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Interannual variation of hydrographical condition related to the
reproduction of tiger puffer Takifugu rubripes in Ise and
Mikawa Bays, Japan
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We studied the variation of recruitment per spawning of the tiger puffer Takifugu rubripes in Ise and Mikawa Bays, Ja-
pan with special reference to temperature and salinity for clarifying the controlling factors of its interannual variation
from 1993 to 2012. Interannual variation in the recruitment per spawning is positively correlated with the 10 m-depth
temperature in the central area of Ise Bay in February, 5 m-depth salinity in the central area in March and 10 m-depth
salinity in the bay head in April, and negatively correlated with the 30 m-depth temperature in the central area in July.
On the basis of the results in a stepwise multiple linear regression analysis, we hindcast the recruitment per spawning
from 1993 to 2012 using the temperature and salinity around Ise Bay.
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FC&IC
T 7GRS ENCBWCESAE LTHBESINTBY, 20
T d RIK T T 7 Takifugu rubripes O 5 B AR 1248 D T
. HEGE, RERFEER X ONEMNEE (Fig. 1) 3 EETL A
BORKYNF 7 7OWBGPEIEINTE Y, B TIRAER
F100 N U SHE S T WA, YR MRS B L 0=
BB XM I D, 1A LI X RE T i
BIOEMBICBOTACIRAMMEICLIVEISND.
Lo 7 7R ZMEREOERNNZ4sSAE AN,
GHI X P EETE R O 23 vl & LR S CRERR S T
Wb (FIEIA, 1992; AARTIZDY, 2002). SMbBEOI1£
BB B W TR S, S AOWICIZE LT, T
AN BREIHCRER 2D 2 (RHIFAH, 2015). =
6 H 21X A RA 10 mm OAFHEM DS EE tp Ui 2 & B D
WA E KT 5 (FBIED, 2008). 20, KFEFT
EBNICAERT 205, AN LEFIIHIT TREAMET T
5 EEBITIRAEINIREI L, 1RO ITIZHER IS
FCRBETLIEPWMEIN TS (HE, 2011).
ARBE MR L, ANEMNIHEA T 5 EERIE O
Lo TREREBZRL, EHFETIL19994F & 2001 41
FBAERBEATE A L2 2 E MBS N TS (BHARIED,
2015). MIFHO KK N T 7 7 OfiER & B LI I3 BR
PiZAONT, TOLEHEKMIFEZAHTH L5, k-
AZIIBIT HBEN O XIS L 5 YR o L
BUEBEILCHE SN D 1 RAOHEE IRV IEOH R
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Figure 1. Map of the study area in the Ise and Mikawa Bays,
Japan. The solid lines indicate the bottom isobaths of 10, 30,
100 and 500 m. Solid circles indicate the observational sites
and A and B show mentioned stations in the text. Solid
squares show locations of Anori and Deyama. The bay head,
central area, and bay mouth are divided by broken lines.

Bhdh b s FARITD, 2015), HAENA LR 0By
HEF SO EERSIMARZRE L TCWAH EELZLND. —
Ji T, BRI B THAEEINAERE SN TV LD L
T, FEMTFAIEA 7 VHESEOIHTRETIIEE A LR
FENT, T/, BEHA~OKKE, KFEE TIHEBEN
DERLEMHETRBEI R TRV LS, ZOMDE
BIIZOWTHRWHLREIZ W, 2O L) ITRREEOMIY
ERBICHET 2 HRARIAR, M TIEREOEH)
HIRHOLRE E 7o T 5.

AWFETIE ™ T 7 7 g - ZE RO B HA B o
W %2 B, FAEERIIE (RPS) ICHEE 5 2 5
BREZEBE O % A, RPS OFHITRIEZ e L 7.

MEEHE
WK 26 4EE b T 7 G E - =R O B IR AR R

(BEARIT A, 2015) (Zid,  F 903k S A A ) 41 o ) U0 24 )2 4
B L OER I AARETES S VPA 2 v THEE Sz B
EEMARBDZBEN TS, FoBif L mMARED
5 RPS (=hMAJR¥ Bifaw) 25 L7 (Fig. 2).

RPS L HFERBOBBREZ RS 72012, ZEIROFHEM
H S F B L OFHIE O PG T IS 7% R
A B X O R SRR A TS S KR - SR o B
ATV, 2o ofREIZEA & LTiEAfTbILT
WAH, ERKETHARIZIEREINS., 2oz, Bl
H2AHOWMANS FHETIESDEDRDH D, HITICHWS
#H OB BRIk 2BEOHERELTORWITRE
Wb, LoT, KRIZOWTIEKERN A - FIEREOR
FIFRBT % H TR & N7 FEA B 2 © O 7 % fEAT
R 72, 19932012 4E 0 & BUH AL (Fig. 1) - #8128 (0,
5,10,20,30m) - % H Z & o Bl & RPS DAHBIFRE % oK
WDHIEIZXY, RPSIZHH D B BT i % it
Az AT, BNEER - BRI - BOMCKSL,
FERZR L7z (Fig. 1). 512, ARl IL#E (Akaike,
1973) ZHlE e L Lz A7 v U4 AETHERIRZ 4T
W, RPS & OEFIFGHT ZAT - 7. EEIESHTOBIL, %
KR - HEEIL IO 2 & O 75 % B 22 TR L 7l %
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Figure 2. Interannual variations of the number of recruits (solid
line), spawning stock biomass (broken line) and recruitment
per spawning (RPS, gray bar) of tiger puffer Takifugu
rubripes.
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B3 (2000) 12V, LK OE P ILEE~ O AR
BRI L7z SmAB L UB (Fig. 1) 2B 5 iEKEE
ZoKi, OB IOBREEZHWTHEBL, Sn.A (BHOER)
DHFREE L %L L 7 5 Stn. B (B ULER) ouE % WK
BHILITEY, ELKORAEEZE L.

B R

RPS & KR - B2 OEEFEN

1-3 H oK & RPS OMBIBIRICEH T 5 &, EhR
HBELOCBEOOREOmD 5 30 miEKIRM A & A2
AL, 2HD10mEICBIF 2B EOWHTHSNIzDN)S
2o 72 (Fig. 3a). F72, 13 H CXBENON SO
LIEDOHBEBEBRIALN, 3HOARBHNIZBIT50,58 &
10 miEDHE & OB IEOMBED A SNz ERES
EIEDOMBIBFRICH HIREEIZ 6 H T THEBE L (Fig. 3b),
LU MBI S HICB T 2BPRFTOSmETALN
MR 061 TH o7z, —TF, EFE(67H) TRER
JeEB 20 B X U930 m KR & AOHBE BRI A LN
727, 8-9 H oK B L U5 & (XM e AHBI B AR X A4 5
N7 - 72 (Figs.3bandc). FkFIZ% 5 & 10 H DB Y
FHRLBEOORBOmESL X B0 30 m i O Kl
EIEOMBERERR, #BA (1MA) OBHNERBOImB LU S5m
RO L IEOMBBRAA LN, RO EHME 7201
BREEEOmTH Y, HEAREIZ0.55TH > 72 (Fig.
3d).

EREFMT

RPS E HE MDA SNIHEZHWT, A5y T T4
ZAEMFAT A FERL, RAHPHFS NIz,

1089 (R,) =0.251 Ty, +0.1578y1,,~0.395T;, +0.172T,, +3.48
(1)

Z Z TR, IERPS, Ty, 132 H OE TG ER 10 m 2 O /K i
72, Sy (&3 HOBEHRRPGERS miBDMES, T, 137HDOBE
FROLER 30 mIE DO KRR ZE, To, 1310 B OFE YLLK g
0miED K% /R L, RS N7 TIE Figs. 3a, ¢ B &
AR, EMBERE, #iEERERKS L TAICIE,
ZNZEN095,088B L3823 74D, BEAMIZI999ES
£ O°2001 4F O HBLAE L D A % SR C & 7225, EEMIC
3BT & 7 B RS A B 7: (Fig. 4). mA <, 2 (1)
1320092012 FE DKV RPS D B EE CIBHE T & /2.

FHETO-F A

(D) R3S HUE S 5 10 A o KR 2 %
T 5720, RO TFINEMEHTE R, Xo7T, M
BT OOH F CICHUS S NZEHBICWE LA T v 7Y
A ZEOGE o oOR, wkX2Eohi:.

log,,(R,)=0.300T},, +0.201S),,,—0.3797;, +3.48 (2)

22T BRESNZZHEBEA () DT, 2R 3DDER
LI L TR, FHORKIZR R 572, HHAMKREK
WIEEREREB L TAICIEK, Z1ZF1091,0808 L ¥
4095 TdHh o7z, K (2) 13 (1) & FARICHEBAER O A
EBBLABRETEZD, A (1) &H~R19934 D RPS %
HWRICES 5122, 199940 HBZ X (1) L) b/
FFI & 7 B HEEAS AR S (Fig. 4), 23U T, 251993 4
L1999 ETIRAN K E P o 22 L EL TV 1K (2)
T2 7HICHUG SN AHEZMEH L CB Y, BB
3 HUNCEHET RE 7% & L AR TIEH 555, ZOXEEE
HLARERE ST

P EER L ETEER

2-3 7 (EEIRIIED) ICBALI P EIEE L, MR X OV
MBI HATLrIenMESINTBY (BE-FrH,
2005), A7 v T4 RETEIRSEN Ty B LD Sy, O
fiii (BN Fig. 3a) L3RR TwE T ERH, X (1)
BXUOQ EHARO—FHTHLWREMEEZHBETE W,
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Figure 4. Interannual variations of standardized temperature,

standardized salinity and RPS by expressions (1) and (2).
RPS data are estimated from Suzuki et al. (2015).

Figure 3. Correlation coefficient distributions between RPS and water temperature (left) or salinity (right) in January-March (a),
April-June (b), July—September (c) and October-December (d). We used the variables indicated by stars behind symbol for expres-

sions (1)—(4).
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Figure 5. Interannual variations of standardized temperature,
standardized salinity and RPS by expressions (3) and (4).

RPS data are estimated from Suzuki et al. (2015).

EoC, BB L UMMM AR S LT B I -
Yt O BSE L7z AT 9 77 4 BB 0 O 1,
AN NIz,

log,,(R,) =0.172S,,,—0.412T}, +0.2407,, +3.48 (3)

T 2 TSy (4 H OWEREL 10 miE DKL (Fig. 3b) /R L,
T, BLOT, 3R (1) BL Q) TRIRSW 7L E 3t
ML Tz, EABRE, #EEIEREE X OAICE,
ZFNEN0.88,074BLU385.0TH Y, K (1) 12RR%5
MR THo7, 61T, WHIRHGRTIO9H F TICHA S
THEHIWCRE L AT v 7T 4 ZEERGHT OFER, Kk
SN,

log,,(R,)=0.211S,,,—0.395T,, +3.48 (4)

22T, ERSNZEHBIZRX Q) 0T, B 200
LB LTHB Y, MR, #iEEERIB L CAIC
X, FhZ10.79,0578 X 4162 TH -7z, A (3) 133k
(1) BEO () LRBRICHEBERDOREEZBBORBHRT
&7z (Fig. 5). —7%, X (4) 1X19994-8 X 182001 4 RPS
ZRE GBI L7245 20024E O EBZ B BTl
BETE7 (Fig. 5).

BOKODRARE

KX (- wEL <, 1, (7HOBEPIRIBAKEMN)
VA SNz 7 oBE IR SEKIROEICE, B
Hp R TR K i S TR S T K & 0 BTN B o 72
(Fig. 6). F72, BLHAKOER R TORAREZHILL
7oA, iR AN KR 7 o 724E (1995, 2000, 2003
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Figure 6. Interannual variations of bottom-water density in July
at Stn. A in the bay mouth and Stn. B in the central area
(Fig. 1) in upper panel. Vertical distribution of water density
at Stn. B and intrusion depths of surface (dotted line) and
bottom water (solid line) at Stn. A in lower panel.

RS IXBE KB AR DR ARENREEREIC R > T,

zZ =

BFRBEP RPSEEICHEET 2EHR

KB BLY @ TEIRSNALEKE, 4HOWGBIY
TH, 10 HOKIEMRATH Y, iR AR BRI
EDXHITHG LerER R 7). EINNB X AT
H %4 OBERITO 10 mEA EHET % E IRV RPS I
LR B kO GEBERED A T T Ammodytes
personatus DN &AIMEKEE AN X B HHEF O RE R~
OWEBMBICEASINALZ ENRBINTVS (FIL,
2003). EHNAEIEGIC R 2R, SR EIURDENIC
% AL, BIFBICFEET 2 SMUUTFa% < RE % i
KEIN, TOMRE L THNAERREIFL 2D, HWRPS
ozl E NS,

7 H OE P IEKIRR A (T),) 25EVAEIIKRPS 12742 %
LWV FERIC R o 72, BHRIERKE S REAKIRDEIZIE, B
S K DR AGEE DG CIKIEIZ 7R > Tz (Fig. 6). 3
FrL R GRS CETRR SRR ATTEE L 72 B3, (BIIKAYERE 12
BAT % & EMRFKILATEREIH T 72 13RI Lk
FohD I EMMESNTEY FRAIEAD, 2005), 0
C DN - RIS T A b T 7 7 Mg (BTAE,
2004) ISHEEL TV L WRENEZONS. T 77 L
FRICHEBIZ B WM R g Cifshs v v a
Oratosquilla oratoria 3 & N~ 7 J T Conger myriaster ¥° =
B O 7 W) Ruditapes philippinarum O 3 E ) E X BB H#
KILFEA DB LY, ZO5MR BRIl ZLT 5
(B H (T A, 2007; % ¥ H 13 7, 2012; ILH E 2, 2015).
Lo T, THMENLE 7 5 S IXLIHE R O U8 20 BH 5 A3
INLTOWZTTREEEAE 2 b, FERINIIKRPSIC R -7z 8
M s.

Tz, TOHBERED N T 7 7IZB W TIRERENIC
H72% (WAL - Intong, 1991). ARBFZETIERX (1)-(4) @



A=A, REENS, HORFED], SORER, HARE, RHE OB ABIER, BOLSCW, Ik

W NIZBWT D T, DB Ol Xl O AR E I T
KEDPo72ZED5, RPSICIRKRGBVEEEZ KIZTLTW
2. XoT, ZOBEIZET 7 7 AMRGIKIRE TS 2
X ERDOEF TR R KIROIEAKZ T TR L, Hiko10
AEIER2Y, KRR ZHE ) KERES VR E %
b7o5 L, EAEKREL M5 DOMAAAAET 5 1 HENE
bdH5b.

10 H & @B il K AR 7 (To,) 258 VAR IZ 8 RPSIZ 72
HEWIRERES FT T 7IF-10 HIZB W THEE
FPOL B A AR L TR Y (BT, 2004), AR
MBI AS A B N7 & —B L Tw 7z (Fig. 3d). T, &
19.7-23.8°CO#IPATEB L, A A HN7219994F 5 X
V2001 4E D Ty, 1223.7°CH 5 23.8°C DT H ), I
MTHotz. b7 FEAOARBIREKIRE 15-24°C TH
Y (Nakajima et al., 2010), 1999 4 35 & T¥2001 £ D T, & |
FRISEWASZ DOHPHNICH 5. & SITHWHEICBVTI-10
ADSEIREE N T 7 IR E 25 2 Lo s T
Wb (B, 2007). ko T, PHEBICBWTH E T, F
ICHERPSIZAZERE LT, 10 HOBEHILEE O mEAKRAS b
T 7T UNEMDOENEREE L LT ENEZOND.

X (D)-4) TIHBIREN TR WA, ARBEFNF 770
FESRIHETCH 5 3 A OB IIERO KR E RPSICH E 2 IEDOHM
BBRATED HNDL T LM, FiRo X ) IZANEKDOTA
HEINAE S R OBNNOHERZEOR M, 3712
BOTEBEAERICR A2 E12X D, BRI 24 1L
BRIEAIE D Z L AMES SN D, AR E FRICHBGEB %
FEINSE & T B A J1F TOIPEICIKIRD BT 5 2 & H°
RIBEENTWEH (FEA, 1999; IHH - AR, 1999),
N T 7 7B ORI KRB X O sE ORRICHE
S 20BN RFETH L. 61T, KinOBEHE
BIZAER 720 T, KO REZ MU EEE VS
TeHENRERNDEZONS.

RBEFENZ & o TR 2 M FF BB A B 2 % 58 L 7 AH B fif
MZEERLZZET, b7 708 ZEREICBT 5
RPS O P REMEAVR SN2, THET, IMARD TR
BED 2 o e ARARBEIIBNT, ANHTH - 74 RO
RIS HG T HAEBELRFBERTHDEEZZ L. AWIETIH -
7SO BT L RPN 2 R A BN H 3 2 i
ik, A QISR AR L TiE, FHTHS L
ZZON5. R CHEREAE 2 RPS B IS LT
WA TTREVE A HEI L7228, &4 OERFIZOWTE 51258
LT BENRH L. F7IS, b T 7 7B ORI
2B 2 BB R R ENANOB AR S A% Fid 5 4
BhRbDLEEZDL. Tiz, SROHEOHBINLERET 5
720121, kL BN O 2 BINASLETH S ).
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WA A E - B I N A ORINICHEZRLET.
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