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Growth of scallops (Patinopecten yessoensis) in sowing culture grounds
around the Abashiri Bay in relation to water flow and sediment flux

Akira MIYAZONO®* ***, Masahide TADA™ *** and Teruhisa KoMATSU'

Abstract

The objective of this study is to clarify the influences of environmental factors, water flow and ver-
tical flux of sediment, on the growth of scallops (Patinopecten yessoensis). For this objective, a field
trip to measure these environmental factors in June, August and October, 1992 and another trip for
growth experiments of scallops by cage culture in situ from June to October, 1992. For these experi-
ments, two stations were chosen in sowing culture grounds of scallops, one was in the Abashiri Bay
(Stn. A) and the other in the western part of Notori Peninsula outside the Bay (Stn. B). The bottom
depths and bottom substrate are similar between both stations, but the growth of scallops are differ-
ent. ]

Results showed that the growth rate of scallops at Stn. B was greater than that at Stn. A. The
growth rate in the cage at 10 cm above the bottom was greater than that on the bottom surface at
both stations. Sediment trap examinations revealed that there were no great differences in the vertical
flux of organic matters between two stations as an index of food environment. However, water flow
measurements using plaster balls indicated that the water flow at heights of 10 cm and 100 cm above
the bottom at two stations ranged below 3 cm/s and flow speeds at Stn. B were 1.5-2.1 times greater
than those at Stn. A.

Findings by present field study and past laboratory experiments on water flow and growth of some
groups of Pectinidae suggest that the growth of scallops is enhanced by increased flow within 3 cm
/s because of increased food flux. This range of water flow is slower than the current velocity sup-
pressing the growth of scallops. It is concluded that (a) water flow on the bottom is an important fac-
tor to affect the growth of scallops and (b) measurement of water flow using plaster balls can
evaluate this factor in sowing culture grounds of scallops.
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Fig.1 Location of the experimental stations.
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Fig. 2 Schematic view of deploying experimental
materials. a: a stand to set plaster balls and
sediment traps; b: a cage for culture experiment
of scallops settled on the bottom (upper panel)
and at a height of 10 cm above the bottom
(lower panel); c and d: a method of mooring the
stand and the culture cages, respectively.
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Table 1. Time-averaged intensity of water motion, average water temperature and salinity at Stns. A and B, and
tidal difference in average at Port Abashiri between two experimental periods.

Height above

Experimental period

Station Measurement items
the bottom 24-26 Jun. 7-11 Aug. 13-15 Oct.
Intensity of
water motion (cm/s)
Stn. A 10 cm 16 4.0 2.4
100 cm 20 . 49 3.0
Water temp. (°C) 7.92 14.86 13.04
Salinity (psu) 3351 33.48 33.60
Intensity of
water motion (cm/s)
Stn. B 10 cm 34 6.2 3.7
100 cm 3.7 - 43
Water temp. (°C) 9.44 16.21 12.49
Salinity (psu) 33.65 33.67 33.34
Tidal difference
in average (cm)
Port Abashiri 28.7 77.9 51.4
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Fig.3 Correlation between a tidal difference in aver-
age at Port Abashiri for each experimental pe-
riod and time-averaged intensity of water
motion measured with plaster balls at heights
of 10 cm and 100 cm above the bottom at Stns.
A and B. Closed and open marks: Stns. A and B,
respectively. Circle and square marks: heights
of 10 cm and 100 cm, respectively.
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HNOBMEBEK, BNTHEKROEEY Y 5 v 7 2
B, BhOEES TN S QR E ORI Y
7Ty I AMRKELBBZE VS HAMBS SN,
SNESROEBRM 7 5 v 7 212 6 AEZKRL & Stn
AL StnB&ETIEEAEENE M, - (Table 2), =
HIfICiE, Stn. A, Stn.B & dic8 A<I0 A6 A
DIEICREP 2ty Z=2dET AV /20807 4 Mg
HR &AL DICStn A & Stn. B CRIZEFRUME
THh, BHADMEIREA, 10 HOW 4 EEh -1,
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AEFBR LR TEOENOF Y 7 71 DEESB &
U&LEER% Table 3icE &1, HEHAKOEE
DS, EERIKSVTAHSHET sk, &
No.6 (Stn.BOEFER) #RMAEHLEICRER
122EH375  (Pr>>0.05), % No.6 DE ik b Do/
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Hotodk 7 H 4 BET I 2D 57.6~65.7mm,
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Table 2. Vertical flux, organic flux, phaeopigment/chlorophyll @ ratio, inorganic flux of sediment and mean

value of time-averaged intensity of water motion. Sediment was collected with sediment traps mouths of
which were settled at a height of 85 cm above the bottom at Stns. A and B. Time-averaged intensity of
water motion was measured with plaster balls at heights of 10 cm and 100 cm above the bottom at Stns. A

and B.
Experimental period
Station Measurement items
24-26 Jun. 7-11 Aug. 13-15 Oct.

Stn. A Vertical flux (g/m%¥d) 6.22 831 10.01
Organic flux (g/m?%/d) 2.64 1.36 1.78
Phaeopigment/Chl. a ratio 12.9 498 12.3
Inorganic flux (g/m*/d) 3.58 6.95 8.23
Flow intensity (cm/s) 1.8 4.5 2.7

Stn. B Vertical flux (g/m?%d) 9.68 5.27 11.20
Organic flux (g/m?*/d) 7.03 1.21 1.96
Phaeopigment/Chl. @ ratio 135 55.3 9.4
Inorganic flux (g/m?*/d) 2.65 4.06 9.24
Flow intensity (cm/s) 3.6 6.2 4.0

Table 3. Shell height and total weight of scallops before and after the cage culture experiment from 24th June to
23th October, 1992. The cages were settled at heights of 0 cm and 10 cm above the bottom at Stns. A and
B. *: The scallop number decreased during the cage culture experiment mainly due to predation by star-
fish. The data of cage No. 5 was disregarded in the statistical analysis because only one scallop remained
after the experiment. **: Before the experiment, the shell height and total weight of scallops in cage No.
6 were significantly different (smaller) from those in cages No.l, 3, 4, 7 and 8 (Pr<{0.05) by the t-test. *"* :
After the experiment, the shell height and total weight of scallops between each pair of two cages at the
same depth and the same station, were not significantly different (Pr>0.05), except for cages No. 5 and 6 by

the t-test.
Station Stn. A Stn. B
Height above .
the bottom (cm) 0 10 0 1o
Cage number 1 2 4 5 6 7 8
Before exp.** n 20 20 20 20 20 20 19
Shell height (mm) 46.6 46.3 46.2 46.6 459 445 46.7 470
SD 2.6 34 24 2.7 35 2.3 3.2 3.3
Total weight (g) 14.0 14.2 135 13.7 13.7 12.4 14.1 14.8
SD 2.5 31 2.0 1.7 3.2 2.1 2.3 3.1
After exp.*** n 20 19 20 20 1 6 20 17
Shell height (mm) 57.8 57.6 60.2 59.8 64.0 59.2 65.7 63.1
SD 3.6 48 2.7 3.7 35 37 5.0
Total weight (g) 225 22.0 24.2 244 279 23.9 31.8 30.9
SD 4.7 5.6 3.6 40 41 4.6 6.5

FEROMEFD OUIR L 72 BEEUREIFTE D Stn. B 1T
e FFBZVLIERHEISATE Y, EUEREERER
dE P FOHRTHBEEL SN, HERTHEOR
BLAERI SV IERERXED 2 >OHHEORT
NS AT -12ETh, 2o0MBEOMICIER
REARDONEM -/ (Pr>005), £ T, i

LER—Z7V—TiELDI4>DERXEBORES
L ULBEBIC O VTR 2T 1R, Hov 4
RT3 StnA OEZE<Stn.B OEEE, Stn.B O
EEEZE<Stn.B OME®E, Stn A DEBEEZE<Stn. A
OHIEEEL WHIFEENRZE (Pr005) BED SN
(Table 4), Stn. A OEFEE L Stn.B OEEEOM
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Table 4. The t-test for two means of shell height
(showing in upper-right area) and total weight
(showing in lower-left area) of scallops in a pair
of two cages at the same depth and the same
station. Asterisks indicate statistically signifi-
cant difference (Pr<0.05). -

Location Location of cage

of 0 cm 10 cm 0 cm 10 cm

cage at Stn.A at Stn.A at Stn.B at Stn.B
0 cm at - 2637 0.795 6.675"
Stn. A (n=38) )
10 cm at 2.057* — 0.534 4.948"
Stn. A (n=39)
0 cm at 0.790 0.209 - 2677
Stn. B (n=5)
10 cm at 7463°  6.318"  3.047° —

Stn. B (n=36)
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NTWb, THRABRICL DB ShBEMEOR
NOBMEMSNA LD &SI BTHIS S 2/HEK
ENT&E L —Fd 3,

D EW, Mhois L AERTETR oS
OHEFRICOWTHE T %, WMEZBATRELALER
B85 <, MRS I L A RN LENTH B0
Xt Ui © 3 ERBR S S RS O 1~46 %
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Fig.4 Means of shell height (a) and total weight (b)
of scallops after the culture experiment. Verti-
cal fat bars represent their values of scallops in
a pair of two cages set at the same depth and
the same station, because statistical analysis in-
dicates no significant difference in the mean
heights and weights of scallops between two
cages (Pr>0.05). Solid lines indicate their stan-
dard deviation. Asterisk and open triangle: no
significant difference in mean values between
two pairs of the cages. The data of the cage on
the bottom at Stn. B is from cage No.6.
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BERYOER L ELOBARKRE DR X L Ks
DEALEVD 20DERPBEZ >N b, ZFAETIE b
J v THRIE V= YEOBBER ML, 10T,
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PRAEGNE, b5y 7RTOEEREDEEZS
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AR I0ALEILEED 724 A v/ son 74
WaltbZb B TFHA 8 HD N5 v FREMHERN
WWhroy 7HTEELALEEZDCEETEL L, 6
A D Stn. B 28R\ CEEMERL T 3R 5 5 Y o ]
EHBEHEYIO 14~51ETHBT &, +F v THBE
BELEHREBEXNTVWAT EEEET L L, HREYRT
EHADEATZEBYOLEE ERVESH 7 v 7RO
R Tt 2L TV AT el & 5,
HEHROEFHY 7 5 v 7 Rd St A & Stn.B D
cEMICE, 6HEMELhcbDD8HL 10
ATiREAEBVDLEL, HBRTO7 24874 Y
M oouz 4 vahTHOENE LT &), BIE
ol & SNtk ¥ 7 A1 OIHESERERN, ATE
BEHITRERENBTVIEEZRLTVS,

(3) RIFTHAOREZELBEER

HEBO L BHIE THMEERESEE L TV RIEAK
HEROR T2 E A cHEERSE L, FEvE
ERic & - THBHT 20T, ERCSERLETHOKE

WEA LD KRB BNS 85, HHIZHED
ETRABEOYWERBRBEOBET2EH®KTIOT, C
5 LB TiRAED 5 OfHEMHARIVNS {12 31
b 5, L L, BRAOEELTOHEHHD
HBM7 59 7 ROBEFRBVWHIFIELALS LI
Pof, TOTEFERESICL BHERRBEEDED
Ik - TR EMNE Ccioy, BRICH~NTE
ANDOF s FH4 ORESRP 1T B ENTENR
WZEEEKRLTWS,

T, &5 LTASEOHREARTIE, BAHO Stn. A
EBEAD Sin.BOEEELEBEL 0cm it WiE
OHITHy FHA DERICENELDOTHS 5
B (1986) HEEL B WT, BEBLHEE,S 10
cm, 100cm HET 28BE2HAVWTH Y 704 OE%®
L, AEENSEE, SENSG EEORENELR
BLEERELTVS, COWMERBELCERELL
BOF Y744 L0 SEEL 10cm iciRE L/ED F
FFHADEENBEVEN I SRIOKERBROERED
HEE—BLTWE, *FFHARZDOMO_HKET
i, HEERCLEKREOKEICRE, WMEBrEEIREE
RThs LBAHB L VHLhicEhTEL
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BREESE, 1977), %/, L TH, 957441 D—H
® giant scallop (Placopecten magellanicus) % F-~
7o WILDISH et al. (1992) i, HABRET R4 o
X LHRE OHE ORhR 2 OB ETEIc FEA R
BFedRTWE, *%F 44 DO—FE bay scallop
(Argopecten irradians concentricus) 2 \WT/¥4 7
NTOREEREDRERIE > WTH N/ KrBY -
SwvitH (1972) B ORRESH 1 cm/s DF#H THRA
i, ThPUETHLTTOEC LI LEHEL
fro 7z, BU &S HERM A 74 Mytilus edulis)
D EFRICODVWTORERRTOALATVS
(WiLpisH and MIYARES, 1990), giant scallop Df¥
£ & B OB {HR % SRR T~/ (WiLbisH and
SAULNIER, 1993) Cid, MhomxsHoBHEICKIZ
THECR2o0MSH D, H5EET TEHENLORE
SOBANHELDE(HT 5 v 7 2%REE, B
AR EED 55, W ¥3Hhoms 28 oBEE
BEQETIEL . o DERTE, RECREMHE
4, 3~ 6cm/s T - oo CLAEREBOUDT ef al. (1994)
& giant scallop O#ER A4 IcFES L, HEETHE
HRZITV, Mo S MY 165cm/s OHIA TR,
Fy b EPREELROBORGEHEEOHEMAS % v b

— 395 —



HE E - SHESF - /MUEA

AOOE LD KEL, HILOHE A 84cm/s DA
T, %o bEhbREEORELD b5y PADHRD
BoOWRGBHRERSEMNMT B AR LI, Ry &R
SELFLoFhoBmES 35 v PAOTKED 46~61
BThHote INLDT EMD, FFFHALORERI
BERELRAOBMEMBEEL, ThUETREBVWER
HEIKRA M REEZ, 2 50EMEBELZETsE
Bcdic, THIT RN OBEIBNELS L5705
KR RIELREEEZL SN B, giant scallop D15
ATHRRECEESHERNI~6cm/sBETH 5
T &S (WIiLpisH and SAULNIER, 1993), % 74
1 b ZDOEREORNOBEVBEATHRNOBE TIER
WhtHEES B, FEBSANEBACHEEL 10cm &
#BE L 100cm o %E L/ ABERIc L 2REFEET’,
1~3cm/s &WFER &P, BELLBEL
W0ecm ThF 7741 OFRICRBELERBEL D d/hx
PokDTHAH, FDlvic, BHO Stn.A XD
LHENOBEINKRZWEAD Stn.B T, H50IHE
ELED SHENOBISRE WEEL 10cm T3 ik
75y 7 RIBKELBY, w5754 OBESHRE
MEEEREMEEEL R -2 EEZL NS,
WEEN, BAOHELI~TmOFIKREL
rETHEELLT Y T NI OBREEZFHNER
(1985) i, BRATHRERZEZERICTHE LV
ReEBlk, COBEAOMESHR, BEE LLOHEKY
DEE7 5 v 7 A TREL, KPBEEHLTH2HH
WEYIs/ooT s va Btk - THRESNS, #¥E
BREBAOLADPS 1L AZTOKERNOEE 7 v
07 4 ValBERTNEERIES» (1994) ki,
BRIEBAMC AR TR 2 fE& - foo —h, BREE
AEoHEhomEDEVWZ 15~2ETH 35, Fh
DX ZHEE E 10~100cm @ 1~3em/s Xt L T,
MHEIE L 2m T 7.2~114cm/s (i, 1987) &L KEM -
foo MTEBBENOREILOBS IBOAN I THE
95 (CLAEREBOUDT et al., 1994), WEXRIZEOHA
ICkBH, W0~60NBERFET L LELL L, T2~
1l4cm/s EVISHENOBS BEOF TR I FH A
ORRICRELFERLOME O LR (3~6cm/s) &
L RENLEDORNOHmE L5, T LEEBEWER
HEHT TR, RECBEESHRELEA 2D H 0%
THIRETHERE A = (WiLpisH and SAULNIER, 1993), A%
EXIElEN 5, Z0RRE, HEEhOERRGSE
BaTWaikbhhbod, BEEALBNAOEEL
A~TmOEEDBHRADF I FH 1 OREICEMNE

CHh-fcbDEELOLNS,
SEIOWFEDHEN S, HEBNEBN BT 3iE
ELB L UHEEL 10cm offEESHNO &y 7474 DK
EDERRNOBEDEVICI - Thibani &Y
Wrahzd, AERC X 2KEBONEE I TEED
ELoRBOMECHELBHETHD, 5BO=I T
HAHE 2RI B SR OMMOEES LT
HOWa T EMTEL LD EEET 3,

5. @t FF :

AR EED Zicbhich, FEOWMIIEZEWIHEE
BRSO/ KT S i HEME AL OR
MEOF 2 cBILERLEF 2, £/, dickdLE
F LEWic2 ol e KRERREER B L U
BREERE, BREERE LTV v - BiRSE
WEE #HRCHER2RT S, CREZBOEELE
BE 02 WiokEFSEMEmRts O8tsL0
FPAKENERTEE S gEsd 2,

X OB

CLAEREBOUDT, M. R, J. H. HiMMELMAN, J. CoTE (1994)
Field evaluation of the effect of current velocity and
direction on the growth of the giant scallop,
Placopecten magellanicus, in suspended culture. J. Exp.
Mar. Biol. Ecol., 183, 27-39.

Doty, M.S. (1971) Measurements of water movement in
reference to benthic algal growth. Bot. Mar., 16, 32-35.

Fugrra, N. and K. Mori1 (1990) Effects of environmental in-
stability on the growth of the Japanese scallop
Patinopecten yessoensis in Abashiri sowing-culture
grounds. In, Marine farming and enhancement, Pro-
ceed. of the 15th U.S~Japan meeting on aquaculture,
Kyoto, Japan Oct. 22~28, 1986. ed. A. K. SPARKS, NoAA
Tech. Rep. NMmFs 85, 81-89.

KERSWILL, C.]J. (1949) Effects of water circulation on the
growth of quahogs and oysters. J. Fish. Res. Board
Can., 7, 545-551.

KirBY-Smrte, W.W. (1972) Growth of the bay scallop:
The influence of experimental water currents. J. Exp.
Mar. Biol. Ecol,, 8, 7-18.

ATEE—HR (1949) + 7 7 4 & O¥IE Bl 2575, #LiE,
4k 77 Hikik#L, 106pp.

SUERFF (1991) 1992 86T %, 271pp.

INMEA (1991) AEBREIC X 2BAKDRE (AHERO
HRRENC RIS T 7 + B 0RE) Sk 2 5 RERE
BEEHEAEHRRENES, AfKERRRHETES, K
7, 175-191.

MR (1992) AEERIC & 2 IFRIEER OB S ME R EO
WE & 2 . ATI#EE, 24, 503-511.

KomATsU, T. and H. Kawail (1992) Measurements of time

— 396 —



Wdh, ERTRES S 7V OR

averaged intensity of water motion with plaster balls.
J. Oceanogr., 48, 353-366.

B # (1985) WEEICBI 3Ry 74 1 OREHEER
BAd A, 000 EEMEKREHRMES, 198-
209.

BHE % (1986) HEBc BT ARy F A1 OREHEER
CBAY A MR 60 EEMEKRERMES, 160-
170.

BWE M98 WEEEcBY ATy F U4 ORKREEER
CBAd A W6l EEEEKREERES, 193-
200.

B 34 (1988) B BT sty F A4 OBREHEER
BT 2L W FEEEKABERES, 186-
188.

MALOUF, RE. and W.P. BREESE (1977) Seasonal changes in
the effects of temperature and water flow rate on the
growth of juvenile Pacific oysters, Crassostrea gigas
(Thunberg). Aquaculture, 12, 1-13.

HE = SHES, ABME (1994) 5 F 4 M Ok
B4 28E. DRENSAE PR4EEBEKRFE
EE, 136-156.

Muus, B. J. (1968) A field method for measuring "expo-
sure” by means of plaster balls; a preliminary account.
Sarsia, 34, 61-68.

WiLpisH, D. J. and M.P. MiyARES (1990) Filtration rate of
blue mussels as a function of flow: preliminary experi-
ments. J. Exp. Mar. Biol. Ecol, 142, 213-219.

WiLpisH, D.J. and A.M. SAULNIER (1993) Hydrodynamic
control of filtration in Placopecten magellanicus. J.
Exp. Mar. Biol. Ecol., 174, 65-82.

WiLpisy, D.J, D.D. KrisTMANSON and AM. SAULNIER
(1992) Interactive effect of velocity and seston con-
centration on giant scallop feeding inhibition. J. Exp.
Mar. Biol. Ecol, 155, 161-168.

— 397 —





