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Environmental Characteristics during the Spawning Period and
in the Spawning Area of the Japanese Sardine, Sardinops
melanosticta (T. and S.) in the Coastal Waters off
Enshu-nada, the Pacific Coast of Central Honshu

Shigeo FUNAKOSHT** and Shigeaki YANAGIBASHI***

Abstract

This paper deals with the environmental characteristics of spawning season and ground

of the Japanese sardine, Sardinops melanosticta (T. & S.), and considers the conditions pre-
vailing in winter to spring of the following year when ‘‘Shirasu’ (early juveniles of the
sardine) have abundantly appeared. The results were following:
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Meandering patterns of the Kuroshio Current were types A and As during the periods
from 1976 to 1980 surveyed.

Sardine’s spawning occurred from February to April (mainly in March) and then
sardine’s larvae (Shirasu) were commercially fished in April to May in annual catch of
500-1700 tons in this area by boat sein. This means that sardine’s early life would
begin in the cold season, mainly in the period with the lowest temperature in every
year.

The sardine’s eggs and larvae collected by plankton net in the shelf waters 15 miles off
the land were more than 90% and 77% of total collections. The main spawning area
was characterized with 15.1-17.6°C and 34.5-34,8% that was formed by mixing of the
coastal waters with the Kuroshio waters.

The fact that the sardine’s early life begins in the period with the lowest temperature in
every year would have certain adaptive values for the sardine. Firstly because the larvae
would be possible to survive in a poor condition of their foods by using lower energy
for metabolism and then storing relatively higher available energy. Secondly because
soon after the larvae appeared in the coastal waters, herbivorous zooplanktons (e. g.
Calanus sinicus) become abundant in relation to vernal blooming of diatoms, while
potential predators (carnivorous zooplanktons) and competitors (larvae of other fishes)
are still lower in biomass.
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Fig. 2. Area surveyed for sardine’s spawning
on February 20~21, 1979. Open circles
indicate sampling stations of sardine eggs
and larvae with Marutoku net and closed
circles indicate with MTD net.
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Fig. 3. Area surveyed for sardine’s spawning
on March 14, 1979. Open circles indi-
cate sampling stations of sardine eggs
and larvae with Marutoku net and closed
circles indicate with MTD net.

— 80 —



FEMER R OEZRIMERC BT 5 <1 v VERE S X CEBY O RS

WERDE (Fig. 2), ¥k, 3 BOBAECRELHNE
TR 2 R AL ICHERT 3~ 5 SEdR & 3% 0 7z (Fig. 3),
MTD * v b OHEMBIEI 0, 10, 20, 30, 40, 50, 75,

100m D8 FEERLLT, A#2 / v P TIOHEKF
BEELIZ, £k, IRFBX v MEKE 50m »BO
BERERTE -, BEEORR 7 V7 P Y04k
BB EDDEABEEL, 1978~8040 MM T
47 VIROEERS - 7o B DFF 102 484K (19784E 4 A18
R, CTH4E2 H18AK, 3 B18A, 4 H18%&, '804E2 B 12
&, 3 A1BK) wonT, HEHESLEBRED 30% L
LOMREAERRREOAREERL, EREELED
HREFEAN T, B 777 P VRHBAEOE o7
Centropages abdominalis, Acartia clausi, Noctiluca
miliaris, Paracalanus parvus, Calanus sinicus OEEH
¥ 5 F& & Sagittoidea, SNEMT S V7 b D 20D HHR
B OWTEEN & 2 WA R AEES LU 2,

3. 2
) ERHOEYMEIUEEMNERESYE
EFENFC T 574 7V 1 ~5 BicHBEL, 55

%

A O Sardine eggs

50+ ® Sardine larvae

mgsa12 12 3456 7 89101 21"

» W.W. of macroplanktons
Cwo W

ind%;12123456 7 8 91011 121

D SOT Carnivorous planktons

: o~

121 2 34 5 6 7 8 9 1011 121

inds.

500

E »oer fish larvae

121234557891011121
Month

HZO

Jzo

o — K

BEED 98.5% 132~ 4 ACHwT 5, —H, TR0
BATHREINARETR B1~6 AcEEIh, %
D 98% 123 ~5ACHE T3, - TFRHIMHZH
OENRLVL A ABY (Fig. 4-A). ENHick T %
KB R OFHRBEAKRE 14.8(2 A)~15.4°C (4 H)
T, EHOBENEH D EROKE LASCHIGL T
w3 (Fig. 4-B),

K LB 77 » 7 b vRERR, BERORHK
ThHHE (4H) L (1R) Ke—7%d02kil%
KL, BEOY—71R 4 BeaicElREh 5 (Fig. 4-C),
2 AT VFROREY (3~50) KRUI3EHHT 7>
7P UBEEEYRD L, BEIER Calanus sinicus,
Euchirella rostrata 78 ERHEML, RAKERHCHRF
% Clausocalanus, Ctenocalanus, Qithona, Oncaea,
BRE D74 L, Paracalanus parvus,
Acartia clausi ln ENEE T, $7cbb, TOKHOD
BRHERER, HY-2BEEOVWEVWEEER » D
C. sinicus 'tED 2, 3DBEEAL HRBET B
(Fig. 4-F, G, I, K)o

—7, CORBRZBOAFT INKIEL, K&

Corycaeus

inds /. 3

200T
® Calanus sinicus

© Paracalanus parvus
o Acartia clausi

: e R e _3_0_02_
Euchirella rostrata
O Depth=200m,
FaN ® Depth>200m
,Q\

PP

121234567891011121
Euphausiacea
/\0\.\0 eggs @ larvae

e S
121234567891011121

I 200 Clausocalanus, Ctenocalanus, Oithona, Oncaea, Corycaeus

100 \;ﬁ\w \

21 2 34 5 6 7 8 9 1011221

Sagittoidea O/\\Q
10
W ~o

56121234567891011121

100
/\//Nher
7
A. clausi

Cl I Ci
Oithona, Oncaea,
P. Corycaeus
parvus C. sinicus
—

21 2 3 4 5 6 7 8 9 101 121
Month

Fig. 4. Abundance of sardine eggs and larvae in relation to several environmental condi-
tions in the shelf waters during the spawing period in 1978 to 1980 off Enshu-nada.
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Fig. 5. Abundance of sardine eggs and larvae
collected by Marutoku net in 1976 to
1980.

A : average numbers of eggs per haul
B: average numbers of larvae per haul
C: frequency of egg occurrence in the
samples collected during 5 years
D: frequency of larva occurrence in the
. samples collected during 5 years
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Fig. 6. Abundance of sardine eggs and larvae
collected with Marutoku net in relation
to the distance off the land in 1976 to
1980.
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Fig. 7. Relationships between numbers of
sardine eggs collected with Marutoku
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Fig. 8. Abundance of sardine eggs collected
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Fig. 10. Abundance of sardine eggs collected
with MTD net at 12 (a. m.), on February
21, 1979 in relation to sampling station,
depth and developmental stages.
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Fig. 11. Distribution of sardine eggs and
larvae along several environmental con-
ditions off the Lake Hamana on March
14, 1979.
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OHEEPHC UL EERELHER, VBFELAD
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Skeletonema costatum, 19794E 2 B D Th. subtilis, 3
B ® Th. subtilis, St. palmeriana, 4 B ® Th. subtilis,
19804 2 HD Th. subtilis, Rhizosolenia setigera, Sk.
3H®D Th. subtilis,
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Fr7RETH- T, Ehe, BEHHECREERDD Z &,
= UTC BB Em SR T, B Th. subtilis 71E
DE—TEREHMT D Lhd -,

Rie=4 7 VI EEEBIEOSHEOBFHRE19794E2 A &
3O MTD £B#HRER v FOEXCOWTHIF L,
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Table 1. Relation of abundance of sardine eggs to the abundance and composition
of diatoms collected with Marutoku net from 1978 to 1980.

Station Station Cumulative
Settling volume of diatom in the net sample numbers numbers of  numbers of
‘ surveyed eggoccurrence sardine eggs
A Settling volume of diatom =30%

First dominant species Second dominant spocies
Skeletonema costatum Stephanopyzxis palmeriana 1 0 0
Sk. costatum Rhizosolenia setigera 2 0 0
Rhizosolenia setigera —_— 1 0 0
Thalassiosira condensata Chaetoceros spp. 1 0 0
Stephanopyzxis palmeriana Coscinodiscus spp. 1 0 0
St.  palmeriana Chaetoceros spp. 1 0 0
Coscinodiscus spp. Thalassiosira subtilis 2 0 0
Stephanopyzis palmeriana Rhizosolenia setigera 4 2 4
St.  palmeriana Thalassiosira sublitis 1 1 6
Chaetoceros socialis 7 4 30
Thalassiosira subtilis Coscinodiscus spp. 1 1 45
Th. subtilis Chaetoceros socialis 7 2 60
Th. subtilis Stephanopyzis palmeriana 5 5 230
Th. subtilis — 19 13 658

Total 53 28 1033

B Settling volume of diatom <30%
Total - 49 5 69
Total 102 33 1102

1?7' 30°

PRI

% W Z Table 2. Relationships between the abun-
52 ar n:;;oﬁ_.

dance of sardine eggs and diatoms col-
lected with MTD net on February 20-
21, 1979.

= . i . 2o
0657 WX k)

Settling volume
of diatom in the

Sample Ay (B) (B)/A)

net sample (%) numbers ‘
80< 7 7 84666 12095
60 ~ 80 4 4 16058 4015
40~ 60 1 0 0 0
20~ 40 9 6 8238 1373
>20 33 8 1747 - 218

Total 54 25 110709

Fig. 14. Abundance of sardine eggs in re-
lation to diatom biomass. Hatched Area:

settling volume of diatom exceeding more I 40~60% DT v hkME, EEEIE (Th. subtilis

than 30% of the total plankton biomass. BE) OHARE 5B LNt 5, FRC3 BoREE
RYH o

A : Skeletonema costatum - .
B: Stephanopyxis palmeriana TR bhicEr 33 gzﬁ@ﬁ@ﬁﬁ% (Table 3) %%ﬁﬁ@
C: Thalassiosira condensata EEDOHEME & BICIPEEREINT S5 Z L2RL T
D: Thalassiosira subtilis Bo Fio, UL EEEMEBFE 50 cc/haul Ll
E: Costnodzsc:us sp.p. FOWRE—BK LTS (Fig. 11,

F: Rhizosolenia setigera o ;

G: Chaetoceros spp. @777+ v DR

H: Chaetoceros socialis REESBARCEONLERD S b 7 VI
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Table 3. Relationships between the abun-
dance of sardine eggs and diatoms col-
lected with MTD net on March 14,
1979.

Abundance of
diatom in the

Sample
net sample numbers (a) (B) (B)/(A)
(cc/haul)
100< 2 2 630 315
80 ~100 4 4 975 244
60 ~ 80 3 3 654 218
40 ~ 60 6 4 514 129
20 ~ 40 16 13 1053 81
<20 2 0 0 0
Total 33 26 3826

HER (BARSERCA T2 PHARASKOEE) &84
HEE UEX7DERENE) TRAL, 8777
b OLSFIEHERE E LR AR ERE (BEHE IR ERh
O LBEHBERAERC T 2 HEREOREELHES, Sagit-
toidea Tlk=7 a7 5 v 7 b+ v&FE&EEKCHT3EA,
Noctiluca BAHEETERAL L) TREL, MWEODEHE
Frka L (Fig. 15), TCTHEMSS v v e
AR (LBg, 1966) 1%, Neocalanus gracilis,
N. robustior, Eucalanus attenuntus, E. elongatus, E.
crassus, Euchaeta marina, Scolecithriz danae DEEH
a7 L Sagitta pacifica, Hyperiidae (Hyperia %
BL) DERENORMEEET, £FE (2~48)
1% C. abdominalis, A. clausi, N. miliaris ERER
K, AR v r iR A R K (BERA, P
parvus, C. sinicus W OHPHCHLET HRERKELE
B35, TTTEOREBRK RERK HERK (B
HHK) L1 E 2 RNE» LELER OKE 30m DK,
AEEHAE, REHTEOBRIITIERIGT S (i,
1979) .

<4 7 VINZ Centropages abdominalis ORI 2
% LT (ZOBERARTIR 0~10% 2RT) OHHD
SMEBRICERLTHRL, MRk 0.1~2% THFS
HWHET5 B7%). MEMDIE Acartia clausi T,
SIRMEE 20% DT (T OBIRAIR T 8~T7% %R
3) OoFOIMFBRICERPL THH L, HRE10~20%
TEOMBRTS (715%), Noctiluca miliaris Tlk, 5B
1% 10%ells/m® LT OWBICHERAL (2 OBRER T
1~10°cells/m® %7R7), B 1~10%ells/m® D7
DHFIRICERL THAHEL, 1~10cells/m* THHES
HWHET5 (90%), Paracalanus parvus T, JPIIHEK

% intosy

0
g 50- 50 A
) /\
. \
0 55 o 2 v s Ba so 0% pam TSy 05 5 o ooy,
Acartia clausi  Lentropages = noctiluca miriali ini
abdomnnalis ca is Calanus sinicus

JUpesY

& A R .,
Lo NS Lo SN ral tae (0 TP
0T 5625300540459 O 0 0020805 14 74 36y 0005101520259035 | 55 66

Paracalanus parvus Oceanic planktons Sagittoidea

0

Fig. 15. Sardine egg numbers per station
(QO) and percentage of egg occurrence
stations to total surveyed (@) related
with composition of macroplanktons.

H0.1~45% O & THIAT 52, SIMBAE, MomH
Eov—7 B#EmRE0.1~20% OAHFIRTERD, T
MBI FORLTHB T L EIRT, Calanus sinicus &
OEEFRIZIAB TR, HBERE, BAFEEO Y~
IR 60~70% TERYD, ZIRPLHORLTH
BrEeEwRT, NEMT S 7 b v EDBEERTIR, IR
HELH 0.4% UT (Zhb0BREETIE 0~4% %K
T OHHEOIMFBICERL T 5, Sagittoidea & D
BEATI, I MRt 2.5% UT (Thbofid &8
T 0~7% %) OEEERICERSET S,

UEORRND, <4 7 VRSB T277 7
TR ERRO XD CENIND, I C. abdo-
minalis, A. clausi, N. miliaris 75 £ O PRIEHTELHE
75 v b i EAMBO SR T 2RISR E
T, FRLBRE SREHEMBRT S L5 bR ET
LT3 5, 25 LEEBERTIE C. sinicus BESL
P. parvus HBLHA 0.1~20% Z7RL, Sagittoidea @
N EES LR L R TERNMER S D, mhli
X B T. subtilis, C. socialis 75 & O EEHESAL BT
ST Bo

19794 3 BOPE TR <A 7 VIIBESHFBRILITR L
X A3 HEERFE 50cc/haul LI ED ¥R E MG L
s, BTV b TR P. parvus ST (BRIF
& 1~144inds./haul) WX HELTWB, —F, &
ORETR~A T VRSINC =3, JNAAT Y, BE
JFATHFEEINER, ThD4ABOEYREE
MOBENERE Lk (Tabled), <4 7 VBOBTLST
Bid, OBRICEXCERERFENS S, BHERT
13 C. sinicus, P. parvus DHBRALERE L, Euchaeta
spp. @ M kR IT K VW, ¥z, Sagittoidea T S.
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Table 4. Relationships between the egg abundance of the sardine, mackerel, round herring
and anchovy, and the composition of plankton samples collected with MTD net on

March 14, 1979.
A: settling volume

B: percentage to total copepods

C: percentage to total Sagitza D: Percentage to total macroplankton

Egg numbers per haul and sampling location

Sardine eggs 2300 Round herring and Mackerel eggs =200
anchovy eggs =100 D(0, 10, 20, 30, 40)
B(0, 10, 20, 30, 40) C(0, 30, 40, 50, 75) E(0, 10, 20, 30, 40, 50) E(75, 100)

Plankton species studied ~ A(Om),

its composition

Mackerel eggs
<50 D(75, 100)

A Diatoms (ce) 81 48 39 16
B Calanus sinicus (%) 63.2 35.1 39.5 10.8
Paracalanus parvus (%) 3.5 1.3 0.5 0
Euchaeta marina (%) 4.1 5.0 6.1 15.7
Acartia clausi (%) 1.7 0 0 0
C Sagitta nagae (%) 51.2 0 0 0
S. minima (%) 25.3 31.8 36.3 10.2
S. enflata (%) 6.3 18.2 23.9 37.4
S. pacifica (%) 8.3 31.8 25. 4 46.6
D Euphausia larvae (%) 8.1 5.8 1.7 1.2
Sagitta spp. (%) 0.7 3.0 6.4 4.0
Hyperidea (%) 0 0.9 0.7 0.8
Noctiluca miliaris 600 0 0 0
(cells/haul)
nagae BEL L, ENLSLOEHO HRLERREN, % E
DHFMERTI, %7 3 Hghko HALERB WO £
KUT, 774/ I (Hyperidea) ®HBEMIEIZEL, 1'(')3
RERITI A. clausi, N. miliaris BABSTE L T Y= 1755X %
- s S (r=0854)
o 8_ o [e]
—, TY BRI A4 7 VIR T C. sindcus, g ° ; °
3 104 ® o O~ go®
P. parvus D BBHERIENDK I LU T, Euchaeta spp. o a0% OG‘:)OR G
OHBAHEIZE Y, Tk, Sagittoidea TIX S. minima OG°§G\
PBEIEEET, IRWT S. enflata, S. pacifica 230375
DHEL, EBK S. nagae USD Sagitta 38, 7 55 10" 12)2 o o° v

JIFOHRIE AT IFEGERDT N, HE I F
A7y, DWAALTVIGHEETIE~14 7Y, =550
TR TS v b VIEERL TN,

COLOICEZABOMFASHR TR T 7 v + Vi
AbRICEYVERFERERLTRY, HEOAYRE
ERIELTWD EEZOR5,

LTAHT, AIEEBOELIZVEBRO 7S V7 b
YRFERRIESICHEARBRIC DN &0 5 Ry
B&RH D, MTD # v F THEIhAE<=4 78 K:
no./haul) &EEMFMEEEL (Y: inds./haul) Oz~
S BIHEYLBIR (Y=1755X"%%) @D bR, O 4
HEENRE S /25 LBHEEEERZ &R % (Fig. 16),
—77, BEMIEEARR D 4 Bt O EE LR B O

egg

Fig. 16. Relation of sardine egg numbers
to copepod abundance collected with
MTD net on February 21, 1979.

G: settling volume of diatoms occupied
more than 70% of the sample volume

Histogram: frequency distribution of
copepods in the negative stations of
sardine eggs

MHHERE S, ERELRESELLED 70% UE
OEARTRIPAFTEDIEL 0, TOERFOBEH
FEF 5L (64 inds./haul) 1%, SMFEDH, - & 5
2615 A b o [FEE 4% (368 inds./haul) D17% & B 7\,

Fichbh, <4 7 vRREERAFESESICELL
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%<, FIENFRFESECE L L S vKEiER
LD EL BH LIz, ZOFEHAD1 DL LTENBAKC

LBHBANEZOND, WEM (1979) 13, SikEr

BWTHE I F4 9 VEBCL DHAENKHTOEY
I RERRPEMIEBREEL, HAEAE
BHFRLZNZ EEABMC Ui, EREACLIHAD
HREMEIZ, ZORER RIS <4 7 VN HEEREL
BT enbb#EINB, Thbb, PSRE
ERREARERLUE St. Ae @ 20m BOE 45 no./m® i3,
HAE<A 7 VOATHERBROFERE THHHTHE
AR TERI IR D BAMEDME 20 no./m® (FEHERAKH,
1979~°80 L DEH) ©2.84%, AV T =T « H~—
UV TBHAIREBEAMEDME 0.8n0./m® (MURPHY,
1961) D56F5LTE- Tk, DL Bh=A 7 VRO
BEOHHER, BHOELWERIC L 5 TERE R AR
W EO N ERCER IRz SIKiER T3 LEZ 2 bh
b, Thbb, MBHRICEWTID6 HEKL <4 T VI
PREINIENTH AOBERE L MAHEOBKRIc X
L, AREB ARy Mk b FHIIAHEIR AR 12.3
no./haul, AsZEF 33,9 no./haul LIBBEBOERERL D
72D AsBRBARBOD 2.8 EOETH 3,

@ ATV FADEILEREY

19794 3 BRI MTD £ BHEx v F THORAE<A U
VFERO D LD UkE 157 Ble o Tl B NAYHE
EEEE LI, 05 46.5% NEHL TR, AR
MO 98% 1XERE 60~80 m D P. parvus LHESH

Number of copepod eggs
Feeding rate in stomach of larvae

50 100% 12 345678810

10 5°_|

20 501
E=
5 -
3 30 50

40 507

50 J 100

m

Fig. 17. Ratio of food (copepod eggs) con-
tained sardine larvae and frequency dis-
tribution of copepod eggs contained in

a stomach at each depth observed at
the station B on March 14, 1979.

LEHEOBTH -7z LT, BHIIED nauplius &
AEZEEL T Kb e 2% Th-7, B
FEOIMIFAR 1IBESD 1 ~I0EBHEINTED, T
FEREEL TWied 0 D TREMTRE Lo REE
Tholo, BEADEZHKEINKE St. B O HEFES
RBE (Fig. 17), 10~50m & © FHEBLERIT 50%
EH <, KIE30m TT79% LEREERNEHEI I,
HEEALDERHEORREZ S BlE3h el LT
BIORKE (1978) &M =¥ Y IRDOWTDHERD D,
SRR EDORBTIR > T B T &R, FOHTIIAETR
DRENZ EREFIR TN S,

4, # =

<4 U VR RKRE CRINSERES 17755 (i,
1961), THIZ =4 7 v & WS FEIC FEE OB
REEZ BNBBBRED & T 5T OFEEREGEE o
WTILRBHOMBERZ VW, UL, TOFEHOEEN
B DS AEBECH 5 LT, EROE L OWE
ko> CHEINTWDS, ZOWMHRKERRECENTIR
ERFETOSBEEOMERFCERELEZ bR, &
HEROBTHELEFANOBOIFENETE > TS 2
ik, 8% 5 ERRLHMBLENWTEDREICE 5 T
BEOBBARFEEL TWA I ERRELEL bhb,

<4 U VEBHRECHEBBRORNMIEL EHEY
75y by OREFECHIGL, TOREORY S5
V7 r vBFRREBTREARRL, IoBERERT
BOLBMILL, C. sinicus e EPERELET S, T
LRIFEOHAREDVE > TH—ELCL By FOF
BAELED, SHMUFR: > TOBELELELERICT
LHBEML - T 5 (Fig. 18), ¥, T ORHRIF
BOWAELILY D 2PFREAUBY 77 V7 vk
L= A 7 v OBABEREUABTANERLEL T
BT, FH - A (1981) WBEEE T 0 b IMFA
AT 7 V7 b vIC X DHAPAHOUHBROXE
AEERCERD > 5B TRD, LEOERREEI A
BBEETHD, TDXIC7A 7 v OEINRBIICIZITA
DEBEEOHREBARE, BARLOMEEBEHL NS
HEYBRROE T2 DOMEHRAR BN D, ZOHIRIC
Lo T=A 7 VRRERBEBROBAE LGB ES
HEsbDEEZBND,

—7F, <4 7 ¥ OERIKEOEBBREHCHIEL T
Thbhbitd, COBOAREAFAEAROBFEEYT
LT H—DODBEEHELTEZLOND, THbb, —&
CARAMEN & FRAMBI;H I, E/ Lz xoF
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Supply of nutrients

Bloor of diatoms

Increase of radiation

Sonvection period

Water stratification

Low bemperalure

c
(Fuchirella yostrata) \/

Expansion to open vea

Simplification of wzooplankton

comauni.ty

Low ppecies diveraity

in the coastal area

Paracalanus vurvus,

Decrese of Carnivorous,
Harvivorous and Ounivorous

planktons

Acardia clousi  and

Centropages abdominalis

Fig. 18. Conceptual schematic of the plankton community in sardine’s

spawning period in Enshu-nada.

—RERSOERC I DELEINBR, O LiZHE
B O BB BRI DI EEETERD X T
WICTBEEZDND,

w4 9 ¥ OEIHICITEY R b RIS
WHRRBND, 1978~'804EDELIC L, ENEIR
FROM BRI R CEEBEEREE (BEHE, Th. subtilis,
Ch. socialis 72E) BEUL Eh - oo AKRIL (1968) 1F
1962~"63 E DB b BRI S <17 VDA
HHREEL D, RARETIQ0~12E id@h 75 v
7 UERECEET SR, B RPN SERHcHATT
REEFAEANCEL A LBRTNE, =4 7K
BEYCET A RIREIZ V0D, M EDOHRIZ<A 7
UNEEEIRO NWTERF I EESN T A T &, B U CEEES
DX E 7T BN TEI T & & 2 HERC
RELTWD, &5 LkBEEBROSHTO—KEWND
BRICHEEFOEL LTOEER LD L LAKKCS
DEYNET T V0 ORI SUFRBE M I VT
EBTHILIHBLELBND, 19793 A<4
T AFRELERASHEEC L, & U TP parvus
LHE XN SEHBOIMNELENCR BN, 0
BRIZEEROEKPICATR L A BEE OREEEO W
Re L DERNRDOINNEEETAHEL TNV L%2R
ML T3,

LIAT, FROEL L TCOEEROBEE K OWT
REERHRIERZ N, FlziE, LASKER (1975) 134H
PEZDOHHFEBNWCE S L L - /2 Chaetoceros,
Thalassiosira D & DI spin % chain % HOFHIX
FROEELTRRELBRRTWS, &, HF(1981)
BEBBOXEM, FROMENOEN DERELY T
TRFRDOTAERELRERRETH S LHEHL T
Bo 27, FRDORBERYMTEREE L CEESS
BVIEHHEO IR AE, BHHD nauplius G4 REF

B4 T UAFEDEFE L f51Z Copepoda nauplius TH
%, BHKERHNAE 1961) Wi i s, A
DHFADERV LR ELD TERANERREATIZ &
isd, FlziE, BHHFEORREKHAD I ~2HTs
1t U nauplius gh4: & 7x 545, PNR (point of no return)
FTCOHMA L BB TH S 7 v HiFHA (LASKER,
1970) BAEERB DI, DX IV IRABL TS
b3 B DERED, O RN BROEEYEA
TW5,

LT AT=A 7 VEBROERBEICIIEER U
BYT7 V7 b yECRNC AR ERS TSR
HaINnk,37bb, BRI C. abdominalis, N. milia-
ris, A. clausi MEDREWTZ 7 b Neocala-
nus, Eucalanus b L s\ 757 b v
EXHFBRCRIBEINT, ThbRLIERMATS
IO ahEERIcE L LTERI R, &5 LERITHE
RETH D Sagitta RIFENRDL L, AP, parvus,
C. sinicus RFENREn -0, TOL I LBORRNITE
CUTENRBL LTOHF #EAKER® GREKE, 15.1~
17.6°C)OBIREZBEL TiTebh3dDEEZ OB,
CORHO A 7 VENBIE 5 T, RERD12~13°C
DIEKEH (T OB ORI BERIC S W TRILS
BAKMERFETH 24 HFTOEEREL > THY, <4
TV EOEANERINTND) IZAEBMICEZ S &
DOHRITNEEEL L - TWD, —HHFARI~DENRED
ERDZHMT 28 1 0OBRHRBEHOFEZOb O LS
ZbNBb, TOLICLTRESIRIZ=1 7V DENRE
1%, EYBREE UCRNE, SUTFROMREYE, T
ARBABIGE, RABORBFEEL VWD 3EDONT VR
MeA TV EWIBOBEEICL > TEAKTHD L
EZZbND, THURENEOAEYRKIARECE - T
BABLEZDBN, PIELToA TV EedNETHIE
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Fig. 19. Characteristics of macroplankton in
the spawning areas of the sardine and
mackerel from 1978 to 1980 (relation-
ships between relative ratio of P. parvus
and oceanic planktons).

L (Big. 19), MBO S 7 + VI BRCEY R
L, w3 REDHARORMERT, IbKK, &5
L-BERBNREOERIC Y - THE, RENEEL
DNV ERTIHDLEELZOND, ZOTLEETAY
VERBICOWT, 19794FE 3 A (BRR: BEhoio
B R IBRTIA RS 5351 B CREIFEIL As &), 19804 3
A (ERE: EREERET 210 B E CEMRKIZAR)
2P VR LE (Fig. 200, ZIKIZ, <4 7 VEES
BAEEOMEIC ST L D IAIHE - THAT Bk
FREEEBRENEEOLE, MET58Hm 757 b
VHOEILE & & BEBIICRIN TN B,

—75, EIRBEIEN T A BRI TR RS
DT LR, TOFBETERREMIAORERE LT
SFAINDIHEMEZRBL TS, ThPRELTH
IEFARR—EHEBORAICES I KB ¥
S TWRB IR BT, T &, (1) S bHETH
Fa, BEFATHCRTS IR DOERANNREDDT
B &, (2) ZOBRO FROEEHR TKEHCL S
hBEXRBETDZ &, 3) Th bl —fRIC KOELEER
R &, @) ATHBC BnTd HBIEKD
HREAB LB, BEAKBIREL OBABRSHTSH
BT e (DE, &AH, 1978) /& OAMEAIRIN» B+
HRAENE DO EEZBbND, T, RERICKT S5
FEOSBBFEIMAI N &1L, 19792 BOHREE
CRNWT, ESRIAICI24REoz (b, 1962) b
B2 DODIEL, 24REEEE b LSO BERES T A

Zo-
o
o
40 1979.3 Diatom
o~
o/ 2§
)
Sardine e T
20 x\ Farne 39 H
N 13
af\\w/ﬁ —
S — " ——.
0 e v T
o, 1980.3 Diatom ';/e.
401
Sardine_ e
q\ &oonomutoooIIIIz ::g%::::::::::)
\ 2
w\ﬁcart‘xa clausi /"\
20 / \x\F'_aﬂapus parvus
\ T e X — _]
Oceanic planktons
@

50
Kilometers offshore

Fig. 20. Relationships between abundance
of sardine eggs and diatoms (settling
volume above 30%) and the percentage
of some zooplanktons in the net sample.
Upper: the Kuroshio located on 35 miles

south of Omaezaki on March, 1979.
Lower: the Kuroshio located on 210 miles
south of Omaezaki on March, 1980.

2~32A VLR TELT, LirdBERTICHNT
BEELTHHEL TR EnbdHEIND, &5 Lk
NELZXHTHHEOBRI BN L D0 d D, Pl I3EE
Blekd b v—&—7 4 87 GER, 1979), HEEEZR
R 5 ERFBHHET (NI, 1976) 7 EIZREKD
BEETREEELZHLR L, IMFRADSESAT - LT
A b= R TINT EBRBLTNS,

<4 7 vOEBRHAKRERRERNC—%L, i
EHEOREIEL 5l &5< C. sinicus & b & LIcEY
FII b ORBIEEERCBRLTNETE, 3D
T AEAS L OMBERE, FHAELORAEENE
S EZRENTWAH T & ER, D3RI Fh
BRI M B RO SR B L RO 4 1 3 v
TRMHBFEEEYEL CEREBOER LD S5
EERTRBL TS, X LIEREZD DD DEARMER
HERERECEHY TS v 7 b v o4 L ERCEKRL, L
3T D LSS REREOTEI & &\ WAERICE
RENLOHARCERINZDTH &, w1 T
FEOFEFRBAPEICIVERFIL T & (BKER
#&sE, 1961; NAKAIL 1962) i &h bR T, ENEOD
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FEBREFCO b0 SEKCEREEBOEELERCAD
5BTLERBRLT WD, 19804E 8 F 0 B KIEFT (A
) OHEICE it WRERIBERL L, EEEO RS
FER B> TRONEL - I (RBR), #LTZht
BE—IC U CHHRIC 105 <4 7 VEEIREIZMIR L 7
(1980 £F LI DEEIR AL T LA D 1/20~1/30), THE
DZDHR RN ETHEELCEX L BIE & BE 5
H, ERHED < B5BEESIE D RENAATTHS
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3

B &

AWELHRE T S - 2 HERKTRE LK, %X
AR & NEIC DWW TR A W e W =B ABOH
KRR O BN L3, £, BHKABAS
ZE, BHERRICRARTHEREMAR TS
il ¥k, REWEEAE ECORBEEEINLH
- ERBEAORHAERERCOEREO 4 CHEE
ELET,

= 8
w4 U VEINRLENBCRD 3£ R Y FEEYH
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{1) ZZEONGE UK 1976~80E0Hf, EImKX
A, AsTETEBLU, )

2) BRECKIS<I v v OERI2~48 (38
L) KfTbin, £0 v 5 RBBABOREE X
> TBF4~5 AEFRCREIR: (BEORE
B 500~1,700F ¥), TDX3K, w4 T OELEE
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43) D 90%, FAED T7% RIER 15 <4 VRO KR
W ECHEES N, ESRHIREBKE 15.1~17.6°C,
4y 34.5~34.8% OEBRE»A KSR GRERK
EBHRKORAR) WERENZ,

(4) =47 v OBAENKBOEMRESNCHEL T
EbhBdZ e}, 200 THADERERYEDHHE
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B e~ MRS A IMGT 2 2 2 ek - T,
B/ LU 3 VvF— ARG OERICE T b, Pl
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() <4 9 VEREZ—EQEYHIFEEYNIETEME
BRGHS R, Uhd S Lk Bt X - T
BB CERARWI NI, COT & IREVIBROE
oMk, BHIRBOLBIL S S AEEERRICHE DN
T AREME A RIR U 7,
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