, ErvFr—F, dbKkiEdh ¥
IFATTBLIORA T LD LX) BRI 5
INAFMILE, =2 VDL) RLEWISETNALT
AR TEREREOREREFENTVELEZS
N5,

BEH (1991b) &, =4 7 > ORMIER o b B A,
ERERHT mm > 5L, 10~11 mm F TI2HE EHERK

THEMEL TS, AWfFED SEMBIEIZL 5 &,
13.8 mm NL O fifkTiE, EEIZFEHOb D X ) JE
AT o T DSHBRIZEED b7z, 22.0 mm SL ®
FAAASEB M 2l A > T2 2 & B L U318
mm SL OfFICITEHEREIZERBO LN Eh o7
TEMLEZDE, INLOBMKEAERT 505
HBHVIITBEMIZZILT 200 W) BMICEZES
W AL TH 5,

<A 7Y OFEIBMMRE L, o= v BAF (Allen
et al., 1976 ; O'Connell, 1981 ; Blaxter, 1987) & [F &k
I2, lateral recess (2B THEE % B#E L7z Lateral
recess I&, ¥4 7 ¥ TIi320.9 mm SL 26K S I
Too MfAFETIE, ZHID RIS, REE=Y Y
T18~20 mm (Allen et @l,1976), dbKEH ¥ 7 F4
7 3 T18~20 mm (O'Connell, 1981) B X DK #
¥ IN—F"Y Brevoortica tyrannus TIlX17 mm T&H -
7z (Blaxter, 1987) o ~ 4 7 ¥ OHFFMBE OTHIL,
325 mm SL C%T L7ze —F, KEE=Y Y TidZ
NXY2%RHKEL,50~60 mm TH5E WV (Allen
et al, 1976)

HEMFEONHIZ, HEWIZ2Oo05LLHE
PHW b, 1 2F PHEEERE LT utricle & =2F
HET, MFIZHEEEE & L To saccule & lagena
T® % (Hoss and Blaxter, 1982), B a2 B )
LZNHOMMREE, MICHEAWE L OERENE
EBAICE L TRADIIEI T T v (Hoss
and Blaxter, 1982 ; Blaxter, 1986), 2 ¥ TIZ, t
9 X (Kawamura and Ishida, 1985), #+ % 7 F/V X
(Kawamura and Washiyama, 1989) B X UNE¥ o 1
i O. marmoratus (Senoo et al, 1994) O S{LEHD
fFONEIX, AT ERRIC2OOFEAZH-72
HEOHERM TH o7zt ME SN T W5,

<A 7Y TIE, cristae o 72300 ZHE
X SEBTISRE F TR SNz TOHDD,
cristae o 72 3 0O Z R HE ORI, FADE
SEERIRH DD Ui A & IEAT STk CBE DR O -1 1%
RICLEARTTRTHDEEZOLNS,

Prootic bulla 1£20.9 mm SL T 4" & 2% 7 i L,
utricle & & T H > 720 Prootic bulla & EATE A L
VAT A, B RZERIEOEFERAIL, PERE
RHADOKEEPET HIERELDLEEZOND T2
® (Blaxter, 1987), ¥4 7 Y Offfaix, ZoH A X
DRI R e & QISR 2 BT L3 TED
LRbhL, NEOHTHRFZISIEE S5 lagena iZ
20.9 mm SL T 5N, 584 7% saccular sack 15
32 mm SL FTRERSIN TNHD2ODHEL
prooic bulla — 3 2 57 A%, BEEFERE & B8 IR
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LCwa 70, FEERRISHEAMIDIREEICH AT 2 3
DEEDbLNL,

BIE ERERE

FE1E RFAEENER

FHREOBREHCEO—DIT I b b,
CAERESERA (B - AFRER O AR R A B &
MAHZDORE) OMEIrLREINELHEEL, 2
a1 RO EINES L OBfih ol 5 5 E &
THRLT, BAZERZHEETLHETHL (P,
1983) ¥ A 7 2% 1 BESP IR R AT [l BESR 9 % ) A
Lk, MR IR R A ECTERE RS
FTA—=FTHY, DHiroimsIhT&l, ZomHI
LT, AHES (1959) 290 OMRESEMMEIZ L -
T, Anded2m, 1HHIZ3BELER L, RESHH
Flx 1820 28BN EHEE L7, £72, Nakai
(1962b) (ZINTERLEL 2> HAEIC 2 ~ 3 MEI§ 5 L
Azo —77, FHEFE (1964) FIPPEALL %2 FR 7288,
1EARADY 2 Mg DL LRIl L e v &9 huE, 14EIC1
FIREINT 2 L EZHZRETHA)ELTWVD, WILT
1, Matsuura ef al. (1991) 3HEERFIBFFEICHEDO &,
Ll b 2EENTATHA ) EWMEL TV 5,
¥ 72, Murayama ef al. (1994) b 2RI EIHTH 5
ZEERIRIBLTWAEADS, BN mE R gn E
DWW T OYIFEZR A IZF 5T v,

—77, RIREWHOEINEB 2 HE T HiEE L
T, PENR 2 w5 H A D 5 (Hunter and
Macewicz, 1985), Z UL U HICHEIE L 72980 % 5§
ORDOE G S, BEE L TOFN R EINEIMN %K
DELEDTHD, ZD72DOIIIHEINR BN OMEIE O
R ZE L L LESH Y, ThFETITHVEY
BHICX D EWNFRENLHAEYATY (HALTY)
ERWV—pE< A 7 S. sagax (Goldberg et al., 1984)
DEND B, KETIE, KRBT 5 HAE
47 OPNREROHIEIE L, EhrbiEllsn
LN (L EEIN ERE L28A) 120w T
L7 ek, ARWFZEo—ifiE, 2 (1997) 12X -
THEZN TS,

Eat S Rasp:

HEEAMUE, 19934 3 H13H & 14 H Va3 X K ERF 78
PTCEIRAEAR B 2k o C, REMMOEHEL

72 2 Hb s (Jb#E32° 26.17, HEHE129° 33.9” & dbfé32° 25.9’,
WRE129° 27.0°) (Fig. 43) T, fHEI X » THREL 72
FEUNBHIAEEZ] (HEE S, 1954 ; A&dl, 1992) & Bbh
% 20WE 2 5 2008304 D,  EIRAKER & HEE S B KR
35~40 m i 1 KoRI#HE (H 448 mm, £550 m,
HEE10 m) Z bR SR 72858, 3 A13HICI1Z143ME 14,
14823250 R0 7z B, 24FFICHERER
AATD L AEKRDEO N h o Tz RERICBITS 4
m KEOKIIZ, 13H121X18.8C, 14HIZI1F17.0C T
BHotze Tz, PREH AT OB E RSB 550
m KEDOKIRIZI7TSCTH o720 ZTOMIZ, 19934F 4
H29H \ZMBko J7: (Ab#E31°59.67, HHE129° 43.67)
THRESNM 4 AR DAL L THW,

BoONLEARAD I B, 3 HISHRER OM4SME A L
14 HREREDMEGOM AR I DT, MR & Hi AR (DL
TR, SL) &Rk, EHIZINEZHL L T10%
RV~ v (BBAKEF MY T AB X OB
KFEF M) T AICE %) (Hunter, 1985) THEIE L
BICHMBE Y (ES5~7 um, N hFT) -
Tk o) #ER LA, £/, BEELZIBRO—
WMWY L, ¥yt M COiMile 2z Mmoo L 7
%, EAREMSETCEIET 5 L CBEHEIRE 1T 12
HEZOW TR RAF 2, RE, SLB X OHHEER
ZEHINL 720 4 AICIRE S N EEARIZ DT B [AER
WZHLRE D R AR L 72,

Goto-nada

[

T T
129° 130°E

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

®EA A REHEE, & PO, MEIRR, BRSO, (LOREIE, B, R, 1990 fE TICB <A 7 Y ORI & PRI oW T

P 2 4R HAKEZ ST RETHEEE, 70
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RSN A 7Y OMEIZ20~22 cm SL OfEfEAH
KT, 3 HISHBRERE O GSI (R E & < 100/ 4
) EWEERTEESL L, RAKTH109TH-
7z (Fig. 44A). —75, 14H$REMH O GSI T &I
WIEZ R L, W KI1323.4TH -7 (Fig 44B). HElZ
19~21 cm SL &ML D /&<, GSIXI3HB X
OUHRERE L DI0RMTH o 720 MED GSI D& W
2HAT, 13H & 14 H OFRERLF O FEIREE O W] k1
M. 4 FICHRE SRR GSI X108 T
Holze 3 HICRESNIZMED I IZHEINE % O WK
AR FEOMAEE TN TBY, Wok L2I0REMIE I
WIZHWIERICEEhTw (Fig 45A). HEIRIE
HLDFREIRIZ D 72 < & B LT O 3 Be RS AT 12 5k 1 X
n7,

BITZAF—20 : JRU0E 2 oML < TRl s
%<, IRVNERF o Tw7e (Fig 45B), HERE R
R 2 U7z 080 GEYRBHAAIZ 2 SHEE LT 1
RERILIN) &, ARAVRNES R, #illdmd L Tw
720 WBHLIZEL 220, WHEEEA~ MY VB
Tl 72 SN TV, EIIZIMI Ok & PIHI o JEfT
J@H 570, PR L NSRRI L, o
Bigh<, AT hFoy roly—itashiz, 2
356 L BITORBIIECRD bk 2o 72 (Fig.

LN TR

45C) 0 VL ED X9 %Ptk o b 0% Y HjE
PRAEMR (EEBRTR 0 H) & L72o Fig 45D 3 A 57— 0
DR FEERIEMIIRTH 0, % < ORI AE
NS NIz T2, HEINS N H o 72BIKIRH3E
MITFERE LTz,

BITZAT—T 1 @ BRI ORGNICEL N AEL,
i CFIr SN7IRE & 7 o 7o BRI OB 2B
MEASEZ D, A bF2) VIS T s L #i<
YT oHaROONT, T2, ZRILZIBHEN
% & o 7RITINHR B ASBHRE & %2 5 72 (Fig. 45E),
Vbko X9 28k o b 0% itk 1 HoMH
e L7z, ERBEMGEBEICIE, A7V 1 0%
PIARIEIIE A T — Y 0 IR T/NEL R Y, LD
LTw7: (Fig. 45F).

BITAT—2 2 BRI OB AH 2 ) A, (4
PIIRDB T L o 72020 L, FKIEIE I s I -
- 72 (Fig. 45G). Dickerson et al. (1992) 1&~H/3 S.
Japonicus (2B T, HEIRRASIE ] 0 JE 1L D HE B A%
PRVEVI ERZHRE LTS, 20X ) 2Pk E
oz ob D% EINE 2 HOMKE Lize 27— 2
DOHEINERIENZIER IS <, FEARBEBEE T T3
WD HNL 2T E o7 (Fig 45H)

Zoficd, HIBRAT L AP BRIER TIE R v
EEbLN LS DB I NN, BERBEOMHIER
(JF BEAE I O BRI D58 T # T, 20 L 72 kil &

24r

B .
22+
-
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18-
.
16F .
L ]
14t
2r A a 12F L]
. 9 | » .
2 19k . e °*
.
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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.GLJ L) and 0.5 mm (D, F, H K).

139



140

BRI L MEEH S 7% %) (Hunter and Macewicz,
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INHOINIES (B HOFRE (B, HIls,

1954 5 B, 1992 5 A, 1993) IS has b ok
Erxbhlz, T, EINRIZ—TOWRKINL B 5\
FRRHEEOENIIIPFRAP L LTHKRY, Eho
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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~BEEOHIHIEN (Hunter and
Macewicz, 1985) & REHIFAFRD S 7z, Fig. 46A
12 3 HI3HREDSMBEKIZONWT, FIRDAF— VX
5 GSIOBBRER LS DTH 5o ALBITENEIN,
— L3R Eh GEEIR AT H ), H X PESH O HT O WAKIH,
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1Mk E % K RO B, B HIZEINAF R 1247
bhiztlbhs, £72, EWIHO LD (GSI 4.5
~8.0) X 3MfkE A%, EINFE1HOWREF>
fEfko GSI 1£1.8~5.2, EII# 2 H OUH % Feo Mk
TIE1.6~3.3, ZOMOMEMAKTIZL.9~3.0& KV i &
RL7ze HEIREMT L7z 5 Ao GSI 120.8~1.6TH
572 HoT, ZOBIIERE LTEIIAD % 1 #4T
L, ¥®TIZHDo>TWSZ &AM 272, Fig. 46B 1% 3
H14HEEDO0FERIZ OV CIRBEDOEZRE R LD O
Thbo EWHTHD L DFI5MEE % <, GSI D
134.8~11.2& ko 720 WIKII % FED b 01 7 A
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DRRER DRI 24T ) MR L 2o 7z L b
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LONEITN TV, TOXHIIZKEATF— T TGS
DIEBIE DL, PIEEIROD D26 2 M HEBH B0 i
FNLL EDOBRIRAE L T2 TE R E 2
SNb, FEIERT L7z 6 MH{AD GSI120.8~1.4TH
ol 72, 4 HICRESINTZD DIZETHEIK T

KT, GSIIX0.7~1.6TH -7

Table 4 (&, HPEIHH OREIMEARDOEEH 5 HEINE
WZEE L72BITh B, HEIE O HOMKIE, WokIH
ZFROLOLEIYH oY Z RO b D& A5
L7METH B. 3 H13H 145 1 IR DS RESR 2
0 BT, 11745058 TdH 541052 OFE DI FEY
M (A% o 1flEw) Z&ichk b, FlziE, 100
kD 5 H10EEA IR 0 H7Z 572 &35, 10/100
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EWEZ R L2 3 H14HIZIZ60ME AR 1018 4 A% pE 50
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Bohi. Bf, B (1990) 1—#tER v ey 28

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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Fig. 47. Serial net sampling site of Japanese sardine
and Japanese anchovy eggs, represented by an
asterisk.
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Fig. 48. Temperatute (top) and salinity (bottom) from the surface to 300 m depth during the serial

net samplings.



144 e
2504
Ly}
E —
o 2004 -
=]
-
>
g i
u‘j’ 150+ M —
2 M
T —
[
N 1004 ~ 1
v
o
I 2
2
504
- 12 iC] 24 6 12 18 24
1991.Mar.12 Mar.13 Mar.14

Sampling Time

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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PLEO KRR BT 2 IR o ¢l (1958)
DABBRELETH S E L, [F UL AL -
(1981) L IdE R HRERLTVD, TOEN
DFERIIHEAEBREA L > TIHEREL72720T
BowheERZONDL, AF7FA4 T OREINKE
20 m (FH, 49, 1981), 721350 m (JE, A
1984) L Thy, KEE TRETLDITHKMH
DN 5 72 DR TIIREINAR D 2 VINITERE X
NhhotzdbnEbhs,

FBETICBIDLHY 7 F4 T2 OEINELF22~
U E W) WMEFANDH L (FHRS, 1983). F 72,
Kawaguchi et al. (1990) \Z AN LI T CTHE 217\,
IR 1 ~150ERI TR E D, 3.5~ 4 B <
EHELTWD, BH (1992) 12 X AUIAHEIL 0 3%
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2 ~ 3R EIN 2 05, (21T 2 B o M2 %
MTTBHEN), SHOFERTIE3 AI2HB X TI3H
& B 24~01F ORI EIZEIAfTh Iz, T2 Eid
INFETORE LD 2% ) BRI IZER SN2
ELERLTWA,

PDEoX)iz, SRIOMEFRTII~A 7 VIHIE
PR NEEEFFICEINL, A5 7 FA4 T VIZER T H
SBRACEO RN IEI L, WAL IR 4 { EY
Ladholze TORKMIZOVTIZHLNATIERWVA
WA T HE: L CTHAAE S 2 3B W e IS 3 % 45
JTWBIREMEAVRIB S LD

Table 5 1346 CTD BN & - TEHU S 7=k
10 m JE KL, FOKBELETICBITS
RATIBION S 2 F 47 VIO LR 23R L
TWbo YA 7 IO SLRER & Ko BIFR L 05
(1983) Rz, T2, HF¥ 7 FA T VIOV TIE
BEH (1981) ORIz ZDEDNS, 4TV H
XA 5 7 FA4 7> OIMNCBYT B 54 KER HE
LCHhb, %P, WEAHOSEEFEINTIE, 0%
BRI X > THORMKIBREEZ D ENHMOENTVD
A% (PEAF, 1960 ; P, 1970 /NP4, 1980 HH, 49t
1981 ; 5, &K, 1984), = T FHW 45K
WRE I ORT 52 W T L72KREBET 5. T
RO LHIZ, SHoEEREICZL > THiE SN~ A
7 VIO SACICE Y B W[ 1342 585 R & 45 585 & 7
5720 TM% Table 5124 Tidd b &, 4258 D 5
(LR R 3 KIR19.5~19.7C DB AICHNS L, 20
KIS T A KIBIZ0~10m &% b, 72, 455
E ) 0 SALEE R IZ#919.0C ICHIYS L, Z D/KIRIHH S
FTHRKERINO M ER D, —F, N7 FATII
WAUIZET BRI~ A 7 VIR L DR 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 45.7 441
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 53.3 50.1
100 17.6 55.0 51.4

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

B L S0BF L HEE STz A T VIREFARICCh
% Table 5 124 TldH b &, 4658 D SRR 12K
AI18.6C DA ITHY L, ZOKIREIIHIET %Ki
3960 m & 7 B. F 7z, S0MER O S LEFEIZ#17.9
CTITMHE L, ZOKIBISHIET 2 KEIZHO m &%
o DEDZ s, <47 VIIOF 541 0 ~30
m DWKEER WIS, $72, A7 FA4T7VOE
SAIEIE60~90 m DFEVEIZH 72D Tid vk
HEINSE (ZOMICELTIE, $£3HEIHTLE
[ RS A A O i IR A2 12 & o T DR RS S
7)o /AN (1980) 12X AE, <A 7 Y INEFEBIC
WOTEHLGHTDEVD) e TOX) BRGMBOESE
FlEREITERNE LT, IO IERF EHEEDE:,
HHVIL, FEIKEDEN R ENREZONDL, b LB
EVHEBRLTCWAETNE ATV ENFTIFAT
YT EEHELTIIE L TV B2, eI 72
TR S EIIKIED RIS T AW REMESRIE S NG,
X o T, MO TE LT > THAiT5H
$I)BEERDH L0 D LN,

B3I EWKE—HEIFATLEDOEE

~A T Y OEFKGICHE LTI (1960) &R
(1961) DD %o i I ATE D FEIH KR 1L20~
23 m EHEE L7228, ThiddH < T TINOF LHEHD
SOMEEIZT ER v, BHEIE, [HHEED 5 VI35
AR OIIORERE RS B AT, BORKGEITERD S
70 m b OFPHIC R, ZFORE IS - B
FICABORE SHICL o TRRVERIZE LD, —
B o TERBEALHE 30~50 m) KHb] &
HEEL TS,

HEY7FATYOEIKEIIET L ME DR,
L, 4 (1981) 137KiE20 m Ak & HEELTHDY,
5, A (1984) 1350 m Hifh L HEE L T b, 7z,
Iseki and Kiyomoto (1997) ZEINZEM D VA & &
FATVINIRBICHRD LV EHEL TS,
DEDOWEIRZRA TS Ay 7 F 47 OO
RTHoT, WHAFE CHETEINL W56 %
BL72BNE N E Tl 53348 2 i C 5 R s
ZBWT 1 RMBEX46EDOT T 7 b Fy b O
ERME AT o 7, <A TVER I I FATID
FEIRRANC TN H B 2 e # WG Lz, o T, BEDH
KB DWT B WS U CREIN % 47> T\ 5 85
EOEEZHLPICTLULEDND S,

<A T Y OEPFHEZIZOVTIES L OAIRED 5
(Bl 2L, S, 1954 ; A, 1992 5 FAR, 1993 ;
B3 2H). LAL, MINKERPEESAMIIHEL
TR DD w72, HICHET L8N DL, £
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72, HEI3EEAHOPWATIE, WHEHIIBVWTERZ
BOFIHREL-0TREVWrEEbhs< (7 V5
EEPAM L. ZOMOMBKRESEOMADIES 72
DI, IR ZPLNMILTT I Y7 M rdky Mol
FeehE Al B X 0% g [ K- M & 47 - 7o i & 3
B D, kB, AHFEO—IE, BES (2002) 12X
S>THEINTWS,

Bt ETE

ARG Vi XK FERF ZE A i SE AR A AR [RotAL] 12 &
>TC, 19924 2 H21H % & B M s O )L W PRI b 72
STz, T3, KENLTY) v NfEEZ 20 &,
B 2T AR EREE 1 T o 720 ZORE, &
ERECTRALE - 1B £ TILWIEHEbh7z- T
Wex A T VEREHIIZIZEKELTBY, o5k
BEEE - KEBLEBOBRELVICRON TV, £2T
K% I RE SN B0 E S (Abki35° 557,
HAE130°29) ICB W CHEIREREET- 72 (Fig.
53)

SRR W2 & v MZEI%45 cm, H£40.335
mm ORRI ) Vot 7 3y W T, £ REKERHE

130°E 1317

-Sun,
9 Pe
n.

31°

*

Yaku Is.

v

30° T

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

WCHW2013 108560 cm, BIHH3.77, HA0.335 mm
DAy FTHb, 3, UWRBM I/ Vv 72y O
SREEAM (74 Y —RI150 m) Z17v, ZOH5ED
FIREACF A % 1T 5 720 1860 cm & v ME&HRMHEK
FAS, 1FIZAKMT, 20m, 40m, 60m, 80 m I
%5 EITHMTA Y=Y f[FIT 720 AR
ILEL72RET, 2y bRETFIER%E 2/ v M
BTl MR L7z & v MRHISHEER & L T General
Oceanics #1:® Double Trip Mechanism % v 72, 7
A Y —OBREBEWIZIT Sy VTR T,
RGN E DOREMIIZKFIC R S L9 ISHhoET) %
WA L7, B, RIS oLy UV T O
s, 74X —DEBRTHLERELTEEAY IO
N REKREEFEE L. Ay PELTR, IIE
KIFIETHETIZ, XDRVEOINEPLDEAL
TWAMREEENH S, LHEIE3H 1 HI8K,»S 3 H 2
HO6RE F T2 Rl & 127 |, 12K 1 W], SE (218K
25 3 H 3 HO6KE T2 R & & 12 7 BoEHsEAT -
720 O, RABAETICCTDIZX A1l m T & DK -
WHBMEIT 5720 & v MREWIIE S I210 % K
A=) YCHEELTRBEY, A7 ehy s F
A7 2O % R L, EEEREINEEL 720

<A 7 VIO E BB ILIEARNIC Nakai (1962a, b)
o 7ze 72720, RERHASTHERIZE L T2 5 LIk
DINESEERT D Cc AT —F L L #F7F4 D
TINDOFRE BRI AR, SR (1984) ITHE - 7228,
PREEI DI E AA AT —TY &L, RBHEIINEZEDL/2
UEObD%E Cc AT—VE L7

] R

IR

Fig. 5413t IRE 2 1T o 72 WM BT B kiR (1)
&gy (F) o CTD Bl REZ R LT b, SHER
HWAHIThN72KELS0 m 1Z14CTEHETH Y, FEIZ17C
BTH o720 KFRMAFT D280 m LLikiLIZ1Z16
CHEPDLITCHOHPAICH ), KEHERE X D EvKi
Th o7z WHTHATEOR LI TEDKEDSL H
7278, BPITRFREORIEKIBABA.6H L o T,

K V2

SERMEOMEETIX, 3 H 1 HoOBIIMHATRICEIN
BEHEO AAWPD T VIRESI N LD o7, LA L,
2 HD22MFIZIE AATIRE & HITRZAFINAMEE L 72
ERDbNDIN (55 3T 45, Fig 64) 1% (RES
N7zo ZOI0E 3 HOORFIZ D ERE S N228, Fikid
AN h o7z (Fig 55)e
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Fig. 54. Vertical distribution of water temperature (C) (top) and salinity

(bottom) during the net samplings.

HERMOFERTIE, AAYIE3 H 1 H2200KiE
40 m fH3E, 2 H200E 040 m A3, 2 H228 040 m
fHEB L U3 HOOBE D60 m HHE T b Z S HRE SR
720 HEo T, ZOROEINKGFEIZ40~60 m, #1240
mflETHo7zBbh s, oMz, FHEDRME
THEEDO AA I ERE S N7z (Fig 56) 0

KZAGINN R L2 b sk, 3 H 1 H22KF
~2HO2BEETo 3 RMEE, 2 H20M~ 3 HOOK £ T
DO 3RMLETTRESINZ, DS o72D1X2 HOO
B KESD m AHE T, Wi 2 H22B 40 m 15T
-7 (Fig. 57)0

Fig. 581 A RO MBS MiZ R LT b, AIRIEE
J& 2 5 K80 m AL F THRIA < 73045 L CWw7za8, 4§
123 A 2 H 204K 50612, AK%E20~60 m £ i
%o 720 3 HIZ02KF 2 5065 12 & A 520 m i
2% oA LTwiz,

HETFATY
SHERMEOMEETIX, SHIH»S 2 HIZRITTO
RIIZAAINEH F D RESINT, 2 HO2KE A
LALNIZDATHoT20 TDHDAT—TVTH D
AR ELLIRESN o7 L2L, 2HD
5 3 HOBIZIZFAMNATIE TS < OFEINDDH 5 72,
AABZ 2 H22W: 5 3 HO4BF $ TRESH, ZFhic
B AL E L AL (Fig 59)o

R ORERTIE, AAINZ3 A 1 H22K:ZKE
40m&60 m TRREL L ALNT, 2 HIZ22KE(240
m THIKWZ <, 2 HOORFIZIZFEE 2> 540 m LI
FEFNTE L, 021320 m FFEIZR R L L /A LT
7z (Fig. 60)o Fig. 6022575 % 7 F4 7 ¥ OFEGIHL
F0~20 mfiEt Bbhi, T/ HF¥ 7 FA4 T
IZBWTIE<A T VA LN X ) e RZRIN A Hi 8
L7z lbhs &) RINIRERESN 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.
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Sg (30~50 m) 2d B LHEE L7z Sk
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Tbhs b Tnd (HAE, 1993), £->7T,
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BwubolEbnsd (AAID ) H36.7% %520~ 225
DA TRE SN, BIRD X512, H BV IZEDk
WIZREIR S NIRRT LT W 2BRAsE & L CENIT
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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.

ZHRGIN LRI L7z 2 DFER, RIRMIBIC BT 2 IR
TIEFR E100% L VIIAZHE T 5 L & 2 720 hITERE
WHEZ X > T ZRE L 7272012, g (40~60 m)
TREYH S NSRBI R0 1L TN & B R Hs i BEIH 25
RE SN D o 72 HEED D 5o Fig. 651" L2 LD
2, BERHEIC B S B O SRS RE T, 2
NHEFRBTIEITL A%, KR40 m TE CRES
Nize o X9 %P0 (Fig 64A, B) 1%, JEREMIZ Fig.
62K B X UF Fig. 6312718 L 72 JE RS B o0 2 s A 00
EIEFIT I AMT W7z, FEF (1958) (XFREII A & B
CIS £ oI A& v MRED X 9 IR0
FOFA—VZTReT VI EEREL, LAL,

Fig. 64A, B IR L72JRIE HICEEMIGIZ S 2 — V% %
722 3B bNh ol RS, b
DOYZIIEMILE A TE ST, WNEDELIIED
PERBIIIIC XV 2R VERL TV b THh b,

Fig. 62K 3 X O Fig. 641272558 L 7290 <0 F19% L
729 PE R HER O FEIN IR AR Tl LIE LISIRE S N B,

bz 25, Fig 64 A, BIZmR L7z B0 KE
SHEREZAEITH Y, BERFIEISO IR Tl AR Z RGN

VRN ZE CFET S 0L BbNb,

FEIREIC L > TRENEZHET B0 1 20H
TR TREIE, RZAEIN O I H IR & 250 & 130
HIDIHE L FTRENTERVEVW)ETH LD, 2O
Z R SNREIIREOF IV SO EZHEIN
ARAT AR ZRLTWD, ZOMICELT, %
ST O BT D 72 DA T - 72 & ) VB R L
WHIPRIZ BT B IREREDVLETH S I,

NILERFEFE R AEF BT 2RI ML DR
R FROAEFRIZE > TIHEPEELZH O Z
ERBH SN E o TETs Kjorsvik ef al, (1990) &
IROYAAREFE PR EY YT Gadus morphua DY
BRHioR#EL 222 LB R LI, 72, ATV
BV TUZBAKII O IIFEEIZ & o TR R LA
SEREP AT L > TELT 5 L9 (Morimoto,
1996)s TS DHMEN S, RIRIEIK TIPS N0
DOHINZ S AT RE LIS CAFTET 5 T L HVRIE S
N, ZOERIZES CHRAOREBRBIGERNT S D
DEHEEIND . FHEM SN2 A T 2 ORZHEIN
EEDLNDLDIE, HTFORAIKKLI,HE DO
RO R WKIIED b D TH LW etk dH b, v 47
VORFLEERE L HHT 57201213, P TERS
NDINDEIZOWTHIZHIET L LERDH A9,

BHE BFEMHOERENSLIUEEEDZTE
PRECEL, BEINERAE (OF - AFHE S o oA AR R 40
HEZMD72DOHE) DR SREINEZHEE
L, SHICHABREREZHEET L HETHL (JELH
1983) L*L, 7927 bv iy MIXDH0 - 141
DOBRERIZFERFH N O KRB ICB TS 274 ) ZH)
BREL, ZOEEEIIOVWTINETHMEICEN
T&7: (THS, 1956 A5, 1958 ; ¥, 1983).
F7z, ERMAEIEMEEIAICIEfTbNRS 2 EHS
<, FEYRHIMISC T H, #H, FARZ1AMEEOR
PLCEREIBD LD X ) ITELT 2 DHITDOWTIEHh
ERHIED e FREIVEA NS OHALTEE T 555
A0, EIHAH OB X o TRIEIE O
BERRELSHBEINDLZ LD, T2, WGAEmD
A~ Ai SRR BN BT S L ST
WA (AR, 1958), didE L7z milc BT % FREHN
BOENIOWTHRLNFliIE~< A T IV TiZ
Rl v, L7z B TR AR E K e B
TR, B ONE BRI D KT B D HE A il 12 <
WETLEEZOND,

8 2 TEHS 4 i Tl XK BERFFERT IS B Wk T~
A7 VIBHBRNEZ Cr RV EEREINL LR
WAz 2T, REITIR, 2 <A IVHBICEE L



HAE~ A 7 > OMBIFEE & EInERE 159

9ERICHB VT 1 R~ 1 HHAE O R TH v PR
MWEMDEL, <A 7 VREIVED EORELE T 5
DY HNPIL &) & L &b, A0 —I,
] (1996) I &> THE STV 5,

Eat S Rasp-

ANELGEAR (T4bY) ZRMRL, 752 Moty
ML o TYA T VI - AT AR IR L 72 19884
1213 3 A14, 193 X UF28H 12 Fig. 41278 L72 9 2l
BWT, %57 cm D% v b D 5 4R E K B (G
FERI2.37 v b)) EATo 120 BREREZNIZIZIZO08KES05
2 B12305 DEITH - 72,

19894E121& 3 H13, 15, 17, 20, 22, 25, 27HIZ,
[T 9ERIZBWTHRAE ) Vosy 7%y b (1845
cm) DKL 3 m A HREFE TOMBERP2 1T 72
HE BB BKIFEIZ60~79 m TH Y, REFHIZ
FIZ11H3055 7 5 1583050 DT - 720

19904E 121, [ —5E MAZ BV TH M Ok iR E % 17
5726 3 H17T~18HIZEH®IZBWTII~05RF T 1
BRI B X ICHBEE ) vty 7 2y FOSERMEEIT-
720 F72, 3 H25~26H I DIZB W TI8~05K; F
T1HHBEICHS Y bOSERMZ % 2 M7 72,

B, WEAKFHI19894E B X U19904E DL B /o3
97 Fy MZOARBEE LT, fEoT, I - HoiRE
FUT198S4E I3 1 A4 72 1, 19894FE 3B & UN19904F 12
K100 m*4 72 ) TR,

REWIZ, WHEREHI210 % KRV~ ¥ TR

S Mar.
i 14

L e J

7/
7.

BLTHIRZICE bR 8, <4700 - {7z
BIL, BHL7z IROFEEERIEFIH (19624, b) 12
PEvs, A, B, COKRAT— I 72,

b £

19884E1213 3 H M OREE TV, WED 3 A14HT
9 EMDOEFIIE (% 1 WML ) 46558, A
DI9H T2,250k L 2 5D ENH 5720 CAT—
DOINITAF I ED 7R L ERE ST, 28H 2R
% RIS N7z, 140 o KRR 3 PR D &
< (16.9~17.3C), CATF—TVOUIIRETMICTRE
SMEL T2 RN D 50 — T, WREFAKIZI4H
23058 A, 19H \Z642M@ 4K, 28 H 121,9281f 1k & D
WEHIIZEL RESINT, 140 2 28H Tl3#6.26%
DENBH - 72 (Fig. 66),

RENBEZESNCADLE, 4HIZESOTER
%< (1472%), BHOTHRDIARL (126%), #
1.7HEDEND > 720 EH@H H@I1X233~538% TdH
5720 19HICIIENO® TR DS (58541), EMBT
PR (36k), MI6MEDENDH -7z, EMB
OB, EBEQB L U@THREINEIED %025 726
28HICIZEN@ TR DS < (1,368%), EMODTHRD
D7 (6THD), EDEIIH204RTH > 720 EM@
DM E DT HIRERKIZE H > 72 (Fig. 67)o

19894E 121X 2 ~3 HB EXIC7 HREREZIT - 724
B, w3 HETHRENEDZ < (3 H13, 15, 17H
2 IEAK 100 m*Y4 72 0 6,195~9,781%0), 4 HIE

C stage
ﬁ B stage
A stage

[l oisintegrated

2:103
No.of Sardine Larvae/Haul

5
x103

No. of Sardine Eggs/Haul

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.
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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.

@ (61h) DOMICHIGHDELD o720 ZDOMDE
HTIR76~331KTh > 720 27THIZEMD (879K &
® (419%1) T, MOEMTIZITIR LT LT
Ylahrote mEDEMOLERDVDOELG (26F) @
B33 85D ED D - 72 (Fig. 69) .

19904E 11X Al —E BIC BV TR B o 1 B[ B X ik
BEZAITo %%, 3 H17~18HIZIZ00M: 2R H % <
(JEAE100 m* Y72 0 3444), O4REICHI D D7 (148
Kr), K230 D3ENH 5 72 (Fig. 70)0 25~26H 1213 %
HLINB D e 0727208 2 MORMEIT 72, TD

FERL, 18WEICI b % < (T2h0), 05IEICHR D A%< (11
H), M6.6MEDENDH -7 (Fig. 71). MhOPE D,
LA C A7 — YOI HA T 2 @A H > 7225,
hEHMEICE B DEEZOND, T2, AT
DRI FATON D Z EDHSNT VDD (B
A, A, 1993 IR 2Hi), EINERZTH D
PRI 28R O PR PN E R oI IE & RE S e b o
720



162

LN TR

"4“_)2 C stage
m B stage
A stage

[A)
1

R
Rt
R

"

R
------------
Fararatetale ] Rl AN
.............................................

.......................

No. of Sardine Eggs/100m?3

X

........................................

19 20 21 22 23 0 1 2 3 4 5
Time of Day

o

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 844 867 750 697 745 751 738 803 829 799 784 734 727 770 752 742 785|13,138
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Fig. 72. Map showing three large area (I, I and
II) for estimating egg production of Japanese
sardine.
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EREDEL
1979~19954F F COMMB LI BIT A2~ T ¥
FEIIE DAL % Fig. 73R Lze TN, 199442
T SRR O 1 T I VW ERER (1 1A
W70 #7,00080) 3o 2o, FEEOREIE
(31,0658 0L & FEH A E M & %2 5 72 (Fig. 730 5 #t
o3 e RO KEBHSMFEMNINCTH -7z & h
5, ZOFFRINL NI EINE R OEE L7 %
BRIELDERDN S, ZORMVERZ BT IE
22160 &, (ZIT19934E: & 72 B
1979~19954E DWIRIN T O A4 7 ¥ G O ARl
1X19954F DA7IRKE, I Al 1 19874F 02,873k Hr & 60
U EDOEBDBD SNz DX ) BREFHDOFER
F X OBEMHE TOERNREICHER L TS, LI
19874 IZEAGEB L O 1B O i TR 2% <
DR D > 720 Z OMIANII9904E F Thi &, otk
T3t 72 S AME s U 7z

I X Tb S DI EINEDORIELZLDRD Db,
Z OIX TIX19894F 12362 A% & 5\ BEH =SB S
725, ZFOMIZ19794ED165IRK L F TH - 720 TIX
TIL19804FE VT 344IRAE &\ D) Hr e 1) B FE P = 3 2 il
SN, 19844F 121X 139IKKE & LAY 5 70> o 72 9%,
MDIEIXTOIRKILLT 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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FIRE o T2,

WIZT, T, TOKEXTEICHNOEREOEE
% Fig. 5I2m L7zo X O M i TlERAE SR+
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I X TIZ19794F & 19804E 13 5 & 3 H I PEIR AT b
N, ZOHI981~1983EF T —27 14 e 7%
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ISR IXBLOTRKE S EIH O — 27 25921 2 5]
MIASERD B 7z,

EREOZEL

IS OHERBICOWT, ITHE L7, Fig 76A
1319804E 3 HO AR TH 5o S OEIZINOEITES
X OB S B BB O R TH % ) % DM
AITbNTWiz,

PER T O~ A 7 ¥ EEIIEIZ19764E IR ISR -
PR L TEA (NVE, 1983). Fig. 76B 1219874 3 A
DHARET, FEIROHLIIESBAE, B0/l
WZHY, ZOMOMEFEHRTIITLL ELLIED N0
272

Fig. 76C 1319894 3 H OG5 A TH %o B s 72
FT% CURED S TR T 5 )5 WIS ASEE I & 2
oz T2, BERIEZA R WASINORIR R E THIR

WS- TB Y, HEINGOIRILAHEICED S
5o

Fig. 76D 1Z19934E 3 H O3 Al TH B, PEFHM A3
B LT < AEBIRR L TR D RE N A\ A B 7
&, I OIRALAS—BWIRE & 7 5 720

ENABOZE(L

Fig. 77\3MiC <~ 4 7 Y UIA R S 72 B 52 0
OFRMAKMRE, DR X OEIE%2 /R LT
W5,

19794 1ZKIR13~19C A TE L EI AT b T
72 (Fig. 77A)o —7J7, BEMUEBOSEEIRY & 5T
VW 7219874E1321C A D EKIRIB TR T b T\ iz
(Fig. 77B) o

Z DBIEIN; O AARALASHE I % - 7219894F 121321
CHTL—HoENIITbhTwizds, &L A135C
Dk, FRIC1I7T~19CAMEDEINLTE { B b
(Fig. 77C) o

F 72, BEREHEHR O BEINESEOR L 7219914E U T L
20CED L) BEKBETTOEINIBREASREL &
D, 14~19CHDKETITbI Tz (Fig. 77D),
19944EICHERINIC KB DI DRE S MBI E R T D
16CHEEWAKIETH - 720

Z =

FEF A O MR 72 IR O MD 13 S
(1988) 12 & » TR TIrbh (19784 1 A ~1986
EI12AG) 725, WP SEREHRZT TH o7z HA
B L IR T &GO -2F L XVo 57— ¥ 4§55t
FIOVESGD LRI NTWS B85, 1995), Ak
TR L7 & 9 IZ19874E 0 JU JE 38 o i IR & 132,873
Jokr & IEFICE D o 720 THIZFRSED RFEHIF T
HENT X 51,8600k (ZH, /NVE, 1990) %1% 2 %
Wkl s7z, ZOREIZFEAE 3 H OEREERIZHT 5
BRI RIC L 2EHORBEER LTV LE
ZOND, Thbb, REIFEOMITILVEHRXKENZE
FOPAEET— 5 HBIRECHEL TR, KRR
OEFZFINDBEITN TV RV TH S, 55D
PEPNASRE RO E 2 ) LS 572012, EEL~NV
DEFDHBE SN L e LEEND, T2, BEREEE
K OTENREE OB~ 4 T DI - AT
DEFHHW L 7z, EIREOREZ E3E 512
(IR G ORFZER A 7 — VA TIN - A
FHEZ7-CAHUEIH L (EH, 1991),

BEFE IR O BEEINRED HRIZ O W T 2k mmid
PELNTOVWRV, 24 T VI2DW T/ O
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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.
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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. 77. Relationships between the sea surface temperature (C) and the egg
production of Japanese sardine in 1979 (A), 1987 (B), 1989 (C) and 1994 (D).
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Fig. 78. Diagrammatic developmental pattern and ontogenetic intervals in Japanese sardine by

bones and cartilages.
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Fig. B A 7 v OFREIEERILEZ OGNS
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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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