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Studies on Stock Fluctuation and the Ecological Changes in Eggs and
Larvae of the Japanese Sardine along the Pacific Coast of Japan

Hiromu Zenitani

Abstract Pelagic fish species such as sardine have fluctuated dramatically in biomass size and
geographical distribution. Especially, the spawning grounds of Japanese sardine are known to
expand with stock abundance increases. In this study, clarification and consideration of the
effects of the recruitment process by the expansion of spawning area in relation to the stock fluc-
tuation of the Japanese sardine along the Pacific coast of Japan was made. Moreover, 1 have
tried to clarify the relationship between the sardine spawning area and the spawning biomass off
the Pacific coast of Japan, to estimate biomass with the spawning area data.

The contents of this paper are outlined as follows.

1. Change of spawning grounds

The sardine spawning is concentrated into 2 months; February and March, and is independent
of the stock abundance. Therefore, the spawning area was calculated by summing up the areas of
1° longitude X 1° latitude squares where eggs were collected during February to March. The
spawning area expanded steadily from 144,000 km? in 1978 to 327,000 km® in 1988. The area
decreased to 208,000 km? in 1989, peaked at 349,000 km® in 1990, and then shrank to 82,000 km*
in 1995. The analysis of the accumulated data from the spawning surveys revealed that the dis-
tribution densities of eggs and larvae of sardine had been higher in the waters on the offshore side
of the Kuroshio axis than the inshore side in the waters east of Cape Shionomisaki since 1984.

2. Changes in the amount of lipid of early larval sardine in the main Kuroshio current and its
offshore waters off eastern Japan

(1) In this study, I described that the levels of triglyceride (TG) reserves were dependent on
the nutritional condition of the laboratory-reared sardine larvae. TG of the fed larvae increased
proportionally with body length. While TG for larvae starved for a longer period was less than
those for the fed and larvae starved for a shorter period at a same body length. A TG value of 0
indicated a severely starved larva which is unlikely to recover. This result suggests that 7G is an
index of the nutritional condition or starvation tolerance of sardine larvae.

(2) The TG measured in this study showed that all of the larvae from the main Kuroshio
current and its offshore waters off eastern Japan were not in a starving condition. However, the
TG of the 8—9 mm body size-class in the offshore region was higher than that in the main
Kuroshio current. To test whether the TG for each larval sardine in the 8—9 mm body size-class
could be correlated with variables (temperature, chlorophyll ¢ and distribution density of the
sardine larvae) measured at the sampling stations, correlation analyses were performed. A highly
significant negative correlation between 7G and the distribution density of the sardine larvae was
found. A density-dependent effect seemed to influence the fluctuation of the larval storage
energy component for short term needs.

3. Survival and growth of sardine larvae on the offshore side of the Kuroshio
In order to estimate the mortality and growth rate of a cohort on the offshore side of the
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Kuroshio, a radar reflecting buoy with a surface drogue to tag and pursue a patch of sardine larvae
was used. The mortality rates were estimated from the difference in mean distribution density

of each larval cohort during successive days.
logical Intercept Method.

The growth rates were estimated by using the Bio-

(1) In this study, the survival rate of early stage larvae in the offshore region was very low

(32— 44% / day).

(2) The faster growth larvae at the first feeding periods were able to survive in the offshore

region.

(3) A simple selection model was presented to show the potential influence of survival on
the growth or nutritional index within a cohort of larvae. The results show that mean in growth

index will increase as the survival rate decrease.

4. Development of a model to estimate biomass with spawning area data.
Firstly, development of a mathematical model for the spawning biomass and spawning area
was made. The model was based on a stochastic description of the aggregation of eggs using

negative binomial distribution.

Secondly, to clarify recruitment process in relation to the spawning area expansion, analysis
of a relationship between sardine spawning area and the recruitment was made.

(1) An estimate of sardine spawning biomass can be obtained by using the relationship be-
tween the spawning biomass (B) and spawning area (A) (B = 0.8029A 4077y,

(2) - Since 1988, there was a negative relationship between the recruitment (Rp) per spawning
biomass and spawning area (Rz/B = 0.1397 exp (—0.0172 A)). The fluctuation of spawning area
seems to be related a stock regulation mechanism of sardine along the Pacific coast of Japan.
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Fig. 2-1. Biomass, catch, and egg abundance of the Japanese
sardine along the Pacific coast of Japan from 1978
to 1995 (after Wada and Jacobson 1998).
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Fig. 2-2. Division of the waters around Japan into 3 areas.
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Table 2-1. Annual egg abundance of sardine along the Pacific coast of Japan

Annual egg
Year Abundance: £ Var (E) CV  No. of net
(eggs < 10™)
Total Tarea Ilarea (eggs X10™) (%) tow
1978 1,444 688 756 92,394.5 21.1 3,087
1979 444 228 217 2,225.1 10.6 4,184
1980 937 182 755 73,090.7 28.8 4,458
1981 1,338 129 1,209 148,812.5 28.8 4,432
1982 1,242 53 1,189 35,613.8 15.2 4,682
1983 853 120 733 8,471.9 10.8 4,703
1984 1,839 158 1,681 41,562.2 11.1 4,754
1985 2,081 187 1,893 35,619.8 9.1 4,802
1986 8,985 838 8,148  4,056,928.2 22.4 4,762
1987 1,860 350 1,510 46,336.7 11.6 4,831
1988 3,784 254 3,530 160,471.0 10.6 4,715
1989 3,897 473 3,424 1,737,000.6 33.8 4,756
1990 6,529 5,213 1,316 86,097.9 4.5 4,538
1991 3,675 2,860 815 116,098.2 9.3 4,515
1992 1,644 862 782 149,054.0 235 4,373
1993 1,587 66 1,520 5,583.8 4.7 3,934
1994 327 39 288 665.6 7.9 3,799
1995 193 33 160 754.2 14.2 3,468
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Fig. 2-3. Egg abundance of the Japanese sardine along the

Pacific coast of Japan from 1978 to 1995.
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Fig. 2-4. Change in SP(#) of Japanese sardine along the
Pacific coast of Japan overtime. SP(f), quotients
of the percent frequency distribution of positive
stations for sardine eggs and the general sea surface
temperature percent frequency distribution, is
defined by Lluch-Belda et al. (1991).
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Fig. 2-5. Egg abundance of Japanese sardine along the Pa-
cific coast of Japan: December, 1978 to July, 1995.
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Fig. 2-6-a. Distribution of sardine eggs along the Pacific coast of Japan in February —March, 1978-1983.
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i [ 1984) g - {}x ‘ i 1987)i g~
asext 335 /’”"’ },,A.,.L.ri’ @ S s
. o x

x

N

[
1
10 B
50 i T & 3
357 N 388 |l
r i

N R
!

€0 -

30° N

30° N

T30°E I35 E T40°E 130°E 135°F I E
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Fig. 2-7. Change in the spawning area of Japanese sardine

along the Pacific coast of Japan overtime.
Spawning area was calculated by summing the
areas 1°X 1° squares where eggs of any stage
occurred.

ERBICGHT DN 2 F ATV THALNIBRTH
B (A - AR 1997)0 2512, dLRKTHERPF,
NV =I5 AT B < 4 Y Y (Lluch-Belda et al.
1991), dLKKFERIIGATEN I 7 FA T DF—%
PHBMETES (Lo et al. 1989, Moser et al. 1993),
BIFREOEIMED [ERGOIKR] iR mT
B2HYTFATY, <A VBIIE L ERARTH
% T R ATE

E3E BE#ErSHERICATHT BN - FRDK
R - RERBORHMH

PR~ 7 0 BARFE B L KR OB IED BN S %
ZEARENTEY (Houde 1989), FErykimMio NG
TH DI BUL IR RS B & LT, ok
FBRIIEAETH LU HELD 5, B - =4 (1989) X
FKIBOBENZ L B4 7 VIO SMEEOME % BRI
WE L, 148 X0 18°C Tl s1E%EI0%L L, 21°C T
13H80% & BETENWZ L EME L Twb. HMED ST
ZSEEICRIN L 72 (RE IR £ ToOMERED
HEIMTFROBERR LRSS 2 5 BEBIXIRK
EHEBIIHHTEIIAL T VIZOWTRE SN TEY,
14°C R T SHLAFAOFBTESE L, 12°C LT M
BEOLERERPEOBBIIEE L Sy B STy
% (Lasker 1964), %512, Mt oBEOMELSES
LU L FHERE T TOREMINEEEKROMHEIZ X
DEBL, IHERINEEORENRRIZR S KIREIZ 16~
17°C ¢ sh T3 (Lasker 1962), L#4L, JLi
KFEFEO<A 7 TiE, SMEd SRR E TCORFE
IKIBOARESMF A OB B TR LRI G- 2 58I
DWTERN MR R I TRV,

WEES o BT, I~ RRN L L UZEh
120 < IR LAV R EORBRIIAE <, ThPpE
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BT HE VI EHED 5T s (Hunter 1984, Smith
1985)c EHIMHFAMIIBY 2 TOELRIFERIGHAR L
2 5NTw5 (Hewitt et al. 1985, Leak and Houde
1987), L2 LBEEICLZFAOHETIIEOMEIT, F
BORREEFRBERBICEBRT SO T (Bailey 1984,
Gamble and Hay 1989, Fuiman 1993), {fADEER
KRB OREIES BIL2 M5 2 &0, KREL
TERBORESCHIINMARDLFE L IET HER I
BT L7200HLYBRED 1 OTH b,

1. =172 0MEES KUMEWNEOFRICRIET
KEDFE

O~ AL BT B O AR BT 5 - AEOFRED—

BE LT, HFERICID, A7 VOMMUBEBLT

PREIRINEF ORRICS 2 A KIROBEL R L BRE

1995),

a. MEEHE

B R OINIZ 19894 2 A 20 H (& #I MR b o> 2 #E 18
(33°12°N, 135°45°E &) 2B CHRIERKERICHT
(B oK ERFSERT) SAEMEEN (494 >) T, O
130 cm, & 490 cm, B4 0.5 mm OMH#EY > 7
v b T HHEERBRE BHEMHLS v F) KL DR
#1 7, FAERREIZ19:00~21:00TH Y, HERD
EMAKRIEH 20.5°C TH o 72 HFER, TUIIEEHEK
AODRY T4 PAREICAL, BELLFOIEEALY
DFHEBEREDS Bc A5 —3 (Nakai 1962b) TH - 724%
HEEOWEEEERICHE L, BELAOFERAE (72
7 TGW-6) WIZ 31 D77 ) VAMZZEL, KA
125 LB % 1T o 720 AKilRIE 15, 19, 23°C @ 3 K&
e L7, BEBREOBKEIVRT 74 N5 —THEH
LCEBEAEL, 1 HICER 151238872, £KiR
KITIZL7 L—3 3 v &l L& 4 #2000k 0~ A 7 51
FUINAE L7z BAKERDS 2 ~ 4 5 R kE CRIA & PR
L, 1#ERY7:) 4 ~10MEEOIE X OSMUFfhE 5%
ARV Y THEE L7, STERERIEEARF D50%LL
EASELEE Lz SRS OIIE L UMb s E
REMSET CEERM L2, BiowTdRRBIU
P EAER Y, MUFAIZOWTIHAESB X UUPERA
BEFVERA—FEFHOTEEETHE Lz, MERER
BR~Af 270X —% %A CTllE L7, Blaxter and
Hempel (1963) 12 & D IR#MM%E V=aLH/6 £ LT
kbdiz, TIT VIIIFESE (nm), LBIUH
£2MBERBLIUHEZE (mm) TdhH. MWERAER M
RO TH B LEAR L TRD,

AT R R A & BRSNS £ TORB L S {UTAD
RERMEIZ, WHERREES L UPEKERICBLH
(LRI L D REEND & X720 RTEHIR A S I

P COREB I OREORERE LT, BilEog
EXTH % von Bertalanfly X (L=L; (1-exp(-k(t—1;))))
ZEAL, HKEXIZBT S35 A —% % Marquard ¥
WEVEE L. 22T LERKRED LRAEE (hm),
LO3BRARE (mm), k3RRRHE !, ¢ Ii38ar
M (hr), ) EBEEERE (Ba A5 —, Nakai 1962b)
(hr) TH 5. WEMARIZ, FARRBEOATHETESLK
XX, $bbIilERREOKRICHY T 5. £KIEKX
OBBAEEL LKL, HERPFOFRICZE 2 5 KIED
WE R L.

b. & B

FKERIZBITE, BED L RAMUTAKROE
% Fig. 3-1 \OR L7 BIEARS L0, miskARizzn
N Fig. 3-2, Fig. 3-3 1R L7zo &R TIEIRERERZ
FEEE LTV, ZKEX CTRHREZEAICONTHERES
L OFEDOREDSHEIML, SKIRR I AR SRR
BIZON TR L7ze MERERIX, 15, 19°C K CRR
R AE ) WA AR SN za8, 23°C KTk E
AR 5N h o 2o

PIERERE D S 5L E TORRRIE, 15°C T308ERH, 19°C
T26IER, 23°C Tl4BEETH o 7z, HKRKIZBITS

15°C

L=4. 4mm

[ ]
\ =4, 4(1~exp (<0.037(¢+10.32)) )

Hatching

0 20 40 60 80 100

o oo om b o owm e ow s om w L=5.8mm

L=5.8(1-exp (-0.027(+8.98)) )

A\

Hatching

Length (mm) ;L
faNe]

0020 40 60 80 100
6

23°C
4 .

o
2§ N
Hatching

0

0 20 40 60 80 100
Time after collection(hr):¢

Fig. 3-1. Changes in the length of embryos and yolk-sac
larvae of Japanese sardine at the three different
temperatures. The fitted lines show Bertalanffy’s
growth curve at 15 and 19°C, respectively.
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0.4 $a0 o 7=0. 27-0. 0033 ¢
/ (r*=0. 547, n=163, p<0. 05)
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0.6
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Fig. 3-2. Changes in yolk-sac volume of embryos and yolk-
sac larvae of Japanese sardine at the three different
temperatures.

o

15°C
0. 008 0i=0. 00249-0. 000013 ¢
(r*=0. 041, n=163, p<0. 05)

OO LR e el
gD 0poo 0 Of
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Fig. 3-3. Changes in oil-globule volume of embryos and

yolk-sac larvae of Japanese sardine at the three dif-
ferent temperatures.

Table 3-1. Mean=SE of embryo length, yolk-sac volume, and oil-globule vol-
ume of Japanese sardine at hatching reared under the three differ-

ence temperature

Temp. Sample siz Embryo length  Yolk-sac volume  Oil-globule volume
o) ple size (mm) (mm®) (X107 mm?)
15 7 3.2+0.2 0.14+0.02 3.16%+0.56
19 6 3.7+0.1* 0.15+0.01 1.52£0.16*
23 6 2.9+0.3 0.13+0.02 2.24+0.30

Values with asterisks are significantly different from other temperature group

(Mann Whitney’s U-test, P<0.05)

SHMERE DR R, INEAAE, MEkAHE% Table 3-1 IR L
T2o SALEMEEIZ 15°C € 3.2402 mm, 19°C T3.7+
0.1 mm, 23°C T29+0.3mm T»Y, 19°C KkiEX®
SMUBAESEOKBROFN LD OAEICKE P2
(Mann-Whitney @ U #5E, p<0.05). S{LROINEK
BIC oW TR CHEBREE R o7z, WA
1X 19°C Ao RKIEX & D b FEINE D o7z (Mann-
Whitney ® U B5E, p<0.05). %B, EEBRFBIFICIBY
CTRIERX B CEHINEN T £ 1.50~1.54 mm TH-
720 EERBAAR OFINHAREICD E X b o7z (0.27

~0.32 mm’). Bertalanffy FI2 3B 2 mWERAERR, 19°C
KIEEX T 5.8 mm, 15°C KIRX T 45 mm TH - 72
(Table 3-2) o 23°C KIRX Tid 5 LHEK 2 Bl T3 C
BT L7272 ORIRIR R AR RD B Z LT E LD o7,

c. = B

S OFE KRS SMUBOREORE SIZHET L
L, WS opnABETHLONR TS, TAXN LA TIE
6°C KiRRX D SRS 2°C B LU 10°C AiRK X ) b
KEv (Howell and Caldwell 1984), A5 N2 #5 T
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Table 3-2. Parameters for Bertalanffy’s growth equation
for a rearing temperature in the embryonic
development of Japanese sardine.

Temp. L; k to
(°C) (mm) (hr™h (hr)
15 4.4 0.037 —10.32
19 59 0.027 —8.98
23 — — —

L=L (1—exp (—k (t—1)))

L: body length of embryo or yolk-sac larvae

L;: the ideal maximun body length during yolk-sac stage
k: growth coefficient

¢: elapsed time

tp: time from Ba stage (Nakai 1962) to the egg collection.

X 3, 6, 9, 12°C ® 4 KiRX CTHLER»ITDON, &
KX T ESMMUEEI/N & (Canino 1994). F72, =
B IR SMUBAREOX/MIKIR L ) HIESITHES
ha May 1974), LRKFERDOSA 7Y O8E, 11
~20°C DO DOKIRX THEEBRLATLNIZA, K
BOMEIZ & B SEBEREOWER 213 %0 72 (Lasker
1964) , S HIOEEBTIX, SHMLEEES 19°C X TI15,
23°C K& WL THBICKREL, /2, HMERIZBT
BN EARICKIBR B CHEREN R L, JAFEAERIZ
M S NIIERIKBX B TEN RV, —T, SMEiF
2B B MEREREIZ 19°C KRR AMEOKIRE D Z N &
DHNED otz by ITOTAL TIROTNV=F Y OB
Bz, 15°C DT TEBE o RIERE®MRL T 5
AR EhTWwW2 (Ehrlich and Muszynski 1982) 6
<47 YIOMAERROHEL X 2 MU AR OHE
i, = oI L FB, TR O RRIROHE
FEE L TWAEEEDD 5o

Fukuhara (1990) &7 %4, <&4, A8 7F47
v, 5 X EACTHEETERLIT, FEKRZIIEK
I AREIC FIEERE CEE L 2w RO f®
TR L OB EORBRECITHIHETLHZ L
%R U720 Lasker (1964), Blaxter (1969), Johns et al.
(1981), B X U Ehrlich and Muszynski (1982) &, £
NENOFEBAFE DWW TR X T OB HAIGRE
ALOKIRR LB L T/hE W EERR LTV A AUF
gizBwnTid, 19°C KIEF Iz BT AR 15°C
KER LB L TEEICRE L, WHERIIFGREZ L
53 Bertalanffy ROMBRAEE D 15°C KiLX DL h
I KREDPoT, 7o, 23°C KREOSLHF I
Amm BEICKREL-EIATIREALBIEL TS,
W (1995¢) 23T o - RBEEEBCTRELZTI T Y
P& HWIERTH 17.3~21.0°C OHFHNTIEID 5
(LT OEBRREIFICRELPEEZRITS R
A%, 23.5°C BLETIRSMEERCHERESRT Lz, LA

BoT, <4 T IRHMEE, EFIERET S LEKRIZ
21~23°C OEZHHEEZ B,

AT VPR LSRR ENSEREAKRFIEIAT
TOEENTHS 2 ~3 FitBnT 16~19°C & (i
B S BETERAE) Thotz (5E2E), FEMNPE
A S BEIREADE AT A L, MO sRFT 5 X
D b 5B L OINERINFEORENKREL 2D,
W OERICERTHLEEZ S, 72720, WA
IZBWTHAESMT 5 DIiE 23°C LFOHEHTH 50
T, AL HINEBINES $ TIZRE 3 IUT AR D 5%
B L UBFIZRFCEER R WERTH 5,

2. TATVFAORERENEEZEL LTOREER
EDFIEDIRE

REAF O SIREBI SR AT A7 v CRBR
OREEREIL, ShERWTEORBRELHET
L EDWBETHL R 1994),

ATV FRORBREOEERAETLICELD
RATVFROTIY SRS AR, Y UVIREERED
FEREORIEL 202 MAETERE D LITHRF L
(Zenitani 1995),

a. MEEAE

B H oBNZ 199148 2 A 13 B 12 #IFE o B 5 Ay
SE(32°40°N, 130°00°E &) BV THRE L7z, HE
P SOKERFERTREA L 494 ) T, O
£ 130 cm, W& 490 cm, BA& 0.5 mm DMHERY ¥
iy b7 HHRERBRE (REHNLS, v M) 21T
7o ITEERZEHMERIED 2 b Y RMT 18.0~21.6°C
THLBIIHE L THE L7z AMERNICIZ 4 TR0z
A L Nannochloropsis sp. (105 cells/ml) % & ik
K I LT L—Ya v aiiliz, LB+ I XY
K7 &3 Brachionus plicatilis 3 XS Bl F I XU K
7 A3 B. rotundiformis %, »bE2 HE X DL
2o YAIRAYRTAVOBERS ~THEK/ml &L
720 1 BARFIZVEKROIFAEEUCEREZ Y 7)) T
A F, U VIRESHECHRETAr L& 3 ~ 4B, &
b4 ~11BHETTEIF L) 7L GEE7 Vv —
o 2 HEE BRI L2REZ S 1 V-7, 7
M E BRI L B2 E 2 kI v — T e LTHR A
30 [ AMECHREE 7 L — T DB LA L7z 1A
FIC30EEDOFRESTERE NI 7Y ESA N, U
VHEBESRAICHE I N =T HK 1 ~ 4R E 1~
QHEWKY Y TFY YT L PUZYESTA FEY VR
BENEIERHNEREY Yy PV, P 7L
54 Fix GPO-p-7uua 7./ — ik (P73
4 FG-FAbM7a—, ADGHIEE), VU YEEEaY XA
%34 —+¥ -DAOSHE (Y VEE C-7A 72—, Hl




12 #®

FEHIE) 1k o720 400 ul DY J = L T—F ViRE
W (3:1) CIMEDFRENTAKFEYF A F—"TF
EV A= ME, FEV R MEEE T SHE ST
2000 r.p.m, 54 CELASBEL RE®RIZ, FPUSYE
FAFGHHAF Y 7VCE M) 754 FG-TA b
Ja—##EE 2ml iz, 37°C TIO5 A4 ¥ Fa~x—|
Lot s, 4BeEst (B U-3210) % BVl
£ 505 nm CHOLERWE L. U VIRESTHY VT
MY YlRE C-7 R vy a—g®¥EE 2ml Mz,
37°CTC 5 504 »Fa~x—+ LEMSE, HLEREH
WIllZEBE 600 nm THOLEZJIE L/, MY 72T
4 FeY VIREENENROWERNLEILZZNENOE
RGBS ER T WEREICF y M ROEER T
TR LEnEhoEFRIClE L, REokRE
SHREDERIC 4 ~ 5 BEOfFaE T 7 A imi L
ki (BL) % 0.1 mm OfFE T TEMKMBEMET Tl
L7ze

b # B8

I A B OMRAEOZAL 2 BET, ks V—
AHIZ LT Fig. 3-4 IR L7 LRI & B EEIIRIT b
VU RT 4 FEREOELE LTEN, & 15Uk
N—=TDr YT )54 FEFRITERRKER (3 H
) D017 pg/ s SERE2 HE (5 HE 12 8
VYT A4 FRIEBURLT 3 ol Lz, 2§l
VW=D 754 FERRITERHE4HHE (110

%‘ u TG, Fed
%} 0 TG, No Fed 1st group
= 1.0 O TG, No Fed 2nd group
&)
=
0.5 ,
o - ..
0.0 e : S

0 2 4 6 § 10 12
m PL, Fed
s F o PL, No Fed 1st group

g o PL, No Fed 2nd group

&

= 4

3

&

2 -
0 2 4 6 8§ 10 12
Days after hatching
Fig. 3-4. Developmental changes of lipid contents and effect

of starvation on mean triglycerides (7G) and phos-
pholipids (PL) contents of three groups of larvae.
Starvation was induced on days 2 and 7. The ver-
tical bars indicate the standard error.

]

) ICEBRBBRERSRO 015 ug/BErS Y Yk
A FRHERFLT TR Lz,

IRV — 70 VIREEA RITERBBESE
(3 A% @ 232 ug/EHE»SERF2HE (5 HED
12 1.83 ug /R F CHA L7z, E2H8 I V—TD)
VIREEARIIER4HE (11HE) $TiRz—E M
o TV (3.02~3.16 pg/ R . U Y IRE I kY
TNETA FERRLTHHMOBEEZZ T WHoL
Ehbhsb,

RE BL) M) 7)1 FEBLIDY VIFEE
DR E Fig. 3-5 WOR L7z F—FRET b Eia iy A
B (B 1V — 708K HE, 3d, BLUE
2QHURT N — T ORI 4 HH, 4d) LAGREREE ST L
TrUZ) 54 FRIIEL oz, ) VIREEIIER
FHHESECTD 1SNV —TD3d BIUE2
U7V — 7D 4d), F—HKETH TR L KED
ol

y=0.146x-0.7741

~ ® Fed #=0.915
- 08 ONo Fed 1st group
= ONo Fed 2nd group L J
Z L
)
=3
<
—
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¥y=0.927x-3.3336
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S 40T 4d
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Fig. 3-5. The triglycerides (TG; top) and phospholipids (PL;
bottom) vs. body length (BL) of the larvae. The
numbers with d indicate the starved duration (day).

WEZV—70 7054 F (IG) BXUY ~
JeE® (PL) & BL ORBICIZLUT O & S LHIEERS

3?)0 7':0

TG = 0.146 BL — 0.7741 (r*> = 0.915, p < 0.01)
PL =0.927 BL — 3.3336 (r> = 0.973, p <0.01)

c. E B
M ZUES AL FREPNETBBEOZTELRES TH
D, B ANV -BLERELEIMEDRS
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(Hakanson 1989a, b, Hakanson 1993), MHE#AATHA 2%
FVEWES, M ZUES A FEIFERETHER
SRS A L B L CIRWEIC R 50T, {1
BFAMO NI 7)) 254 FEZIETLZILIZL Y%
BIREORBDTRETH D, T2, BLWIRIREICD
LEHPELOHED TE D, —H, U VIEE I L WL
PREBICBOTETHH SRS Lidv i, MO
S5TH D AEMTITHBEENTRETH 50T, HkoE
®Wh 2312 { v (Hakanson 1989a, b, Hikanson 1993)
foT, VVIEEE D> T~ A4 7 VFAOFREIREDHE
BETHOEAHYTHSLHMSINS,

B, MR YD) VIREEN—ETH D ERET
5, NIZIETALFE (TG oV YREE (PL)
kg A (TG/PL) &, MIiEdH72 0 ORFET AV
F—BOWE, bbb, PURMEOMES 2R THEL
F2 oMb, W NV—70 TG/PL & BL OIZIE
FEoMBEAsH Y (TG/PL = —0.029 + 0.015 BL, r* =
0.84, p < 0.01), KREO¥IMION TG/PL AWML
BRI PEASE T SEARAE T b KEUT- A 2 R B A FR T /e
THHDEMIL ) OFEEF L F—@IVNUFAR L
HBELTEWILPF—RTHLHELEEZ S,

3. BHEZOHEEIIAHRTETA T UFADKREIR
EHLUCREDEFE
B L A OAT T B A T VAR OREIRE & B
BOES % WE L7 (Zenitani 1999)

a. MEEFE

FFfafEAB & OEHRRB BN % 19924 3 AICEML
7oo FAMEHOMBIIBEHREOHR (Fig. 3-6, %t
fit 1992b) ZBEIZ, HALEERE LAFANGAT
LR A RE L, BREHREFEENICRBROEZL &
200 m AREKRICED, 2 00WBIZRS L. 120k
Bk (REWAEZ 2 v ML), FoMILMEIR
(FRBHEE 2 /v bR, 200 m ABKR 17°C PLk)
T&% (Table 3-3, Fig. 3-7),

34° N

Fig. 3-6. Distribution density of early sardine larvae off east-
ern Japan observed in a trial cruise during Febru-
ary-March 1992 (after Kikuchi et al. 1992). Open
circles indicate distribution density of early sardine
larvae (ind./m?). Continuous lines indicate the
temperature isotherms at 200 m depth.

7
-
Boso Pen.” o

. o s

84° N S
7 Kuroshio
..... ]
.g = TR SN, £
(%21
32°N | £
.
[
1 [ 1 |
138°E 142° E

Fig. 3-7. Sampling localities. Open circles, main Kuroshio
current area; closed circles, offshore area on the op-
posite side of the Kuroshio. The location of the
Kuroshio current is indicated as between the dotted
lines (after Kikuchi er al. 1992).

AR RERB L OKEOWEIZE L VT Y 7—H
e (H% CI-70), CTD (Niel Brown) THME L 720

KEoszoa 74V aBEEZBIRIL. 70074 a
T B oMK EEE N VIR L, 200 ml DK
% Whatman GF/C 7 4 V¥ — Tk, WHMEF, £
DHEBREICESLF D, N, N-dimethylformamide T
T4y —toran T 4 a ML (Suzuki and

Table 3-3. Sampling date of sardine larvae from the Kuroshio current and its offshore area in 1992

Station Data Location Temperature  Surface Current Site No. BL Age Density Chlorophyll a
lat. long. °C) Direction Speed of larvae (mm) ()] (number/m?) (ngl/l)
surface 200 m ©) (Knot) min. max. min. max.

1 12 Mar. 35°00° 141°40° 17.1 14.2 9 2 Main 16 6.7 9.1 6 17 109.9 0.27
2 12 Mar. 35°00° 141°50° 18.8 15.1 49 4 Main 21 67 126 9 18 140.2 1.33
3 13 Mar. 34°597142°29° 1838 17.3 59 3 Main 15 80 102 7 15 148.7 0.49
4 13 Mar. 34°59°142° 39" 189 17.6 32 2 Offshore 17 8.0 113 11 19 61.3 0.33
5 I3 Mar. 34°597142°49° 187 17.5 155 1 Offshore 13 8.1 122 11 19 86.3 0.25
6 13 Mar. 35°007 143°00° 17.8 17 280 1 Offshore 1 1o — 16 — 0.5 0.19
7 2 Mar. 30°40°140° 00" 19.0 17.9 325 0 Offshore 56 9.6 152 12 22 61.2 0.40
8 2 Mar. 31°00° 140° 00" 189 17.9 170 0 Offshore 3 92 115 10 18 7.3 0.30
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Ishimaru 1990), #XHEICL Y7007 4V a REZH
% L7z (Yentsch and Mentzel 1963),
FARIRE FAPELIC 1 m 4720 o EEEAEEm D
WKENZ MO, MOMCEE LRy TRy b (OF
70 cm, #HEE 0.335 mm) KXY EENIERE Lz, B
MBI (1992b) IS L7225 KE 100 mZz A v b
HiEsEkEE L, ETNE CHEY 1~2 m oI O
DEMEIT o720 /A (1980a) 12 L HUEZ 0 BMEKE
TYA T VHFAOSIKEEZ THCHEEL TS &V
Jo
Rydxry M 2204y M 2EET L, €095
DR FO Ry MERIIRE ST HICHREERE —80°C ®
BIRRSHUEICRE L. 39 1204y FOER,
5 ~10%DHgERFN <) ¥ TRF LIz, HRFLTY ¥
TR L7 EARIE < A T U FROGHREE LT 572
DIZHV 72, Smith and Richardson (1977) IZfevVyR >
TRy FORBEAEE F Y FOBRKEEREELHWT
AT FBOSEEEE 1 m® %72 ) IR TR,
X;

C = 3-1
(R /r)a G-
T,

ClibERIZBITA 1 m> Y-~ A 7 U FARER

& (Efk/m?),

X iRESRIIBU ALY P REYD< A T
FERER (M),

r o AR ORI EEF OWKETD 1 m K720 [
B (Bl m),

R; . i BRI BT A MIOEREES O WAKE OB E
% (HEH0,

L i RESIIBT S 4y P ORKAEKE (),

a:d v FOMOERE (m?,

VAT FRCEEAN | AETHER L2 BE S
METHW:FEZRBLZ30TH Y, FAEIUEAKT
OWMED TR FETH L, /2, RESTOLIEE I
LFa» o BA2HETEL0T, BEREFAVEEER
M D TEETH B (B 1994)

PRE SIS BT LR E R ICR B ) %
HE, Fhar LRET OB LARZEE 0.l mm £T
FEHRBEME T CHE Lz, [FROEJEHKIT 4°C 128
H U7k CIT v 1 RO MLERER1X20~302 A
L7z

A7V a—Fx v 7NHOTIT AT Smi Do
TANVA LAY —VRAR 2:1) 2 AhZoHHiK
FIZHELARIE L2Fa % 1T ERTORIEL. 1 HIZ
2 ERCIRE L 2T 4~10°C OHEEIC 5 [ ME
L7ze RS2 OFEZ I I L7288, WMliEs Y
FIEI4 ¥, ) VIRESHTHICEREN 4.1 1258
L7ze &850, FMBEIIBET SRLY—F THES &

»n

7otk SOl oy =N T—FVREW 3:1) &N
220 PUZYET A FOFTRARBICIE N 7)) 5 A
FG-FAMya—83%% 2ml #Mz, 37°C TI051
vFaN— b LSE S, S08%ER (A7 U-3210) %
FVIEER 505 nm TRIBEEZHIE L7z, V) Y IEED
WHABEY YBE C-7 A M7 2 —REE2 ml
Z, 37°C T544 »Fax— b LEEEE, 58
a2 AVEZERE 600 nm THWREFHE L. MUY
kS A4 Ky VIREFREFAONCTILEIZIZENE
NOBICHIET 2REREMEREIERL, ThEN
DEFEIRE L ZZTOEREBIINI 7)) T4
FidbutbAy, VURERSRAZ7 7 FVNVa) E
Ji VA

BERWE &R EREN . BEMWZOFaE»0BA (R
Th) g, EVEMBICCTA AT L=V
WAy ¥a—& ElAHELETHERLZEA e s
AFh (9 hv2) EHCHERREIER L. £
SEAEE DREERIZ600H L I1000fETH » 720 SHICHE
AHBFHIY A7 42 HWCHERRD ) »5&E08F
W CoREMEENIL 72,

AT VHAD 1 ORPAIIEAEE 3 HELUEARE
AR S A D T (Hayashi et al. 19839), HJEWEIC
2EMA7: b ORFMOHEE Uiz, BRER 3 HHOF
BOBREEEZZOHA XTOEREOEESR (G &L
720 Gr 2 ¥EFE T 5 725 Biological Intercept % (Suthers
and Frank 1989, Campana 1990) ®FEHE % H\v72, Bio-
logical Intercept I H A FF — R EMIRE Hao¥E—
RERRAIIAE 5 1 & U TRERIICE &L EYFNIC
RUBEEEHWT, SHRRORRELZHE T LH7ET
Hbo Gr DFERIUTORICE 5720 B, UToORE
HALE - ARREHERIBETHL L 2HITRE T 5o

(BL. —BL, 5,):(BL.— BL;)=OR; : OR (3-2)
Xy
- . —BL
Gro BL,—~BL.si _ OR, BL, ; (3-3)
3 OR
Z T,

BL, FREROKRE,

BL,.3; - BREER; 3 HET DR E,

BL;: FAEREEOKE, 5.7 mm (R - =4 1989),
OR; : HAME 3 KB DR E,

OR : HAPE (HAW.L (%) » okl ToOEE .

b. & &

B AT ATFADHRE SN BN O % Table
3-3 IR L7z, BB SBN I BT 5 EBKIR,
200 m HEKEOEHHEIEFNEN 17.1~18.8°C, 14.2~
17.3°C THhotz. EEBHOB X OHPHIZ2.3~3.8/ v b
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Thole EBTOZ007 4 )V g BEOHEIL 0.27
~1.33 ug/l Th-o7co BEIFMITBHME 2 HEICH Y,
COBHSEZOO T 4V o IBEFELEVENET
Holro MEBOEBINAIZEBT 5REKE, 200m E
KBOHFHEIZEFNFN 17.8~19.0°C, 17.0~17.9°C T
Holr. BEHAOHMIZ0.1~1.6/ v P THolz F
BTonrana7 4l g REO#HEIL 0.19 ~0.40 ug/l T
Holzs

TA T UFE B 3 BNETY A 7T ERE
L7zo AT SBUNATA VI FAZRELL,
B TRESN YA U VFAOKEB LU HEHOH
Pz Fh 2N 6.7~12.6 mm, 6 ~I8HETH -7z W
SHTREIN A T VFAOEEL LU HOHIH
X ENEN 8.0~152 mm, 10~22R#TH -7z (Table
3-3)0 BB LA T UTFAOEKESB I T HER®
F— FiZ#FNFN 9.0 mm, 13H#E. MEHTOFHD
O#eHIEIZ13~21 Hils T TIRITW— L0/ TH - 7275,
HEAKIZ 10 mme 13 mmD 20D -7 BHEEL
Tro MAITIRE L TAIGEMSCIRE LA LY
LUENRKAEL, HMEPLOAHFLYZBLTN
(Fig. 3-8, t BiE, p<0.05)o A DD7EE A EIE
T109.9~148. 74K / m?, &8 T0.5~86.3Mf 4/ m* T
0, BB COSAEESMEB LB L TEPro L
(Table 3-3),

40 O Kuroshio

W Offshore

30

20
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Frequency (%)

5 7 9 11 13 15 17 19 21 23 25
Age (d)

40
30
20

Frequency (%)

5 6 7 8 9 10 11 12 13 14 15 16

BL (mm)

Fig. 3-8. Frequency distributions of age (fop) and body
length (bottom) of sardine larvae collected at the
three main Kuroshio current stations (open
histgram) and the five offshore stations (closed
histgram) in the March 1992 cruise.

58 s BRESE AFE 15mm FTEEE (BL) 25Ny
BizonY VIREE (PL) BIU MU ZYEIA FE
(TG) ¥ by 22 H o7 (Fig. 3-9)0 PL &

o Kuroshio

—~ L 3
- 80 v=0.459x""" ® Offshore “..
= o} P
= 60 (¥ Y
=]
3 40
& 20

0
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BL (mm)

30 y=0.013x%63
/-? [ ]
= #=0.545
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Fig. 3-9. Phospholipid (PL) and triglyceride (TG) in micro-
grams per larva, against body length (BL) for sar-
dine larvae collected at the three main Kuroshio
Current stations (open circles) and the five offshore
stations (closed circles) in the March 1992
cruise. PL and TG values are equivalent to 1 ug of
phosphatidylcholine and 1 ug of triolein, respec-
tively.

BL OBRIZRFERTEMTE 72 (PL=0459 BL'", #
=0.512, p<0.01). TG & BL OB RFEXTHELT
x7- (TG = 0.013 BL*®, r*=0.545, p<0.01),

Fig. 3-9 2 S ¥ LT, MABTHRE Sh2kE 8~
9 mm BHOFAO PL RS TRES 2T LE
BN ol L LA CHRE S N7z fFK 8~9 mm
Rk TG ZEEMISCTHRESNAZDO LY dEEZ R
L7> (Mann-Whitney ® U ¥, p<0.01),

SEAREEIC D COELPE - RERRZ Fig. 3-
10 IR L7z BAPEEAROMICIIHRIEERID
72 (BL=0.1820R +5.72, *=0.868, p<0.01), 7,

y=0.182x%5.72

2=
15.0 rt=0. 868 °
13.0 |
=
E 1.0
= B
™ 90k © Kuroshio
e Offshore
70 r oo
5.0 . ) L )
0 20 40 60 80

Otolith radius (xm)

Fig. 3-10. Linear relationship of larval body length (BL)
against maximum otolith radius for early larvae
from the main Kuroshio current stations (open
circles) and offshore stations (closed circles).
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Fig. 3-11. 3-day recent growth rate (Gr) against standard
length (BL) for sardine larvae collected at the three
main Kuroshio current stations (open circles) and

the five offshore stations (closed circles) during
the March 1992 cruise.

ERERO y WHIRE - =28 (1989) 25RL2EA
TEEREOERE L IZIT—F L Tz, GridfARE 15 mm ¥
TIXAEISENT 5o T8 2@EAH Y (Fig.
3-11), Gr & BL OBfpzEHRXNTEBTE 2 (Gr=
0.0802 (BL-5.72), r*=0.812, p<0.01),

c. # B

Watanabe and Kuroki (1997) MR D Y 5 R i
BTREL <A T VAL OWT, 20ORERLE
& 10.8~11.8 mm A3 56 LHELTWw5, L
L, RIEETRLZLDICEE 6~15mm F CICIIRER
OWPRALNT, L LARETHICZLIZEHERE
BPREL o7 (Fig. 3-1D. AMERICB W THE
BNz Y5%4 % v 72 Ohshimo ef al. (1997) DFERT
AR 18 mm IZHM T 5 SMLER4A0 B IR ISR RBOK
T2RIFABGRBEBORIPBEREINT Y S,
Matsuoka (1997) Th k& 18 mm 25~ 1 7 ¥ DR
B H 5 EDRENTEY, REFROEVWIIZS
OEHDREICREZ 52 E2 5,

Hakanson (1989a) FILRKFEERICHMAT B A5 7
#4730 PL & BL OBREHEBERTEMRL TWv 5,
Lo, VYIRESHREOBEES TH ) MlEDR
B (Hikanson 1989a) TH % D THEDKE —KEH
TR Eh7TE X MY - EFRRIZ PL & BL OBk
BEREXCTEDT LI @S EEZONS, F72, OR
A BL ETEBIMRICH 5 DT PL & OR OBMKD RER
TEBT B 2 L HTEETH S (Fig. 3-12),

FIHERT TG W0 A RT & ZIHRREITR Bt
EEBEABLRIREOFATH S Z & E/R L7 (Zenitani
1995)c L& L, FHIFICBHRBTAY 2 TVD TG
ZHABBY BTV 51T EDOHBIREICD B
FRIZRAD B % 72c RNA/DNA % v 72 Kimura
et al. (1996) DHERTL <A 7 VFRADHIKIZ L B3
TOMRGEMEBHRICBOTIRIZEALERTE S

P
y=1.357x% 9%
L4 ]
~ 80 120,562 hT
= o
=60 | . :‘..
~ o
o
240t o Kuroshio
= e Offshore
S o20 t
o0
0 1 1 b 1
0 20 40 60 80

Otolith radius(um)

Fig. 3-12. Relationship between the amount of phospholipid
(PL) and otolith radius for sardine larvae collected
at the three main Kuroshio current stations (open
circles) and the five offshore stations (closed
circles) during the March 1992 cruise. PL values
are equivalent to 1 ug of phosphatidylcholine.

FENENTERLHWTENT WS, LI LEdS, KE
8~9 mm B D TG IZIEH & 2K TOMED S
% (Fig. 3-9) 0 ZOMLEMMTIGERT 592 METT 572
»iz, BHEEED TG LHREFEIZ OV THES T ZT-
720 BIRLZ2EBIIDTOEEBEYTH A,

x1 : TG,

X2 . KRR,

3. EBBTOIrUTT 4V g LB,

x4 1 AT ATFROLGAEE.

RLEOHER x1 & x4 OMIZEB s (Table 3-4,
Fig. 3-13), ¥ A U FAOGHEEE L XKERE (TG
I EOMBBERYD o720 7238, 9 mm BT
L ODHBEEIE W & & ICRRERD S/ B ASETE
L7z (Fig. 3-13)0 BIETR L2 X ) IRV A4 A9KE

Table 3-4. - Correlation coefficient between TG and sta-
tion variables (TG amount of triglyceride for
each larval sardine; Temp sea surface tem-
perature; Chl surface chlorophyl a concentra-
tion; Density distribution density of the sar-
dine larvae; **p<0.01).

8.0—8.9 mm BL size-class

Variables e Temp Chl Density
TG 1
Temp 0.371 1
Chl —0.272 0.454 1
Density  —0.734%* 0.120 0.607 1

9.0-9.9 mm BL size-class

Variables TG Temp Chi Density
TG 1
Temp 0.280 1
Chi —0.322 0.129 1
Density — —0.545%* 0.002 0.526 1
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Fig. 3-13. Relationship between the amount of triglyceride
(TG) and distribution density of sardine larvae: 8
mm BL size-class (closed circles); 9 mm BL size-
class (open circles). The solid line indicates the
regression between the distribution density of the
sardine larvae (Dn) and the amount of triglyceride
(TG)) of 8 mm BL size-class larvae (TG, = -0.0802
Dn + 1421, * = 0.539, p < 0.01). The dotted
line indicates the regression between the distribu-
tion density of the sardine larvae (Drn) and the
amount of triglyceride (TG,) of 9 mm BL size-
class larvae (TG, = —0.0424 Dn + 10479, * =
0.297, p < 0.01). TG values are equivalent to 1
ug of triolein.

VAFBIZHEREE T, R A VNS WAL T
RHMAERTETH 5, MBEGE,OANLFITEE
Bo 2B TRORERELEE LT RET D
%, Matsushita et al. (1988) IC&BE< A 7 IFRAD
BEFARCHT 2 BERRRO L EBHRHEKE) 3R
B OBE L BT 5, Jenkins efal. (1991) b7
0 7 UFADOREANIT IR O BEA I & 2B ERR
WHbHIEERLTVD, KIFFTRINGE TG <A1
DI OSAEEOBRDS, AL D CHBAEIC
Iy 1D 720 OEOBRSEOHE,SBEER SN
W REHEDS D 5o

—F, BHNCTREL-FAIEY 2 BEROBREICED
FIok X7 (] BETH Y, FREHITENE
MTIEBIREO B WEEROASENICAEERE EER

Br, EEREUHESECEEITRE LFROFEIRNEL

HFRGMER R VIR CIRE LA B L CRIFE 2
LA REMD D B (B4 B2HSR), Lo T, &
BT BT BT A OFFIRES B E K L CTRIFZ A
bEwvio T, AR L L TR aoARER
LTRIFTH B EHBITTE RV, ERBEORLEL
XEAE IETRLL LS RFA—HEOTATHREDLEN
PEIFTAZEICEDHMTLIRELEZ S,

4B HEBICBIBZYATIUFRADKRE, £5%

HE2ETHBLAL I ICEREBIIL BT AY
Y DFEIRGH O - HNVBI S nizo AT
D) B 16~19°C BOREAIRI 3 7% b HiE~ B
TEEEAE & BRI BE U VIR, BFREORK
B~ A (1985~19924F) RS hizimai (R

W ORITHMOABIAE T 5 W) TOREINY 2 &R
EEEICHEET RIS L A% §, Watanabe er al.
(1997) & KEAIE 200 m DUROTEIZ~ A4 7 T Ak
DOENSETH Y, 200 m DURO/EIRIZE I A S EE
PRI KE S oz L EOTHBRENSTH B LR
ML Twb,

Kasai et al. (1992) B & UF Heath et al. (1998) 138
EEHEE TNV A CEING ORI FA D%
JUARBREZZEE L, BHEFREET VL) EHE
A TEHR SN0 —IZMEITIHE SN D Z L IR
ENTWv b, Shimizu et al. (1989) k<4 7 I {FH®
¥ Uy EEREB LU RNA/DNA # 28X ) bikRED
W VIR TR L, 2K 17 mm DUF Tl EEs
WTRESNFAEOY V7 BE&EEB X UF RNA/DNA
PR RERTRES N TR LK LTIV L%,
Nakata et al. (1995) WIMEBOBFRERERE, 70
074V ah, WHEESL MR NI AT VEOL
BRI, BEgAmosns LITRERw &,
MEBIIBW T 2 REFEININT 2 HENEY 77 ~
7 b OBRESREHGESRS B kR TE w2
EEBRBL TS, INHEAEOMBIGMmEEIT< AT
VAL o THIIIARSEGOE VIR TH B Z L 2R
LTwao L7ahso T, MEBITHRS N FROER
O FEEIMENZ EPFHINTEZ, LL, W
BT A< A TV FROEFRBRIZOWTEIEN L6 %
R L7201, Nakata et al. (1995) #3247 ¥ QI
BT AWM % R T R0 THANIIR L7225 02
HBOHRTHD,

1. BEHOHEEHTREL -FRAODEES LUKER

WEENLBERTCOFRAITIEF— PORE, £ABRARO
FERAPEBTLHED 1 2L LT, AIRFHADRE
Ny FERERTA R ETERL, KN, F
A RFICREL, ZOFAROBRRMESE & U5
BEORBRZEZEBHL, KER, ABREZHEET
5D B (Fortier and Leggett 1985, Heath and
MaclLachlan 1987, Heath and Rankine 1988, Davis et
al. 1991) LA L, KRAOFABHROBENENLER
HEREMEEOERE T H5E, BERARTHEMINS 5
FREIC L o TRELBELXELPRE V. TD72D
AR RERRE VT HEEICERKBEA OfF 0
FBUREPHEETLI LI VBN L 5EEZIY <
FEFEZERINTWS (Owen et al. 1989),

B EBo~ A7 TRy FEERRTERL,
S RBEN 20 & DB O W TIIFITHHTE DL L v
HiRoOb L, A—RyFOi—ark— M2EBHTEIEL
12X DR OREE, ARSI LR Ak
ENTATADOEBROTEEMEIOWTCHE L7z (Zenitani
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et al. 1996) .

a. MHEAFE
HFAEORED Fig. 4-1 \OR LB EHTEI 4o

720 TNFHF Y POKEE 150 m 2S5 ERE E TOH

R E Y E L TRREOFMA (>1000/84/m” 755k
#£ 3N/ 30°30°N, 140°00E OBl ETL—~F 71 &
REOWNEZITHE3m, BESmoFe—r %28
WSS (T HME 1993) 219914 3 AISHIZH&A
L, 19914 3 H18HIZ 30°03°N, 140°01’E TEIIX L 720
EWREH I3 OORMWEL T Y —X (Oa, Ob,
Oc) Z&E L7

- Kuroshio

o Oa series

e Ob
Oc
3045 N
o
& &
&
&, z
Q
$ 2,
[
5
‘%.% e
o o=
- a
28°N | %f% .

140° 30" E

142°E 146° E

1
138" E
Fig. 4-1. Sampling area of early-stage larvae of Japanese sar-

dine. The heavy line in the sampling area submap
indicates the drift trajectory of the radar buoy in the
period of sampling, and the broken line indicates
the axis of the Kuroshio Current. Oa (0 days
elapsed), Ob (1 days elapsed) and Oc (2 days
elapsed).

Oa ! FE AR AER (d=0)

Ob : EFfAKAZ I HE d=1

Oc : BHARA®K2HE (d=2)

ZIT, dIFFEICREREB I, Theh ol
V) = REERSRE <12, BB aEROFa i

BTEL LIRS HIENY (OREREEL) 21D,

0B MARB LA, £V —ANOBHSIT 2 <NV
Mg CTHELE L 72,

JEIE - JEEF—4 (0, 10, 50, 100 m KRiE) iLiEHHR
B Ry 7T — AR (HE CL-70) 2 & 0@k
W L7z 0~150 m KFEOKIE, ik CTD (Niel
Brown) I2& 0 74 B TEBICEIL 72,

oy

FAENEHEITIC 1 m 4720 OEERASBEMOEKE %
B LUBRE Y Wty 22y b (OF 45 cm, #EHIE
033mm) 2AFAZE 7L —ATHELZLDOTHREL
776 TOFY FEKIE1SOmM »5HERTE TEHEY I m
DOESTHERMEL72o &K 10 mm B EoOfFRITERE
RLHERREOEMOFEL (WHEML 1958), #EHkEE 2
AFICHEMTLI2OT, XEB/ v v 23y FoeRk
10 mm & 9 K & WFAIH T 2 RERF IR IV
(#% 1992a) o &F 10 mm & U K& WA RERE
TERTE P SBRA L7

WRE ) VS 7 3y b OREARIZ—80°C D& HARLF
HLLIES5 ~10%DikENV< ) YRFEE Lz VY —
A EDFEEKIREB S OW FEAER, HEY L
B oEREE 0.1 mm OFE T CHEABEMET TRlE
%, Bz, £3F8IHELFEALHET, HaPR
O HEHR O EITOEFRDOHEE R L. THHK
BERiZads— FOFEYERED V) — O E, LHEEL
770

R AR VI NIER A T AT RO &
T B 22D 2. AR (1992a) 12 L7225 &ALl
BOTA T VREFAEE R Y DOWOER, 5L
WAFTOFTAL VEBLOT A Y —# 0 B UM CE
#AL L 1 m® B EE C, REH LI

X
QZZE75;% (4-1)
Z T,
Citj YV =X i REMIIBITS 1 m® H72h) <4
7 FRIREEE (EK/m?),
X; j PR i FERIIBITA Sy b1 KL
D=4 7 UHERER (EE),
ro B ORKET D 1 m X700 HEEE (EEk/

-
—

m),
Ryt j ) — AOHRE I BT B WK R o B A 5
(HEE%0 ,

Lj1j YU —AOEREHICBITB Ay b REEDT A
Y—#E ) LS (m),

a: Ay FOWAOERE (m®, a=0.159%

C; & RIREFBEIZEW T 5 72 ORES0EL T %
EARP D S EERICHB LEEZ 0.1 mm F THEAEHEM
BEFTEH, 2EMRED LD, C; THEERXTI LI
LY ERENBOERINRERELFE L, 5612
Y- 2O RIFHREFE 2 FTHE, HERFRERE
(Q(d, i)) = Tanaka (1953) @ age-length key %% H
WTEW L 72,

PEBEOEEME U/ -REERETROEE © &k
FEPR R O[T RO R CEHE DD LT DOBR
REHV 2,
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O(d, i) =00, i) exp {~Z(i) d} (4-2)
Z@) 1, (4-2) N2 NEERBERIEEE L THfEE L7
ZZ T,

O (di) ERRENEBOH d HICBS i aFk— 1
DSFEE (/M)
O, ERREHEEEEOBIIBITS i 2Kk~
r OSAEE (E/m),
Z (i) i a%k— b OREERECRE (day™),
d * EFSREEEER B (day) o
REGEESH HEBLOA7YORER (GBL))
FHAREEORERICHHT 5 (Fig. 3-11), TITB

G(BL)= g(BL—-BL;) 4-3)

ERE LTz TZT, BL I HRABBKROKE, g 3@E
R L EHT 5o

REBAEOTANEEBEMMEZHEIEIHEFL
W, W URHEFETITVRER (G (BL) bt Hin
#I3WI3HETRALKEZ BL TRLTwE0OT, BH
(1991) o=, (BL =(TL +1.598)/1.207) # V&R
(TL) % BLZZEW L7z, ERREHFEEHEEBEORE
WAEEORERE ¢ &

g=(BL—BL,)/ G(BL) (4-4)
T%‘Tﬁ L7z

b. #& R

ERADI12GHEEOBEIEHE % Table 4-1 2R L7
ERROBHIIBRECREOE S IE 9~37 cm/sec. T
Holzo EROFMIFIZIIFE T o 7o BRI O FEH
EEAEMICIZIZY—Th D, KRB HEIZS 4,
HE 26~46 cm/sec. THh 7> (Table 4-2), EifiRixiE
IFRBUETICER L Tz, KilkB & 5o fEI

Table 4-1. The time and location of the radar-reflecting
buoy with surface drogue during the survey

Distance Average

Time Location travelled  speed
(1991) N E (km)  (cm/s)
19.00 h 15 March. 30° 31.07 139° 58.7" 0 —

7.00 h 16 March. 30°26.8” 139°57.8" 8 18.5
19.00 h 16 March. 30°23.6" 139° 58.6 4 9.3
7.00 h 17 March. 30° 17.7° 140° 04.6" 16 37.0
19.00 h 17 March. 30° 12.0° 140° 00.7" 13 30.1
7.00 h 18 March. 30° 03.8" 140° 01.7° 13 30.1

Table 4-2. Vertical distribution of the current speed and direction in the larvae-

sampling areas

30°30"N  140°00"E 30°20°N,

140° 00" E 30° 10" N, 140°00"E

Layer Direction Speed Direction Speed Direction Speed
(m) ®) (cm/s) ©) (cm/s) ) (cm/s)
0 191 41 222 26 249 41
10 193 41 223 26 247 41
50 192 41 220 26 244 41
100 191 46 222 26 247 46

Oa Ob
19.4°C J

. O
S
19.0‘3%?@
/ 5~19.2°C
A

Gp19.4°C

¢ g

19.2°00\-gg 19.0°C
H

o

“i o 10.0°C\
{' {?‘13.8% o
% % l o

18.8°C

30° N

139~ 1407 139°
30" E 80" E 30" E

140° 139° 1407
30" E 30" E 30" E

Fig. 4-2. Distribution of sardine larvae in the surface water during 15-18 March, 1991. The diameter of
each circle represents the abundance of the larvae, as shown in the figure. The broken line indi-

cates the drift trajectory of the radar buoy.

Isopleths: surface temperature.
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Table 4-3. Details of sampling time and estimated larval density at each station series (Oa, Ob,

and Oc)
; 2
Station  Elapsed No. of Density (number/m’)
series days Start Finish stations  Maximum Mean=+SE
Oa 0 19.35 h. 15 March  05.59 h. 16 March 20 6104 1452399
Ob 1 19.00 h. 16 March  06.23 h. 17 March 20 2487 788+163
Oc 2 19.05 h. 17 March  03.48 h. 18 March 20 2478 400+134

%% 18.8~19.4 °C, 34.85~34.87 TH Y, KF, $HE
FiwgFnd 3 HETEIINE ot 512, KB
DOHERM LI D oz T DOEHD HERR
3, FAONy FRERET AAEZEBHTE b0 LN
WL 72,

Fig. 42 12& V) — RO A T UFRDOG T EES:
RL7ze SHERH 2 E 5~10 mm OFROSHEE %
Table 4-3 1278 L7z ¥ —X Oa, Ob, Oc &R 5~10
mm DT OFIHMATERE (LIEEEE) 13841452+
399MEfk/m?, 788+ 163Mfk/m?, 400+ 134K/ m® Tl
MR E &I Lze 1) —X 0a, Ob, Oc ® Hi
MB % Fig. 4-3 1R L72 ¥ —X Oa, Ob, Oc O
High (HiEdese) 3% 411.4+0.38 day, 11.5+£0.37
day, 11.820.35 day T - 7=,

a3k — MEOEROMEEEMIIN T 5E/L% Fig.
44 1R L7, RERIZ IR MEICEFHEEOLL

Oa
20
15 n=108
10

0Ob
20
n=109
9 15
‘5 10
=]
()]
=
ot
;;2 5 9 13 17
Oc
20
15 n=102
10
5
0

5 § 13 17

Age(d)

Fig. 4-3. Age (days after hatching) frequencies of larval
sardine at station series Oa, Ob, and Oc. N values
indicate the sample size for the station series Oa,
Ob, and Oc.

LIRS L, d=0day IZBVWTARE 55~65
mm Th o 727 GEHERESICHY T 5) O HRME
E#: d=0~1 day T 0.37~1.43 mm/day. d=1~2
day T —0.35~1.31 mm/day T& - 7= (Fig. 44 DA
) d=0~1day & d=1~2 day DEEFIITKE %R
L& 2o 720 d=0 day 2BV TAE 6.5~10.0 mm
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elapsed). The vertical bars indicate the standard
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Fig. 4-5. Length frequency of larval sardine at station series
Oa, Ob, and Oc.

Tdh o 2AFHAE O B EEEFRIZI=0~1 day T 0.63~1.55
mm/day, d=1~2 day T —0.03~0.81 mm/day TdH o
7= (Fig. 4-4 OFEM) o d=0~1 day 23T 5 HERE d
=1~2 day BT AZEEFRLDBKREDP o7 (Mann-
Whitney ® U #E, p<0.05),

RERRE OISR EEOREEETT 58y
Fig. 4-5 2R L7z, [FROERHMIZ 5~21 mm TH
Y, K#EHIZ 12 mm BLFTHho7ze ¥ —X Oa, Ob,
Oc OFHeR (HFHERE) 1354 7.8£0.07 mm,
8.0+0.08 mm, 9.0+0.09 mm TH -7z

FAHIRT 1275 S 72 age-length key % Table 4-4 12
7 L770 age-length key 12 & 0 R ERRE QT340 %
FE DI FFGE IR 2 b % JEAE B B0 3 5070 6 BE
DEERIRERICH T A2 bICE iR 2 72 M % Fig. 4-6 IR
L77e 199143 A 3 H~19914£3 A 8 B (£K10 mm
£ OBBEARTREE @ 1 G2)RTLEx
0.83~1.11 day ™' (Fig. 4-7), 4FRFET32~42%/day &
s WAL

BREGEBOSFED EOBIELL, FIRHIHEHTHR
L7> X% 942 BL #% 5.7 mm 2L L OEEAFEKRIZONTO
HA¥E (OR) — R EMRE Fig. 4-8 IWR L7z, HAF
B~ HEBERIIIBEREYEH o7 (BL=0.1330R+
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Fig. 4-6. Birth date frequencies of larval sardine at station se-
ries Oa, Ob, and Oc.
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Fig. 4-8. Linear relationship of larval body length (BL)
against maximum otolith radius for sardine larvae
collected at station series Oa, Ob, and Oc.

Table 4-4. Age-length key for Japanese sardine larvae in the offshore region of the Kuroshio. Data are proportion of each
age group (colums ) within each length class (rows), for NI fish.

Total Age group (days) Sample
length size
(mm) 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 (NI
4-'5 0.33 0.67 6
5- 6 002 012 031 0.18 1.14 0.02 0.12 0.04 0.04 0.02 51
6- 17 0.11 0.05 0.08 0.06 0.13 0.13 0.11 0.08 0.12 0.08 0.06 85
7~ 8 0.01 0.02 0.0l 0.04 0.02 0.07 0.08 0.18 020 0.14 0.13 0.07 0.01 84
8- 9 0.02 0.02 0.04 0.08 0.06 0.15 0.10 027 0.17 0.08 0.02 52
9-10 0.04 0.04 0.08 0.12 032 0.20 0.16 0.04 25
10-11 0.18 0.36 0.09 0.18 0.09 0.09 11
11-12 0.20 0.60 0.20 5
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Fig. 4-9. 3-day recent growth rate (Gr) against body length
(BL) in sardine larvae collected at station series Oa,

Ob, and Oc.
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Table 4-5. Growth rate coeficient (g; day™') statistics by
sardine larvae belonging to 3 March-8
March group at station series Oa, Ob, and Oc

Station series Oa Ob Oc
Elapsed date 0 1 2
Mean 0.2736 0.2749 0.2767
Variance 0.0002146  0.0003275 0.0003316
Minimum 0.2244 0.2110 0.2233
Maximum 0.2991 0.3100 0.3066
n 45 63 68

4.59, r?=0.771, p<0.01)o Gr & BL 2*#h¥ %122
NCHINY M2 H 1y (Fig. 4-9), Gr & BL OBk
BEGXTEMTE 2 (Gr=0.2839 (BL-5.7), r' =
0.973, p<0.01), 199143 A 3 B~19914£ 3 H 8 HA#tf
DOEERE (g) OBEMi%Z Oa ) —X (d=0), Oc
V=X (d=2) IZ2WT Fig. 4-10 ITR L7z, KIFEHR
OED 720, BEARE OB 5 (S K CHARL
LTOR U720 BRERES A O FHMEIERE ofEIZON
0.2736 day~', 0.2749 day ', 0.2767 day~!, % #kid
0.0002146, 0.0003275, 0.0003316& #hZh K& <
%72 (Table 4-5),

c. £ B

Hulab &R & R TEEY LR L, WEH
VB NEETH S (BH 1991, Nakataeral. 1994). F
T ARIGE & AT L CEM LAY OSHAE LD &

a3

YAV IHBOELRBEAEYTH L IANK—F D/ =T
Y AEDDATEIEAFEERER L & D IR LA 46—~
13 mg dry weight/m®, Nakata et al. 1995). % 7zi# 15
2 E CREINGDIEA - 727 4 T U BRREKERICBT S
AT A T FAOFERBIEH R & i L O
o 72 (Shimizu ef al. 1989, #fill 1994). MERD X
3 \ZARRHIE AR B D D B W HEIBIZ K B O TR AR B0
T5EFRAORERERICEITHTHL EEX b KT
ZICBWTEE LB & 1 04720 A5 $32
~44%]dayTH Y, T IHRICH BFR T A — L D4
TEEAS1000MEE/m? o7z LTH 6 AT 0 fHfk/m’
ELETHRPILTLE) BEDETH %o '

B, REICBWTEE 5.5~6.5 mm OFAIZE
£ 6.5~10.0 mm OFEICA SN & I REROEES
Rohidolze 4 ZOKEVFARIEIY A XDHI
FREERLTHEL L VS CERTE 2D THHRISH
T 5T EAE { (Zenitani 1995), 2 HEREE CIIEE
ICEEDH o ThH, JURRPRERRIGERT 5K E IR
HANEZ O h ol bE L b,

Meekan and Fortier (1996) (290 H#EL ¢k 20
mm YT CEERS T SHAHOT AL HHHEL
PFEHOREE, ZOMARSBRETATSH - 2R
WRELFABOBRER LB L, ZOKE, 7k
RETCE, BREOBEVTASBRMIZAEESK 2L L
Twbo AFETHHEHIIB TRERBOKE W
OSBRI EZRE L Z L 2R LA (Fig 4-10), W&
WTOA 7 IFROKE-AZRBR (RRORVWDD
AHEXES) X, Miller (1997) 2SFEICEA L7
directional selection ® 1 FITH 5 LE Z 5,

2. FADHREEEERFEOTERL
A O REIC B 5 RS2 KT IREO 1
DI B AR RE, BB (Ware 1975)0
"B —ARRT R TIE
- XD KR& L (bigger is better mechanism, Litvak and
Leggett 1992),
- L DELEE (growth rate mechanism, Ware 1975),
- L D#ELRE (stage duration mechanism, Cham-
bers and Leggett 1987)
THMEBFITEERIBEENRCERET o
Miller (1997) RHELHEERD L) REFEME (trait
value) KT L7z 3 DOEREMMBD/VY — > (direc-
tional selection, stabilizing selection, disruptional
selection) #4835 L, BIRBOREHMEOFER G A D3
¥ — Y EWRLE (Fig. 4-11), B#ih&EoO~ A7
FEOBEREO 5 T E O R EEISBRYIZAE &
BHINF—ThDHDT, directional selection (ZHH Y
T 5, B, ABETE, MEOBRCFHRIEIRIE
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Fig. 4-11. Mode and effects of selection.

Column (A) illustrates the action of directional selection, (B)

stabilizing selection and (C) disruptional selection. The upper row of panels illustrates the se-
lection function that generates the mode of selection acting. The lower two rows demonstrate
the effect of the action of the selection function on the trait distribution (after Miller 1997).

X 7% % ¥§#E % positive directional selection & IFFF#r5
Bo L7zt TEMMABO < A 7 AT O LT
positive directional selection (24§ %o

ARIETE, Pepin (1989) €7V B X USRI MR
(LM - 8 1973) %3 &2, BEasscBmshe
& 9 7z positive directional selection 2 & % KRR D
HATOE & BROMOBGE ERLL, FROBEERE
2 LICARBEORG AN 5 & & ORE AL VI
2L 7z

a. M EFHE

Uik, HRSFCIZEROBELZTHHOERED 2
k— FORES, RRRBREEORREE (9 o5
(folg) DEKRBEOREL L T2 ERET S (Fig. 4-
12)6

1 - &o
fo(g)=6_¢(%) (4-5)
0 0
ZZ T,
1 _ 2
B0 = exp( > ) (4-6)

go - BB, WASICLHBROPELZTHHOER
D a2 Fx— b OREREOFY,
ool U, WESICL 5 BROBELZTLAOME
HED 2k — + OEEIREDHE
go KRR EIRIEEIC L Y IRES N, KR, HER
BEITE g ldKRELRBLEER B

Frequency

Growth index

Survival rate
T T

Fig. 4-12. An example of pre-selection distribution of growth
rate (top) and survival rate (bottom) for a cohort of
larvae in growth-survival model.

Pepin SIEE 7V ! Pepin (1989) 1ZLAT D &) 2FMH
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Z(L) R4 X L COmBE,
G (L) I 4 X L TOREF,
BRI
dL
= L
i G(L)
ThY, Lohd L ICEET A CIZET AR (At

(L, L)) 12

(4-8)

_fh dL
At(Lo,lq)—jLo‘—G(L) (4-9)
2T, t AEEERT, WEaEE
AR (4-10)
dt
LB L,
0g {M}=—JL'@41L (4-11)
N(L) L G(L)
_ s Z(D) ]
MLFN%Rw{hEEﬁ& 4-12)

T,
N(L) kYA X Ly il o2l BHTHaR— Fho
fE A%,
NL) B A XLl holzBETDaRr—TTHD
B
L7223 T,
N(L)
N(Ly)

L Z(L)
= CXP{—J.LO ﬁ}dL
<A T YOEER (G (L) biEE%Bﬁ'ﬁ@ﬂiﬁ@ﬁ
MBCWHIL (G()=g(L-BL), g % BERILE 2T
3), Lo»5 L WHRET 5 E TOWER (ZL) E &
(Z (L)=z, z GBRHEBRECRE) £35&,

S(Lo, L) =

(4-13)

S(L»lq)=eXp{— ’

[ la
L g(L—BL;)
~ Ll —BLf -zlg
I,~BL,

AR & 2V B B O B AR B O R A A 1 A TR
(S(oy L) 12 & 0 BIRE 21, BIREORERROWHR
AT, A XDEIIZE Y BFO L 12% 5,

fi(g) o< S(Ly, L) fo(g)
T,
folg) : BLER, FHASIZLDEROEELZZITHHOK
R ORI,

(4-14)

(4-15)

P
Eey

fi(g) B, HESICLARIROBELZIFHBOK
BREOMEES,
BEINEIRET UL REO BIF A RIS EEIENE <,
WEEPSOWBELZEMS 22 W THY, HEHE
EHEL BB ICONTAKRFEIEE L LE 2, Uk 4
BHEICL B2 BRNE AR THM O() & LTERMMBHK
@ ZRE L7z

g@=®(g¥£)
GC
ZZT,
SR S SO e

¢(x)‘(2nfjacjmeXp( 2 )dy
go G2 BRI D/ST A — 5 % FF, g BREWL
IS LB MG B X R B REE SRS % O
T, g WAEREMERL, g Ak b EEREMEI ML
WBBETH B Z L FRT (Fig. 4-12)0 & o L&
KOO & 27T, BROPBEZ B0 ad— b
OERIEE (g) OG5 (fi(g) &

£ =1(8) Q@) [ f(8)0(g)dg
ZZT,

E(g)= [ folx)dx
LB
fo (8) dg=dFy(g) THAHDT, (4-18) KD7HHIE
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Z 2T,
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Fig. 4-13. Interaction of growth and selection. The figure

illustrates the outcome of a single selective gradi-
ent (A) acting on a growing population. The
lower panels show trait distributions at three
points in time (B, C, D). When go> g: (B), the
selective gradient acts as a positive directional se-
lective agent. When go = g. (C), the gradient acts
as a stabilizing selective agent. When gy < g
(D), the selective gradient acts as a negative direc-
tional selective agent.
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Table 4-6. Description of the cases for the growth-
survival model.
8o; Initial mean of growth rate op; initial varia-
tions of growth rate, z; mortality coefficient.

0p=0.1 0p=0.5
8o 8o
0.5 0.0 0.5 0.0
z 1.0 Casel Case2 z 10 Case5 Case6
00 Case3 Case4 0.0 Case7 Case8

Table 4-7. Description of the cases for the growth-
survival model.
8o, initial mean of growth rate oy; initial
variations of growth rate, g.; parametar of
survival condition.

cp=0.1 =05
8o 8o
0.5 0.0 0.5 0.0
g. 05 Casel Case?2 g. 05 Case5 Case6
0.0 Case3 Case4 0.0 Case7 Case38
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Fig. 4-14. 'The results obtained from growth-survival model (Case 1~8 in Table 4-6). Solid line indi-
cated an initial distribution of growth rate for a cohort of larvae. Dotted line indicated

survivor’s distribution of growth rate.
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Fig. 4-15. The results obtained from growth-survival model (Case 1~8 in Table 4-7).
cated an initial distribution of growth rate for a cohort of larvae.

survivor’s distribution of growth rate.
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BUdFAOARICAELRRETH L LERT 5.

%3, Pepin BIEEF MO WTIIENICRT Z &
MTELZVD, BREEFLV 1, 2DEFVIZOWTIE,
BT & ORI OTY, SEOR/PERIZHES
Hho BIRMEETN 1 TIE, DRIZ g >g L7505, &
FTHEFIV2 Tld go>g Tai<lgo & bo Tz, BN
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Fig. 4-16. The survivor’s mean growth rate (g,), from the numerical simulation according to Equation (4-43)

and (4-44), as a function of g..
0.5), and (d) (go, 0v) = (0.0, 0.5).

T 0.2< 0], FNUNTIE 6220y L5, BIETR
L7z Eiic B 519914 3 A3 H~19914£ 3 A 8 H
FEOBRABOFHHEIZEARHICE ST g1>g TH
D, BED 0’>0) ThHhoZzOTERRMEEFIV 1 % H#
BT H0ONELLH B LN 5, Bk LR 21T
3 ETholbIEATREI LI, (4-43)X % Fig. 4-
14, Fig. 4-15 CRL72 X I g AVNE L & b AREMN
DR e (g, WK E V), BIRBEOREKEDF
YW g KREL B ETH D, /2, Fig. 4-16 TR
ENT XD ICERMTORBERBOESDE (o)) 25K
EWGE, BRBOBEREOTY g Y REL< %
%, Rice er al (1993) % individual-based model %
v, BEEROBWMTASBRIRNICA SR ESIE, HE
BOEHFHFRKECEA DS L ITHERBINT 2561
B2 2 R Lze SOLD EIIHEEREOEYE
BORKNDHRTHRIIHTHEBREORG 2§ %
ZLDEHREERLTYS, P T2AFTRECR
HHWZ, AREESCIVRESING g 2AFTER
DFERZE D LICFRWCHERE L%, B—Hofanm
DOELEBIFT LI LICENITIREEEZ B,

BSE HERRBCESI(HELIBEREKRTE
HEORFE &R

BAEEBAREROMEINCOR, TOBEROZEHY
TRIEAS Y M09 %5 Rosenzwerg 1981, MacCall 1988),
FhG 2z, EINGEEREIRREERISATHIAT
VEBRORBEOIRED 1 2 ENTWwS (Smith 1973,
Smith and Hewitt 1985). —7, AIOKFEEZIZHA
TE52A T YORE, BRGORKISFAOEHONE
BAADER SO GEEME (Kobayashi and Kuroda

(a) (g0, ) = (0.5, 0.1), (b) (g0, 00) = (0.0, 0.1), (¢) (g0, o0) = (0.5,

1989) ZHEALTEY, L3 LOFHEMADRIIID%
BB T, FEBREICE S ZHARFERR
FEMARZ BRI PHT A LIZEA LEELZERE
by, EEHOKEE T SICIBR LA RTHEATRE
THhbo

KRETRMPERRAET — & 28k - fERE
FEEEEFZERT LI L ZHMNIC, <17 ORI
il & EIHABROBBREHL 2L, 61T A4 T
T OEINGEB ORI B EEREICS 2 28200
CHESBTER & FEMAR L OBRERETLZ LK
DELEL7

1. EINGETHE & EINRAEDRR

BROKFRERIIHAT D4 7 VITEFEEMIICSE
WA EIBEAYEAS S (Wada and Kashiwai 1991) .
WCEBEBRAEIN A AEEASRE SN D (CFA 1986)0
JERKEFERPF Y, SU—IGHT AL TIRN
Y FAT IR EOFABRIGEENRKESEEHL, £
OFHEHSBERBEOEFIHEVIIKR - WD 5
(MacCall 1988, Lluch-Belda ez al. 1989). % 725
T D BREOEENIC L B RWIEK - i35 2 LA
5RTW5 (Smith 1990, Lluch-Belda et al. 1991), 7
FORFHERIZOH T LA T V1820w Tk Watanabe
et al. (1996) R4t (1998) 4%, JHEJE L EIILTH
ORI ERAEA L, EINEARE & YRS mAL
DOEICIEREERIFIET 5 L 2RR L T\ 5,

ARIETIHIDOEHRA & RKE L 72 BELE 7V A 5 Y
BAR L BEINGHHEOMAELET 5 IEMEERIEIT S
Z & %R L7 (Zenitani and Yamada 2000) .
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a. MEETTE

HIBETIL BB W TS ¥ ¥ A5 C#EAT 55
HRRE RTEMOFIIE Lo KERG OB D5k
RIS FHEE D dRE VW [BRSE (overdisper-
sion) BRT (HE - HH 1977). AEHOME L UBA
DOEMSAFHRNS BN ERHEBOR Y ITER L 72
GEXGE] ZomEThrERTHERTIOLEL
TEHENSLZ LS v (P 1980b, Smith and
Hewitt 1985, Mangel and Smith 1990,Welch and Ishida
1993), B ® 2 HHAGIE [BKRGE 207 OREBHIC
HLTholtdBEAETSH (Bliss 1958) Mangel and
Smith (1990) THHAD 2 WA & A CIN D/ 376
FRELTWA, AifgEcd, RAOEBHMNTOR
A% Ny MOBMEXIISH L L ECEORLH
MR TORK X, (i(=1~N,) BUTOXHI%ED2H
A LTz EE Lo

Pr{X;=x | BfiiEX | PHAOELIMTH S
k x
_ F(k+x)( k )( m ) (5-1)
TEx 3 \k+m) \k+m
ST, TRAY<HEE, m VR IHAREEELRT. k
389 A=FTH Y, BROBMOEBE, €OIBIIEFE
OWETH D (RHEM 1992)0 k—c0 DL E PriXi=x |
WX [ BBAOBEETHLY BRTy VY VA RE
%%, Mangel and Smith (1990) X (5-1) XZFERD
MREZBLBICERLZ. wE, AfERE N (=
N) MoBgERicas L ilEGonsiilz
Y; (i=1~N) &35, 22T Y=0&t%BbDRLTD
(@)~ (c) DHFHETH %,
(a) HAHERIBAOHBRTIIZ Y,
(b) BAEXDSHAOHERIETH 20 BEINH TRV,
(c) M AR TH ) EINGTH 575,
PWAFRTLIENTER
UToL) B RoOB%E

Pr {J&FERT 5 | 902S x [RIEFET 5 )
= or{l —exp(—fx)} (5-2)

5B, 2T, 0<as1l THY x—oo THRKRKER Do
BIIREMNROIETH 5, (5-2) UL T ¥ ¥ AR
KL XFNbHDTHDH (Mangel 1985)0
Y,=0 T AL Mangel and Smith (1990) 12X
nERILSh,
Pr (Y=0)
= Pr (MR SBER TR W) +Pr (BVHEX
PREBEBTHB) X, Pr (JIA x HEAET S |
AR AR CTH B) Pr (x EOINDIEAE
TR R TE )

Tk+x) (kY
—(- |
( 1ﬂ+pz[ﬂYMxH(k+m)

(L) [1-ofl—exp (—ﬁ)}]}

k+m
) o

22T, o= l-exp(=B), p \ZTHMEX i BPHRL O
BETHAHETH S,

T/, ATEBOERZT A, , IR ENHAE
X#% N, &5 5, EIRKEE A) &N, DBETHD

=(1—05p)+05p(
k+mw

A=A(N,)=7N, (5-4)

T, yREMEBROEBKTHY y=A,/N L35,

EEOBNHEX | THIBR SN 0ELE, =1 OGP

R, z=0 RERET) TRTLT2L, 7 I
X — A BAE L7250

N,=Yz (5-5)

2 WA B (N, 9) WZL7:2%9 (Guttman and Wilks

1965)0 ::T, 0=1—Pr (Y,ZO) ’C“d;)za)o
N, DEHB L OGEEERER

E{Np}=N05p[1——( k H (5-6)
k+mw

Var{N,,}zNOtp[l—( k )j|
k+mow

~|:1—ap+ocp(k+];w)) j| (5-7)

Lirhe LizdioT, E{A}, Var{A} &

E{A}=A.op |:1 —( k ) ] (5-8)
k+mw

Var{A} = A]SV OCp|:1 —( k+ljna) ) ]

. |:1 —Ocp+06p( k+]j/na) ) j] (5-9)

EEREUL

100Var{A}”
E(A}

— 100{@}

Ns

CV{A}=

(5-10)
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ZZT,

k
k+mw)

:ap{l—( k )k} (5-11)
k+ma

0<s<1 ThY, BRMEELERT D, kreo DL ET
ThbRT oV VYD HDEERABMERE s =ap{l-
exp(-ma)} LB, Flhom, o o p OEIMIONTs
MY %,

o, EINRAHGE (B) LEWEE (mN,) IS
WERYD L ERET S,

S=O€p—0¢p(

B=omN, (5-12)

ZZT, §IxEH. (5-8), (5-9) Riz (5-12) XnHE
BERAT DL

k k
E{A}—A:aplil—(kJrgB) ] (5-13)
A2 kY
Var{A} = N Ocp|:1—(k+£B):|
-1—ap+ap( ¢ )k (5-14)
k+¢&B

ZZT, £=w/(NS) (5-13) RIFEINHAE—EIN
WHEBRE RS, BHD2D, A,=100, a=p=e=1
EBE, BBDO K TEICKRTSHE Fig. 5-1 0Lk
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Fig. 5-1. A theoretical relationship between spawning biom-
ass and spawning area.

F—2 AT VOEEWHTH S 2 ~3 A (Watanabe
et al. 1996) 2BV} 5 <A 7 ¥ EINSTRE % gLk EERT
ZEHT - PR HEXOKEERTIERT AT L 72 1 i om - {7
BIRER T~ F I X VIR L 72 FAELIRNIL1978~1995

P

4, WEIERIE 28°00'N~36°00°N, 130°00°E~142°00’E
L L7z BRI BV T149~344% 8% Ei L 7o
B-REIEMBZHEMERE L2, IREIZH
F v ME1978~19904E TR MM A 0.282m?, 1991
~19954E T 0.159m* T, WHHEIZ VT b KSE
150 m 25E&BD L IE, KigE 150 m LUR TRIBKE
EroRKBE TCORBERMETH -7 (AH - #1992,
A 1995) FAFEAIE (Nakai 1962b D A A5 —
VB, AR, WETEB LY, BNTASTE
L BHUHEXOE LIRS BV REHEZ &4 A,
Ay, As, Ay & LEBINGEREORBEREL 720

HBAERE (ERIHBYE) 13Wada and Jacobson (1998)
PHEIHA LY, BERIEEIIEXEOEHIEF— 4
#bLizak— MR TN, BZERERHD 6 HIZB
TAREREFHEL TS, FRIM (2~3 F) 12k
2B LML, 1 RADETENCINbLS (F
A 1981) ABFZETIE y—1 SEi2BF 5 1 U EOfD
BEFEZ yFORAEFR B) & L7

(5-13) R T A, (=E{A)) & B OEFREEM LIz, /¥
FGA—FIZ A, o p, k, e THIF A;ap & 1 DD
SA—FERBRL A;ap, k, e ZHEE Lz, HHEOLD
1978~ 19954 DA AMM 2 £ THRET 2 M EA, =
640,000 km? & L7z, A, DEREE A, ap, k, € HHEH
EL7GE0HEl (E{A)) L ORETIM (SSD)

SSD = Z{Al _A (xplil —( - +kgB ) ]} (5-15)

ER/MUT B Ajap, k, e RERTLHIEIZED A ap,
k, e BHEL/e TITORMEBERIIL YT Ly 7R
BRI, A ap, k, & OEEBITHT 558k 7 —
FANSy THEICEVEE L2 T— ATy T
O TR A $$20000 & L7z,

b. &R

IR DI A, Ay A, Ay DIAEZEAL%E Fig
5-2 1R L77e Ay 121980412 114,000 km® Th o 72 d
D H319904E F TIZ 299,000 km? (28I L, FDH1994
4121 38,000 km* T TR L7220 Ay KDOWTIHTTIZ
E2ETHRBLTHNEDTEWET 5. A; 131979412
122,000 km* T& - 72 DAHT19914E1Z 374,000 km? 12
BINL, #0#%199441213 64,000 km® TR L7,
Ay 121980412 207,000 km? Tdh o 72 b DH19904E £ T
(2 431,000 km® (28N L, ED#1995%E 121 146,000
km? T L7

(5-13) Ric X % A, (= E{A)) & B MR Fig. 5-3
DEIN ol 28T XA —F 13 A, ap = 637,980 km?, k
= 0.1324, £=0.0001556 (10°h > 7" i@ S hiz
(Table 5-1),
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Fig. 5-2. Change in the spawning area of Japanese sardine
along the Pacific coast of Japan overtime. A,, A,,
As, and A, were calculated by summing the areas
of 1° longitude X 1° latitude squares where early
developmental stage eggs, eggs of any stage, pre-
larvae, and post-larvae occurred, respectively.

Watanabe et al. (1996) 2R L7590 (EE) &
IR TR O BRI Aw= 60.9E,"" 1242 5w A=
E{A}) & B OBfr%ERFENCTRTL

A, =2.5182 B**"% (5-16)

(5-13) X ®» AIC (Akaike Information Criterion) i
190.94, (5-16) K » AIC 13189.60 T & O # I3/ &
otze 5-13)RICHT HIRESHORMRZ Fig. 54 12
R L7, ERELERERHEICE D, HENIED LCRHE
BEHEE L, ERBREDEIMENHET 22 IR
BIMEIZREBREE VbR, 19904FIZRFEETHL LWV
DD, —BICERBEHEICIOWTIIRGIZT— & 2554
FTARE TR LEWOT (Chatterjee and Price 1977), Z®
BEL SO CHEMERIE L. 2BELHMIIE -
7R S R EED SR, BREIRAIEE SR
Moz, BABEREPHEICE oSS IEMK - B
MHFHELD ST HEY M b IREE S iz, R LiRE
O BRREAE AN ER & EHH A OBRBEOMIZIZED %
CREOEHRELSRIEES L (Fig. 5-5)0

Fig. 5-3.
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Table 5-1. Estimated parameter values for each relationship between the
spawning area (4,; 10° km?) and the spawning biomass (B;
10® metric ton) of Japanese Sardine along the Pacific Coast
of Japan from 1978 to 1995

k k
Relationship A, = Aso, [1—( 1B ) ] A =aB’
SSD 24463 25376
AIC 190.94 189.60
Parameter Ao, k € a b
(10° km? (1073 ton™h
Estimated 637.98 0.132 0.0001556 4.431 0.401
Variance 3093755.110  0.0209 2.55226 10~  60.9176 0.1785
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Fig. 5-5. Test of normality of residuals.
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Fig. 5-6. Relationship between the spawning biomass and
spawning area of Japanese sardine.

B=0.8029 A,"*"  (r’=0.833, p <0.01) (5-18)

BFEFMATHEE, BEEF—I2DLICEREY
WETHZEEHELL, FOHBEDLMRK (Hewitt et al.
1984), F7-, EAELREEICH L TCERERAERE®

o

FEEAL Z ERAEWICEMINZVWEETFEZ LN
%o BEVIMERED O EINEERKELHEE T 5 FHER,
gU%E (JEER 1983) % Egg Production Method (Lasker
1985) LB LCHifELRT—% 2y FERHWADT, &
BN B L CRBEAROHS TOMEI DORELEFR
WERLLTHESTHBLEZ B,

BB X CFAOEEHBILRE - BREEMEIED D
HWIEAS» 7z (Fig. 5-2, Fig. 5-7, Fig. 5-8)0 ZDEE
BElomphe, WERICE S E#E 25 (Kasai et al.
1992) L7278 CREINGHEM % i b LM IR EIX
HEINEBZONPRERNOTFIEL D LICEHLL A, TH
0, Ay, As, Ay ZEKEETH DL, LOLEVS, Al %
FETAICIIORERBEOMBAMEEL ) OT A,
As, Ay DOF— FIVERE L I L THHIPPHP L, O
ol % D B 030k 5 N B HEm R R VRZE 57 0 1 TAKAF
THLMETH 5,

PEDRSGTIR 2 O OBl AR KL E T AT e AV
L&, ENYHBECOBEIrSHBERIEEN T
BUENDH B, CV(A) N HDWviE s OBIIMZoRT
WA L7 (Fig. 5-9)0 s /NS W EEITII N ZHINSE
e LTh CV{A} DBV OREI/NS v, EIHER
HEORBERZNESEAICEs BRELTHIEIEY
Thbo s DINFTA=5DI Bk, m, p X NBHHIED
TELZV, —F, aBXU o BFEFTECHRD LT
A—FTHLOTHIMTEETH b, JERTEL (IRET
5329 b (Thbba BEKEW) ZHAVIONs &
KELTHLDD 1 DOBIRTH 5,

PEFRICIRETHLDICE, 1 REFLLY 0K
BEVPREVIEZIEL V. 1 BN OBKEORE S
BRI ITIRE & B IRTE 3 % JKEETKEERTZERT B & OF
BT K E BRI & o T b T 2 FASEO R
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¥ MTB) 7% { Jiv: 5T &7, MTB IZEKROME
FELMETORERDHES TH 5 H, BRI
T 5KMERL (B 29N w0 HEE ) 2k
ZLRTwEoEENE SN TE 7 (Smith ef al. 1968,
JCH 1974, #% 1981, #&R 1995a, b). Tranter and
Smith (1968) % MTB iZWAKEL/NE L, FEHER
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(1989) XmH (1974) PEFL-FEE#$R A v MC
YREMAIAy M (HEE VSy 742y b, B
LNP) %BERBRAIMEHTEEL Y FE LTRIBL
720 LNP WEBOLEDS MTB & HEE LAY 345K E i
HEZ ORI DIZw (3R 1992a).

g8y (1998b) Ti, AR (RLMEMERE) 2REH
B AR KBTI TEEERMET 540, HFNE
BB - EER 74 (THM 1993) %
WAL, F—kEZEHTLEVIEROD &, EiET
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Fig. 5-7-a. Distribution of sardine prelarvae along the Pacific coast of Japan in February —March, 1978~
1983.  Solid circles and crosses show the mean egg density (number of prelarvae per 0.159 m®) in 1°
X 1° squares. The dotted line indicates the location of the Kuroshio current axis in February. The
solid line indicates the location of the Kuroshio current axis in March.
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Fig. 5-7-b. Distribution of sardine prelarvae along the Pacific coast of Japan in February-March during 1984—1989.
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Fig. 5-9. CV{A}, from the numerical simulation according to
Equation (5-10), as a function of s and N.

A ERTIRGEMD Y » ZIZH Y 1T 72 LNP & MTB @
FIRKERE (EE, M1/ v b)) 2EBLzZ. B
M3, 1,2,4,8, BLURGEELE3EEHKL. &
OFER, ARERBRER & EKEOBICIE LNP, MTB &
bIEDOHMEAH - 7275, BERE &) Z#EKE () @
BRI LNP TREMR (v = 8514 x +2.547, =
0.947, p<0.01), MTB TZEFERX (y=10.501 x*7,
¥=0878, p<0.01) THEMTE (Fig. 5-10). MTB
(RG] (RAEEEEE) AN 512D R MR R0
T5 1 REdH D EREOHMBIEIL, 2 ~45H
(60~120 m O RAGHEHECAH L) CHET VAT 50
LNP EARF KR OKBERBS B & OKEMFERH T
ELTWBIFEALOERNERAECHERH SR TNED
T, EINSEREOMEFER LICEMLTY 5,

140 e, @ 1 remodelled NORPAC net
120 - = = . o: Marutoku B net .
-
100 F y=8.5137x+2. 5374
ri=0. 947
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Fig. 5-10. Relationship between duration of tow and volume
of water filtered.
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B) WCHERL72Z &2k D, FHHMARORERN LM
ool bZE X7,

—7%, Wada and Jacobson (1998) Tit, RAHEEIC
B BFHAORBEINAENOZEEIZLY, 19884 FEL2 A
ELEAEMBRIKESEBLLAZLERLTBY, E
IR OYK - MDA TIIHRMA RO E FHHATE
LW EERELT WA,

ARIE T, EINGER L FHHRINAROBRIZOW TR
L7

a. MEEFE

<A T VERIGEREIZ, F5E1EHD A THW
Wada and Jacobson (1998) 2*&5|H L7z y F£® 0 i
HBOBER (EEN—-2) # yEOHHRMARZE (R &
U7zo FERERIZ Ry/B & LTz 22C, BIISS5E 1
HERUL, y—1 FE2BT 5 1R LoMoEFEE
(B) ThH b,

b, # B

1978~ 19954F 12 35\ > TR BN A Kt & e R iRt oo 0
CAELRMEBERBIEZRWZE o (Fig. 5-11). —
5, PR b R NETER ORI 319884 235 L L 2 D
DIBHTIEBTE 2 (Fig. 5-12),

1200 r 100 1988~1995
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Fig. 5-11. Correlation of biomass of 0 age recruits (after
Wada and Jacobson 1998) with the spawning area.
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Fig. 5-12. Relationship between the spawning area and re-
productive rate of Japanese sardine.
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Ry/B = 0.9665 exp(—0.01694,)
(1978~19884E, r*=0.4631, p < 0.01) (5-19)

Ry/B=0.1397exp(-0.0172A,)
(1988~19954F, r*=0.8979, p < 0.01) (5-20)

c. E =B

AT\ BRI % I & 5 AR IUN T R~
o BEEEREE LTHEL, 22 cHThemm -
fFfan% g - ZBEICBT 2R BHOMD
R BB (RAHR) ICEgsh, WEFFICN
ATBEEZLNTWS FIH 1998), L L, HEHE
AT VFRAOERICRE L o 7285E, BREBIC
ik S N AFHERASIREER IS T 5 B 1M 12
THTHA90 — N, YA T VORBERIZETHD
(EHE 1988), EMAEMBIEEMICHL Y EE LEDD
WCHFGT B, LIzh > T, FHMARI IR L7z
ELTHBAERE, EIE L D FHAKETH S HHIHE
B Bo EINHTERITHARER & EOMHBBRYS 5
DT, EIGOMIRIER L2F T LR B, LEL, WE
BACH® SN FAROAFRFIIE (B4 58), BEH
R S N THFREAOAREMRV O R O, #F,
S~ AN IR D o T XGRS WVE £ - 7oF#E
HOADPRERBEICMAT S, Thbh, ZORHOE
BB OWREELEEEOETEFHRTLDATH S,
PAENC & 9 BRSNS OIERITHT BN A BT D& 2 H <
TR D B2 TR, BAEROKTZHERTS
BERABEEO R i Tn5 LI 5,

19884 LLFEIZ D\ T O ESR S IR & FrBLInA & O B4R
X (5-18) 3k & (5-200 A D

Rz=0.1121 A,""exp (-0.0172 A)) (5-21)

THEPTE 198E RO B R BRVSHHTE L
(Fig. 5-11) o HHBEMARIF (S2D)RI2 X 2 LA =
105,000 km® TRKE %5, ¥4 7 Y OBFEBHIITE
+AEBMOBEMMSH H DT (Matsuda et al. 1992),
19884 E D A EBERIRE LB LRV ERETR
12, G2DRUICE VA T OFRMAREZFWT S
EWTUEETH B EEZ D,

sz
i

=111
E:4

E6E B &

19884E DRIl SNz~ A4 7 Y OBBREBRIIZ,
1988~19914E M 4 FEMIZEBE L TB I o 2MAE D
BANKFEMN~ A T VERERFBOBEREDOFERNE ST
W2 (Watanabe et al. 1995) o MABREWMOER L LT
FTRWICEZSNLENROHA L, 1988~19914
I2BWT b BRI EKETH - 720 TEIRE DA
IMAEMBOEE TRV, T, BUINWZINORIZIL

B U CHNE AT b A B HMT A D S b o 7228, B
I OFAERE L 1 RIS TOMAED MBI HBEG
Bhaholz, SRHEDI L, AT YOMAR GEk
FEE) KEOZEVPEAMBHOATHRE Z2DTIESR

{, ZRUBROBIEBEOHRLE LThELILERL
Tw5 (Watanabe et al. 1995), EERGEICBIT B5E
CEOEHIZL > TMAENRE SN D & F 5 Hjort
(1914) @ Critical period {RFH1% 1970418 LI R fAF 4114
HEIERFIROF LN RRHE L VI MESTE5 L 6NT
&7z LAL, dBRKFEERON S 7T 47 THFA
BB AR TEPIMABREER 2> Tnhw
(Peterman et al. 1987), JLXRKFERDO <A T 2D
THIFAB OB TP ERHEE L BB L2 (Butler
1991), Houde (1987) (Z4EMEF&EISHIATE RO H
HEREICHRTEZOTIERL, FHRAHEZBELZMAET
DREROBBE L THRILEVWIEZFERE L
Houde (1987) BEBNZETRIIFNEREOEHTD
DIREREELATAERISMAZBNICRE (EETS
EEZTWA, LL, BEERICX D IR A
THINBEEERTORE, BkEHomck) Rz
BEDTHAHDL, MAZTOEMM%Z —RICHS Ol
MALLTEBELVHH S, LTV AR, U Hih
& BEFRNANOEE, RREEOERICL LT R
FEEFMT 2 2 L IZRBEELRHESS . (EE 1994), &
METH~ A TV OEFERORTI~FAYO—EH % T
DR, REBEZRLZICTETREFVIEERL A
nTwizv, L LEAZAVWEERN, 22N F
EE H OSSR B W TR A 7Tk
ThY, SHROMEEED b %% b,

R R AL AT L, FERATH 7 B TGRS
BT TRV, b 2 IXMEE THRE I N/ EHE
GUED < 4 T VR OSFEIREIL, BEETRES R
7AOLVBBRIFTHLEVIRBRIGRENS (B3
), ITORBIFAOEE, EREHETHAHIYLE
EIROIT D BRIFTHHDE0 6, SFIRGED B0
FAPWEREIYIRIFTHL I FUICK Lz K
BITix, FROFERER [HPHEEICLVRTELE
BRI LI [BEREESEVBERTIIRERED
BWEROBDMEMCEERS ] 72DIZ RO TFMITK
TAHBPE T EMRU (B3F), F/z, A
B BRE & ERBROMIIC L D ERICAELREREET
THAPFEERLZDICEROENZ EPLHETH S
o Thbb, ARICAEZEET ClIRROHE AT
FANRINIICAE SR A L VIR T EV . ZD704E
o HFAOBREREDREOATIHFAICKN T H4EF
BEORGEZHANT S EEBRTHY (E48), 1+
AABREO RGN, EE2REOEEISHI-ER,
RERIBOBEY LRENINTVL LI EHODL &,




40 &

F—FEOFfMamEOE (FFRET) 2 LITHEY
HBRELEZ DL, LPL<A T O~ FAaHIcBIT5
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2185700 [<A4 77 ORIBGERONKIS A EER
B RIZL, <AV VOEBREKXO—HEZE-
TWwa| SEREERIEL, UMToX)CHEHLL,

<A 7 EREOESIIEISTEOIK - g &
b9, BARFEEVHAT 5 L EWNE IR LEHO
WA E CREINGIIART S (B2, WABIIEE
BIEAHT E CICRE TIUEAEDS L LR ITIE IR ICRIEDS
HTWIEBTHE (F3FE). L LinEBUITaESE
BIEEADAME D A &R A DI I RE R TH L (B4
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