IKEEWEETFE 80(4)  283-288, 2016 Bull. Jpn. Soc. Fish. Oceanogr.

tBEAR—Y 7 BREEICH TS
WEZERFITHADODEREEEICS A 5 BFREDEE

mHSE R, ARG

Effects of marine environment on adductor muscle weight of
bottom cultured Japanese scallop Mizuhopecten yessoensis
in the coastal area of northeastern part of Hokkaido, Japan

Akiyoshi SHINADA' "and Koji Mryosur®

il A4 R — 7 R T SN F &K ¥ 7 A4 Mizuhopecten yessoensis \Z2\WC, FEHMIINE % g T H—2D
N TH S HARERICEH LT, BEREN T TEEZTM L2, B3 199220124E0 7 — 7 # Hlv, ISEEEK
BRI CTH 5 8-10 HIC BT 5 44EH o P HAR R E R, FHPLEIT4T7HICBI A2 KA OKREKE, KEs7oa7 4
VoaislE (B OE) B X OMNEREDOKNZE RROMIOIIE) L Lz, A¥ T~ Y OIEMAHBEREZ KD 72
MR, EYMAREERZ4HOKRE 7007 4 Vel EB L OKMNEDZNZNEFERIEOMEZ R L. S5I12,
NS DOHMER M > T—IALBIEE TV ERESE L T, AICIC X 2EBGRIRZ AT o 72550, $TRTORPERZ W
TEFUNRIRENZ, D EORERIE, 4 AOWERES T X RS T 74 O AFRERIHEVEELZ TWD 2 LR
BLTWw5

To clarify the effects of the marine environment on the adductor muscle wet weight of bottom-cultured Japanese scal-
lop Mizuhopecten yessoensis in the coastal area of the northeastern part of Hokkaido, Japan, monthly surveys were
conducted from March 1992 to December 2012. Spearman’s rank correlation coefficients were calculated between
mean adductor muscle wet weights from August to October in four-year-olds and monthly marine environments such
as water temperature, Chlorophyll a concentration as an indicator of food, and the sea level difference between Wakka-
nai and Abashiri as an indicator of Soya warm current from April to July. Significant positive correlations were found
between mean adductor muscle wet weights and all marine environments in April. We used a generalized linear model
(GLM) to statistically analyze these field survey data. The model used water temperature, Chlorophyll @ concentra-
tion, and sea level difference in April as explanatory variables was selected by AIC. These results suggest that marine
environments in April are important for changes in adductor muscle wet weight of bottom-cultured Japanese scallop in
the coastal area of the northeastern part of Hokkaido.

Key words: scallop, adductor muscle, water temperature, chlorophyll, soya warm current
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ATh2%. RSEIHE A ERA O E, mERE OF A I VAT 5 (W - =4F, 2015). K% 7 H A4 O AR
X 2 ERAEYERBEOMSB X ORI R O RIZ I D (&, THRRBRO XD RAAWER DT, HEERRHEY (H

2M6$2H125%ﬁ‘2m6$uwhlaﬁﬁ
kg ZEREME P JORPERREIY, T 046-8555 At AT R A i T i T 238

Central F 1sher1es Research Institute, Hokkaido Research Organization, Hamanaka-cho, Yoichi, Hokkaido 046-8555, Japan
2 bl AR G T ZE AR E KR SR, T 099-3119 b i e 2 1l M3 1-1-1

Abashiri Fisheries Research Institute, Hokkaido Research Organization, Masuura, Abashiri, Hokkaido 099-3119, Japan
 shinada-akiyoshi@hro.or.jp

— 283 —



anE R, ZhFRE

HRERELY SRER TR LME) R HEOW 4 X5 TERH
ENLZHMBHEEOLHETHREENS., BULEN/KS T
A AW E CORNZER Z BB TR T 720, ZOK
Bk, AR (U, 1994) BXOHAhOmS (HE
I 2, 1995; B &, 2000; #1352, 2004) 5§ i R4
WCHRRGFET 5 EZ 26N TWA. LHLEDS, IThb
OERPHAREREOZHIC KT T HEIC O W TR
FEINTBNIA % GhH (2006) &, HFFOKKE R E
PEFOHHEAMEVICEELH5 25T LR LTV
A, BT RARERICED 2 HHBREEOLRT
HY, HEREROLZHZ EMHICHBET S50 TIE R >
7o —7J4, dhH - =3 (2015) 1, HEFEO 810 HIZE —
7 e b BHBERD, FOFED4THOWEREIZE -
TEALT A L ZRB L. 2 TARIFZEIR, HIEEICY
725 44EH (45 HomilZie s & U C44ELL b 54 R0
OB LZH) 9810 HO HARERZINEER, 47H
2B 5% HoEEREE OKiR, SHREB X Hhomi )
R E LT, MRS AR E RIS 2 5 I
DOWTEHMICIIT T 5 2 L A HIY L L7z,

M EFE

AN, 19922012 4F 12 b i AL HCE A A7 1 5 2 BB s
TAT o7 (Fig. 1). SMNHGEsHEXICoEShTEBY,
ZNZNOUEXAZ BT 44 JH I CHE H ot & % 17
I [DUEgERG] CHEEIT-> T D (AHEXIERY 774
DO ERMZEB L OB - EfEX &3 5 X & 7> T
W5, BRI 45 Bem™?, IR, CHLAS, M &
o TBYVEMBIT Ny OXRG TP DD, KT 54
AEHE, -2 AT TRIFH2EOHET, TDEDE6
HIC44EH & R DX OZ TG ORER40m) 25 K%

Latitude (N)
S

140 142 144 146 148"

Longitude (E)

Figure 1. Location of five fishing grounds (A to E) belonging
to Mombetsu fishery cooperative. Open circles show the
sampling points. Schematic representations of Tsushima
warm current and Soya warm current.

THAMMCEVIRE Lz, 20 bIEINBD ) KE
2 & 0 4 H 2 40 AL LCHEZIY L, K%
P T o7k, WEREZE L KELg).

RSN, &5 7 74 FR ORGEH TR 5 72,
JEJE K 1X STD (AST-1000, 7 L v 7 BT+ CHlE
L7z, %704 OfFL, BB, WG, MEAEb
L OB HEB D ONAED D ), R D % KFEOBI
TIREEL EOBEFOEBATK E v (Silina and Zhukova,
2007). AWFETIIAHREOIREE L L TEEOBUF&E 2 )X
Mg p7un 7 4 vaz vz, BRI N Y B RS
THRY THA DR BIERE OKER 40 m) 225K LT
GF/IC 7 4 )V % — (Whatmanft#) TAHML7-DH5H F
THFRA L2, TOR, FERETTANVI —%290% T
b Y E7ZIEDMF (NN-Y AF VRV AT I F) THiE L
% 6 3 (Holm-Hansen et al., 1965; Welschmeyer, 1994)
THE L7, F72, A, HARWEGD O R0 2 8 U
T A LT L DA RRI K AN =R o 72 BT I~ D
[ E o THBY, ZTOWMHIIHEN & HEDKMAIZ L o
THHENLE ZEHFH LN E RS> TS (FH, 1975).
TIT, WMNOMS ELTRRBTHHEL TV LHEN L
D H RN (GGTT WAL B R @ http:/www.data.
jma.go.jp/kaiyou/db/tide/genbo/index.php, 2015 4F 5 A 28 H)
MPOHKMVEZFTRE LA (DUF, KA.

HERNRTH S 4FHD 810 HIZBIT 5Py HiE g H
OBBZER) B E5 2T ENZWHSTICT L7720,
4-7 HIZBT % & A olipit s (R KR, e oo 7 4
ValRFEB X UUKNMZD HFIfE) 23 E L ORat
Rt Efro7z. £9, WELKREEHOEKTHERKM T
Spearman DM AR A FIN L, SHHAERO R TR
SHHBARE AT A 2L L7z, fHwT, filil723-20
SR AR v T —BALRIE € 7 (GLM: Generalized
linear model) % & Cld D72, IBEERTHS8-10HICH
V% P EAR R R IE R TR A R DT, T ORESR
IAGHIAT =R GAGNHE) EARE L7z, F7z, EASEEUI T
T, T VERIZAICEZHWTTo 72,

log (p) =B o+ B.X,+ B,X,+ X, (1
ZZT,

plLIEN SR TH S 4EH D10 HIZB T 53 HAR
o

B BB BslE785 A =%

X \ZEREAKE, X XEE 7 9a 7 1 v aiE, X 3KAL
Fic

Thh.
BB, L KER (VIF:Variance Inflation Factor) 2510
VOB EBOMAE bE 2L EmILEO ) EHL# L L
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Phillips—Perron test & Ji > THEZEE D HATRBE 217 - 72

B 2

HARRE R, 3-5 B PFSA12.9-148 ¢ F TR I
A L7 (Fig.2). 2o, 6 JIZ2IcEmL <, 7-10
W PFIEA20 g DL Lol 2 fiek L7z, BRI
3HICE ML 0.1°C, RARMEA—1.6°C L4 Z# U T
RHEWEEZRL, ZOH%OHECTLEA L THEHME17.0°C
DE—Z %R L7z EBEzOoO7 4 VailtEix 40E5
HA A 2.5 ug- I EAEM 2 U Tl d Hh - 72
ZO%, ¥12ug M ERWNEZR L. KA, 3-5H
W AT79.1-178. 1 mm T TAMIC LA Lz 2ok
6-10 H 1213 180.2-195.6 mm D E Wl CTHER L 72.

4T RIBIT A2 EHOEREKIE, KB a1 7 4 Vaik

EB X ORME LN RTH L 4EHDS-10 HIZBIT 5
YRR EROMBEREZRE RS (Fig. 3). KEAKRED
BIRIE, 4T ICAHE B IEOMBREATRD b7z (=053,
p<0.05). 5 12 IRHE VIEOM AR ZE R L7722 (=
0.41,ns.), 67 HIZHBERBRSRNEE o7 KE
70874 NVaEIZOWTIE, 4HICOAEEZIEDOME

307 (a) Adductor muscle
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Figure 2.
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Tempereture (C)

Sea level difference (mm)

(252 B W EBRBE D

BRBAIA S N7z (,=045, p<0.05). KALZEIZDWTIE
47 B2 TR EWIEOM RS A S, FFic4
HIH B2 IEOMBERED A SNz (7=0.54, p<0.05).
MG OFER, AEZIEOEBRIFED Shiz4 HOR
JEKiR, JEEZ a7 4 VaiREB X KD VIFIX2
DFThh (hEgKiR132, KE7 007 1 Vet 1.21,
KELFE1.12), SO DZERMIZH S 57 % B AL HHPE LR
DoNehrol. Fiz, HMUMBEDORRE, TXTOEH
SRR L CH R S e (P HARE @ p<0.05,4 H K
JE KR © p<0.01,4 HIERE 7 01 7 1 )V aiFE : p<0.01,4 H
mﬁ#qun FDRD, INOSOEREHAER L
. —RALRIEE TV B H TIED, AICIZX D EF VS
ﬂ%ﬁot(hmw.%ﬁm AL EF NI X B2

BoRIROFERIE, Y TN AHRKEL R, N T A
DB L Z T TV fetEdd 505, 4 OBWEH % T
RTHWIZETFT ISR S 7.

z =

TR =Y 7 WO A Y T A 13K 18°C T TIIKIRAS
FWIZERBNEBIINERIC RS L ME SN TS (FH,

207 (b) Water temperature 21 % 21
13] 20
10 7 21 dT! I?I ,
21
T =
0 B3
=571 T T T T T T T . . :
3 04 5 6 7 8 9 10 11 12
Month
3007 (d) Sea level dlfference
21
- geealang.
100 # *
0
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Month

Seasonal changes in (a) adductor muscle of 3-year-olds and 4-year-olds, (b) water temperature, (c) Chlorophyll @ concentra-

tion and (d) sea level difference between Wakkanai and Abashiri as an indicator of current speed using data from 1992 to 2012. The
bottom and top of the box show the first and third quartiles, and the band inside the box show median values. The lower whiskers ex-
tend from the lower quartiles to the lowest values within 1.5*IQR (interquartile range). The higher whiskers extend from the upper
quartiles to the highest values within 1.5*IQR. The closed and open circles show outlier and mean values, respectively. Numbers on

each box show the number of data used.
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Figure 3. Adductor muscle wet weight in relation to water temperature (top), Chlorophyll a concentration (middle), and sea level dif-
ference (bottom) observed yearly between 1992 and 2012. r: Spearman’s rank correlation coefficient. n.s.: not significant. n: the num-

ber of data used.

Table 1. Estimates of the regression coefficient based on generalized linear model for predicting the adductor muscle weight.
Intercept TEMP CHL SLD
Explanatory variables df AIC
E SE E SE E SE E SE
TEMP+CHL+SLD 2.7004 0.094 0.0274  0.0198 0.0210  0.0133 0.0016  0.0007 17 95.9
CHL+SLD 2.6958 0.096 — — 0.0280  0.0126 0.0019  0.0007 18 96.1
TEMP+SLD 2.7345 0.095 0.0395  0.0189 — — 0.0015  0.0007 18 96.8
SLD 2.7476 0.103 — — — — 0.0020  0.0007 19 99.3
TEMP+CHL 2.8922 0.050 0.0418  0.0210 0.0203  0.0148 — — 18 99.5
TEMP 2.9226 0.046 0.0531  0.0194 — — — — 19 99.7
CHL 2.9471 0.047 — — 0.0319  0.0148 — — 19 101.8
Null 3.0317 0.029 — — — — — — 20 104.5

E: Estimate, SE: Standard Error, df: degree of freedom, AIC: Akaike's information criterion, TEMP: water temperature, CHL: chlorophyll
a concentration and SLD: Sea level difference between Wakkanai and Abashiri.

— 286 —



W &Ky 774 OHMRERIZS 2 2R OEE

1996). JEJEKELIE 47 7 F CTHFIHMH 2.0-12.1°C [ i #i K i
I CEAT2EMCH S (Fig.2). IoT, ZOH
BRI AS T SHEAEEAE £ ) HERE )
3 2D H 5. FEBRIZ, ABZEICBVTIE46HD
% H OEE KA IE £ 8-10 H @ 445 H o 3 HAL R #
AR E WHEHIADFED B, FEIC4 A OJEIEKIRDH B 7%
AR RIZLTWD 2 e RE N/ (Fig 3, Table 1).
RY THAIAFEDSTHIHELTVD L) FHEOT
W2, KROZA AR E 7o THIP - BT 5 2 & A3
LHNTW5 (Wi, 1994). KoKy 7 H 4134 F1C
AFEE DS RET 50T (R - B, 2000), JKiE
AW TH 5 4 H OKIRAE TN - R A3BIAE 2 H~
BlATbhaeE2ZONE. Tz, R T T4 IR0 - K
R O CTHEM T 3V F — DR & ERE A S BN D
B DHIEPMOENTWS (Fuji and Hashizume, 1974).
D72, 47 ONEIEKEAE VI - B AR 4Th
N, BT AL X —ORLG % AR S AN ) B2 %
RS RE 5 2 8¢, BT AV —PHENES SRS
WM ABIEICHAREL 2D, CORE, K7 7T 71 1ZEY
BCb) AN F—% HEOBREICHEH LT, s-10A1
M CHAREREZMINSEL20THA). £oT, 44
DIEKEKRIEAINE LT & OMBIRE R L, FMETVIC
BIRSNA-ZNE LT, EHEEE LSS 28212,
BN - B ORI % 4 U TR 4 OV F — O RS IS
BEHGZLTOCADPFIELTHE I EHAREEINT.
W E KT 704 MEIED ST TORNIERZ
BARE Tl T 720, BYOMBEEAKR Y 744 ORI
MR RTY (W, 1994). dbiEE 4 &~— v 7 ihET
BHAE4-s AR 75 > 7 b Y ORI (FFETV—21)
HFEAL (H, 2006), HIENIRTIIHEF 7V —2I1L -5
THEMBEREEOR SO —HEESI NSO T (Kudo and
Matsunaga, 1999), < OB IIEBEEAEW O AHAHX T
HBHRYTHAOHEBREICKRELEELYG525LE20N
% (CLHEEA, 2011). B, 4HOEREZ 7007 4 Vaik
FE LW R TH D 4EH D810 HI2 B 53 HARE
RICHERMEEREOSNTEBY (Fig.3), —MLHt
EETNICE BEFBEROKMETL4ADKBE s oo 7 4
ValgEE Ve TIVAEREN TS (Table 1). i
LORRIL, AHDKBZ O a7 4 )V aiBEED, AKiEEO
BETNV—LOFEERY, WEERYTH AL OBHT L
NE—RICHEBRH A TVWAI LEZRRLTWS. 5%
&, BB uu T 4 alRE LB 2 SR ERKE D
B ICER LCT 5 2 L L 42 5.
BETN—LORHEMTHL5ADIKE OO T 1 )ba
IREE L 8-10 H D 44E HOPH HAERE R & DRRIZDOWT
i, TRz (Fig. 3). REEBOFEF TV — 41,
FHBHRAKICEINAZKBEOREEZFMNTL2b0L,
MEPLHERELTL 2HEKICEETNS BREOREE Y

FHTHL00H5 (LHEIED, 2011).5 HIEFT LV —
LOBMICH 725D T, TOMMOEET IV —LIXFIHE
LS KROFEE AL TCWLEEZ LN, P
KOBE ROV TUEIARW 2 1% WS, RFEOHE
FH2BITHEZ LMD, SHICRATLIEFT V-0
FRAEET 2 ERECKBE L TWAWTTREE D H 5. 5141,
7= 0 A =2 & B B 2 AT I A B 2 LAY, &
TN — A OB E EREICILIRST 2 -0ICHE L 2 b L&
ZHN5.

ALiE A R — Y 7 WHR RS - T N3 5 8 AR I
BEgm AR L L, +h—Y Z7#IZA SN LMD T
H5b. TOHEINZ, WKBEHZDOIA»LERMITALT,
9O HDBEZWMICWA T 5 (FH, 1975). ZOiEIEHEN
EHEDKMAEICL > THHENL ZEAREINTEDY
(HFHIEA, 1993), AHFZETH KA EA3-5 HIZH T &
WZHML T2 (Fig.2). IWEEKTHS8-10 HD44FEH
P HMBRE R & 47 B I2BUT 5% H ORI 50
DR, TRTOH THENECHBEREI RO S
(Fig. 3). Rk X 912, KA ILFE R BRIT O HE & Lol
FTHDT, KENKEVITZEBERIOZ LAY T4
ADECEBT D MAINBKT L EZOND.

RETHAGHEZRRE CHENT 2 -0 HRE 2R
IR A28, Hid 30 cmes™ BLECTHBSIIZEMSE 2N
WCINF A EDTERL D I EHIKMERICI VRSN
T\ (Sakurai and Seto, 1999). I (1987) (&, i
YO TR TH 5 HBMGOWKEELZIELTBY, 54
BEi O FEHiiE6 H Tk 18.6cms™!, 7H T255cm:s™
THbILrR LI RIFZETH AR 2L 3-5 HIC8NE,
57 H1ER200mm T—E E &Y, HFHIEZA (1993) DX
&8 A DORKRAKN T TR Z R L 725 H DR 3
33-37cm s ' DWHEPHEE I N, Ko T, HTIESH
DIBEICHE A 30 em s 2B 2 2B h 5 Z L e &
N, HIEM R @M SRR MK T L Cw 5 i RE:
bdHbH. 0D, SAUKEOKMNEEL 4FEHD 810 A2
BUF ¥ HARERE ORI AIZHAMRL o 72
LEZOLND.

CNETOMRET, WEXFITFHAOHAEETY &
MAERBEOMESE SN, EFOKE /o7 4 Vaik
e ORI IR TE 2 (ShH, 2006). ABFZEIL,
SnH - Z8F (2015) AUR L7z [HALRE R O LB 84
D47 A OWHBRBEORE & Z T LR # B F 2,
INEZER A HHRE T 0 25 HEBEEA~EE L CHEMT
EAATLDOTH L. TOHMRE, EFOEE /oo 7 1V
aREDOARTII R L, FEEOEBKILE X ORME CEH
B OIRE) L OMBREHZICRWET I ENTER. 2
NOEOKERIE, T XKy TFH 4 OHBOEEDNESOE
HBEICHRAUEAE L TVWA I L ZWDTRLTWA.
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