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18 A AFIBREROTHELRE

A H I Ammodytes personatus 1 AAFXH A S5 I
A7 TBIET A/ A T“i) n. ﬂi IR < Whtse

B, FRESRIET NTHMED S 2 D IEEN LV, BV

% EOTRERM Iy F T 5 4ﬁ+2&m@(UT4ﬁ
FIEEMET) ORI OWTIE, S T4 TR
D ST &S, MR, PR, RN, 4

YR8 A — 5 DAL L o T, 6 HiDFEAH
B ST A (Robards and Platt. 1999). Zi15 6
i E AL S 4 B9 B AL hexapterus, A. personatus,
ALKV EETEER I AR 8.3 B A americanus, A. dubius, _]Lj(
PEEETREN - A B9 B A marinus, A. tobranus T b,

7 TROREOMIL, ki 40 ~ 60 D %QFMML
ST AMIETETH Y IBKIRE A F F R o
A. dubius T (0~ 6T (Scott, 1968 Winters. 1983). Atk
WEEVEE T > 77 A4 5 v FiEO A, americanus (1FH3)
T -1~ 10T (Monteleone and Peterson. 1986). 7 J
ANED A. hexapterus T2 ~ 12C (Robards etal., 1999
a) Efv, F7:, EFEI B O H AR &
LY D BEM FCHENNT 5. —5. A. personatus |3
AN F I/OPT L b AER L, BADRE
TWlE, S Pl &0 PRI 7 EsU S A A il
HHETHY, 20T LOKRFESTICBNTHHIET S

(FEE1ZA. 1967).

AN T THEETNOR S NERHFBIREE L
Hyh % 4 D (Scott, 1973 Mever er al. 1979; Winters.
1981: . 1985; Monteleone and Peterson, 1986; Dalley
and Winters, 1987; Nakata. 1988; Rankine and Morrisor,
1989: Gauld and Hutcheon. 1990: Mcgurk and Warburton.
1992; Berntsen er al, 1994: Blackburn and Anderson. 1997
Wright and Begg, 1997; Wanless er a/, 1998; Quinn. 1999:;
Robards et al, 1999 a; Abookire et al. 2000; Litzow et a/.,

(A

20000, LAL. SIS OiHEIC BT AAEFERNILSHT
HY. oA h - TS A BIRIEANTEE IR L B A

personatus |IFE 7 ERERFE R b Do
B A 7 THEOFGILA hexapterus T 7 (Robards
etal, 1999 a), T 12 4 (
1992), A. dubus T 10 F (Winters, 1983),
T 9 4 (Macer, 1966).
1970) TH Y, —#IZERTED &

A. americanus Brethes er al.,

A. marmus

/r—

£ (Reay,
nﬁ% ;A {)O

A. tobranus

’/»

5

i

LU, A personatus DF5riE 345 (. 1A, 1967
KE5, 1950) &4 7+ TETRLEW,

mAAER BAREEIZA hexapterus T 260 mm (Field.
1988), A. americanus T 220 mm (Leim and Scott.
1966), A. dubius T 250 mm (Robins and Ray, 1986). 4.
T 250 mm (Macer. 1966). A. tobianus T 280

mm (Reay. 1970) T&H 5 D25 L. A. personatus (4l

marinus

BiErE) (3212 mm (Hashimoto, 1984) & A 71 4 =5H
DPTHRL/NUTH L, ELELOREIZL S L, FHE
FED A, personatus DIRFAREIX 149 mm (1991 4E45745)
T, SHINETH B

PEBRER  FEIRHNIE AL hexapterus (Blackburn and Anderson,

1997; Robards efa/, 1999 a, b) THZFE (9~ 10 7).
americanus (Monteleone and Peterson, 1986},
(Gauld and Hutcheon. 1990; Turrell, 1992),
(HEIH, 1966 a s%J11, 1980; Yamashita and Aoyama, 1985)
Z& (12~ 1 ). A dubius (Scott, 1968 Winters, 1983;
Dalley and Winters, 1987) T4 ~#%F (11 ~6J). 4
tobianus (Reay. 1970. 1973) THZE Q2 ~5 1) B L UFZFE (9
~11A) (oo, BIlLoTRENIHLL00, A
GOATE L LI 2%
Z ¥ ﬂtﬁ? TR 72 OF P (FecundltyJ i A,
hexapterus (Robards et al, 1999 a) T#y 1,500 ~ 16,000 ki (2
A K93 ~ 199 mm), A marnus (Gauld and Hutcheon.
1990) Ty 2700 # ~ 15400 4 (#F 45 fk & 120 ~ 180
mm). A. dubius (Nelson and Ross, 1991) T#9 1200 ~
22900 % (42E 137 ~ 213 mm) THAH., THII L. A
personatus (LLIEE A, 1999 a) (E 1800 ~ 27,000 47 (42
HEAREE 70 ~ 130 mm) & EEAVI S WEI IS,
B - SMEFRDOYA X A FTHITT LM
DR EN T EL T 5, 4 A - THOZHENO T
P 1% 13 A hexapterus © 102 mm (Robards eral., 1999
A .dubrus T 1.05 mm (Scott, 1972).
1.02 mm (Winslade. 1971). A. americanus T 1.00 mm
(Smigielski et a/. 1984) T & % H, A. personatus T (%
090 mm (LUHIZA, 1999 a) &M A 75 TEIZILN
T/NE W, TH LR oEWE ML, A personatus
D 5L BT B IR RRIE 45 ~ 47 mm (1L
1998; Yamashita and Aoyama. 1985) &. A. hexapterus
? 53 ~58 mm (Pinto, 1984; Mcgurk and Warburton,
1992) . A. marinus @ 50 ~ 6.6 mm (Winslade, 1971). 4

A. marinus

A. personatus

personati us %

al. A. marius T



americanus O 57 ~ 6.3 mm (Smigielski er al, 1984)
AT SV,
MEBR R A personatus O SMUATHEIEA 71 F THOH T
LANEITH B A, ATHESIH O R X Rk i A
T B zOMEEL D e b B, B R O AFET
F1AEH~2RTHD2 r A TLEDH 4 mm »
5#930 mm (EAREZA, 1999 EARZA, 2000) (2, 7
PEEOAETIZL AP~ 3 A LBD 2 » HE5TEE
HEDH 4 mm 55935 mm (ILEIZA, 1999 b: (L
2 2000 a) R T A, —JF, X—=1 ¥ 7R R
TRT T AN WED A hexapterus TR 2 4 H I THEHE
RER 6 mm 2549 15 mm (Mcgurk and Warburton,
1992) % R EEHD > 7 T47 2 FEDA
americanus TlE, 1 ~3 A 2 » A TEEKREDI 10
mm % 5 #J 15 mm (Monteleone and Peterson, 1986)
T N FSRIGERED A dubius TIZ, 2~5HD3 7
H B CHEEAREAY 7 mm A 54 24 mm (Scott, 1972)
FCMETBICEET D, PSR
B EAGE
RERERE 77 THIIIGE L THIRO #5381 %
b0, JL#ED A marinus \EFEFIED 12~1 A6 4 A
FCOAFIEN L TRIRT %5 (Winslade, 1974) . [A
DA IRIT IR R D A, hexapterus (25T L
% X 1T v 5 (Pinto, 1984: Quinn. 1999). Winslade
(1974) (XAGRABSCHLE TT A5 & A marinus O
KRENDNAMET T 52 & 2o AT L. AFTAIR (%
) 42 DEKEASCHTE TR TS B0 EE R,
G ROR TR G55 2 b @i KD 1 519
THH &I RBEYIZ. AL personatus 13K T
L CiEB I T 2 EIR (Estivation) &R 54F
ReEREr b0, A7 THIT-HIZLE 40~ 60" O
BRI AT A& AKTE (AR, 1991) Thb. A
pe15011arus HIN6DA A FTEOPTHLRLIGFEIED
BB 2T A S s, BRI ATEE % R
h& IR T ABIIER L EELAIENTE S,
BEGHTEA N TOERYMANS A (BE,
1980) Td 2 DIZART, L ) EKEROFEETITI6 &
RBEEL B0 ) LR XET A5, —EMHD
WIRIE A 7 F TEOAEFL @ L TR OB, €0
HEHERYE FE1T A, personatus EUFE TR o T b,
EFAE EOEFRIAO IR F—E 2%  Robards
etal. (1999 b) (&7 T A AED A. hexapterus DL ILEA,
LR ELANF—FROMBD Y 2R £IUIIEN
E ARIEHES,SSWE AT GEFICRE L, 7 A

—

(G

I A. personatus £ 1)

BAD LAV F—EHEITE LR HERAOETIE
WIFAVF—EmE A SET, 10 BOENHAEY LR 5,
FEIRFRIS T AN F —FREDPMEACEOIRIE TR A
5o A. marinus TH RO T3 )L F —HH, HEHIED
b b (Winslade, 1974) s T od A A F ITHHIL,
HEEILEMLAZ ANV -2 FFRAFHHEL, KT
RIRE (ZIRY) @AM FHEL Tws. —F.
BB D A personatus |ZHFEZTEITESSIEE L. EHIREH
D6AKRRKOZINF—EHE (HFIEHE) (EL
f&b FR¥ 5 (IO 1977 a)o ERFITEEL 2V
EFRLA AV -3 EIRbOEEAEN L - T
‘Ziéi?éféhfﬂf& T 5. HIRMEED 11 IS E G
L. BIR#&THEZD 12~1 F2ER4 5 (LM - AL
1999) o FEGHTE 20 = A )b F — HRE i/ ME & R 35,
FOBITEEIHA L TR ERELRES 5 (1
M. 1977 a)e SO LI, REEHFEFICEH LA
V¥ =T LRI IR ot )
BUZFIH L T d (HEED. 1999 a). FHFIDHREIC
AL, PEILIALVF-FHEIRRE L L8134 75
FOEIIHML T2, FRLCLALF DKL
L URIE A D i AR e~ D BL 43 #3542 A, personatus &

. RWT

MWABTEZL > T b,

Pl MUAh+TEaHETH N a6, A
personatus \ZEEF IO RIA, FEINIZE B A 4h%
[bleo T, L ITRKEL RALAELEL TS
% (2000) 13 - @R EHERIZ AR T 2 = e A

7N 2 ~ 3HTDIROINAZLE) m?@m‘ LT, &
MEHRICERT 2R EFTRT )AL T L OEEIRIE

LT TH Y, FL= v vFREOHTHMAZED)
BAICHEESSH A R IFHL Thb, 8612, Th

5L, HEFREEOTEN - REME A B

TR E O AERE T/ N3 v b v ) BiEs o BE
PRl e . FIUIHIGT B & B OBIEATEC LR D
OB NI Lo THE LB E#ER Tz A7 F THIZAS

NEEZRERAERICH, TNFNOEBEBREANOBIGHYE
kAo H0md Lgv. FEEILBITASM T TA
personatus DN NI & AT 3 510570 g
BOBERF L ICEET A RO LRI E 10
(RS BTN D B



1L

E28H HMROEBHICHIZAHFTIROMARE
B

1980 FE X TOMINCBIT A A H T THEHOM3E
3, DEPEY - AREMFEOEEBICEIRT BV
EER AL TH o2 (FlRIE Scott, 1968,
1972, 1973; Winslade, 1971, 1974; Reay, 1973; Meyer
et al., 1979: Richards, 1982; Buckley er a/.. 1984; Pinto,
1984; Smigilelski er a/., 1984; Monteleone and Peterson,
1986; Dalley and Winters, 1987: Rankine and Morrison,
1989) . T OBAIZIZIMAE O LTI TER L
Wrgeis 7 &, dbkRTEEERED = V3 Clupea harengus
R I8 Scomber scombrus DEPEE A 1+ T8 (A
DEFR L OB % AT L
SV VER AN EORREENRATEE, A HF THED
£ % & /Bl ORI R BYIEEE 2 47 5 MO & I E AN
L. REREROEYES—FEIRIINS L) BES L
%2 & wiEE L7z Sherman eral. (1981) %2, 7+ 4K
TEEED A, dubius DINAE & ¥ T 58 Gadus morhua @
WiEE L ORIIHWCEOMBBERED Y. ¥ FEOEHR
BAA. dubius OIIAEZHIRT AEELERTHEZ
& fET L7 Winters (1983) HOEDNH L 12§ &E %
Vg

A5 F THEOMAEEENE T R A 12
éf)%ﬂ%i') o7 1990 ERIZA> T2 L TH

o MHOA B 7 THIZERITEFERE & L Ol
f)‘ﬂ@‘ H AR DR 0 A. personatus DAL i3 &R
ELTHMRANICFIH ST waB A 774 T3, JbiEE
WHHRD A, marinus T A LR RETIEFEICALFY)
A, Trow—y, ST =, ATV x—T X EOEN
EMO~10F MO A AT THEEBEL, F0i3L
A ED A marinus Ta B (ICES, 2006) 0 iz Fic
V=) YEGERA ORI REARMOT 4 v a3 —
WELTHE I N TS (Goodlad and Napier, 1997) -
MEE IR IC D W I3 ICES (International Council for
the Exploration of the Sea) A%FEilll 22 & FEAL % 1TV,
FUCED CHFIBER (TAC) REEY, HEXo
RIERZEIL L DEFEEHE;ITHLNL TS (ICES, 2002,
2006) o dbHEHESD D A, marinus 2L 2 DO R BEHHEE &

. RHBMA CREEANEBR SN TS, DL
(ﬂialt/LuSG)‘/l Moy REEBRIEIIIEET AV o
NZ ¥ N%# (Bailey eral, 1991; Wright and Bailey.
1996; ICES, 2002), 9 O &Dldy = b T ¥ NEEHH

b < Abipik o A, marimus BEiE* B — A% L 4540

dubius, A. americamis)

T

HREE (ICES, 2002) TH 5, BHEIZOWTIE IIAB
BORL 5EHOMBEIEE L, FEOMHE, FEEK
3 (Proctor efal, 1998) 7% &ii#&T %, & 5i1Z/51L
TS EDIER (Furness, 2002) b &5, LA L. #
REBWTEEORME LR ZHMEMLZ L, F/42 &
WHHOMARBZHOEFML TV b b H—FRH
ELTHRDHbhTtws (ICES. 2002), —77, ¥ =k
F v FREEINS 3 ML LMAEL B 2 ~T
(ICES, 2002)0 &EiFOFFMBEHOEE L LITL T, I
AREFICHET 2R ERIIED 5TV A
HEVHAOERIZE  Arnott and Ruxton (2002) 34k
W BT B A marinus OIMAEE, TORIZRBHEY -
WL B K & ORI & AT L, SMEEHO» B L
HREEEMAR L OMICIEOHBEPGH Y, HEY L
LTO»nd LERGFEOLHIEBOROS A0
HRICEETHL EWEL TWbH, T2, Wright and
Bailey (1996) (33> = b5~ RELD A marinus 123\
T, MU EHEFIIB T A8 7T o b o HEGEE &
DA I TOTNDIEEOMBBE. & 5IZI3HEE
I & o THFED A E WPHIET N ORERER & 224 L.
MABREOEELZERNE 2L I EAEHL TV 5,
#B  Bailey (1989) 1ZdbifdbE D 4 4 THUZ DT,
MBI L DMELPAREOELWHEEERTHLI LG
ML, RO A - THEORFEEFMSEEIZ L
HHERBOFMEALETITINETH B LIEHL .
B 612, Bailey eral. (1991) 3= b o ¥ NEDBD A
marinus % %512, 1981 ~ 1983 £ F TOWMEIZ L A H
BETESWISFHOL, #HEI L D2FEEOLTE) LT

ED~40%%EDDI L, MBI L DA FERH
BAREILN49000 v &fEEEn, Y2 T2 RS
BV TR SRS D o L EROERFREER I
iy A5 &ExPHLMNMIL TV 5,

—Ji. Furness (2002) 13E 7V % v T B
% A. marinus DWFEER AN L. YN8 E S SHHIC K
%’r’&ﬁ‘{)ﬁi%ﬁfﬁ BT T 7 &I X B ERFERM

EBBHELY L AL DRENVI EEREE, HEHR
o4 74510) CEEIMAAEONMARL Y AN AEES
BRI EZEHL TS
X mh@ﬁ@%TwLi%H%ﬁ®%%ﬁﬁtﬁ
WESNZEYFREMAEGDET, LEBICBT B A
marinus DTIAEEE % FH L L) & T H5HAPTDIL
Twv b, Berntsen eral (1994) (2 A marinus 812 H
ST TOM®EE 3RTTERET Ve o THEL,
AR OR T E L VPA L ZIMARIEENEE



#1%

L OMTEEBHFAS—HT LI 2L T
4. 72, Proclor eral. (1998) (LN EDMEHICEB
TAFEO RN, SMEAT— ¥ 2R TFEEETIVIIHET
139, A marinus (THEOEZFEXOELE L. Jb
RIS O 0 A O #HX AN TR HET 5
CEERERLTY S,

D A marinus EIHEIZ BT D EINHAE EMAR L
DI 2 BAERRSRRD 6T, EINEHAE D
LIAER®FHT AT EIdEEEE 215 (Goodlad and
Napier, 1997, ICES, 2002; Arnott and Ruxton, 2002) .
DL, MAEDEHERIZOWTHADT 70—
FHRAONTELD, BEEFEIC OV TIREN 2w
FRAEITIREo TR,

38 BAOAAFIDRFEESNMAZKDMA

1. REHEE

OAIBREICIE, F5 454 T A hexapterus & 4 71F
T A. personatus O 25D A 51 F TBBIEEDSHH LT B
(db O, 1979; Okamoto et al., 1989; Hashimoto, 1984) .
F 5 A A > TEFEEWFDR/IENS, A A FTEE
RBEIIL ML TW5b,

Hatanaka and Okamoto (1949) 3k~ g4Iz
BIFAKFEHEBOA HF TOEHEFHEF R, FHE
BodoeE— Fe b o8B Lt REEL, 6212E—F
L OUHORENIFEET LI ETWL NI L, R
12, JBE (1980) RIEEERY, AREMICEE O 2 HHML
BEBIEFL TSI & #f5f L 7. —7. Hashimoto
(1984) i1, BAGEEHOSMELA 7+ TREME
DF B E B L UL RN L, BERGED A
AF TG 20T N—=F, Thbb, dLEERED
S HAGEH TEBEIENEE T, KEE T EE
THHTAIN=TE, INLIYVBEHHTEINV—T
THRENTWAZ LMoL, 512, AT
7 (1988) &7 A VA LI & 2EEM BT T4
AL, KFERIHHTEANFTIO2 7V TIEER
HEEMEFTH A7, BEITWEHEILE CE#EO L~y
Wb ERER L, SNHDMBIZETITIE F#E
B A 519 Tk Hashimoto (1984) A38 ) BED 7V —
7, Thabb, IBBUEOEILER AR #EE A,
AR R, WY T WA Th5 4 AT TER—DT
N—=TVBTHI LIl bs LpL, SIS DUWHEEIC
BWC, BEROTE) Sy — VICREL RIS 5

#

N (Fig 1o & D bITHEED A 5 F T2 T,
RHE D A 71 T & ORI . FEERLITAES
AT A (EI3BESHE) JLhb, ML LAREE
PR D DPELTH A

400.0
300.0
2000
1000

0.0
2500

200.0
150.0
100.0

100.0

100.0

Annual catch (10° tons)

0

OO0 .l‘. O
@ ~ - o @ © ~ — w @ e ~ —
w w © © © ~ ~ © @ = =3 =3 [=}
53 =) =3 = =3 = > 3 o =3 > @ 1]

Fig 1. Annual catch of Japanese sand lance in different rigions
from 1953 to 2001.



LI

2. BRILETBC HFIOMAREEME
BARBRISSH T 5 A 517 T A personatus 1L, K5,
W, ooxyF Ny F) AR EEME BEE 9
W EEMRBFEIC L o TR, MERREELTO
BTSN FRATEN BT 2R EOERRIRER T L
HEEILEIR RIS B A XS4 A T TOWIES ST
F£1075 b vHETETIER L T b ERIEHBITIHEEG
B ERREA~TIRIE F TORTFEIX, F8E, EE N
THY, INS4ERTHEORIGBERD 8% L L
HH TS (Fig 1) AMEOFELSAMOVE D
HHHEETIE, EICEE - BEHMEOR 200 7 O
Ny Tl RERAEASEIAS 3~ 5 Al T A~k
B (EEEAE 30 ~ 90 mm) DA HFTEHEMELTW5b,
1 E#BY 7 Y ifadiER: 13 500 ~ 25,700 b >, MAESTEIT
30 ~287 EFNIZ#ET A (Table 1) F7/2. EIIENUIAL
BT aHE, AEBHUXTE, PBTRHZIL~2H
AR & OOV & » CRESRTR OB % 5 L T
Bo YITAFHEIGT, FUAL, WMELREONMTHE L
T, KRBT FICAEREAAE E LT BAaIssy
MITHELTHHES,

HEETIE S T AMDA B F T HIEEN & D
DTEL, TOEMORTHRIERED 90% L E% i

Ve
=
i
%
-

Table L. Annual changes of catch in weight and in value of age
O-group sand lances caught by seine boat in Ise Bay.

Weight (tons) Value (imillion yen)

e Mie Pref. Aichi Pref.  Total Mic Pref. Aichi Pref.  Total

1979 352 1,619 1,971 40 800 840
1980 2,031 1,352 2,383 18 439 457
1981 606 848 1,454 209 307 516
1982 172 343 513 105 190 295
1983 5,325 3,889 9212 834 743 1.596
1984 1,501 3,774 5275 286 721 1,007
1985 6,988 4,619 11.607 767 1.062 1,830
1986 6,346 3,950 12.296 868 1.369 2236
1987 5,179 4,559 9.738 484 889 1,373
1988 2719 4,195 6.914 571 1.015 1.586
1989 3,181 4,553 7,734 480 1.238 1,719
1990 832 1,588 2.420 291 727 1.018
1991 2,647 2,582 5,229 638 1.383 2,022
1992 14,358 11,301 25,659 757 1.248 2.006
1993 8.077 7.559 15.636 712 1,138 1.850
1994 4,471 2.968 7,439 981 1.649 2.630
1995 1,160 1,870 3,030 245 590 835
1996 5,022 5.841 10.863 975 1.894 2.869
1997 4,052 4,080 8.132 378 884 1.462
1998 397 797 1.194 202 521 722
1999 5.995 4.450 10.445 679 854 1,534
2000 356 559 915 200 401 601
2001 8.965 5.688 14,653 753 943 1.696
2002 9,349 7.127 16,476 740 1.025 1.766
2003 1,715 3,121 4,833 368 9206 1295
Mean 4,072 3.809 7,881 512 9i8 1,430
S.D. 3.554 2,570 6.026 297 408 672
Max 14,358 11,301 25.659 981 1,894 2,869
Min 172 343 515 18 190 205

otk

{7

H

BLTw2 (SR, 1991, 1998 a)e A 7 FT¥ T AN
L4 DIAKFRIKRET L e S, MARLD
P ICXT T B E PN T EE DML
BAEIIB 24 FTOMARERGHICHT 5K
KELBEE LT @MENBERZHRE LER
(1966 a, 1966 b, 1966 c, 1967, 1968, 1971, 1972 a, 1972 b.
1974, 1979), Nakata (1988). Fujiwara et al. (1990),
Kimura efa/. (1992), H FE8IA (1997), Hitid&E
g E LI (1983). Yarnashita e a/. (1984, 1985a,
1985b). Yamashita and Aovama (1985, 1986), #HA
(1991), fHEEE G E L7zl (1976a, 1976b, 1979.
1980, 1981), gk (1991, 1998 a, 1998 b). fif B (% 7>
(1997), EUI -/ (2006) ZEMHIFEN S,
BWRRBRED EHIZEOWIE T, BAOEEHES
Y - FFRESIA OBy - AR BEEESIR] & MR R
EDOWIEHA TN L., BEEFETRICED2 1gHo
Fe & MR EIAIER (R, 1966 2) ORICE ORI
i &, HERREENI 20 A M OTEE S D e %
RAEEE (YU, 1966 ¢) oM. 2 B ofFHf A
f & M AR (RE, 1971) OB ERERIED
MM ESZO HNEZ ExHLEMI L, 2 A0k
M55 A AT & Ui g R O NI 2R S B
BHE LT, EHIERO L9 1 fEga L7z GERL 1966 b,
1971) 0 A IRIGRAEE <, HAOS G (54
W) A<y, EINGELIAO#FENATRE 5,

T ORER, AN TOMEBESTBULLCY . B
REFHHI L D WARFEAHER L. MAE WL T 5.

SO AT ORITBCE A F 5 TV EIIFBELAR & (310
DHEZEHFEZ Y, MAEAEINT B, F72, TR
HEOARBIZ B CIIEE LB EBRRIED ST
BOEDPSHORERLTNT LI LIIRETH S Lk
RTWA GEME, 1972 a)

Nakata (1988) (X EF A BERZ BT, BIRE»
DA 5 S THFHOEmEIIITTROEZE LA, HML
T OPER D SR S DSFEINSH 2> © OB OB K E 28
R NTTI L, RIS LA MRS I o O F T
Bkl FOROBREETONEROBER L B
B 5 2 EFWoIc Lz RFRIC,
al. (1990) 1%, [HESIZ BT A FBOEF~DELES§
AEFEOHBEMAHE S TIRARICE o TECEATE 2
L TWA, 6. RETIEHTHEED (1997)
MNoa—F Wiy bT—2ETNERCTREREEED 1 %
FIINAET M AT, RIS REEEAINA R 2 Bk 5
EERELERE LB E, HICHWEY AORKLRE

Fujiwara et



i
e
=

KRB OERI A Z EFHEMNMI LTV A, HHIZ
2nTid, EIRPOFAICEKEVEZEZSLHDT
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F2E ZXFRIIHITHFRBBOBIRRECATHERME
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195 m OFFHEOWE TH 5 (Fig. 2). WFEHBILHE
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GRS LER S B SRS 2T TR IR FEI IR Ao
T b, EOFBICIIAKE S0 ~ 100 m DAl < EEVIKEE
MHEH, ENTIEECE 25 (L% 1985). EH
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Fig. 2. Topographyv in Ise Bay.
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Fig. 3. Seasonal changes in water temperature (top) and
salinity (bottom) in Ise Bay. Values indicate the mean of all the
observational stations of Mie Prefecture Fisheries Research
Institute from 1972 to 1992 (redrawn after Kuno.1996).
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Fig. 4. Anomaly of water temperature at the depth of 10m at
the center of Ise Bay during 1972-1999. The time series data are
filtered out helow annual variation by 13 months running mean
(redrawn after Kuno er 2/.2002). Arrows indicate the year at
which the climatic regime shift arose (Yasunaka and Hanawa.
2002. Minobe, 2003). Solid and blank bars represent cold and
warm period, respectively (Sakurai er a/.. 2000).
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EFITTREL B FEEOHREEARDS, T DRI
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1977 b)o FROWHMY -2 % s 1 B LA~FWon
Wh LE — 7)) v AoW T
DELFIHIIZ L o TAFE L TEBRYE ki
To L L, FORIIKRBOETE & B2
5 fFig 6 f[JJIT[ 1994) ), HEEIC BT B L ZTED HAHE
RGBS, AR DT

AR CFHEIEEA. 1996). A 75
I E o T, WFREZEEERBEATIZR S N B DIFSE
W O LB B o N 5, HIEEIE. A 7 J1F
BORBEEIZ BT 5 /) — 7)) 7 AREEIEKETE
FEL T D =B (el - (0F, 1986) & (dxfBaay
HETHAE YR H B (Fig. 6).

Bl (2002) AT OSEREAHVESHE I
EREE2LLPVH LEANOEW#EER (Grazing food
chain) 7% BBEAGEICIIBIIEE, SMER L E~DOR
#E 48 % (Microbial loop) 75‘){:1_?'6 EERiERL T
Who AHFTIIE o TUE, BIEM L D EEH O Hf
3 75 B A IR R Tb%%t%z%ﬂ%
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Fig. 5. Seasonal changes in density of 4 dominant copepods (@ .
Calanus sinicus. Paracalanus parvus, Centropages adominalis,
Acartia clausi) and 5 dominant cladocerans ( O . Evadne
tergesrina. E. spimnitera. E. nordmanni. Penilia avirostris. Podon
leuckarti) in Ise Bay. Values indicate the mean of 19 sampling
stations (redrawn after Sekiguchi. 1978) .
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Fig. 6. Changes in number of copepod nauplii during the period
of recruitment of Japanese sand lance in Ise Bay in 1992 (@)
and in 1993 (O) and Otsuchi Bay in 1982 (1) (Kitagawa and
Yamashita, 1986). Values indicate the mean of all sampling
stations.
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Fig. 7. Areal divisions and sampling locations of fish larvae and
Juveniles in Ise Bay.

LTREZ BT BN

OB & AR

LD 34ELNF 1T TR, 1 L8256 2 A TAIZ 100
~ T8 TCANEET L7zo 1998 #150c# 1 Trid. 1 A
s 2 AFWIZ120~101 TNEBTL, F06%
EFIZER U7

2. BFEEMK

1995 ~ 1999 4 D £ 4F 1213 13 ~ 18 474, 3169 ~
17124 kD FHEBATRE SN, 54 F’EJO) AT 26 5
JERE. 44018 BATa o 72 (Table 2). & B fa A
BOZEALIE/NE < RIS E - 67 @/“Hi"ﬂi 5 &
ETRIEFABTH o2 WITNOEILBNTH A AT T
Mib L L, WREMEAEIC SO A H FTOHEE
751 £ 21.1% (n=5) ITEL/. KW T/HEFE Gobiidae
spp. (72 = 62%). 714 T8 Sebastiscus sp(p). (72
61%). A ¥ L A Kareius bicoloratus (41 + 4.3%).
AR Lateolabrax japonicus (1.7 = 18%), <waHL A4
Pleuronectes yokohamae (16 = 15%) 75% R &7,
ZAS LA 6 ST THREAN AL 970 = 25% % 5

O7. A AT L1995, 1996 Fil s hoHTH <?’”'i#‘é
N7z LA L. 1997 ~ 1999 43 F N LAFi o 2 4E ) 12

mN%L<ﬁ¢Lt,:h63¢W®5%.%u
1999 SE g B R, AHTlE, A LA, ARXF,
IV A OREMEELABEFZ ML 7 (Table 2).
29 L7 A I ORI L B (Fig. 8) Lo
MR 2 BRI R B e o7z,

1998,

3. 1 AFIFHADHR - FHEX
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Fig. 8. Changes in water temperature in 10 m layer in Ise Bay
in January and February from 1995 to 1999. Values indicate the
mean of all the stations in Fig7.
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Table 2. Species composition of larvae and juveniles collected with a 60 cm bongo-net in January and February from 1995 to 1999 in Ise
Bay in the areas 1 - IV in Fig. 7. Open circles represent positive area of larva or juvenile collection

. Number of individuals e of Rangsol
Species occurrence standard [ength
1995 1996 1997 1998 1999 Total 1 I T v (mm)
Congridac sp. 1 1 (o] 115.2
Nemichthyidac sp. 1 1 o 91.6
Sardinops melanostictus l i 26 9 31 o e o 0 3.0-283
Engraulis japonicus 42 42 o O 2.8—105
Plecoglossus altivelis 1 ] 18.1
Salangichthys sp. 1 1 o 8.9
Gadiformes sp. 1 1 @) 20
Svugnathus schiegeli 2 4 2 I 2 t o) 14.7-96.3
Sebastiscus sp(p). 131 294 202 712 689 2028 o) 28—168
Sebastes inermis 22 25 53 93 190 38 C (e} 21
Sebastes schlegel 1 1 o 7.0
Sebastes pachveephalus 4 9 3 Y/ 12 3 © © @ © 3. 0—=20.1
Hexagranmos otakii 12 27 20 15 22 9% O 0 0 O 6.3—332
Pseudoblennius percoides 1 | O 6.0
Liparis tanakai 12 8 8 9 37 o @ O 3.0—84
Lateolabrax japonicus 25 21 34 165 223 468 o O O O 23133
Stichacidac sp. 1 i B 9.6
Pholis crassispina | | e} 5.0
Parablennius vatabei 1 1 2 [2:6—19:3
Ammodvies personatus 12,188 16409 2490 2879 2765 36,731 O C 2.7 =293
Callionymidae spp. 1 75 11 1 46 134 @ O 2.1=10:35
Gobiidae spp. 322 164 221 434 987  2.128 O O O 2.9=11.0
Paralichthyidae spp. 9 i8 65 92 g 6 O 22127
Pleuronichthys sp(p). ] 1 3 5 C 3.0—20.1
Kareius bicoloratus 283 23 65 251 633 1.275 e} 26188
Plewronectes yokohamae 62 59 47 88 240 496 (e} 2.1—114
Unknown 4 | 2 7 e]
Total no. of indiv 13,069 17,124 3169 4705 5951 44018
MoBBIE, wIhd 1 Ao I CEHMMIcER L Tv
400 Y5
ok N 5 RO | WAL 7 ) RIS & O ER
200 WOHERS & Fig 1012/R L72. 1 BB W THIET a8
E - b % CRESNMHITEOHTH o720 2 1 LA
; . WHHMF A $ 5 & BILEBTOIREMEE D B L
< 100 p 720 2 H A LIS B I~ & e R T b SR MRS
G s} B |5 e WD L7z
c —=— 1998 S e
S 60 =3 --O-- 1999
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Fig. 9. Density of prelarval sand lance Amumodyres personatus
collected with a 60 cm bongo-net in Ise Bay in January and
February from 1995 to 1999. Years of high (A) and low (B)
density are separated.
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1) AY D& Sebastiscus spp).
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& LT, #YH I Sebastiscus marmoratus, 77y H1) HH
TS tertius, T AN TS albotasciatus O 3FEHIH 1T
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Fig. 10. Five-year (1995-1999) mean density (top) and standard length composition (bottom) of larval and juvenile sand lance Amunodytes
personatus by the area collected with a 60 cm bongo-net in Ise Bay in January and February. Shaded bars in the bottom panels

represent prelarvae.
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Fig. 11. Density of prelarval scorpionfish Sebastiscus sp(p).
collected with a 60 cm bongo-net in Ise Bayv in January and
February from 1995 to 1999. Years of high (A) and low (B)
density are separated.
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Fig. 12. Five-year (1995-1999) mean density {top) and standard length composition (bottom) of larval and juvenile scorpionfish Sebastiscus
sp(p). by the area collected with a 60 ¢cm bongo-net in Ise Bay in January and February. Shaded bars in the bottom panels represent

prelarvae.
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with a 60 cm bongo-net in Ise Bay in January and February
from 1995 to 1999. Years of high (A) and low (B) density are
separated.
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n=2 444

Frequency (%)

1517 19 21 23 1+ 3 5 7 9 1113 1517 19 21

Time of day

Fig. 22. Diel changes in hatching in fertilized egg groups A and
B at 120T . Each column shows % in the total number of larvae
hatched during the 30 hr observation period.

AL observed for 12-13 th day after fertilization.

B. observed for 11-12 th dav after fertilization.
Solid and blank bars represent dark and bright periods.
respectively.
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FEINH oK 101 ~ 157C, FIH127CTH IS T
OB L, FEEIBITLA N FTOZHE,LHLE—
7 FTICHET AT~ 14 HH. TI9T 11 HMEE
EHEEE N,

Smigielski eral. (1984) &, dbKHfED A. americanus
HRIRME O EII ORI 4 ~ 7TCTF TR 39
~ 51 ARSI, s LFHEo 50%
WEALT B DH48 ~ 67 H B, SALOHkd #2543
~65 HMTHAHZ &&R L7, F72, Yamashita and
Aoyama (1985) &, =EiiED A, personatus 78 105C
ORI T TZHEH I8 B EIAbAAE Y, 25 HEH T
Bassibl, SMLOMBEHKA 29 HMiTH B Z & 2R
L7Ce SO ICHLHIMARIICERSAZ EIE, 2

EFTCAASTTHEIIALNLIBLFH-THLEER
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SHAH 11 H & o /oe F72, Fl—2HH OYREE

IAFED 1T HICEFINI AL L, 2D s Lok M
$103CTI3EM, 120CTOAMEML, RET
OEE L FRE o2 MMEBRER L. — . FENED
AR FITIEI03CTEHER 14 HBIZSfLDOE =2
A b, FULKESFSET (105C) TH0%SHLET
1225 Adh o7z =ERED A #1792 (Yamashita and
Aoyama, 1985) & IE_TIIPISE A e ASEEZE 128070
72o TOT EIFAEBINIC X o TA B TOREKEDS
BN, ENFNBEOIRNEERELFTAH L ER
L Twb, 47 FITOEIHIE=EREHTIZIZA
F a8 ~1 T4 (Yamashita and Aoyama, 1985) 2,
FEETIL2ATO~1ETE B2 (LW, 1998
WEEA, 2000 b)) 12D, MHEEICL 2ENTIETEA
Eny, BIENFAO M I =G ETIE 1 AE
~4 A4 el - W, 1986), @B TRl AL
~28Lm (2% (LEIEH,, 2000 b)) &ZFDEN
K&V, WSO EINHE AN L TV BIZLFED
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59 FEROHBEIMIZKELREI RO SN LRI,
WHHE O MU OAGRZE & & D12, 29 L7IRpRssdR
BOENDYEG LTnhEIEREENE,

A A+ IFROFERBMEYE, b LE — T
TAMETH S (WU, 1983 WFH, 1986), A &1 F =
BB A/ — 7)) 7 A OBEE,
FEVG R CIEERIEURETLEE L T s el - WF,
1986) DIZxi L., FEBTRFEAEBE Y- 1A
b~ R SR ET, FORIKBEDET E & D
WEMICEAT A RELEEE2/RT (2%, Fig 6).
FEBZBT B A B F TOSMEA BRSSP 5
T EiE, D1 B~ T 7 AR R 5 A
TEHILEWHREILL TS, —F, ZEREHRO LI &
R THE LEBEO T TR, SMEEIIZ b7
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e, RIE—FELOUHMHOREIELEL. b
2RI MIEAIC R LI EPHESPIZENT WS (B
1 #4535, FARIEA, 1988), R TH 0 hoMmE
OE - EREEZ S OBEMET LR (IED,
1984) DL H i, Bz B AEGENC R 7 o THaRES
N4 HF T, FNENOEEEEE @R 2 A8
BArEELI-EEILNS,

AWFETIE, A 7 F TOSLDNT % 2RI —FF 106
Fh, HTHEABEMUMICEPT L TREZ 572, 20LH
ZREIE, A AT TEEBRISEREINEELT AT 2
(R#F. 1954) 0~ T 77 (g - ke 1995) T
BlEsnTwd. i, BB L3 E s
N, ESUEE ST TR O TR 5. x4
7 CUIE IRIZA 0 2 EORIEEASPAR MR B L Th
{LREZEOHWERH L TWAEZERZSNTWVS (Hi
1993), —fxil. FHORIZHEL L TRIET 42D
I HIRCIROBAL S Sl & s Twb (R
JIAE, 1985)e A A+ TORIET 2% » 7 7 FREE, #E
Bz bAEA, SLE S T3 TICHE~ OB RIS D
IHALA (A - UH. 1997 ILEL 1998) . Kawamura
etal. (1984) I EBFICATEET AL S 2IEEE L
T 7 AFHROMEEEE 2 flE L. 14 HEOFHATOT Ik
DD TV FIET A Z & 2R Lz GG T
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HAEFRIBEEZ GNE BIZEOESNT LI,
HMUBEBOFEOBEEIC L 2 EHEEEr T2 A EDE
RN —D L EZ DB LN TES,

B28 EERAMORBRECEEREFOANE

1 AT TERERHEAVEKIRE 22 EMFICHEIRT
Bo BEBIZIBITLA A TOHERMMIZ6 ~7 Brs
12H EF TOHEEMIRT. ZOBONWIEIES LW
FEZONTWA (HFIED, 1997). Lo L, EiRE
B DAL & FER B EEE L 72 WFERIZ 20 v,

AH+TIERPES, £<CBEHLEwZER2S (L
[HIEA, 1999 a), EMREAEH] 0O 3 RAE (3 B ARIA i
OEFEHEREAETAEELZERELND ) 5, FITH
HiCid, BEMMROBELERT 2010, EREE
A TEOREORELR/RIVETH LD L HEFERIC
LRSI, 512, RAKNHOEIRYC 5V TREIRA
TR D RREIRAE T, RGO KEIEN IR
S DB AR L R T B2 5T L 7o

My EHE

1. FEER

1993 4 4 H 13 HIZHHERENTERE S 2 /3y FHiEMG
IZ& o Tt S FEREAER 70 = 06 e (BBE(R
) DA HF T OREY=ERKEIZH AL, B
BEEHIBIZ L2 4 H 2T HA S BIRAHRT L2 12
A 24 BHECHET L., SEREEOTOEEERILTL
= 05cm, PHMEEIZLM 037 g Tho7
MO~ & f g A EmAREER (F) 20
BERHE) AR (9~ 108 BLUFHE (15 ~ 16 BF)
D2EHGE L7z SENERMEPSRLND T THATL 7258
EX (A1 H1EELSZ)OEERICRE L TARKE
D3~4%). 1 H1RAEL: ) BEERD 10%D & *
2ENCFTTHRELAZ10%X (B), 1 H 1EAELD
BEXO 2% OfE % 2 B THE L 2% K (C)
DIODEZR % HE L. MFAKEIZIEZ2 F~ FRP
AKiExE RV, Z4I124 8+ T% 1600 BHEREL 72, W
THOERXL, =EEKEREOMES SFRILL 7
@Mk E 1 BH47-0 8~ 12 EEDEE TiEHKL,
BAXTCHE LA, ERFMPOIXOKEILZIA
11B®244TH 5 12824 HD 125COHEATEH L7120
S5H24 BICIEBAGEICEIRIKRE L THZEL ~ 2 mm

65cm

i
g

Fig. 23. Schematic drawing of the estivation bed used in the
rearing experiment. a: 2 ton-tank, b: plastic container, ¢: vinyl
chloride pipe ( ¢ = 25 mm). d: sand (particle size = 1-2 mm),
e: air stone, £ air tube. g net (mesh size = 0.5 mm), h: water
absorptive ports,

OB EF LTI AFy s Wa 75 (Fig 23) =
FNENAEREE L7z, FIREGIICEERE (LT
ELMY) LEEEEEL, BRE (CF = BW/SL? x
10° SL:fkEem. BW: fkHE g) WML, P
ZIZENUE, BRFDA #7- F3Rr S ETAWIEL
ol bhn, BIRKROHTELCL TOhBEEREE~WIE
Bz s L. FIREGELEESH 10 BRiZst a2
THERMGHE L UCERE TEHE, 1213 100% D REE
AL B LUK A RS LB EER LTS

o R TV

2. RABEICHIZERMABIAORTINE

PRBIBT LA AT TORRKOERSETH A HILE
k35 (Fig. 24 ® St. D, N34° 29°, E137° 05° (fh#fiz
2, 1997)) BEUENZKCHEOR / BERY (Fig
24 ®StT. N34° 29, E137° 01 (F#G#fiZ4. 1993 a))
I2BWT, 1991 ~ 2002406 ~7 A IZERAZFEL 72
T ERICBIT 2 TIRMGHIE, SEAATET L R
LEF LAY KRS BV TEEHEYE R L Ao
EHETHIELRTELRVED, 1A FIOELEKR
&% 5 10m EOKRFERAGHOTEE L 2 549 21T
(g2 A, 1997) 12 %5 5 6 ~ 7 A # TG & L7
FREAIZINIET6ALI3E, 7TH3H, 1992ET6
A3H. 7TA15H. 19934 T7H9H. 19944T6H
2H, 6A21H, 7TA7H. 1994 T7HT7H, 199
E£T6H12H, 19974 T6H3H, 7H8H, 1998 4
T6H8H, 199 T6H2H. 7TAL1H. 20004T
6A2H. 7TH11H. 20004 T7H 108, 20024T6
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REDEH M EEEZ AT o7, LEH7ZH Difa
B ARSI 04 km T, 1 HEH/-DEF 3~ 50K
Al 7’0 R L7247 T T L TEREI
Bhign, hELGELOEL,. BEE (CF =BW/

SLP- 10° SL: fRkE cm., BW  #E g #&HMLA,

N35°% ,
Aichi Pref.

w R

1. FERE
1) RERFBIBOREIRE
HRpGIIMARX (A) T7H10HIZ, 10%KX (B)

) THBHIZ 2% (C) TIESHIQHIZAL
HlieiRreh SR RS P AL, BIRBIAT 5 A
] ! OSEW R BRAER (A) T210 = 02T ().
40’ E137° 10% X (B) T 221 * 02C. 2%IX (C) T1x 221 = 02C
Fig. 24. Sampling locations of estivating sand lance in the Thorze KRB IBUAEKORE. KEBLU
mouse of Ise Bay. il % Table 3SR L7z, @)X (A) Tl33Eiaigng
. StD in Deyama estivation ground.
“StT in Tainoshima estivation ground. A & SIS MR L, PN 1Z 5.3 £ 04 (BEdE(FE)
T%V‘ﬁﬂ' F L7z 10% X (B) TIESEERBIG 2> &
70cm
400y
A
a
Dorsal view

|
N

CEHE /7 —

Horizontal view d

Fig. 25. Schematic drawing of the karatsurikogi fishing gear used for collecting Japanese sand lance unde1 estivation in the mouse of Ise
Bay. a: hook. b: stainless steel bar ( ¢ 22 mm), ¢: float. d: rope ( ¢ 20 mm). e: iron weight (10 kg). f: rope ( ¢ 12 mm). g rope ( ¢ 4 mm).

T_able 3. Standard length (SL). body weight (BW) and condition factor (CF) at the beginning of estivation
of Japanese sand lance. Values indicate the mean * standard deviation

; Feeding Initial Beginning of estivation
Experiment
level n  SL{cm) BW(g) CF n  SL(cm) BW (g) CF
A Satiated” 100 7.1 £05  134=037 3.7x03 50 102208 5.67%138 53x04
B 10% satiated 100 7.1+0.5 134037 3.7+£03 43 73£05 141£026 3.6%02
c 2% satiated 100 7.1 =05 134£037 3.7+03 26 73+06 1.05+£032 26=05

"13-49 of body weight per day.
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£ FEOLZEEALBDSNT, T 36 =

02 & BIAIDIREE (37 £ 03) 2T S R rzs 2%[R (C)
LT & KT AW L, AR 3075
AL 26 = 05 LRV EER R L7,

DT~ FIZ42WERICEDT L, 32 % TR L HEDNR
muébmfdaﬁot

100
2) EEREBEIRDAUGE 80 F A
}ZIIL BT, RICBWTKED M4CTETH > THL 60
. . —~ 40}
1B 128 24 HicA L, HIRFKBO L5 % ) 56
M2~ - = . o
% VHEIZ X BRI S o7 BRI s e 0
1 % HRONWIEIRIR & Fig. 26 1R L7, S3&X (A) = 100
- 80
TIHEIRMI %3 LTI A2 < BRI P o> 3078 £ o
AVIEZD 56% LKA o7, 10% X (B) Tl mk E 4
s fofa Ao 15 s ons R 4
e B 8~9 AONCIEMAEHALEK L Y 2% z A
ot b DD, FOHDNNEIEL R L BRI o = 100
RRAGIERD 111%12E EF o7 —Ji, 2% (C) E
. . N . 60
T@8~9H®WKW%%®W%#«w%Lt‘%® S
TACTEATES B L. FHRMI > FAE~ 20
JEHL 920% 13 L 720 g , ‘ ,
Early Late Middle Early Late Middle Early Late Middle
2. 75 RBIEICE T SR RFREIDOREIRE Ju Aug Sep Oct Nov Dec
il & O 2 BT L 35> T IR BRI 1 $R e o | | o
Flg 26. Changes in cumulative mortality during estivation
A B IO ERM K E Table 4 1Zr L7z, o in Japanese sand lance 1caicd at satiated feeding (A). 10 %
. _ of satiated feeding (B) and 2 9% of satiated feeding (C) before
UG AL 2000 AED 40 = 04 2% 1997 42D 44 = 04 D the beginning of estivation. Arrows indicate the beginning of
. o < g stivation.
HIPHCIERS L, AELTIOWRA S P ores B4 E b I eeanen
Table 4. Frequency distributions of condition factor at the beginning of estivation of
Japanese sand lance collected in the mouth of Ise Bay at sampling stations D and T in
Fig. 24
Condition factor Frequency (%)
class 1991 1992 1993 1994 995 1996 1997 1998 1999 2000 2001 2002
2.0-2.2 .0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22-24 0.0 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2426 0.0 0.0 0.0 0.1 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.3
2.6-2.8 0.0 0.3 0.3 0.1 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
2.8-3.0 0.0 0.6 0.3 0.3 0.0 0.0 0.0 0.0 0.0 3 0.0 0.0
3.0-3.2

Mean 4.3 4.1 43 4.1
SD 0.3 0.3 0.4 0.4
n 218 678 391 1.64]
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DFEEENSTERVE, ERIIBFIZANNETEI L
BHOENE R o7, AEIOMHEERTIE, fEKX (A)
BLWI0%X (B) T& LICHIREB R ONNIEIZ AR
Hold 2%X (C) TlREKRELSE8~9H% &
LM KEDOEEHS~NNIE L 72 (Fig 26). EREAMH®
BRI LT e SR E T & % B R 46 81 o0 Ui B ©
R &, 0% LLEDFEEIENNFEL722% X (C) &,
90%IT < WHEF L7 10% X (B) OHICEFEFTE ST
TABMESTFAET S EEZ b5, Fig 2712 10% X (B)
BLU2%X (C) 0EIRFGEMICBIT 5 IEH MK %
R 10%X (B) TLI%DEERSNATEL T &,
2%[X (C) T8O%DMEMAENEKLA-Z ExERT B L,
T HA ] F OB AR O 2 A 7 TR B 40 o AU i B
32 HIfRLH A LHETES A,

—77. RIRMEEO L EIR 2B 5 BIRFGE O BE
MERERI LA, EWEEAT 3.2 % T [\ 2 EF o BB

12, 0% (1991, 1995. 1997, 1998 4£) ~ 35% (1992
) OFFAICHY, FELEDLEDOTERVKEIZH 572
(Table 4)o fHET 5 & H 2. 1992 FAIEBEITR WK
EUMAERIE R TR L, EEEEERENICEERROME

alz Aok

aEmwElacHEBE LA BoRE2EH). TOFEDE
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Fig. 27. Frequency distributions of condition factor at the
beginning of estivation of Japanese sand lance in the groups of
10 % of satiated feeding (B) and 2 % of satiated feeding (C).
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LT\W5b. A personatus (34 71 TEOF T b {KiE
FE D BRI 2 S A3 ATETH . EIRILEK
VST AR L ERREEZ MBI EA5

(B 1EE 1), ERMOBETSE BB MEE
MRS RIZTHBIREVERIS NG, 22T, KH
TIREFEERIC LY. B OKIRA BRI R (a4
HEFFIZ AT S B 2 T,

MHEERE

1. XBREIOHEFE

1996 42 4 H 27 BIFSENTIHRET 2 /3y FHIEH
12 & o Tl S N FIHIBHEAR 89 = 04 cm (BEHE(R
), FIMEE 364 £ 050 g FHREGEE 51 £ 0304
HF IO EEE ZEEKEEATICHAL, 1 b~ FRP
JRAEE 1,200 fBARINZ Lz EIRBIC BT A A 7 TD
KRR BEAROM@EIZ SR e FHEENE, 72
T, REBRTIHMEMEOBEEL S E Lz, WEED
A7 F TIKFRENBITH ), BOBEERLE
7o, 5A26HFTOH ] » AEIGIERETHEHE L.
BIGEMEAT I THEOTIERIZ 88 = 04 cm, 9K
3263 =040 g, FHHEHEIZ38 £ 02 ThHo72. 5
A2t Bicihonsh+T%2 hBLU] 2 FRP
KAl 3 FZF N 250 B OINE Lz, BRI
BRE (ARES 26, Fig 23) % 1 HZKE L. 31T
SEEDPEIRL-DIZ3KEESL 7TH8HTH o7, #
NETIZL B L EENL7 D EREDR 03% DR AR (F
)Ly VERHE & A TR A RE AT ) 2 AREE L 2.
FOMOFE GMIATHTOESRIE L7z, FFEHM RO
AKEE5 A THOIBITHH 7 A 4 Ao 219T 0FR T
LEyL 7.

2. WHEER

BIRZBIIE L7 A8 AAS. 3 KIEDKiEHIH % 5
L7 EBRXE LT, 23CK, 25CTKX, 2TCRKD 3 X
FEE LD ERETOMAENMMETEICBI S 3k#0
IKiEZ# 22TC TH o 720 EFRRIATEIZEEEAK O EK
BE1AHD4~5SEESRLEEEEEDID, -
Yy — % HELTOSC / BORETKRESHEL2ICEAR X
7. BEKEANOFEZT2ZBCETT7HI0H, 5CTK
T7H148. 2ICTKTIZ7 A 18 HT, #hl#kidk



H 3% (PENEIIBU DA A F TOERERIHE & A iE

A —EIRo 7o SH EBRITRIER TG A58 L Twizg
ZEh b 10 A LEHETIT o/ KIREEET 20 FEE EIREIHFIZ B 5 ZEXDONWILIRIL % Fig. 28 L:/Ti
HTEZ TOPEKIRIT, 23CRT 230 = 03C, 25T L7 23C K TIEAWIEER D <, ;%Wﬁ$®
ET250=03C, 27ICRT268 + 04CTHo7e T NVWIEER Y 48% Lo 7, 25T XTI, /J<(Jm$i£f71:
7 7 bR TEBRERR P ORBORAIERT 5 &L ) & TEZIZBTBT ﬂTw~8HL@@«mEﬂ%ﬁ#
L7-oT (KB 2H, Fig 23), ME/KIE LD AR WCRENRRED0/2bDD, FDHEONGILIED %
FIT—H LT, I TEWPROIRE L KRE X . EBREIHEPORBAVIERS 178%128 £ F 272,
BlEs, — L Ckiie LTHRD ko 7z FEERIM 1 —7. 27TCIXTIRKmERET T EED 7T A THIIET
4 H AT 10 BECAWIEEE B m TR L 72, TR A A~NNIE L 72
IS B
BIRZEMGLA7TABOETOS HE O HKIRIL, BIRBAMBEF O FEIREE (Table 5) 13, Bifio 10%X
£XT215 + 03C (BiERE) THho/o. BRI DEMRRIGNRE, $72bb, ElIRME M’@Mﬂwiﬂﬁ) ] BE
BB EXDRE, FES L UIEHEE Table 51278 R REIRED FRISE A o720 HWREIREIZLHAD S
L7co —ICHLE DRI & 0 SRR FORE, KE, §, 23CEB LU TR TIEEIRBME PO~ IEIEd
MWDV DEARELIZEIA, WTFNLLAER o 72e FERAYIC 27T X TIZE IR 6 42 0 5L B o
IO LN o, PN X TRV ES R ) BIZEMEEDS NI L7 (Fig 28) 0 T b DRI
L. BTEGIC BT A 10% X 00 B 1R B 2 A o0 B A 12 5 qL. FOUTE, BB BIRFDA A TE, 25T K
METIREFPIRTHLEER LMD,
Table 5. Standard length (SL). body weight (BW) and condition Table 6 IZHFED A B+ TOEFIRE 125 LVl
factor (CF) at the beginning of estivation of Japanese sand lance.
Values indicate the mean * standard deviation. HOSt D IIBAKBE 30 mE) ORKEERERL
Water i, - - 726D THSH (FMEKERRY;, 1981 ~2001). 8 ~
WBpeiCine 1 10 A oAGRTAE#IZ 21 ~ 22C &, @ EEAS 24.7T
© (cm) (€3]
23 26 8904 235+025 33+£03 Table 6. Monthly changes in water temperature in 30 m layer
75 28 88404 2274039 33+04 at station 1 in observational stations of Aichi Fisheries Research

[ustitute (Aichi Fisheries Research Institute. 1981-2001). Station
97 30 9.0+04 236+038 33+02 1 15 located f’lt the 1?1ai11 estiyatign grounds (Deyama) of sand
lance population in Ise Bav (Fig. 37)

Year Jul Aug  Sep Oct Nov
100 1980 211 215 236 217 187

80 b 23°C 1981 193 223 238 219 186

60 b 1982 206 222 244 229 207

. awlk 1983 216 216 221 226 199
L ot 1984 213 237 213 232 190
< 5 ﬁ_._._.=0=bl=hl=. 1985 200 209 231 225 205
Q i < 1986 188 220 231 213 175
= o 1987 212 226 228 235 211
 80Ff 25C 1988 199 229 216 241 189

Q 60 1989 225 235 194 199 191

E s} 1990 192 218 230 239 207
ST 1991 176 173 242 238 202

] 0 A -~ <R 1992 206 222 185 242 200
= 00 1993 191 204 202 217 185

o 1994 197 237 237 227 19.8

g a8 21°C 1995 193 191 189 224 197
O 60 1996 181 223 240 219 178
40 1997  18.1 207 242 214 178

20 1998 21.0 232 247 219 212

0 I S-S 1999 197 238 232 241 193

Early Middle Late Early Middle Late Early Middle Late Early 2000 20.6 20.3 235 23.0 21.0

Jul Aug Sen Oct Mean 200 218 225 226 195

Fig. 28. Changes in cumulative mortality during estivation in =D % 16 L kel L1
Japanese sand lance reared at 23 C . 25 °C and 27 T . Arrows Max. 225 238 247 242 212
indicate the beginning of estivation. Min.  17.6 173 185 199 175

—26-
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1. ERFOFRE
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TR S N7 FIRERR 70 = 06ecm (12 _Wﬂz:) F
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TINAE L e BRFEICIIEIRK (RES 28, Fig 23)
FENFENSMEEE L, ERFGBIEIKEESL 7
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Fig. 29. Ovaries of Japanese sand lance (hematoxylin and eosin stain). Bars represent 100 4 m for a and b. and 300 x4 m for ¢. d, e. and f.
a immature stage (stage [ ). PN. oocyte at the peri-nucleolus stage. YV. oocyte at the yolk vesicle stage.

b: primary yolk stage (stage IT ).

c: secondary yolk stage (stage Il ). PN, oocyte at the peri-nucleolus stage. SY. oocyte at the secondary volk stage.
d: tertiary yolk stage (stage IV ). PN. oocyte at the peri-nucleolus stage. TY. oocyie at the tertiary volk stage.

e: migratory nucleus stage (stage V ). N, nucleus.
f mature stage (stage V ).
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Fig. 30. Changes in GSI (top). oocyte diameter (middle). and
frequency distributions of ovary maturity stage of female
Japanese sand lance reared at 22 T with short (natural)
photoperiod. The water temperature was dropped at a rate of
1 T per day from December 15 to 17. and was kept constant
at 20 T thereafter (arrow). Solid circles and bars in the top
and middle panels represent mean and standard deviation.
respectively. Ovarian maturity stages ( 1 - 1 ) in the bottom
panel are shown in Fig.29.
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Fig. 31. Changes in GSI (top). oocyte diameter (middle). and
frequency distributions of ovary maturity stage of female
Japanese sand lance reared at 18 T with short (natural)
photoperiod. Solid circles and bars in the top and middle panels
represent mean and standard deviation, respectively. Ovarian
maturity stages ( I - V ) in the bottom panel are shown in
Fig.29.
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Fig. 32. Changes in GS! (top). cocyte diameter (middle). and
frequency distributions of ovary maturity stage of female
Japanese sand lance reared at 14T with short (natural)
photoperiod. Solid circles and bars in the top and middle panels
represent mean and standard deviation. respectively. Ovarian
maturity stages (1-V) in the bottom panel are shown in Fig.29.
Arrow indicate the finish of estivation.
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Fig. 33. Changes in GSI (top). oocyte diameter (middle). and
frequency distributions of ovary maturity stage of female
Japanese sand lance reared at 11 T with short (natural)
photoperiod. Solid circles and bars in the top and middle panels
represent mean and standard deviation, respectively. Ovarian
maturity stages ( I - V }in the bottom panel are shown in
Fig.29. Arrow indicate the finish of estivation.
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Tig. 34. Changes in GSI (top). oocvie diameter (middle). and

frequency distributions of ovary maturity stage of femalc
Japanese sand lance reared at 11C with long (15L) photoperiod.
Solid circles and bars in the top and middle panels represent
mean and standard deviation. respectively. Ovarian maturity
stages ( I - IV ) in the bottom pane! are shown in Fig.29. Arrow
indicate the finish of estivation.
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Fig. 35. Range of GSI at each maturity stage of female Japanese
sand lance.
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Fig. 36. Changes in GSI of male Japanese sand lance under
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various temperature and photoperiod regimes. At 22 with
natural photoperiod. the water temperature was dropped at
a rate of 1 C per day from December 15 to 17. and was kept
constant at 20C thereafter,
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Fig. 37. Schematic drawing of the life history of Japanese sand lance in Ise Bay.
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MEEE T — 5 LIREYOFIgRE,SEB L2,

2. 1 BRAOERREY

3~5 BRI AEER /oA S TORMIE, £
OBREHM CREIREFICRTT 5. ERIIC B 24K
DWFEITA e (BE3EE2, 3H). 612, EiRiE
o 11 BEA SR BVWTRA L, TIRETHITT
BRSNS A 2 s (BEI3EE4H), Al
RIZHIT L OmEOERRE - BAEEININIBIT 5 1
DENBRERBERZTIENTEL, 22T, #
(F14) OERETAMELT LY 2% D /hSwERE
THE, (FIIBITA L RBEAOBREREE WV kKX
& oTikdois,

Nt =Ryl —Cel (D)

PHEI BT B4 B TOBEEEER

ol ol
1l SEDIA RS

Cel 1 -1 FEOEEAP DR RL
BOBE2HTHARL LI, FEBIIBITASLHF
TOREIBRAEE, IEFORENF1IBRETED N T
BT EDL, RBETE I RBAOKFREEI T HAGERE
BE LT R (BT, 1 OBRBEFREL HE
BT

3. FEESROITRY
AIETRO 7 PE R - IMA R T — ¥ & Ricker #
# & U Beverton-Holt BIF A MR Z Tid®, AIC IS
Lo TETFNVORYMEE LB L. BB, T TIEMA
BHOBEHBLERS A (R=fN) X ¢, TITeld
T8 1 ORBIERAATAE D ) 2 ARGE L7z,
#w R

1. HBRMAERREHR

FAFNZ BT BINAREOIHEEME & 2 DELB) % Table
7TBLUFig 38IIm L7z, T/ HIBEERET—¥
* B L TR o 3% Table 7 12#F

Table 7. Annual changes in number of age 1 adults. recruits. catch. and
exploitation rate of Japanese sand lance in Ise Bay from 1979 to 2003 .

No.of Recruits (10%)* Caich  Exploitation rate
Year age | adults  Estimated 95% confidence intervals € (C/R * 100)

(10% (R) Lower limit  Upper limit (10% (%)
1979 353 32.8 56.0 32.7 92.6
1980 2.6 56.7 55.1 62.0 543 95.8
1981 24 86.6 8§43 92.1 83.1 96.0
1982 35 13.6 13.4 16.9 13.1 96.3
1983 0.3 185.4 174.0 2107 163.1 88.0
1984 223 400.5 391.5 423.7 384.7 96.1
1985 15.8 249.6 243.5 2593 234.1 93.8
1986 15.5 455.8 4423 481.3 428.5 94.0
1987 27.3 355.8 3459 371.8 336.8 94.7
1988 19.0 171.4 169.0 177.5 168.3 98.2
1989 3.1 170.9 169.5 174.4 169.0 98.9
1990 1.9 62.7 60.5 68.4 594 94.7
1991 3.3 226.8 210.1 268.5 198.8 87.7
1992 28.0 1,028.3 894.9 1,296.7 669.6 65.1
1993 3587 355.1 315.0 4423 282.6 79.6
1994 72.5 396.5 331.8 720.0 301.3 76.0
1993 952 98.0 933 107.0 89.0 90.8
1996 9.0 335.6 329.7 345.0 3203 954
1997 15.3 151.8 139.1 185.7 133.3 88.0
1998 18.2 50.5 46.2 80.3 45.8 90.7
1999 4.7 140.9 136.6 154.6 136.2 96.7
2000 4.7 33.6 30.0 41.0 299 89.0
2001 3.7 280 200.5 298.0 184.0 77.6
2002 831 434.0 358.0 605.0 2989 68.9
2003 135.1 195.2 189.1 209.6  184.0 94.3

*Number of recruits was estimated by a generalized DeLury's model based on
Taylor's power law (Phiri ef a/ ., 1999).
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TFig. 38. Changes in number of recruits of Japanese sand lance
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Fig. 39. Relationship between number of recruits (R) and
exploitation rate (Er) of Japanese sand lance in Ise Bay.

L7ze MAREER S WET 136 FR (1982 4),
BLLVHET L0283 R (1992 4) LiftEsh. #0
ZHIEIL 76 £5 (L9HT) Tdh o 7o MARRDHMEEREL
IMAZKHEED E W 1992 45, 1994 4F, 2002 FFI2 K& 2o 7:4:
ZAE DS (Exploitation rate = B2 5 / N
A% x 100. Table 7) (£651% (1992 4) ~ 989%
(1989) D THEFL L. 25 41 23 4T 75% %J;lal Dy
1979 ~ 2003 4= F TOFE ML 895% 2 L 720 M
AR E ORI ILAE ;E@*E}Fxﬁ@ﬂﬁ'z (p <001)
M 57 (Fig 39).

2. HEERRH
HEESNAEBED L RBABOEEFERE® Table 712
RL7e 1 BHEORFEREIEIRL L RVETOSEE
Ll9835F> DL \VAET 3587 FE (1993 4E) & HfE7E S,
DEENEIE 717 Q90T &ah. MARBDOZEHI
72'}(3 ko7,

W E
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Fig. 40. Changes in recruits per spawning of Japanese sand
lance in Ise Bay. Arrows indicate the year of climatic regime
shifts (Yasunaka and Hanawa. 2002 Minobe. 2003). Solid and
blank bars represent cold and warm period. respectively (Sakurai
et al. 2000).
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Fig. 41. Relationship between number of age 1 adults (N) and
recruits per spawning (R/N) for Japanese sand lance in Ise Bay.

3. BASLTVUMARK (BEEMIHIZE)
HHTRO I EFEDOMARESL L OHAERE (Table
7 o, BEBsEL)MARK (LT, MAEK
W ES) 2R, TOELEBE Fig 401277 L7,
¥ |2 (4 Yasunaka and Hanawa (2002), R & (2003)
WCHEDL LY — L2 7 FEEALE, Sakural e al (2000)
WHDCES, RIEL Y — AR Z L TR L.
FHREOAHFTIBVTUL, [EOL Y- 7 M
HE) LA MARBOEBIRD SN Aol —H T,
| AR HAERIIEOMICIIEE LB OHBMIY

2 (p <001) 2D BN (Fig 41).

4, BEEHROLSTIED

Table 7 DA R - IMARLT—
A E AR S Tz,
(Ricker T4 FE#HL)

R =40708 x N X exp ( — 0012 - V)
(Beverton-Holt T A: & i #5)

o, LTOF

(8) (Fig42)
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= 400.067 x N / (3661 + V) (9) (Fig. 43)
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#z 547z (Table 8).
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Fig. 42. Stock - recruitment relationship of the Japanese sand

lance in Ise Bay by Ricker model.
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Fig. 43. Stock - recruitment relationship of the Japanese sand

lance in Ise Bay by Beverton-Holt model.

Table 8. Values of AIC estimated by the two reproduction
models for Japanese sand lance in Ise Bay

Reproduction model Value of AIC
Ricker model 78.270
Beverton-Holt model 68.981
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HEEIIB A 7 TOBAEERFRIE, RIS
Ricker BIF AL EMMABEET 2 ELZLNTEL Gk
JI, 1981 #R#ElEA, 1997). Lo L, AICIZET 4
mOFHETIE, T L A Beverton-Holt D FHE LD
BVETIVTH B LT S ize 1457 FAEE IS
fiud, BERIAH 20 FlE TIARLIL 340 EREIC
EL, FOREPHAREBOMKE & DIZEAIKE (B
400 ) WCWET AEmM AR L7 (Fig 43). £E O
ATV 72 1980 ~ 2003 SEOEBEE - A BT —
% (Table 7) EdH FTHHEMTH > TiRELT F o
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XRME A4S K E < (Table 7). #16OfEANTIC & -
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1. BEEICEHEDZER
1) BREDET

BT EIRMTOFEBIREIZL - T IIEOIEE
ELBINERCHEESEATE2I LML TVS
(Bagenal, 1969; Hislop er a/.. 1978 @& [H. 1992. 7 &,
1994) . FFEBOA 715 I TUE, FAREAENT 2 (
HIRFIEROBRTFEREENE ) LEEHRIZL DK
BAROBBHEINT S CAH. 1986). ZHlltEoT
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WHAFET A B L CH A BRI SR AR T 3 A 0l RE A
Hb,
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L ER Y72 ) ORI, S SIZIIREINEASRL T 5.
ZDFER, FEERYENMET T LSS 5,
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HMESNLTREALTRAOZEAENEERT S,
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1962),
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HiZ, 10%X (E) TE7H 25 BIZALN, HED B (A) T980%. 50%X (B) T804%, 25%X (C)
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% Table 917K L72o 1992 ETIHMEHEEOWA L L b ARG IEFICH Y. 1 Baidis i3 F94EAt 20
WARRIENEL L7 (A B Clo UL, IBEREIZISME ~30#FELA. LAL. 10%KX (E) T GSIOHEN
R EOIEELZIEOLNT, FHEHZ IR FIEEAEHED NG oTe 1 BETEIIRL 721D
45 D EDEER IR L. 199340 10% X (E) T, GSI#ini#x Fig 451R L7-. fEERK (A D) T2
FEERBIARE D S EE AEOBINIIZEA LR HNT, RTGSI 10 LI s # L7z, 50% K (B) B L& U259
FIGRLEE D 36 £ 02 LD SEERXIZ ARV E & TR X (C) TILGSI 2510 KoMk s RS N7-H, i
L7 F1824%. 769%DEAEA 10 DL OBl AR L7,
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Mol L L. ZOBICBIT2IEGE R ER X (B). 25%IX (C) TI12 AWiHI2% v GSI #7k L.
1992 &£ DX (A) T012% / . 1993 ir;maﬁux L AR ETPIEAT 20 i isE L7z, SO AT
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B Rz rt;t 1992 4E Tk A X (A), 50% X (B), FTGSIZIBE AN L & o7,
25% X (C) &X T 12 A 20 Hi2, 1993 FETlafa&IX (D).
10%X (E) “ﬁ[ 12 H 24 MICA BN, EIRFGHD 2. FZIRFIAEBOREIREECIRE (AMEXERD)
L) BREIREIC L AEEED N Aol HIRKET 1) EERFRIFOREINE
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Table 9. Standard length (SL). body weight (BW) and condition factor (CF) at th
beginning of estivation of Japanese sand lance in experiment I . Values indicate tl
mean * standard deviation.

. Feeding Initial Beginning ot estivation
Experiment
level n  SL(ecm) BW (g CF n SL{em) BW (g) CF
A Satated” 100 47204 0332015 3.0=07 25 78+09 243=088 4.8=04
B 50% satiated 100 4704 033+0.13 3.0+0.7 200 68+06 1.48=037 435+03
G 25% satiated 100 4704 033=0.15 3.0%07 200 6005 098+0.27 4503
D Satiated™ 100 7.1=05  134+037 3.7£03 50 102+£08 567138 353=04
E 10% satiated 100 7.1+0.5 134+037 3.7£03 43 73035 141£026 3602

1 4-6% of body weight per day.

- .
© 3-4% of body weight per day

Table 10. Comparison of daily reduction of condition factor (CF) during estvation
in experiment [ .

X C FE Daily Water
Experiment F?CC\(}:I]g August October E]ﬂ‘pSCd reduction temperature ('C)
n Mcan +SD n Mecan=SD . inCF (%) (Mcan +SD)
A Satiated”! 20 412027 20 38+047 62 0.12 3417
D Satiated” 50 432037 50 40=02" 54 0.13 22414

"' 4-6% of body weight per day.
3.4% of body weight per day.
3 20th August

“21th October

“11ih August

" 4th October

=y ) W
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Fig. 44. Changes in GSI (=gonad weight / body weight x 100)
in Japanese sand lance reared at different feeding levels until
the beginning of estivation in experiment I . A: satiated feeding
in 1992, D: satiated {eeding in 1993. B: 50 % of sauiated feeding
in 1992. C: 25 % of satiated feeding in 1992, E: 10 % of satiated
feeding in 1993. Values indicate the mean = standard deviation.
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Fig. 45. Frequency distribution of GSI of female Japanese sand
lance in early January (Experiment 1 ). A: sauated feeding
in 1992, D: satiated feeding in 1993, B: 50 % of satiated feeding
in 1992, C: 25 % of satiated feeding in 1992, E: 10 % of satiated
feeding in 1993. Three ranges of GSI (ab.c) indicate the maturity
stage of secondary volk stage. tertiary yolk stage and mature
stage. respectively (Fig.35).
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Fig. 46. Changes in GSI in fapanese sand lance reared at
different feeding levels before the beginning of estivation in
experiment II . F: satiated feeding, G: 20 % of satiated feeding.
Values indicate the mean * standard deviation. Changes in GSI
of mature group (@) and immature group (') are separated
in the bottom panels.

Table 11. Standard length (SL). body weight (BW) and condition factor (CF) at the beginning
of estivation of Japanese sand lance in experimentIl. Values indicate the mean = standard

deviation.
~ . Feeding Initial Beginning of estivation
Experiment T
level n SL{em) BW (g) CF n SL(em)  BW (g) CF
F Satiated” 100 6705 117027 38203 65 9.5£08 4354120 50204

G 20% satiated™ 100 6705 1.17+027

3.8=03 50 74+£05 1.74+039 43=04

! About 4% of body wetght per day.
™ 1-2% of body weight per day.
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Fig. 47. Relationship between standard length (L) and fecundity
(F) of Japanese sand lance. Open circles: satiated feeding in
experiment 1I . open triangles: 20 % of satiated feeding in
experiment I . open squares: wild caught at the mouth of Ise
Bay in December 1994 and 1995.
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Fig. 48. Relationship between standard length and specific
fecundity of Japanese sand lance. Open circles: satiated feeding
in experiment 1 . open triangles: 20 % of satiated feeding in
experiment 1T .

Table 12. Comparison of egg diameter of Japancse sand lance reared at different
feeding levels until the beginning of estivation in experiment II . Values indicate the

mean * standard deviation

Females used for anificial insemination Egg

Experiment Feeding level n SL BW GSI Fertilization  diameter
(em) (2) rate (%) (mm)

E Satiated” 18 99207 422£095 434%235 923440 091+0.03

G 20% satiated © 18 7.3 0.4

1.51£027 357447 948+24 090+0.02

' About 4% of body weight per day.
" 1-2% of body weight per day.
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Table 13. Comparison of standard length (SL) of Japanese sand
lance larvae from two egg lots laid by adults reared at different
feeding levels until the beginning of estivation in experiment I

SL of farvac (mm)

Experiment Feeding level  Just after hatching 2 days after hatching

I Mcan + SD n Mean = SD
F Satiated”' 100 4.4£0.] 30 5.0+0.2
G 20% satiated = 100 4520.1 30 5.1+£02

"' About 4% of body weight per day.
2% of body weight per day.
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Hours after hatching
Fig. 49. Changes in feeding incidence in Japanese sand lance

larvae from two egg lots laid by adults reared at different
feeding regimes until the beginning of estivation in experiment
II . Feeding incidence is expressed as % in number of larvae
with foods in the gut in total number of larvae.
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Fig. 50. Frequency distributions of condition factor at the
beginning of estivation of Japanese sand lance in experiment
1. B and C: 50% and 25% of satiated feeding in 1992, E: 10%
of satiated feeding in 1993. A dotted line shows 42 in condition
factor.
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(Yamada et a!l., 1999)

where F =fecundity of an adult female,
L = standard length of adult (cm)

Fig. 51. Procedure for evaluating the reproductive potential of Japanese sand lance in Ise Bay.
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52.

il i

L

Standard length (SL) composition of estivating sand lances
collected in the mouth of Ise Bay at sampling stations D and T in Fig. 24.
Closed triangles (age 0 fishes) and open triangles (age 1 and older fishes)
indicate the mean SLs estimated by Akamine and Kato's method (1989).

Table 15, Estimated number of adults. proportion of mature females. fequndity of adult females. and egg production of
lance at ages one and 2+ in Ise Bay.

r ¥ 20 v
| 1991 — 1997
n=779 10 F i n=993
r v
s AARTEY, s _r]_ .
I 30 v
- 192 | [l 1998
- n=1158 n=1092
- o ¢ - Table 14. Age composition and mean standard length of
R . o L ol .., estivating sand lances at ages zero and 1+. as estimated
. v 30 v by Akamine and Kato's method (1989)
1993 [] 1999
el o Age Mean
L 1=1709 n=1307 -
10 F T composition standard length (L)
v . v o ear %) (em)
. 30 v Age 0 Age 1+ Age 0 Age 1+
I 1994 | 2000 1991 95.5 4.3 9.9 12.9
L n=2584 v n=717 1992 95.3 4.7 7.2 12.1
s o or 1993 98.3 1.7 10.0 13.1
S = 0 L 1994 97.3 2.7 7.3 10.2
z T 1995 8.0 92.0 72 10.1
1995 2001 ' - o ’
| 20r s 1996 81.6 18.4 9.1 11.6
e L e 1997 92.7 73 9.6 124
D e FJ_ v 1998 96.1 3.9 92 12.7
v B 1999 97.7 23 8.6 1.3
1996 50 | 2002 2000 73.2 26.8 9.7 1.7
_— 20 | S 2001 98.7 1.3 8.7 12.9
v 10} L v 2002 81.5 18.5 74 1.1
= T T 0 B = e "Age =2 is included.
6 7 8 8 10 11 12 13 14 15 6 7 8 9 10 11 12 13 14 15
SL (mm)

Japanese sand

No. of adults No. of adult females Proportion Fecundity of’ Egg production

) (10" indiv.) (10" indiv.) of mature cach adult female (10" cugs)
Year Agel  Age2+™  Total Age ]l Age2+” Total  female (%) Age ] Age 2+ ge2+ Total

D) oY) (N) (NHT N (N (m) ()7 (F.)" E)Y @) B
1992 280 1.3 29.3 14.0 0.7 4.7 56.9 8.4 26.014 6.5 1.0 75
1993 3387 17.7 376.4 1794 88 188.2 41.6 2012 19.642 15.0 7.2 292
1994 725 13 738 36.3 0.6 36.9 59.8 8.508 27.831 18.4 1.0 19.5
1995 95.2 26 97.8 47.6 1.3 489 42.0 2.138 9.281 43 0.3 4.8
1996 9.0 103.5 1125 45 51.8 563 45.0 2012 8.888 0.4 20.7 21.1
1997 153 335 188 17 1.7 9.4 67.3 5.624 16.321 29 1.9 4.8
1998 182 1.4 19.6 9.1 0.7 9.8 75.6 T2 21.870 4.9 12 6.1
1999 4.7 0.2 +.9 24 0.1 24 431 3.901 24.290 0.6 0.1 0.7
2000 4.7 0.1 4.8 2.4 0.1 2.4 438 4,389 14548 0.5 0.0 0.5
2001 33 L4 5l 19 0.7 25 64.8 7443 16.947 0.9 0.7 1.6
2002 33.1 0.7 53.8 26.6 0.3 26.9 31.0 4.617 26.014 3.8 0.3 4.1
2003 135.1 30.7 165.8 67.6 153 82.9 43.7 2.269 13.451 6.7 9.0 1557

-l —
Age 23 s included

NS = N2 N = NT/2. The sex ratios are even (Itokawa. 1980).

Y F=03474%L

4389

where F = fecundity of cach adult female. L = standard length of adult sand lance (em) (Yamada er of .. 1999 a).
TXm/ 100 % Fa

B =N/ Xm0 X FL E,.
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Fig. 53. Relationship between the number of estivating sand
lances (Kr.1) collected by Karatsurikogi fishing gear (Fig. 25) in
t-lyear and the total number of aduits in ¢ year (Ny). The data
from 1993 (open triangle) and 1995 (open circle) were excluded
from the regression.
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Fig. 54. Relationship between total number (N) of adults and

mean standard length (L) of age 1 adult of Japanese sand lance
in Ise Bay. The data from 1995 (open circle) were excluded from
the regression.
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Fig. 55. Relationship between total number (N) of dults and
total egg production (E) of Japanese sand lance in Ise Bay. The
data from 1995 {(open circle) were excluded from the regression.
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TFig. 56. Relationship between total egg production (E) and
recruits per 1000 eggs (R/E) for Japanese sand lance in Ise
Bay. The data from 1995 (open circle) were excluded from the
regression.
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Lasker (1975) ¢ “"Ocean stability” REHE~& R L
Twol, SOLHIL, ITNTTHA LHE S SFE

DEIEIIREE & TR OB N TE LD, KK
W DAF O WFE L2 & B LR IE T D4 % e/
ML Z-TFEIS, BA Y T VS TR0 T VRIS
& L7z Theilacker (1986) WD H 5 7 F 47 &
B g & L7z Owen eral (1989) 72 & 4 27 Ffl
ERLIGAZER . LY bIT A HF T 0TI
BIDSe (. FOFEREIZ L Chro T wn,

RETIE, FEENRL L OEHRE, S, FEEBIC
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LI T AL L7ATud, I & - THEEN TBIW
NEelfpEE s (FE3EESEH), B E 2 A24F0
BUSICEEERSE 700 MR SN L0 (BIR
32, 1992), ERA~OHEICHE- T, (FRPESRT S
KIFIEBEIET S 5. £2T, UTFOFIEIZL Y if£
DIFE 7272,

#3EE L EIC BT B L IS R ORI %
KD B FEEED 139C KA HERILL 725401 4 BRI LI

(GHIT L7 17 A5 5 4 BE LA o448 1600 & %,
Vo — & — NAPRNIERE L7100 JEER) T F L vk

FECINAE L, 24 BRI COKiR% 10CHTI F TIRT
24, FOBKIEIOL £ 05CTHILBEIOHE F TH
FL7. 8 E LT, ML b 5 HEFTIT 4 3
AyRTLY (LTI 20Y) S/ m/ 6H
BE»SI3HBETIETLL 8/ m/, 4EE»S
EEEFTRT7AVIEFE/ m/BLOT VT IT /) —
T A0l ~02MK/ m/%¥%S5 L. HMLESH
BFETIEIEAKRT FOBIEII umAvy 2T g Vs —
BT 1 H 72 30 ~ 100%Hk Lad S @A L

THHE Lo HESME, KRMEEOEIHICEHE T
R EfT, 17T 10 L 14 D & L7z, SEHM G
WOM0EDHFEEZERILL, 447/ — IV THER,
R, IR ARE (Blaxter and Hempel, 1963) @
BlEB L OHILENEYOF LR L7,

C OFRERIEER LT LT, R LAMUFAEIIDY
AU TR 1T o /20 T — & —/SAFICHE L
i 311_10)500 m/ T AR — =12 AbFA 7 100 )2
TOMEL, MR AR, MIECRECHE L,
HMbiz4HHE, 5HE, 7HE. 9HH, 100E, 11 H
B2 1A/ 0R 20 BoFH LRI, IPHEAHY
(HIJ/T_ L7z MERG AU A SEER AP OZKIRIZ 102 £ 01T TH -
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24 ~ 48 Wil % 1 HE & LTREm L7z,

2. FHEEE

A 71 THHEOEBEEFEE MRS 012, FEEDES
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Fh] THCTHERITo7. B &
2 (Fig 57) 128w, E‘h’?ﬂ Iz f&_‘[:iﬁ‘b?ﬂi[ﬂl
FTRYITAy b (OFE60cm, HE335 4 m) OMEF

Bz%ﬁw Rl 10% R0V ) > IEICIEE L CHRBR
$ 500, ERECTHBEHES 01 mm BT
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Fig. 57. Sampling locations of larval sand lances at the inner

bay (closed circle) and outer bay (open circle) of Ise Bay in
January 1993.
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Fig. 58. Changes of volk sac volume ( @ fed. O unfed) and
feeding incidence ( L] ) in Japanese sand lance larvae reared
at 10T . Yolk sac volume is expressed as % of that in newly
hatched larvae. Vialues indicate the mean. Feeding incidence is
expressed as % in number of larvae with foods in the gut of
rotal larvae.
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7oo HATBAZSEL 724 (17 ~ 21 BRINEY) o—dkid
k% SR L CTREAIC B U5 D < SHAATE) % 25
L1IRE (5 flfie 14 ~ 18 A ) DBl 25T 3 TG
LTwiz, ZoOREIZBWTIEF 2ZEAEEE 5
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Fig. 59. Starvation mortality curve of newly hatched larvae of
Japanese sand lance reared at 10T .
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FHEMEEML, B2 HE (67 ~71
PAELL 100% & 7% 5 720
2) bi% - JAEKORILBE
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& LT Fig 58 1278 L 7. M RT X2 By TR I IR,
AER 2 WL #% 2 7R AN R L e D id LR 7T H H
THholze TORWPHTHEEOESIIMINL, Sk
% 11 H FCE M CIis, whEkE Sifk Lz, JIH.
MIROWI R, ~V AT L. 5Lk 15 HE LS
IEEMAS~IL L2 (Fig 59) -
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TN A ATRER S 2. £ D

R ) LU

SACIER I 7R
6.1 um,

_‘73 —|”fllﬂ>< i1}5000@l}| fﬁf) pjc'(l LTU\ZDJJ”
(5182 20 ~ 24 W5fH) TR % BAA L 7. 90,

MEROWEIGE T Ao CBIg S 01Z L% S H
H, 72, &ESINHEIINE# 7 L0iE 0% 13
FH &M 8 X L Y -7 (Fig. 58), WERIZF D%
LI L, 30 OEDOFFM THEIZBWT LY 40% D1
RAsmEkE 5% L Tz,

3) MEARE

i f T IR o DR R O ER % Fig 60 1R L 72,

139T 12 BT 2 5 UIF (5L 0 ~ 6 Kf) OTFHRE
1245= 02 mm TH ol Kigd 101l =05C& Lz
FILITITEA R E L. »ME% 30 B HICIE 113 + 11
L7z ZOMOBEEFEIZHEY 023 mm/ HT
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Fig. 60. Growth of Japanese sand lance larvae reared at 10C .
Values indicate the mean * standard deviation.

ol FUOMOEEMTORERET WELIHRE L
HIZKREC R, 30 B B i3S /IMaME & i REEDE

F#EE39 mm & o/, FEOHMIZ, L% 17 ~
18HH, REImMmAEIZR,SHES R, HEXR TIHD

30 B EIZIE4 30% ok (AR 13 mm Bif:) TET
LW/
2. BHNAEE

Table 16 \ZFE S/ A /1 THAOHELIRAER 7R L
720 BNTIHE SR TIEL . B L7 150 B0 5
B 146 ik (97.3%) OTHALE 7> S ML AR S 7.
SMLERERLNLINEEZ S 57K E 3 ~4 mm O
ETH 80%% LEABSVEME LR L, HIHIBWT
LALEHRPSFHRICEA L T d Z AR S,
72720, K DM LE D o W L 728 Ao K
i, HEMIEAMREE 2 oMb 20 LEIDIITH -
720 £IT, /=T 7 AL R o 7B ANIREE 7 B
L7zEZ A, HMUEBROKE 3 mm TR RLMWIRAER
EARL7A, FoORIEREEESIZEHL, e LT
V% BEOEMESE S, —J7, B THRES L

ARl

fFE 3 mm OfFfid, BN THRES:E
BLYLETRCBEEREZR L

UARE DT

£ =

PEBIZBIT B4 B F TO5HLE (SR 139T)
DFEHEEIL45202mm TH N, = FERFILE
A AREOFIGEEAT £ 02 mm (SH1ILKIE 65T,
Yamashita and Aoyama, 1985) 2L~/ hFITH o
7-- Yamashita and Aoyama (1985) X, =ERFICB
12 K5O 5% 65C oA T T 24 DMMAF L,
012 mm/ H O EHEE Z 72, Tl L, FEED
FIED S ALHHE % 101T oK T T 30 HMAF L 7oA
W Tid, 12T 25122474 023 mm/ 0 ORESEH
HFoirc, ZBENEEOMTERTIE, L LTKRE
%oumwT®K%@@%75yﬁh>thy%z
SOEETHAE LAFEEH I, ﬁIHI#‘FW)‘rﬁ [
A/ m 7D 127 &9 S 7z O, 1983) . —
ENTIF T@&ﬂuSHHiLdUA/SW%meIS
AEFCIATLY 8K/ m /235 LTME L. &
< EL ALK IS HE L TOMEEFIZOVTIE, M
FEERTRELREEI L o720 MEBEIHE F TOMHE
O ERE* KT 5 L. Z@BEOARTETO013

mm/ H (Yamashita and Aoyama, 1985), fFEE DR
T 023 mm/ 0 & 7% D ﬂ)}k*‘éifﬂ AR 2l L T
SE SN/ EHRE & —F L7 5 & A/ T Al

Tﬁiﬁ?@ﬁj‘aﬁn‘%f%@i’%ti. ﬁHJf:!-?kfflic:;kglzlé“é bOTIL
WEER BND. —RC, [F—FEAN T KR AT
HAUTEERIEDTE VT AR IR L. BB E <
5B (U, 1991). WEAREEIZ A SN/ REE D
TS LB RIROZECH AT A DA, ik L 72 WiH
AEEDOINAFEARE DA A ST & ) I R
LBDPIZDOWTIE, SRS OIS &R L ERIC

Table 16. Incidence of foods in guts of larval sand lances collected in January 1993 in the mouth of

Ise Bay at sampling stations in Fig57.

Inner bay

Outer bay

Standard length  No. of guts Feeding Incidence of No. of guts Feeding Incidence of
class examined incidence™! copepod nauplii': examined incidence™ copepod nﬂuplii'2
(mm) (%) (%) (%) (%)
3.0~4.0 18 833 16.7 41 634 12.2
4.0~50 19 98.7 63.3 49 93.9 61.2
5.0~6.0 45 100.0 ar.l g 100.0 88.9
6.0~7.0 8 100.0 87.5 1 100.0 100.0

Total 150 973 673 100 82.0 44.0

1 ® . . . = o . ~ .
Feeding incidence is expressed as % in number of larvae with food in the gut of total examined larvae.

~ Incidence of copepod nauplii is expressed as %o in number of larvae with copepod nauplii in the gut

of tatal examined larvae.
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LN TH Y, REOENFNOMEIEE DB
TERDLTHIRFECEREEZ LN A,

— AL & ST AL, SMUESIC BN T
BERES PR DA TYS (P, 1969). bk
JIEENTHARFES SO ETE/L LB, W
SIS, BTMILBAC L, 6 ICHEMT HE A IREE S
oz, FBFEERTIE 724%DOHMH 510 24 HRH
LA PR 2R 2 K 25K L 7 IRRETHRM 2 Mg L 72,
B SIZHMER D S OHBIERUCME - T, IR R WER O
EH S AL, EERBMA 1+ BRICB W T LR RAF§
DA HE L o720 RFEIE, SMEBH 1L 4 BilhbizoT
NN DOFKFEFEZRE L THHT L L) EREZ L D720
12, w47 (Lasker. 1962) 7 & T b1 5 NHRHAE
D S IR AN D 2R KRR ORI AT, 1R
FEBHAAINIC BT B AR £ B Kok S = ) 12 <
WEHBTE B,

PEED A F F T O R AT (1986) (12
SiUE, SMEROTEIRL S R L T s 01dp
Wi LEDOIE, RWTHh0H LED /) — 1) 7 24k
THH., HLENEDORBELICEDE s 2/
DEAEIZ %L EE 5D B, . SHEYDTRIL
REEBICLZVIIINS ) =7 ) 7 AGEANE LT
Bo SMUEBOFMAIZE Bh 0D LEIIOEEIZ< A7
v (s - WI4E, 1983). A4 b &I (R - HiHE,
1983) % EOMBMMTHRER SN TV B, Il bk
HALDWENZ {, FERMMEIZRNEEZ SN TVS
(FHe, 1980). FBED A H F TIC2WTHHILENIC
ERHEILDINAE <. FARNfE 2 HE T 5 & FRRM
Higrwd LED, — 7)) 7 AgE LS ihns ., 5
BOA K FITOFBLBMICYE-51~2 1. FEF
WHXTEY T 7 > 7 b P HEROD L VETEH 5
B, Paracalanus parvus O ST IIZ L - T 45 L
U Ty B 4 SRR AR S T B (55 2 B
Sekiguchi, 1978). T 9 L7-fE3REE & B E F 2351
B2 5  DEWVEIEEIC L o T, RIS T
BA NS THFEIERIFEELIRE R R L7, B9t r
FEREL 7 1993 FIIHAERHEREVSEM L, EilskE
135 < (Table 15), FHEOIEELL o7 ETH 5,
BOSHEEIZLRDLT, BRESINTH FICEA
THRE SN AEEISUERED? S 80% % LH 5 &R
fHER IR L7z

#a (20000 1 EpER
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=

DA FIFROBE, &
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BFaErdBE L, TomEILLse, EFELEIHERE
DIRIE S 72 DITE EING A 6 5L L 721249 5 B H.
THOERNERELREL, ANOFEREFELZRESL T
FiIF<& B MICRE & 172, —75. Yamashita and
Aoyama (1986) 1Z=[EiFED A /1 F TH-EOHLEKRT 4
FEBRIAE L, KiR65CTIeBIFAaHMEEL LT
® Point of no return (PNR) % 5 b 13 Haj 4 & I
ELTWd. FEBIZBIT A A 7 A ERT OAGR
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FORBE D ENEEZ NS, L, BHEEFFEF
WEBWTRIZINGE - MERR DR S i 0hss
btz 7 HE. 2WEETRINTE TR SN0 HLEz
I1AETHo7/-2 & (Fig 58) #ZET A&, HEE
DA F1F TIXER (2000) AR A EAVE IR 0 5L
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XAl E (Bailey. 1989; Bailey eral. 1991) <Y,
% 54 (Furness. 2002) |2 & A &HFER S ER DI
fiEE SNoDH B — 7. WRIBFHDOWIILARIZE VT,
BAaHIN - M 2 BT 2BEDTINRDE { D
fECRHEEN, MARZR NS ELERNE LTEETS
A5 EMNEHMINTw 5 (Hunter and Kimbrell, 1980:
Dwyer et al, 1987: Brodeur and Bailey. 1996). A 7 7
THBOBEICL AR PGS (BE. 1960) Xl
AR (RARIZA, 1989) ICBWTHEERS N TWwa. L
L. EEVIZ LT ERBILT A IR ST
e REITIE, FHEICB LA 5 F ITHRMAOEMNS
Wb L UHFIZL AIREER»S, WAL AH-HB0OH
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1. 1 AT IRADFARICKT T HBERRMYE
A7 F THEOHENNT T 2 EALEIRME 2 5 72

. fFIC L BIHREREIT o/ Bk LT 1994 4F
4 J] 29 At ’ﬁhf BN THER. S EROKENIEINIC B
WTH 10 A (O 5 6 7 AMIGEIR). BlaEE %5
xff{ﬁm L7k R 87 + 1.0 cm @ 1 M % v 7.

[ AR G R RE L B v 7o iR 135 iR & KR 10T,
H z’ﬁj‘cﬂ’l—T ® 2 b FRPARIICINE L7z, T KAy
VFTFERT I BTl 6 FTF Loz 41 ~53 HH
@4ﬁ+zum,7»%37/—7uvzw£g;0»
LB I2 HHOBR 7 VT 2 72 RS L. 2
BRI Z I L. 10% RV <) Vgl CRIsER. & V\J
B RS, Moo EHNE u@mua@“mwm
B BEEE DA S KU LD Iviev (1965) O
BRMEARE (1) 2ok, YO 4 1203
B IR O ANEIRE - F A~

[ = (o = pi/{pi + 1) (1)
Rl ool

CHAAEYOE P BT ATEE (%)

LB AHAEY OB BT AR (%
ﬂHM&LLwa4ﬁ+3HmkiU“ L8

T D
A X, FEAFEEE Table 17 (2R L7z
2. RKABWICHBITAHREN
KOG B 5 EWEMER T A7, 1995 4F 3

HBEU1996 41 2 HICHEEND 6 Hisi (Fig 61) (2
BT, EWNED A A TEMAERE L7z, Bl oEE
ATIE AR Ao 9~ 12112, Ny FRIIIZE > TH
W20 WESNATAIEaERCF e
BE#Z LN, WEREENIL 30 LN E L, s

Table 17. Mean length and density of prey used for the food
sclectivity experiment

Mean length  Density

Food organism
= (mm) (inds./0)

Sand lance larva 13.6" 0.25
Artemia (L) 2.9™ 20.0
Artemia (S)” 0:8™ 600.0

! Reared for 12 days.
& Nauplius

" Standard length

” Body length

i H.

N35° Aichi Pref.

40°

E137+

Fig. 61. Sampling locations of adult sand lances in Tse Bay in
March 1995 (open circle) and February 1996 (closed circle).
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A 97 T S ATATBANEL & A1 B MU A 3
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A4 e T e, ZFELIKGE LT T 10
FHE (9567 JTHIZER). L‘{?fﬂﬂ% Q=)
L7248 90 = 08 cm @ 1 il % JHW /72, 200 75
R T L KIS H S L 24 1 Mﬁn SIRTE L2
BwoAa 13 WAL L, Kiik 11T, BReEAT
THEERL 7. AP TR TIlA & I L 72 5Lk
59 B A #19- T-f CPERE 139 £ 21 mm) #9230
ik & S5 A L. 104708 (14 B8 20 43 ~ 14 15 30 4 )
IR S E7o . B rhlo 200 /2R ) nF L >
ARG Lo HEMNZE 1425408 LT, D05,
10, 20 WM Rl F 2 4 ik, 5k 4 ko
fRTD FIFT10% R~ VIAHECRER. Bob
WY L7 E 2 flleE L. i RE e L
Foo WALEEOIETIIZILT 5 (1993) [tV LI o
T & v
Sr = Soexp(- at) (2)
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T&Hb. &5IZHunter and Leong (1981) 129V, L

TOETINEFNTA A+ THEREIZ L 00 H MBS

A dEE L7z,

H=ax85x¢t+S8 (3)

H:fFEL:) HREEE (%),

S MR PO BASHAEERY (BhofaE
8 BNEYWT R TERVRE X 100),

¢ 1 HOPEMHIER,

Se : SEATRG I T RO B AT M E ST (HEHEH
BTEICB 2B RFOFAEE " FAEYT T
7oK E < 100),

Thb, B, R THNEZEITNTI0% LY

) CEWEEROWER E L,
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#®w R

1. A AT IREOFAIKT HIEHEERY
FRAEBICHN 1B BHROBMED S b, 46 &S

DWTEBHNEM»BE L. FReila 8L 3l

ik (674%) THorz. BE 1LEAKS Y ORAA

WMIRHFEZ X B Hr BN A S g DT FEtL:

BudmoRT 25 Mk, FIHT33 £ 56k TH o7,
B LT T I 7T 5 BSR4 R
% Table 18 1278 L7200 FADMKEIZ L 2@ IREOHE
RO BN d o 7oA, FHEICK LW IEO#EIRE ¢
=091) #RL/. T4 BMETLVTITIIHLTL A
71 THEBICTLET 5 W IEO#EIRME: ¢ = 087) %,
WFZTNNTIT =T 7 AWK LTI B OEIRYE
=-031) &R L7e A7 THATIER HE 7 8 H N
Tk & ) K ORI A & EA THE L 7.

2. RRBHICBIIZHREN

1995 4F, 1996 £ 2 4EH T 6 B, 352 kD A 41+
THEDHNEM T EHE L, BRIV Ha0FY
REZ 109210 cm Th o7 EIRIZESL FTOERK
Bl (4~b5 1) OLfEYrres LETHS (B8
CiZA, 1974) @ EEFRIC, BEIRRE N~ L /- B
LFCHhH LEBEEHEL TV, A W F AT HE
LTWHAE S AR 79 HAHRE s Mamfg
HEBIERIE 224% T o 7z, B 1 AE M7 1) O RF&
FUL A T 42k, 39T 1.3 = 398K Tdh - 72 (Table
19) 8E L7zA A+ IHEOAREFEMGRIZ KAT
FTENTE,

W ;= 00037 X L ;2%

- it
o

(R==10920. n =92) (4)

Table 18. Ivlev's electivity index in adult sand lance calculated from the predation experiment

Standard No. of Mecan no. of contents / stomach [viev's electivity index

length stomachs Sand lance Artemia Sand lance Artemia

class (¢cm) examined  larva Total L s larva Total L g%

7.0~ 8.0 13 5.2 3285 1622 166.3 0.95 0.01  0.88 0.32

8.0~ 9.0 15 2.9 4213 2294 1919 0.89 0.00 089 -0.36

9.0~10.0 9 2.3 3844  184.0 2004 0.87 0.00 0.87 0.30

10.0~11.0 9 22 4231 1599 2632 0.86 0.00 084 022
Total 46 3.3 388.2 1879 2003 0.91 0.00 087 -0.3]

*! Reared for 12 days (Table 17) .

" Nauplius (Table 17).

Table 19.

Februarv 1996 in Ise Bav at sampling stations 1 - 6 in Fig. 61

Incidence of sand lance larvae in stomachs of adult sand lances collected in March 1995 and

) No. of No. of Incidence of Total no. of Mean no. of
Date S::gﬁi;:g stomachs stomachs with predation sand lance larvae sand lance larvae
examined sand lance larvae (%) in stomachs in a stomach
3 Mar. 1995 St. 1 63 12 19.0 114 1.8 +6.1
3 Mar. 1995 St.2 61 6 9.8 46 08+£25
3 Mar. 1995 St.3 25 0 0.0 0 0.0
19 Mar. 1995 St. 4 44 17 38.6 120 2.7£5.6
20 Feb. 1996  St.5 100 35 35.0 139 1.44£32
20 Feb. 1996  St. 6 59 9 15:3 26 04+13
Total 352 79 24 445 13439
“Av erage
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2, A TIRELH) ILownTE, HEFAaOME{LIIL
BRI E Td o720 SIS DIRERIC BT AT
WEME T Fig 62 1R L7z 3 H 19 FNZIEIE M8 < A
HF T T AMDIREL % RDd D720, Ny F iR (48
HEE A 1 200 1% /50 cm) 12 & BERERIGREEA TN s /s
%@ﬁ"‘b”?fﬁﬁﬁé NIATFEOEREHE % Fig 62 (2HFFE L
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720 [ H SHAT e T S oA ORI 21 ~
35 mm, FH29 mm THYH, HERIHOKRIIIND
IR R/ s O PRI TR Ry S ok

50

3 Mar. 1995
40 -

30
20} n=141

10

o (]
19 Mar. 1995

40t ) F

30} A

20

Frequency (%)

10

0 1 1 L v £
5-10 15-20 25-30 35-40
10—-15 20-25 30-35

Standard length (mm)

Fig. 62. Standard length composition of sand lance larvae in
adult stomachs (open column) and ambient waters (shaded
column).

et

£ 30 mm L L@k o B SIEH 4% &Ko 7 (Fig.
626

A EHEFHOBRESRT Fig 631R L7, HE
FEOEEIIHRADERIZIA L TREL LD, il
BFHORARERTEOERIZAETH ), HEOKE
EDMICIZLT OEMEEIED L, kb, T2
TIEHAOEEMIIH LT EOEBI D 2o/
“A®%kﬁ(Hg&®%ﬁﬁ®5%i%?ﬁ?%@:
=g A

Lmax =51 %X Lz — 229 (R2=0778. n=8) (5)

e
& EE,

Lmax - HEMHBHEKAEE (mm),
7 - BB ORE (cm).
Tdh b, HEMHIMAE 30 mm LLEOFEAE < 4545
LTwilddib 63, #EfaofikEE: 6)
DEYFEFUIC L o TIRIFHIR SN T2, Z DT L,
Lmax \ZHAOTERRFAT A& & Il L7z,

4. A HFIRAICKBFEROMECEE
FENERTIE, ARAEZEA S fF 859 230 4 AH
04 13D AI L > TIRTHE SN, #
&Jﬂu051020hu ﬁ#bﬁﬁéﬂtHﬁm
EHEEIZ66mg 0 =62), 58mg =78, 4
mg (n =85 &wd L7, ?&ﬁfﬁfiQH‘QODqﬂ@ﬂiﬁ
T AU A DA B OISR E 87 mg (0 = 65) & L.
WEBEOZLEEMICE I FAEE DL Z (2) XIZHE
JFSETRD7-a OfEIZ 0.313/h & o7 (Fig 64).

40r-
= Lmax=5.1"La—22.9
E (R?=0.778 n=8)
-
@ I D
: 30 o. 9 _________ (goo
o b e o .i. o _©0g
8 o g e s °
S 20f () ' e ®
_g @ ' ® . .
g ' o § - .
o
® 10} ® e
(=8
5 Prey larvae n=157
(7J> Predatory adults n=23

L0 Y VS VN VY S TR S AU R S
90 92 94 96 98 100 102 104 106 10.8

SL of adult sand lance (mm)

Fig. 63. Relationship between standard length of adults (La)
and prey larvae (L)). A dotted line shows a linear regression of
maximum standard lengths (open circles) of prey larvae (Lmax).
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St=8.30 exp (-0.313t)

[@ n—=65

(mg)

o]
T 71 T 7T

in stomach

0 0.5 1.0 1.5 2.0 2.5

Mean body weight of a sand lance larva

Time after predation (h)

Fig. 64. Exponential decay function of sand lance larva weight
with time after predation. Gastric evacuation rate was calculated
as 0.313 h-,

5. 4 AFIBAICLAFAOBNIBESE

1995 4, 1996 fE W2 BT B ENZO A 7+ ITHBED S
DAEWEL 050 THholze BHEBIIM LA THM
(7)3:1‘rZH1 OEETIE, EHNIZER L. EHridsEdc L i

B AT OISO N e hn, 245
ODHEILHHDETI0RH, £/4-.Se 2 SEFL050E L.
(3) R&WHMliERKDDE, KED21% &% o7,

RIS B TIE SN IR D A 715 T8
5. DT OREREMRN 2 &z,

Wy = 00073 - L5252 (R? = 0937,
Tl 1

Wy @ HEOEE ()
Thhrb, fEESNIZHOE (21%) & (4) KB L (6)
X2n, HAeO L FL70 0 0BT A EEE s TRk
< ZE T ENTE S,

= (0.0073 x Lz*%2 x 0,021 x 10%/(0.0037 x L; 2%%2)
(7)

FEEDA 71+ THBOREREL, SHMUBEROKE
45 mm 25 FE 10mm B F TOMT0.23 mm/ H (K
M@ 10T, BiEN), 10 mm 205 20 mm F TORM TidfkE
D 484% / H GRKIR8IT T, =HE, 1993),
A5 30 mm FTHOMTIZ097 mm/ 0 OKiE 89T F.
—HE 1993) LESINTV S, INLDORERED
F=yh, HiEls () EFEOEE L) L OBk

Ly = 448 exp (0.038y) (R* =0993) (8)
ERTIENTES, FES 10,12 cn DFMIZ DT
(7) & @) Ao PeFaORAly DBEE L u&
FTEUTDEBY b,

#HE 8cm #HA (KE 281 g

n =239 (6)

20 mm

P =196 exp( — 0.11lx) (9)
HE10cm #HE (FFE 1531 g)
P =371 exp( — 0.11Lx) (10)

—60

WIHNECRELS & B BN A B s O ) HEYE:

R 12 em A (KIE : 895 g)
P = 626 exp( — 0.111x) (11)

z =B
AHFIFE, TIVFIT/ —T) I 2NEBLUT

VT I TET A & U BRNERICBWT, 15

TEAUTFRB LTIV T I 7RI R Lt E OB

IR AR L7, 2FOMBENIL - b EMT 5
A D LETH Y . KR Paracalanus <2 Acartia

PEET S (Sekiguchi, 1978)s NS5 EWTNLHKE
I mm P OB/ NI DS LR L, SRIOE
BRI L 72 BEAE I 4 X T AR ASE OB AT R 1
ZRLIZTVTIT/ =TT AORE SIIHET S

(Table 17) . RHRUFSIC BT, A H 5 THMAAH
T UL, LR T A VS LE LD G

A7+ T BRI RS 5 L E 2 b5 ERIC
PEBETRE LA 7 TRMI LB L T
b
FEPELAD O M EFFITERR TRt St 2 LA™
Morze A A ITPENAFME RS 7B BAEY
HEOWPBEP LR ENTa DEIZ0313/h TH Y,
METMAEL0~ 1D T X Paralichthys olivaceus
Tk 57z 0164/h (BT A, 1984). & 7 X ik
BEHE L7242 R 30 cm BIfED T A F X Hexagrammos
otakii TR & 54172 0143/h (LT IEA, 1993) 21k~
ThaYK&»ole a=0313/h ZHNT (2) Xdb
BREY D 50%B & 0% HIL SN A MM HE T
bE, FNEN22WFM, T4REM &R B
Dwyer etal. (1987) B AX—1) Y O AT b &
BWTHEI E L LAV 2R RILL. B
EHERDGAIEDE R ) BHRAECOIRE Z /oA 5 HEE
ERTHD I EERIRH LTV 5, FEUEDA B+ T

FBIZHPICE 10 mIBET RO D S JRE % .25
LTwa CRMT 1984). @RI E LA & #Hiaod

PO EGABIEH-EER U ~KBIEIZH ), WEDI

FFRIIEEF NI BN TIE—3 L Tw5, LA L. K

FHENZ B AME QA RIIELZ LML E L T
B o BATELEELTER LR ML EED.

HEE R R~ ERIABIET 5 iy (Bl
1995), —77. HFEIIEOHTHMLL R FIS@ERS
Lo THBM R REY & 7% ZuWJW%ﬁiEéhé (5
2%), MHEOKFEHFMIBITAOMNOE L DI 5
LA BEANRE S NS T TOMECMICRON S 2



i

EDG e ST E DRI SRR A L7z Eo%
W LEETE R T o2 (1986) LU, BOET
SME LT RSB R I #E S NS I TOHMIZES
HRI0EMTH B 17+ THFREBHEPED L T
BIEMH, R REEOBIEEIC -FICHLT A (B3
BLE) J&ns, MUTAPHADHEMRELDD
EAHLDBEH, $2bb 1 HEMUEEZER OGNS, (9)
~ (11) KoEEFARPIIFETADHE x OB
ELTRINTVWEDT, #NFRLOXE 1~ 10 O
FCHRST AL, B LEEY, HbHIZLETFA
Hx, BASIED T COMEE LHRIT - HE0RIE
HEAEHERELAIENTE L, TORIIEES cm
DOFAETH 1,000 4, HE 10 cm OB T 1,890 i
R AR 12 cm O TH 31908k & 3 415 (Table
20) . ¥ (La) &Z0% (F) DBEER (Fig 47, F = 0.3474
X La"3%) (ZHOE, PAOZIIEIIEE 8 cm THY
320047, 10 cm T# 8510 %7, 12 cm THY 18940 2T
HBo A ST TOIIHEN O 5EEMFRILEL 55 B A2
BL, 1EGNEC 1 [E DM ERS 5 IR E LD (58
3WMEAH) Zehn, B EANTH OIS
O DR EEAEORE T, EIIEH ) O AR
&, TobbBMICLBHARERERT I EIIR b,
FOMEIEAE S cm T31%. A& 10 em T22%. HAE
12 cm T17% EESE S LD, KPR TIXMEHEANT(T
11 0FETHEAET S (R, 1980) 726, THAbD
fEIZEERIL 2 50 62%. 44%, 34% & 7% A (Table
20)

SATIR O EEARILL 72 BETRE THED
HERRAGCEICNET S THAELT A Z EMHEE
he (B) MICEDC EHAI L A TFADOHARAIML
EIMAES cm OHET 18 mm. 10 cm T 28 mm., 12
em T 38 mm EHETE M7 (8) KL iEs{bFa

Wa.

(r1

.

NENFNORERAGRIET H20135L% 370,
48 H, 56 ATHhs, #2T, (9) ~ (11) XE#+h#
N1~37 Hifn, 1~ 48 Hili, 1 ~56 HESTHES LTI
a7z oRWaEREEr ks L, EES cm O
#CH9 1550 i1k, 10 cm T#H 2980 4, 12 cm TH
5040 itk & 2 B, S L FARICHEME SHFEZHAT S
EEZT, ZPEIIT AR BEERHORE v xS
L&, FNEFENIT%, T0%, 53% & %A (Table 20).
INHOMEIEA B THREDTHEIHRE O LIRE & &
Ao, A FROSHAIBOEBRRIICL > TITEIC
RO 7B X AHTENFESR (62%, 44%, 349%) 58
SIZEL NI BT ERRIBELTWA, HMIZ L ala
HREDS SRR IF A AT BT R E L, IMAE %
R 2 EELERTH LI EAHEXNSL, Kimura et
al. (1992) (T NHEEENC BT 5 4 75 T O&RE)HE
ETNEWEL, 2ORTHAI L AMEDRENIKE
WwWEWwy v ial—varFREHETVL, FEEDA
HrTaestGe LARBRICBCTE, IhaeTid s
FiRAE STz,

AEIORBE LU, B VRS Y OFPREU

ammwr MOREG, Tabbiflfil XL 5HiaEdE

213, EINOBRHAREIVNETH HIZEREVHELR

Lt‘_‘ CHIIBBDOFINEAMERED 439 FlZ, BAD
iR EED 286 F (7)) kBl \’T‘”%Q
MUE ERINBUTS T B EHDLRPRE L H b0

b, B5ESE2HTHRRIL I,
WAE (1993, 1995, 1996, 2003 4) 2
WHEEIC LS (Fig 54)e 9 L4
BIFELOWRIZE - C FnA &l
MREL D EDMWES D,

-
A DT
RIS
ST RO

Table 20. Estimated cannibalistic mortality % of larval sand lance by adult sand lance in Ise Bay.

Standard length of ~ Age range of larvae

predatory adult preyed on by adult

Total no. of larvae

preyed on by an adult

Fecundity of  Cannibalistic mortality

an adult female of larvae (%)

(cm) (Age in day) (a) OB (2a/bx100) "™
1~10 998 62.5
8.0 it 3,195
TR o . S L TS L T
1~10 1 :
10.0 890 8,508 4.4
U - S, e - 099 e,
[~10 3,189 33,4
12.0 y 18,939
1~56 5,036 53.2

" F = 03474 x L2V (Fig.47)

where F = fecundity of an adult female, La = standard length of adult sand lance (cm) .

2 Mortality % of larval sand lance by a pair of adult sand lance.
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SRTEIRFE
KA — i —

AR EE R SR S A WER Y A T

LOFERREE (LY —2) 2% @EET. HH4FEo
AT — VTl (7 8) §82 5L Y -0
TrEED WMW2WOOVy~Ay7%®m@u
T2 CBEAL T4 < MG R A LT v B KT

FED 320D AT AR (HAEREE~ A 7 > Sardinops
BT ANZT AT S cacruleus, F
<A 7Y S sagax) 7% 20 A B W TETR L TH
FAERA T —VOREBZTo T 5B I EAERHS N
Z & (Kawasaki, 1983) ZZHRICHIESINE L 51 lk o
7oo Bt HARKSIMEEIC 45107 B R 4 o fdEE
T, VY=L Y 7 MhREENTEL (BIRIE Rt
1998 H 6. 2002 &5, 2003 =5, 2003). Zit
SOWEEE L, MBEEOL AL TORSR
WRDLFN Ao THRETT 5 Z AW B
DH b,

Bl - R (2006) 14,
it A T T OFBINARARE R 5
BN O 10m B0 & INA

melanostictus,

DWW

lf)o

1995 ~ 2001 4F & TOHEE
1R Uredl) o

ﬁmLMWMtﬁw
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PR BRI 2 5702 U EE 27 &Il -/
% (2006) OEIEG JTE’D TIE, PYEREREA > IO
HEIRDRIFEGL Y — 2l LAT B I DTS NG

LAaL, 1980 fEIcE Tllo CAMBEDL U —ad 7 &
B A IR DR D PR & AT L 70 ATE (B8 4 %) T
iumw,#kﬁﬁéﬁw@ﬁw
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% (Goodlad and Napier. 1997: ICES. 2002; Arnott and
Ruxton. 2002; #&H. 1972 a). #DOHT, FEEDA 74

E}J % |J/\LU4 %\

F TEfi—. Beverton-Holt B FAE i h# (Fig. 43) T
BUHT & D HEEMESHEO NS, Thibh, Wﬁﬁ

DA NF TS, FLY I AMOWHEREE LOvA TS

RABD A FF THUFN O 2 HRE KA L 72

MAEBREREZHE L TChAES 2 5. KIETIZES

12, I LIRS R R R BT, Lo
TR MR R A B & L THSZ L T B D »
wf.&mwﬂ ihtm%ﬁﬂ@ﬁﬁﬁ#‘MM%

BB OB ARDAERE LT
[(DIFEOIT ), TOEIE OB, P %
R E LT, [OfFAHoEAL] Ok sHal
DET4 AT L, SRS HIA SO FE AT

WA SEEINIEAT Lo FOME. ARIZBUAE
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1RM7- ) DFETIED 2 20/35 A — 735 0 iy <
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WIZEERBHOHMILA, TR UL SIS, REIIHAE 1986; Wright and Bailey. 1996; Robards er a/, 1999 a;
:"‘i/%?}ﬁ(@imj‘t EBIEREIVNELLT B F L L o T, Monteleone and Peterson, 1986: Buckley er a/., 1984) .
BOBREOFEINI LT, F0HMAPHLL 7474 AFELEE 6 FEE 1 I Tl 7 584 I o0 S BB G 13
%?ﬁﬁﬁ“%ﬂf' AAERT A < 7 BAESR, ARG BT L UBVHUEIIEC £ - T, AEYOTE KV EEE
WEBERGEEIBOONL LI bEEZ LN, EO)/J RWATRIIEEA L, FOMEEORTEAEE ) 7 i
HEEBRRED S VEIZIL, BENE THAH/ L WHRIF$ 52 LD TES. — 7. LFEOFEBEORE
TAHI LN Lo TEFEMGLL) DENBA WL, & m%%wwﬁﬁ“vﬁ%*%ﬁ%ttfd%ﬁ%j®ﬁ
JIEEETEE L T OREIND SRR EIEE§ 5 & WAHITONAIEETHS (FE6EE2H)., 1 H)F T
2% D (Fig 55), FHAERENPETT 50 MATEHAE DHDHFMT BEATFEORELHEIEERERD S & T
L7fFEic BT M L AT L. S A7 F TEFONAN FNE B IHMBEE & 0 P
AT ARADFENSKEL h b, HHEDA T V)}Jﬁ SELCREWEHMI S NG, HEEREA N F T
A DNDBERE ZHBMARRESRIL, 250 0% BERTFRIINADOERE & 4 B 2 DO RERYRERE (FEIR
FOEEERBERE D S E TN L TV B LR T & 5. ﬂ@ﬁ&ﬁioﬁmu;éwﬁ)‘,_7Ltm&®ﬁ
17+ ITOYMIEETH L LTI, FEBETIEA D NFEAT TR L TwbEEZ LN,

F L EMT L HEM AR R R LA (582
). 2 LS, AP (L 1964), KAE 2. AAFIHOMAEREHHFRANOFILE

% (Yamashita and Aoyama. 1984) X7 A 1 A LHER Watanabe (2007) &, Mi#veish (B 6 188
i (Sherman efal, 1984) THHE SN TV b A 7 gEn i (RS R AT~ B ST A v
T OHEOMMEEMIE, —RICEFIIBT LM T Cololabis saira DFEFFEAETEMN (L2 2By Tk L
>7r>@7»—</7m TROLEYEEOKN PoHEERREE D L URFICBAMTRAE L), ¥
RZEZF 5 A (Sherman et al. 1984; AtJI - 1LF, Scomber japonicas D FHIEW (KRR & R ER R

Table 21. Comparison of interannual variation of catch, recruits and adult stock size between A.
personarus in Ise Bay and A. marinus in Shetland.

Arca (Species)

Ise Bay Shetland
(A. personatus ) (A marinus )
Annual Yecar range 1979-2003"" 1974-2003 "
catch Max 25.659 52,000
Minimum 515 500
Magnitude of interannual variation (Max./Min.) 50 104
Mean 7,88] 14,108
Standard deviation 6.026 14,839
Coefficient of variation 0.76 1.05
----------------------------------------------------------- L‘) ;n{ u;t.n“z;:““ o “.i-,f;x-i:":-t-c;r}.:;- T
Recruits Year range 1991-2003 1985-2000"
Max 1,028.3 5.444
Minimum 33.6 0.014
Magnitude of interannual variation (Max./Min.) 31 389
Mean 283.3 0.939
Standard deviation 258.2 1.363
Cocfficient of variation 0.91 1.45
e e Unit - 10° indiv.  Unit :relative value
Adult Year range 1992-2003 1985-2000"
stock size Max 376.4 A
Minimum 438 0.112
Magnitude of interannual variation (Max./Min.) 78 23
Mean 80.2 0.970
Standard deviation 166.3 0.726
Coefficient of variation 1.32 0.75
oot Unit - £0%indiv,  Unit :relative valie

" Mic Prefecture Fisheries Research Institute {(unpublished)
2 ICES (2006)
" ICES (2002)

—Bd—



W), = UREEOEM (=¥ ¥ Clupea pallasii, <
A 77 3 Sardinops melanostictus, "7 v X 4 T 2 Etrumeus
IZBWT, WIS O H R R R M T TR
BLUMAEEERZ LKL, IMAZOFLE AT
TR THEB T AR (2 ~Fk - BREERE <H N
KIFEEZE) 2 (=v v, vA4T7Y) TREL,
EE AR T DM (2 v A 5EA T

*BIEREE) R (T A4 7)) THAIICEEL
TWAIEEWHOEPII Lz 47T TEEFIIBNTH
FOEIm A L 5. Table 21 b"‘?ﬁﬁ%‘l‘fﬁ@f‘% % fit
BEDA T WAEGHEETH LI
Wb l‘?ﬁ%@iﬂ?’ﬁi’ﬁ&@ L =4
OMABLEHR e LR L. FEEES A
T OEAEIE AL LZ = bT v NEA A TITICES
(2002, 2006) fx‘(J B ﬁﬂ IENEN L o7z, FHEVERE
A 71 TOMAEDOEEEA 1991 ~ 2003 4 T#J 30 f

teres )

<N

= (A. personatus)

(A. marinus)

THol=DIZX L, Y= bT Y FEA S5 T 1985 ~
2000 FETHI 400 5 & 1 HT R & D o700 BEMRHIZBY

THEFEOMEANA A S, Moy = M7 v NiE
THLPICKECERZ R L7, INERBILT, s
BOLEL 2 F T U FETRE WV,

FAREA 71 T (A. personatus) DFHEIE 3 TH Y OF

L3, 1967 KB, 1950), 4 A+ TRMAMOBTH
b, AR L/\T%ﬁ%’f‘l&&?ﬁ‘qﬂ WETdh Bo FEIZPT

BBEOAREIIH o T, HHEE2H THRRILH I
1 BB A HLAE BRI IR WA I 2 73§, £ D729,
EINHAREOFELEEE, MAREEE T EHEIMT 5,
T2, OMBOBEZENZLOTEH I EIZMA, A
B E 0 MM OBER L OBIITROMEBERR (Figd9)
Woh, ‘{,fﬂfﬁb J:ofﬂﬁﬁl =H® SENIEAS S SR
ENbHo i id (Table 21).
—J. 2 bT U FEAHT T (A mﬂrmus) DF it
94 & & (Macer. 1966), Z 4D 5 7 5 ETIHRML O
WII BB I NTLE LTS (Table 21). 29
LB EoZBERORE & 13Ul INAREETIE
PEERETHE 71%?>/M$Tﬁ§bW)i&%f
BH5B) M

RENERET i;iUﬂxﬁ‘ngﬁ iR &2 waAS, KfgeT
HE & 22027 o 72 & 9 (B S ARTE Y 7 EE P 8 DR B B FE 12
Jiofft?flmi(iiu)cmxmt’(b\% hz <,
BN T TR S NAIERIC L o T ENREG D
R ASERE RS (M 1986). ThonZ &
PMARZLENSELE—DERIIZ > TV A EER
55

bl x)'l

BIOE~

64—

Tz hT YV (A marnus) OFINFL, EHEAE
12 ~ 18cm @ i # T 2,700 ~ 15400 ¥/ (Gauld and
Hutchen, 1990) T 5. T L. A&7~ 13cm
DBEER A (A personatus) TIEF9 1,800 ~ 27,000
s (Fig 47) &, RED/NEITH 2 BN %
Vo~ BRI Y 2 T 2 F#ET 1.02mm (Winslade,
1971), fREVEETO090mm (FHEE 1) & HEE
FET/hE WV, ZOLHIl FEEEIHESATTS
Dhms, WNNEERTALEIEICL>TA 7 THD
BT EREOREINVEFIERL TV b, SLFBOHK
Fl3Ee LT 2z b5 FETS50~66 mm
(Winslade. 1971), 185 T 45 mm (4 6 E5 1 i)
ERBBEDT VNS, LHL, ZOBROFHEMIC
BUAMHBBEBEOREREIX, Yo b7y FELD®E
Vo Wright and Bailey (1996) 2 & 2 47 H i o fif
iz qg, Y= bF7 v FEA B+ T (A marinus) D%
SALGEHEARICEET A5 FTICET A L £2
~35HTHAH, TIIIHL, HEBEA ST A
personatus) &, &1L - /Y (2006) AYE A7 H B R AT
PHRG7ZHERICEDITIZ0~40 ARELHFEES
L AR = b FEL D BN, &
DT &N, PFEEEDHFEO R E WA 2 L0 R
THMTELIEETRIBLT S, T, FEEEDT
IRV G35 & &b, s Eo %
WAZEZEEAE L, ENEORPEAEE ) 2 S L TRIFT
Eh, SoII, fFHEENOMERED BT HEEidf
A+ THA QLEEZA, 1998) PHEETLRETH 5.
SO FEEEA A TE IETE AR 4
DEFHEEZ AT L THWd, JDI ENFEKRGTE
L EBRMA T XA ABEEGZERIZ o T b EHER
Ens.

—Ji. vz l T NEEA S F T T, FA R
iz R 7 v (Goodlad and Napier, 1997). ¥ 4E,
Berntsen efal. (1994) % Proctor eral (1998) 1%, ¥ =
b 2 PRGBSO 0 B O I T B2 5
MEREE, TabbiaaREORENTREEL TV
:t%%Mwaé F70, LRI E < DB OETE
WTHY, BHILEMAHFTOFMBAER I — /K
DOEMBERIZLET 5 E0HEL DS (Bailey eral,
191)e & 512, A A F TIIHHIROFHKELKIFE TH
% Haddock %> Whiting Dff& L THEETH S (ICES,
2006)s ¥ x MT ¥ NEEA ST ITOIAREIL. #ikEE
PHEL EOIREROEIIIB EN, O ENK
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