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Possibility of Forecasting the Abundance of the Firefly Squid
Watasenia scintillans Immigrating into Toyama Bay,
Southern Japan Sea

Hiroshi NisHiDA, Isamu UcHivyaMa and Kazumasa HIRAKAWA

Abstract

Methods for elucidating the mechanism of interannual variability in the firefly squid
(Watasenia scintillans) biomass were examined on the catch data (adult females only)
obtained using set nets in Toyama Bay from 1982 to 1995, in relation to changes in both biotic
and abiotic factors. It is indicated that the reproductive activity (mean egg abundance from
March to May) of the squid in a certain year is not linked to the catch (from March to June) in
the following year. Among several environmental factors, water temperature, phytoplankton
(diatoms) density and possibly zooplankton biomass in spring (April or May) contribute to a
significant increase in the squid catch (April) increasing from 1986 to 1990 (density-
independent effect). However, such an effect has not always been recognized from 1991 to
1995 when the peaks and troughs of the squid catch were not synchronized with those of their
mantle length in April, and the annual catches decreased gradually due mainly to density-
dependent effects. On the other hand, in the light of top-down control, there are significant
relationships between the catches of the squid and those of predators such as walleye pollack
and mackerel during the period from 1982 to 1995. Results from multiple regression analysis
suggest that water temperature (implying plankton biomass as an index of food availability),
salinity and predation pressure are valid factors for forecasting the catch of this population
immigrating into the bay from spring to early summer.

Key words . density-dependent effect, density-independent effect, multiple regression
analysis, predator, Toyama Bay, Watasenia scintillans, water temperature
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BIEIZBIT BRI A I (W, scintillans) \TFD S BT TEIINOE 1B BRIk -
EWTHILEL PSHONTBY, 2OMOENFY BENRE L EBEBENEICS
~6 HIZEIN, HIC4AAPFORBIHICH25. BEIBICBTA [RyLA AEBEM] 11,
BAER Y VA B OWIRICHS0ER R SN A (HARE S ¥ v 1 7 BIFEZEF — 4 1991). #
(1995) 12 & ALiE, 1953~ 19924F (404F-F) DEIRIZB T B85 VA 71 O ifEfEEI3476~3,894 b
COFPTEE L, 19864 ICHRIE, 1992 ICKEEERL, CORRKELEBESHENEIZLHS
ETHY, YIVAHHE, ANAAAERTI I HETHESINTnSE I ~5 DAL LB L
THRKEV., EBEHBEOREDOLEZEINA-DITIE, 0L LHEELEHZRT RS
A H DEEEEET A RFRRILICE O WO BB L AL ETH Y, B, B
BB B EEERI RO NG VIREDI ORENBET S L) HHEAERICE - T, Riks
PEEOREBERDSHEETAH LV THTFEOREIEERETH 5.

FINA HEEREOTRFEL L TIINT T, BIUBICBIT KGRI R Y IV A F il
RIS EENRKEVEVIREICEDE, BINED K 7 IV A HfiHIc BT 5200 miEKiR %
BEILL, #h @R THOBHER S HRAN R EN (5K 1977). L Lads,
MEHZ B W TIEER Y IV A OEFEREESFFICIIBH I N T 20T, REOHARE
(BT ) RS L BRIEER & ORE R S ICOWVTORITIERELE LTHESATV . &
T, AR(1995) 13, BINECTHEESNLERY VA IDOREL G - BEICHL TS DR % H
HL, FOMT, BUBICRET SRy VA HEE, BEEEEIIE & X EmT L 22 EH &
THRMERBELZ, LD -T, (1) ZORMICESE, EIEBICBITAKRY V1 5 EIE
EFOELIFORBENL R-FAEEBRY EL (EET A Z LT UE, EErsH4E
OMEIRBEEORE (R B2 FRUTELRTTHD, T/, 2) R¥ VA HifES (RAEINT)
CHEY - SRR EN & OBEB S, EIIHAESEEETAEREHME TSI LT
ST, FeOBEBRERICEOWTEFOEIREEZ T TE 53T TH 5.

KIFFECIE, BINEICRET 555 V4 H I (AR OBENED L ) BERICEL - T
FIEEIEINTVLOPEFHLMITAZEZHMEL, ZOFH2Y & LT, KEOHIER
Lo E, BEMOKRE, KR, S, EEAEY (T T 0 b ) RUHER L O E R
R ENOORELRLICIED EMIT L7, ZOMRKE, NRAKBICBIT ARy VA hkiim%x T
BT 5 ETARIARTH S LEEZONLENN - WENBRE L FOBRER T ML T 52 LAT
Ei-. F7o, ERESTICL T, INHHEERD IS, FRICEIF (1 ~3 ) IZBIT58E
FE~FELEOmEKRE, W4 H) 2B 58 LNERTO0 miEi s EE L ER
ThbHILxfEML. BIZ, TAHOEREZFHHEKE LR L-ER/FRIC L - THEE
ENLifER L EBEOBBROEICHETAMIERICEDSE, "y VA hOREREL THIT A
FTHAEEoORER, bty 7 -y - ar ba— )V EEE) A EETAHLERETHS D
L7,

AfpE LD FLOBICH) TREMETEVEILNEITOWEERLICE#B L LTS, $7,
RKIFFRICH VT =5 D% L, BINEKERBSPRFEICHOIZVNELZLDTHE, 7
FINELZFZOBEBIIIRANENIEINEKRERBBZDORA Y v 7 FAMATEHT 5.
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EBHEIE, IR ICEER L EICAREEL NIy STAMETH Y, ANMEOAREOHE
CIHES T ORE R ZEETALBERR . CORTEIEE, RETAHEI VAL I ORERE
EEMAER L EY ICET AT - S ICE DS ERILTE AR LB L (RS TH 5
ERBRENDL. AFETIE, BINBOEEMEFig. 1)L 2HERY K5 VA 7 kKilEEDIEK
fLEN72dDERE LIz, KEFFRICHW AT VA A iEEREL, EILEKERBRESIEL T
W EIEZEICBIT 51982~19954E 0 A Bk T EMaHE (8 1LIEKERBE 1996) D) b,
AR & OO TR EHEHMTH 2 3 ~6 AD, TREEDOETA X, Ki, 7
T N RUOHER L OMILTIIEEEBICH/-L4 AOT— 5 25 4FH L7,

JAPAN SEA

137°E 20° 40°

A A

Fig. 1. Maps showing location'of Toyama Bay (left), and of the set nets in the main firefly squid
fisheries ground of Toyama Bay (right). Bathymetric contours (1200, 1000, 500 and 200 m) in
Toyama Bay are also shown. /1] - set nets
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BILBICBIT ARSI VA A OMORBENHE (HER) LINOSTHMEDEBREHENTT 5720
12, 1982~1995%E D 3 ~ 6 A £ TEIIED SAEBTEERIZ 21T TD22%E FIZ BV TE LR KRE
KRG DT o 729 D AFRE DGR (BILERIKERERY 1996) 20510000 & 72 ) OFIDFH)
HEgrad L, #fBHE 2 Vo8 7 2y b (0% © 45cm, #8H : 0.35mm) % F V> 72150 migE»
LR E COHRERREICL > TEON. FOFEMZL FEEHKR1995) I & hHREIhTW
5.



—40— i £ N S I R

3 BEINEARZILAHDONESROEEHICET 28R

RE WA T ORI A XOFAEEE 2 AL 72012, BILNEKEREBRY - & YT 5
HEG RHERSFR (B IIEKERRSE 1996) OFHEL Fvi7z. 2 oMle iR IZ19864E 20 5
L19054FZ BT O BHBIH LN TWAE, T VA (MF~BE) OVNESED A B2t
\2HED Z A S AL7zvon Bertalanffy D B (b 1995) 2> S HIW§ 2 &, K% V4 I OMEEEIZ
PR LA S R 2 Hi T 525, 3 ALUEZONETREOEIMIAIED 8§ ~127 £ ToNL ik
LTELLLBET L, 20720, KRBV, BFEAESS2MTL4A LaE Ry L
A ADUHE~NIMAT 2 REF E AR L, 4 B LEICB T 2EEROBELRE) % HIT L7,

4 KENVAHEE) ESRBERORFLE DM

RunGE (1988) i?@%&ﬁﬁ*iﬁéﬂﬁaﬁw:/)wf% L ‘i@%ﬁiE@ﬁ‘ﬁjﬁ@J ) W B
(70t ) OFRELEEIC L L EHENEE TR ) Y (1&4\&%%?‘) ZHEH L

t%@%%aﬂﬁ&m%@&%%ﬁ&%bb%%Opt%hﬁLt.@%®%L§ %%%%
fREA4 5 EC, FEOIEEZDPouLET and WiLLiaMs (1991) 12 & » TIRIE S T b, REFFEIC
WThH, IS 2HIZDWTKIE - ﬁ“(ﬁ%ﬁ%&077/7F/%EMEWﬁEQ%ﬁﬂk
LTHARNTIT 5.

(1) 7Kg - 5

WA BT BKIEOICERIE & LT, 1982~1995%E 0 4 AICE LB HAEIE B TEE D24 ~32

B BT E LI R PEENERS A U % 47 - 7245 5 (B 1L Rk SR BRI 1996) 9 B, 50 m
HKIEOFEEE 7, EFOEINBICBITA50 miEKRIE ARSI VA DA E‘ﬂ(?%& U\
G & B B D) % b DX B REHKOBIA] (bR 1995 5 ML - I RFEFR) OFREIC
LeFEZONL, F/z, WMHIRI(L ~3 A)~fli(4 ~6 F)ICHIDT pKIRMEE LT, aJu]
AT B A PITRE - 5 (1995) I X 2 BB &0 ORI (BB BE~BHFE) D 1
~ 3 AIIBITA50 miEFHKIRE 54 ~ 6 28T 550 miEHKEE Hwiz, &5
12, BIIEOBRFEHEET B TR EERK) OEZELEZITE(RH - B8
1993) Z & DHEE SN L 20, WA ORELBIET 572012, BIIEREO 3 250 (FEE36
50'N_EC, #%137°05°E, 137°14°E, 137°22'E® 3 41) D50 miE- P15 % Fiv 72,

2) 79> »

RYNA DRSS HEREY (7T 07 b ) BORERWEDORMB O ik %
SBLTHSPICTALENRSHL. BINBICBW IR VA DO TR EYE LT F
7 4 Euphausia pacifica, JmIZE Themisto japonica, 7 A 7 L8 Metridia pacifica’s
ERMOSNTWVS B - F1997). Lo Ladrs, ChLo08M 77 > 7 by & FRICH
W7 by (AR OREES LT 2 7-0IFHTE 27— EA LN W,
FO, BEEERREICL D TR RICH (P M) ISAE T 5 EHEE O 5 55
D 2 EM, Stn.l (GEZE200~250 m, 36°10°N, 135°50’E) K& U8Stn.2 (#2600 ~700 m, 36°25°N,
135°40°E) 12 513 51977 ~19964E D20EM D 75 » 7 b v 57— & (KFT 1977~1997 ; HE4E
WBERRE 1996) 2 Vi, B 7o v s My BESEGEES)IE/ VN 7 Rhy MRV
BOmEPSHBREE CORMEERFEICLID, T4, W77 7 b v (BFEE) oM
BB IR EEASO0MIZ FRAKT 5 2 &I L VIR & 4 OB CllE S, RiBEIZE L
BEERRIT BRI AE L, T2, RIS ApMEI R CWA S THERE LD, B
12, BIEOERZ VA A (4, 5 8) 050 miZEKiE (& LK R 1096) & B L
7 5B BT 550 miFEAKR (REUT 1977~1997 ; EEEEE RS G 1996) & I3HEBL L 7-454E
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5 KRaILAHHREBICETIER

ARBIZBIT AR VA AL, KELFHFEEZ LD EMHERIN, ANEOMEYRE L THE
TTHHEEZOLNL. B, AAMBICHAESNLZLICL DRI VA D OREEIKE R
LT LML BETER V., S NVAIOR/AZFL LTI T ANV - <FT - AT o5
T EORAFENH S N TV S (YaMamura ef al. 1993). 12, BB L FZFOBEEEHRICHB W
TR SFH(TEH R%EHR) Ld v 7 (NI RER) SR Y VA D R ILENS CHELTWA. £
72, BARMXOKEMZEAT(1984) 125 5 L, BBV TR VA A EHEL TwiafEe L
THFIF, THHRALRELBTFOSNRTWD, RIFEICBLTEINS0HEFED S &, Kk
BICBW TR EAEHTH LAY b7 55 LR A TH 5 SITHEO MO Rl &
ARG NA R EE OMERRF 1982~ 19954 2B 2 RELENZ OV T L 72, A7 b
UG L SITHOMBEIX, MAME R VA L OEBEEOES T AR VA AL (4,
5 ) ICBITAEINRER OISR (F 11EKERERY 1996) & fv7-.

R & EE

1 BUECSWTHESNZRZILL HDOBLEEEF BEER

Fig. 2 121982~ 1995 E D EIEBOEBMICBIT AR5 )V A4 A OfaER L INO HIRB O EE
AR L7 RV AR (1995) Lk T A X912, 19864E1213{% 0476 b > (efik
i) & T L7275, EOBRBAERIL, 19904 & 199240 2 [l 72 ) 1T FERE OB
¥ — 27 &R L (19904 3,732 1 >, 19924F 13895k »), RARMEDFK SFIZE L. Lol
S, KRFFEER TN A I 2L D, 1990ELFE, &7 A h BT LR K
Lol 2 mMERTIEPHOE L7 —, KEOYHHBINEIL1989%F £ T
(4 6 /1000 Kl TdH o 72D A%, 19904 12 #925ME/1000m (FfE) TR L, 20k,
/1000 m ML L. CHRET 20D, REHAERE /R Lz, Lo T, R L Eg
HORAELE % HBd 5 &, Wi 134121984~ 19864 2 (AR & L C, 19904 £ Tl3Bahny, =
DBALBPIA R 722 20, BN L8Ny — VA RTINS NI R 572, 2O
CiE, TYCEMEEESEOFICE B IR LRI OREE L L T\ A &I
TEL—DDBME/RTHDOTH S, KIZ, NOLIRED, BEORERZ> FHT HRME L
THALNEIDERE TS, K& VA HTIE, Fig 218 L72K 510, ENEOB L &
BERRED 25 EANTIREG L, W IR ) (LER)AEL Tniwn, Tl &
Mo, KEOENEIIRFEOREEOLEDIREL LTHATIER L, YA HRiEEDE
BERE LTEILBECOBEESRENTH AL EHETAI LICIZEENSHLE VA,

2 KaA HEEEEHEER EOBE (BEKFR)

Fig. 312, K& A s A8 » 534 1285 U 7219864 7> 5 19954 £ TOL10EHIZ B
b4 ofsL, 4 A LAIZBT AN ERRELRL. MEORREHELILEZEL T
AL, EEH1000 b ¥ PN 2 R 1989 FE LRI O EF RITIER A S  (57~59mm), L
YT EITHERE L7208, 1990 LIRRISBIBR AT L, RO L ESoMHE R L 7.
bbb, K7 AHEEEHL000 b > P FLE L 7219904, 19924, 19944 & UF19954F T
EHERTEONREPRD 5Nz, b, MO RNEOFHNEFREL TN L0
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Fig. 2. Yearly-fluctuation in catch (TON) of firefly squid (bar) and density of eggs of the squid (thick
line) in Toyama Bay.

R TEAMINTZBRICEINETEZHE L CRBOBIT 21T o 2R ICBNTD, 1992F %
BWTHL L) DA SN TWS (B BE). T X9 121990~ 19954 I L & 7z i
B LHE & oM HERIE, BEEDSVEICIINOMENSL L, BEEDODRVEIZITR
ROMEAL N & Z2RT. A DHEICBW TR EREOEE PR EHE I RITTEEICIONT
FHSNTWRWY, FIZISEEICBWTKRELERELHLEM L2472 TR, BlE
DRIPE ) BEDENHHE ST 5 (FIH 1988, Hivama et al. 1995). HAEED K & )L A
ﬁf@ BARICE L T 5 OB (AR 1995) 1K E =D 5 L IEEZICL VDT, BEDE

BIELY O LARBAEOESAFIRTH 5 PE F TOLVIHRICBWTRET S LTS
hé.%iwﬁiﬁﬁﬁtﬁﬁfﬁﬁTé&,Em%_ V) B RitEE DS VAEIZEEE D £ <
FEINEDLSE L b L DD, BAMOEKY A XAV, ORI T 2 BEQEB~DIIAE
PLELLE LR WEEROTONS. (toT, BIIBICBW T, BEOKEDSHE X
N5BKRT VA B BRERTOFEEKGEN 28D, OIS 2 BEDEIGEANOIMAEDE
WEELRWESKHICEN, Z LI A0 RE L LT, RIBIICKBEENTWS Z LY
RIEEND,
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Fig. 3. Yearly-fluctuation in catch (TON) of firefly squid (dotted line) and mantle length of the squid
landed (thick line) in the ports of Toyama Bay.
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Ry A HifEER L OBBR%Fig 4 ISR L7z, KIBIZ19844E ICHKARME (8.1C) 2R L 722, #
DHREIC EF L, 19894 LAREIZ19934 IS &R A E (10.7C) - & & 12, 105CHIROE
WEZMEFE L7z, L72d55 T, 1984~19904ETld, K% VA hEERIZKIE D EFERA & ([
FLTWBZENDS, Ry IVA HRERIZZ ORI, BEMTICEE L TW5E I LD
bk hotz, REYNMA AR, <7 TOL) RIREEFAETOI8TEZEDBEDHE A
MBHELNS (FH 1997) DT, KiRDO LEREASII NS OBBOSMAEDEE K X LR
2B EDNERINSL, LHELENS, 1990FRETIIEKBEIFHR LI »0b 5
T, FRITIBE L7258 O IEES (>1000 b ) 13 & ng, 199148 & UF19934E 12131000 b >
DUFEZRLZDOT, BEMINLREIIRILL 2072,

RIZ, 1982~1995EDE LB REICHEIT 5 4 HOS0miEET & 4 HDOKRZ VA 7 &
EDOBFREFIG 5IRL, MEDEBRE AL, HOE, 19894 1 f Efl (34.2psu) 2, 1992
R ARAE (33.84psu) 2R L, KIREIZRL - 72BE)NY — U ABO SN, HES kRS
EHITKRBELIFHMOT 2 ELZTH LA, PMEZBL TR VA DEEEDLEE L ORI
EEGCTHERZBERIEAS R o7,
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Fig. 4. Yearly-fluctuations in catch (TON) of firefly squid (bar) and water temperature in April at 50 m
depth (thick line), in Toyama Bay.
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Fig. 5. Yearly-fluctuations in catch (TON)of firefly squid (bar) and salinity in April at 50 m depth
(thick line), in Toyama Bay.
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HEEBEOMBBIEERE £ 50 miE/KiRE OB % Fig. 6 IS/RL7:. ZhicL b L, KROEEE
1) & B OB 8 BE O $50) D ZSEIE AL 19934E 1S K & C B2 51343, FRCAHOZEE)
ERL7z. %8B, 1993F ORI OV CTHEERER R R (1993) 13, PMBICBIT2HEW 75
Y7 N UMIREII AR, BEELTRBIED 1/100BETH L EHEL TV D,

B, BEHOMBBEE LS 7T 7 b OBREEORELHDOBEIREFE 7ITRL
7. B, BT b VICIEBH CTHERSERE T )L H L DT, SHKIEIE
JBH VIR BEMOT — % 2 HVvi72(1981, 19864EIZBBREDTF— Y DAL DT, Thi
AL72). 1924 REEW 7T » 7 b OREEDSEREO M EERE G 5E) 12
HLAH (19834FE LR Biv i3 1 ~ 2 B U CRALAH (1984 ~19964F) TEB L T 5 Z & oM
7o, FNHL, KBAEREORELLIE MW TV N OBEREE R NVA DRERT
WOFHHELHE LTHRHAT A% 51, INOIIKEOEEE L TEOFENICIZITHAAL S
LITED.

DED#EREDS, BINBIZBIT 2 K5IV 1 7 RiEEOLBIHRER KR GMER) & OxdE
TR S N7 F MR (1986~ 19904F) L M ONETE (W ER) OEb2 SR EN-H
BEARTERL (1991 ~19954F) D 2 DO EEBEOMAELEICL o THBO T 5N 5.
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Fig. 6. Yearly-fluctuations in water temperature at 50 m depth (open circle and thin line) and density
of diatoms at the sea surface (solid square and thick line) off Wakasa Bay.
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Fig. 7. Yearly-fluctuations in density of diatoms at the sea surface (open circle and thin line) and
zooplankton biomass (wet weight) collected with NORPAC net in 0 -150 m layer (solid square
and thick line) off Wakasa Bay. Night data were used for indicating zooplankton biomass
except for 1981 and 1986 (open square).

4 KRANAHBEEEBERZIA HBEREDRES & DER

A b ¥ T ESITHEIIOWT, 1982~19954F 12 BT 5 BERDRELE) K5 VA 7 DI
HEE L LITRL, ZNOOMEBEKRE AN (Fig. 8). 1982~19935EDM, A7 MY ¥ 7
PEEIX19904E DIARAE (207 b ) F TRAMEM 2 7R L7275, 19914 IZIZ—2 IR L 72,
SITHIIE ARV E L 2D SmA L, 191EICREME QTN ») 2R L2k, 19934ELFEICE
WL, SIFEIRATF MY LREL, L) REELEETAERNEZRL, FUHAEMRE
Th, "IN D OEEEEEN L TR LEEHNERLZ. L2LEDS, A7y ¥
5L SITHOMBEEDEAEICH LIS, RF VA I OEEREDE — 27 (19904 K UF19924F) 12
FELETREMLAZERRZRLE., 202 8iE, A7 by 85 RUTSITEHOBATEDR
DL BHERE LTORY VA HREZOHIMEZRET 555, GAEER 7 M7 5 7)) RO
R APERE (ST 2 O A THAME 2 B L A A & VA S ORiERZLE GEDORLAR) A5F U BRE
B L CEB L TV A TREND S B, 20720, TNETORKEDSEH SN -BEKE
- BEMT RO ZEEZ NS, TNOHEEOREZ L R VA HRiEEDEIR
BEETD.

5 KRENAHBEEEETFATZ-HOERFERX

RINA S OBEEOEHERICHL T, EILBICBVWTIE, (1) BAEEBREZEERE L%
W2k, (2) EEEMMICIIKE(TT Vo ) OEBEEZT, BEMY N2 EREHY T
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Fig. 8. Yearly-fluctuations in catch (TON) of firefly squid (thin line), walleye pollock (thick line) and
mackerel (dotted line).

5 1ERE 2 BHESEEHE LTHRAANT, 19771995412 81T B A 5 )V A 7 R OXF
BAE(Y) 2 HREHE L, SHPEKE L CHIEOBREEOIEKME(X,), @HR(1~3 A)IC
B2 AR D50 mgEkiE (X:), (4~ 6 A)I12B1) 5 HABILK D50 mizkig (Xs),
B (4 A)ICBTAEILED SEEBTEEICHE T A50 mEAR(X.), L4 AICBITA
BILEREIC BT 550 mifAKiR (Xs) kU0 mRES (Xe) BAE. £LC, T 3HBERKMH
DOMHBIBREBRETT 572012, MBI~ MY v 2 A% Table 1 IZ/R L7z, Table 1 IZBWVTEHX:
~XsHEOHBERMIBE NI LVHLPTHLDT, TNHDOKIRICERLIZER»SIE]
ERERHATAILICL, X1, XollX:~XsD ) bO 1 EREMAAN BRI E ZhEn
Kb, Table2 |[Z/RL72. ENENOERKZRA L2 L2k 2 EMBAREIE, 4% 30994
~0.995 L BDTHNWI LATRENTZD, ZOHEHDPTIX:, Xo, Xe B MARAL TR RS E
HEIRHATE N Z EARE N,

Table 1. Correlation coefficients between variables used in the multiple regression analysis of catches
of firefly squid during the fishery season.

X1 X2 X3 X4 X5 X6

Catch (Y) —0.03 0.42 0.57 0.46 0.43 —0.12
X1 1.00 0.28 0.10 0.16 0.12 —0.12
X2 1.00 0.88%* 0.90%* 0.90%*  —0.02
X3 1.00 0.87%* 0.86%*  —0.07
X4 1.00 0.99%+ 0.00
X5 1.00 —0.02

X6 1.00

* a=0.01
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Table 2. Matrix of partial regression coefficients and multiple correlation coefficients as the result of
multiple regression analysis of catches of firefly squid during the fishery season.

Variables X1 X2 X3 X4 X5 X6
- Coefficient al a2 a3 a4 as a6 i
—0.15 0.16 0.06 0.995
—0.15 0.16 0.06 0.994
—0.1 0.18 0.05 0.994
—0.08 0.16 0.05 0.994

Y= *0.15)(1 +0.16X: +0.06Xﬁ
727l Vidhy LA HESER (b 2) oxt ki
X R OEIER () ORIl
Xo i (1~ 3 B) @ BRI B 550 mig ki (C)
Xold 4 HOEERENC BT 550 migh s (psu)

COXTWEREOERII L, BHEMRE » £°0.995( P<0.01) &<, KY VA AkiEgED
THICHWL ZENTE D EWIFFESN L. S50, BESEHIE L DAL L, #

TEN BT AT R L L Twa, FHREERY VA B EFERMFEF— 4 (199D 1, FiLE
(BT A IRFRKOERE TR TBENNDIED ) SEES ORI B LT b LR Twn b
S, REMFERECNEZFELTWA. 3512, @FicBW TFRF & ARNRAAEDE IS
LIRS - 722 LR, EHIOAKEAEDIZY 7 b LRI EEE OB KD R Sz 2
EEFIEL RV

KIS, WEBOREZEOEEHN R IV A ARkilEe e BB S ELTEETBL2ICTL72012,
BFEAICLAMITERICEDE, S/ NADBESL AT VY Y I RUIITHOBES LD
MREBITT 5. (1) WER(R7 b5 7) 0L WERTIE, Sy LA HxZoliffans
VB VRERICRD, JEICMA, 2) RIVA HOBENRSVERIIBVTEFNEHE
THHME(SITE) S REENL 2D, L) mavRshiud, fEYE LCoflliz b ok
SNADDOMBIIHVEEICLLEOLEFFEINE, 22C, ERNRATIE SN BEED
HeBE & EBEOBEBEEDOEIZDNT, 1982~1995F BT AT b7 §5 L OEERED
GEFH6 RATHELZ-D DL HhETHERN) EORBKREFG IIRT. ThiZL b &, 19897
T COMERA AL VAEMRIIZED ISR D, 19904F DL AT LR A 2 W ARG T
FENFIC bR E o7, SO EIL, KY VA D ORERBLEPRERTIN L 724 X
CEFM AN I2h > Th, WERGNE 7 2 4 XCERHAM) ICH - TH, WHEmo KR L
DRARYTALNLE I EZRLTWS, JIh, w4 I OERREBERGEDRIZT TR,
B R (W - AR ER) SO LB BRICA) LIANKREVLE VR
H, ZOZ LM, KRINAARERE THTH7200EHE LT, EROKML - T v T -
O —VORENS R KB(TT 7 ) EESICIMA, HC kTS A Oy
o= VAR OEEL O R MAMOREELZEEBTAZLITEFRATHL LEmOTHN
5.
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Fig. 9. Yearly-fluctuations in the difference of the catch (TON) of firefly squid from the virtual catch
estimated from multiple regression analysis(open square) and the catch amount of the
predators i.e. walleye pollock and mackerel (solid circle).
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