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The Productive and Environmental Effects of Mixed Cultivation of
Noble Scallop Chlamys nobilis and Macroalga Meristotheca papulosa
Using Suspended Aquaculture Net Cages

Hideki Hamaoka!, Noboru OkupaZ and Koji Omorr!

Abstract: The effects of mixed cultivation of noble scallop Chlamys nobilis and macroalga
Meristotheca papulosa on their productivity and its potential in restoring eutrophic coastal
ecosystems were examined under field and laboratory conditions. From the field, we compared
the productivity among three cultivated systems, mono-culture of C. nobilis, mono-culture of
M. papulosa, and their mixed culture, in the Uwa Sea. Field results showed the standing crop
of M. papulosa was significantly higher in the mixed cultivation than in the mono-cultivation.
This result was supported by our laboratory experiments that indicated M. papulosa effectively
assimilated ammonia excreted by C. nobilis. Under mixed cultivation in the field, we found no
effects of the macroalgal covering on the growth of suspension feeding C. nobilis. Furthermore, the
number of barnacles attached to C. nobilis was fewer in the mixed culture than in the mono-culture.
These results suggest that the incorporating mixed cultivation of scallops and macroalgae would
be more profitable not only due to its higher algal productivity, but also due to lower labor costs in
removing barnacles off the shell to improve market value. We finally discuss environmental effects
of the mixed cultivation, focusing on increasing water quality and rehabilitation of macroalgal beds
in the eutrophicated coastal ecosystems.

Key words: Meristotheca papulosa: Eutrophication; Mixed cultivation; Water quality
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—, TACH AR TR EICIE, 2
OOMBENH L, 10, KEIZARN SINTHEDO
A R & 0 IS B BERR SR AR RS A SKAT LA
+ 5 TH5H (Prins et al. 1998), b9 121, =
BeH OHEMS i 25 F D SER R A SE DS ORE 2
T HEIETH b ORI 7 F >~ o
N OWIEERET DR EFEO, IDEETE IS
KRB “HCH AR, W2 5@ S 5 HHY O
— W L KA ORI 2 W U, R
FERBEOEL 25| S TR VR S b (Feng
et al. 2004)o F 70, FEIEMEEICIR &9, SRR,
WA R EICBWTh, BEYEAEE - HHEED
?’JFHjTZaﬂ’I‘ﬂ‘% SALIR DK O Wy H IR BR > — K AR E

BLREET G ZTWL I EPHESINTY
6 (Kautsky and Wallentinus 1980; Jordan and Valiela
1982; Prosch and McLachlan 1984; Dame and Libes
1993; Fahnenstiel et al. 1995; Conroy et al. 2005) .

THHBMICLAREAMNOBESES SN —
HC, BEYES AR HEOMEEREICER L
7oK AL O T REYE  #5) S /LT & 7z, Takeda and
Kurihara (1994) &2 74 % A 7 A Mytilus edulis |Z
W77 b RBRASEL LT, KELLR
e BT 5 HEICOWTEBRNBEHN 2 1To 720 F
7o, WEXBMOBEARILEE T, EEIhhF
Crassostrea gigas 7S/KI5\T S b 2 L2 &k - T, KiE
MO REEFAIDRM L IN TV L LE0RFEL H
% (Songsangjinda et al. 2000). L 7>L, i X9
2, THEED S S s Y 75 v y
b oy RAE L, BEEAEY 2 S 5 50R
RO, W bR & L COMEEL ST AR b
&% (1119 1992; Dame and Libes 1993) . T4, 2o
&9 % TAH AR X AR AT 5 72012
WEEHENA A 74 V7 — & LTHORAEBO
ZEANEH 2 ONCW 5 (Troell et al. 1999; Yang et al.
2005). HEFEFU, PR AT & A REIEE Y
WAL % &) s BV TRIRM 2 A gL he = +5
D, Fo, BETIEIDOLIBNA X T4 VF—LL
THEMEOBmVWlEEEE VW2 A bfTbhitns
(Troell et al. 1997) o

TR T WO T IR T A N
1) (Meristotheca papulosa) 1%, LK UFEE - K
DJEHE L CRIEME DD TRVlEETdH L A,
AN & 24 BB WL - AL ELIC N 2 C,
B & o TR ZBUI WA LT 2 4 il
D1ETH D, AREOFEFBEMIIEEIHELIN TS
59, IR PERT OMENL & RKIKARARTE O MR IL 28

DL > TWh, ZOL ) RS N 4
7AWV — & LTZHEREMIZH) ANd 2 Lhtisk

X, ARERIE N b & BB A OIR & 137 L 7248
A KBS ENURERES ),

AKFZEIE, FHHRFECTERAICEIN TV LETH
THEBHOMELFIH L2y FH A LALE N
B170) ORGEEFIM AL THZ L HNET A,
S 61, AMiEibikie 2 MM L 72KRESEERIRIZO W
TEBRWZIHGEEL 1TV, REHEFEOWE K %l U725
PRI R E ORI DWW TG T %,

¥ EHiE

FNER

TR TR BT = B I2 B8\ T, 20034 6 H
15200444 H £ TO10 4 H 1M, BFAM M IEER % 4T -
72 (Fig. 1o BHIZH100 m O T — 7% 2 KFATIZ5R
D, WiE7 A —TCTREELZDDIZ, #25m O
FT3mX3mDEFIHLFELL, TS 3ED
2 ED SRR, HEMmX, BEaXE L
TELZ (Fig. 2)o REXTE, A YR NH
') Meristotheca papulosa OIS % #E S H 72 FA
KR AR EE (DLfk, fEREEIER) 12/ 9 v (1 fle
F v ¥ A Chlamys nobilis % A, FEIZTETF 2472,
WERMX T, MO 2 ) RT 2 EA SE- MR
ed T FHA 2 ANTICHET SH72, HEMX T,
AT EH A DN FMEEH D O ERIC AN AR R
EMORREEIT 572,

ARG SRR |26 - T, 20034 6 H14H 7225 6 H
31E10)17E1F"] HegE % M ) BeAEE R & IR
o NIZIRIESE, Ry TI2LoTL ATk
%@O(kaméﬁé & CHEEEIC M 2 ) BT
wffESE, MV RFAEEICE LT,
H (1987) W N EH & (1993) oRs#FEA B EIZ L7,
F 70, MEEIEFHIMEL TR A 2 DU A HERIEEE (i

,‘/
o
Ty

f’i ¢ Ehime Pref.

Morode Bay /l\
FTVES
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Fig. 1. Location of the study site, Murode Beach in the
Uwa Sea.
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21 EE4 0 15 ER (PR E m + (R 22 =28.97 +
789g) LB LHICANEFE L. TD%, HEM
XTik1r AT iciEE4 il o5 2 350F, Mg
BT DHHEEY R R Lz, AR OHESEFMX |2
DWTIE, F UM CHELT I XBT 505, HHAY
BEFEETICEDO T FOREBTHOERICE L2

o2l 2256 bh 2 ) oFER e
TUEFTADEF TV, EBR TRIZZEATHLO
EBX P SMELT BT TR 2 )bt FH
A ZETHEILL 2o B L7Z: b3 2 ) 3B L 20
i (0.001g) %Ml L (HANSEN &% 5447 F L I
BT R, HR-182), e+ U F A A IOV TILiREE
(001 g) ZHEELZ SHICHEEEICL ZHEEOH
WL T FHANE 2 DHEEREY R 570,
bt A KD BRI E LT 7 2w A5
DMEEEZF L 720 FEBRETHRIET LTzt
TXITANLERE - GO L, e F T4 D
FBERZEOBEROZLELS 1 Hb 7o) OLKEE
RETHE L7, BtEICIEKRORXE v/,

r=nW,—InW,)/ (t,—t;)

CITride A E AL OLEESR (gwetday ),
W, & Wy 3 FEERBIIGH (1) ¥ TH (t,) otEz (g
wet) #EKT, TNHOUEHHIZOWT, FERX
MTOAERZ/NT A N) v ZBEIZL > Tl L 72,

&) &)
% o Depth
P "
X \f; ‘ 8m
(A)

(B) ©

Fig. 2. Culture systems. A: Mixed culture of scallop C.
nobilis and seaweed M. papulosa; B: mono-culture of scal-
lop C. nobilis; C: mono-culture of seaweed, M. papulosa.
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TV REONERR AT FTAD1IHL YD
WEFIIR AR A ITVIEBALL, 787 A MY v 7 &
ExRHVWTHBE L, WIhd P<0.05 2T
B E LWL 72,

FREE

L AL PR SN D IR OR, B
LN A7) SIS 5 MR FEIEFH O R 2 HEE T
L7-DIENKECTHE R R REREYTo 720 ER
WZIXERE3150 ml o7 7 ) VEFFERINRE, KU,
T§60 cm X 4745 cm X #5330 cm O7 7 1) VKAE %
a7z (Fig. 3)o 7 27 ) VKA & P fi BRI 52 o) 7K i
FEIHNA L LCHB L7z, HlREIZRR Y7 (=—
INA DATBLK AR 7, PowerHead1005) % B D) £ 7,
FERHIIAHM 2 EBRMEK 2 TERR S0, 70, FEBR
IR SE N 2 B LR AT D R o 7. EERA K
ELTEFECRNLAmKREBEA LS DZHY
770 KIRIZHWHFEELZ H W TI6x1C T—EIZR- 720
FEEEH OIEEAL, KA A ST R I 5 2
TR FREE600umol - m 2s te b k) ITHEL
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N ) O EESRKE %52 H KRS EEREE
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FENFERRIL 3 DOOEBA TR SN/ 1 DHIGE
Ty ETA DORE ANIR (HEMAR), 22oHITE
TIFEHA L NS ) EANR RER), 32
Hizig@EiEkosrt ANk (a3 ba—Lk) &
L7zo FEBRIZIZ e A 7 ¥4 0L EE CEERER
+ MR 7 = 60.51 £ 17.60 g) & L7z, FEERAITIC
HEOMEW A BT, Bk TP 2 &
W2 o T, FHAEEY AR AR ORI IR

W

[ : '
s

Fig. 3. A schematic diagram of respirometer equip-
ments. Arrows indicate the direction of water flow. R:
Respirometer, P: Water pomp, S: Sampling hatch, F:
Fluorescent luminaire, WC: Water cooler.



550 P - B - KRR

a7z, BRI, N2 CRMEiEE R +
1 HE AR 7% = 0.993 = 0.267g) b FEBRATISAF A & LY
BTG, KIS 72bDEH W, &b,
FEERICE L C, HEEEENTO A Y A OBIEIE
IThehrolzs

B g AK T 7 L 2RI S N LS FEBRAEAR & 1 IAK
ANT (ary bu—VROBEIIME ANT)
L, ShEKRIGCIZHELAZT 7Y VKNI
i L 7o, 1%, 0 min, 20 min, 40 min, 60 min
O MR TiEAK 20 ml % FRAK L 720 BRECL 72 KiX
W= ABEBELATFNIL TEATGTLTL T —
(DISMIC-25, 0.20 #m, ADVANTEC) T4 L 7-f%,
B E RERFEO SRR L LCllE $ TOM, 3
FEORAE L7z fmicid e A B imill e 2 (BRAN
LUBE #L %4> H 8K B 73 AT %1, AutoAnalyzer 3) #
Hv, 7 E=T7REEFR, MEREER, WANREES K,
) UEREEY DU (ug/l) % WE L7z WEAFRE M

WBESEZOGREME Lz, THHIFIRENDELT
REMERR SR FRIRIE, 1) CRRAE) VR O 2 2 LA
5, b FH A OFFEERPEERE, KU, MY
/1) ORFESFHIGHRIE 2 5 L 7o

& R

B4 KB

NrH /) DNER

FERR TR L 72 S EBRX oMEFEL ) o -
#7 )IE (g) #%Fig. 4dalZRmL7ze M7 2 ) L&
Wl E AR (12771274 g, n=15) IR E
[X (4.532+3.360 g, n=14) DIIHPHEEIIHML 7
(2-way ANOVA, Fiy3=12.72, P<0.01). #H4H D
N2 ) EREER CHERES RN LD o7
(2m: 2.281+2592 g, n=10, 5m: 24722531 g,
n=10, 8 m: 3.897+ 3.768 g, n=9; 2-way ANOVA,
Fyg3 =148, P=0.25),
FEBRXICBIT2MELY 0 M ) RECD
W H MR ARIX (27216, n=15) IZHREEK
(47+1.9, n=14) DOII I A ZIZHML 72 (2-way
ANOVA, F,4=13.76, P<0.01; Fig. 4b).

EATXHAERRE

FERE T %, MEH7-0 O 4 FH 1 AR%
Bud Pk CEEAERET9.7%) L2, Bl
HeEIh v E FAMERm e A 7 F7 1 045k
REFRDOMHEEZR Lo 1 lfEDH 720 OFH i E R
76782210 g TH o 7o HEBKIZBIT AT ¥
A DOH Y7 ) R HEMX (43+1.9%1077

n=113) L HiEAIX (4.8+18%x10 73 n=95 THT
EES S NS, SRS EE R TR O
o7z (2-way ANOVA, Fyop=3.774, P=0.05; Fig.
4c)o BATFHTA ORBMERICIIREM CHEEL A
HHERON, HBREVPELL 2DIEELFTIFH LD

©

=}

%

Standing crop of M. populosa (g) @

Seaweed mono-culture Mixed culture

~

Number of M. populosa shoots &
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(x10-3%)
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Fig. 4. (a) Average standing crop of M. papulosa per
net cage in the mixed culture and seaweed mono-culture
systems, (b) Average number of M. papulosa shoots per
net cage in the mixed culture and seaweed mono-culture
systems. (¢) Specific growth rate of C. nobilis in the mixed
culture and scallop mono-culture systems. (d) Average
number of barnacles attached to scallop shells in the
mixed culture and scallop mono-culture systems.
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W EHRIEIAEEICHML 72 (2 m:4.0%0.21, n=70,
5m:4.7*0.21, n=70, 8 m:4.9 £0.22, = =68; 2-way
ANOVA, F,40,=5.138, P<0.01; Fisher’'PLSD, 2m
vs 5m: P=0.02, 2mvs 8 m: P<0.01, 5m vs 8 m:
P=0.44),

TV RMBER
EBETHOL T T EFHTA OHBRIE L Tz 7
D REOBAKRE A GEL, OIS $ SEERIX
L7 (Fig. 4d). TJ ELTWwWi27Y74 dna)
s, HEMXIZHENEEXOE) 3G 58I %
nolz (HEMIX @ 95 +43, n=115, (ﬁ’,{?lx : 63 &
34, n=95; 2-way ANOVA, Fj=40.21, P<0.01).
FREIZBITA e X414 1k D72 KR
BERICAEER AR ON o7 (2m: 83.10 =
4423, n=70, 5m: 79.99 = 4757, n=71, 8 m: 78.64
+ 35.26, 7 = 69; 2-way ANOVA, F, 50, = 0.061, P=0.94) ,

FRNEER

KRBT B EFEEERIRE (DIN) OfSRA
ftx Fig. 512/R L7 AERET Y Pu—LRIZB
SRR T i e I B S N AL | B/ ARl /N

(1-way ANOVA; (G 5% : Fye=1.16, P=0.33, I~ |k

O— V% : Fypy =044, P=0.72;Fig. 5a,c), W%
O VA RS MR 48 20 S R & B L 72 (1-way
ANOVA, Fy4,=3.33, P=0.02; Fig. 5b) (ﬁ(su>+”b&
&R ORERETY x1Uill‘l‘»5}\7(\0)¥/~f, A
4 — » %R L7z (repeated measures ANOVA, F,;=
4.04, P<0.01; Fisher'PLSD, = > b o — L% vs H
HAR : P=0.18, HHMA vs AR 0 P<0.01, &
GFRvs I b=V : P=022),

HHEMCR 2B 5 60 min @(ﬁﬁ RE AR 25 35 1%
DRI VBT v E=THEER CHBRESEREICL -
BRI TV (7B THEREH : 59.5%, flfEhE
EF: 36.8%). A nf: Lary b= LEOWERO

IBWCHRT UrEZST 'Lt\%fi;’é"i;ﬁ%f%(i%ftl,&ﬁw 7z
f)* l-way ANOVA; it 5 5 @ Fa44=0.27, P=0.86, 2
Y ha— VR F3=054, P=066), HEMRDT
YEDTREERREIIRER L LS ICHEICHML
(F3g0=5.63, P<0.01)s 7 v E=THEZERIRE DK
P Z LI H MR DO AG ISR 588 — Y &R L
7z (repeated measures ANOVA, I‘“—693 P<0.01;
Fisher’PLSD, =1~ b1 — L% vs HHAUR © P=0.004,
H fPiEF:{ vs it s P<0.01, AR vs T2 bu—

: P=090), ffRRESFREICBILC, RAESR, H
fﬁ_ﬂ!,—fﬁ, a2 FA=LROWVTRORIZBWTLH
EnEbIER S N h o7 (1-way ANOVA; iRE 5 :
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Fig. 5. Temporal changes in ammonium, nitrate and
nitrite nitrogen concentrations in the mixed culture (a),
the scallop mono-culture (b) and control (c) systems.
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Fyus=1.96, P=0.13, HHATR : Fyg=017, P=0.92,
Iy ha—F: F3=032, P=081), kI, v
FTRORIZBW T HRESERREOAELRZLIX
Ronhhol: (1-way ANOVA; IRA R @ Fayue=0.77,
P=052, HEAA : Fyg=0.68, P=0.56, 7> h—
W% : Fap=0.12, P=095).

) UERRE) >

BRIZBIT DY) CERREY) ViR DR % Fig. 6
WR L7z REAR, BHMAR, o bo—LRony
NOFIZBWTH ) VEEREY) VIREOH B EREAL
E RSN o 72 (1-way ANOVA; {RE % @ Fyye=1.09,
P=0.36, HEMR : F350=197, P=0.13, 2~ bu—
W% i F3p=046, P=0.72),

£ =K

REEEOREEBFRINE
BNEBEOMFE LY (Fig. bac), HEMARIZBW
TORT Y EZTREEFREOWEMPE SN2 &
5, F XA AIEARPICT v ETRRER PN
ThHEEMCTED, —H, BERLEI Y PO—VRT
7 Y EZTREBRREOMMP A ON o722 &
25, MrAJder o F A4 LT S
THREEZ 2 KWL Twa RSN, IhE
TOWMZEIZBWTY, ZHRHEHBEOP T 2 G iR
BROKBFITyE=ZTETHLZ LPpMESINT
5% (Bayne et al. 1976), F 7, “ACHZFHIZ X - TK
FEICHER S o7 v 2= TRRER MW 77 7 b
WL B—REEDTODELREFRIFL 05 2 LR
ENTw5b (Prins et al. 1998), =2 T, FkAIZ=HEA

Control
Mixed culture

i Scallop mono-culture

PO4-P concentration (z.g/1)
—
($7]

104 B
5 z -
0 — ; ;

0 20 40 60

Time (min)

Fig. 6. Temporal changes in dissolved inorganic phospho-
rus concentration in the mixed culture, the scallop mono-
culture and control systems.

FEBOFERITESVT, eI EH A0k b8
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2B 5 KRGO BRI ETMIC/MET 52 &
ATz fEHE - HAYERREZE R ) YRR VOB
et TFHABEIEAETG Leroz2 b,
FREHNCE O EICIET VB THEEEOA L EE
L7
FHNFEBRICBIFL2HEMAL T PU—VRDT ~
EoTHESREFEOEGTORELE{LE Fig. 7Ta IR L
72o ¥ Mu—)VRE HEMGRDREZOREBZLIC
x5 R EADOME X 12068 TH -7z Zhidke
FHADPHAET LI LWL THRENO T VEZT
REGERIBEDS 1 MM 0068 g/l LR TAZLEE
g 2o MRENOEFIE3150 ml THDLHH5H, b
T XAA VR L HICHEE T A 7 v B TRERE R
w321 pug/min & REL Shb, ENERICBITS
REREHHEMADT v B THEEFIMEE DG DR
5725 L% Fig. 7b (IR L7z AR & HHEMR DR
A DFEHEZALISH - 2 PR EMROBE X 1L -0.75TH >

—~
&

10 4
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Fig. 7. (a) A linear increase in ammonium nitrogen con-
centration due to scallop excretion. Its increase rate was
estimated by subtracting the mean ammonium nitrogen
concentration in the control tank from that in the scal-
lop mono-culture tank at each sampling time. Regression
line: y = 0.68x +14.2. (b) A linear decrease in ammonium
nitrogen concentration due to seaweed consumption. Its
decrease rate was estimated by subtracting the mean
ammonium nitrogen concentration in the scallop mono-
culture tank from that in the mixed culture tank at each
sampling time. Regression line: y = —0.75x — 7.98.
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72o ZHUIMTA 2 VPEET S EIZL o THRE
NOT Y E=TRERBEN15400.75ug /KT
TLIERERT AL, A TXH A DA L FFRIZHE
WHOEEEEETHE, MrH YD 15420
D7 VEZTREERFINEII240g/ min L BIED 5
NDo EERICHWZZ A7 1Y) O/
#130.993+0267g ZDTrH A/ ) 1g¥hnT
EZTWINEIZ24 g/ min EHEES LD,
DiEofER &), PR ES6051+1760 g Db F
TETAVEERICH LT AN ) R RERRET
0.908 g LA LFH$ 1L, HE»SHERb ST v &
STREZIN I 2 VICEoTETRINTE B 3
HT&E 5%, LaL, P/IREE L EBRERREOMI 2 En
BMEBEICA NV ARG 2, S R
WEREICRERTEEG 2 LBEZLNS (L
% 1992) . SR OFEHNEBROWE S /NS 54
NTITo TWa 720, BHOABREL T I L
TWh EEFEVHEV, 20720, BNEBROHEE,S
BHEN AT EHAICL BT v B TREZOHE
HEZ#E/NHMi SN Thba s Lhw, /2, i
FCOWHEEE NI T T4 VT =L LTHHWRA
JHOMFEIZ B W T, HEH S a8 a i - 1L
FMRBERICE - TR 5720, HBEICL 558 E
FOWIFIZRIIFCBCTRT$5 2 &b s h
T\w5 (Troell et al, 1997; Troell et al. 1999), L7-7%%-5
T, M I)PMERLST Y EZTREEZRETRIN
THORRIIENEREE T LLHBTE 2 WIS DL B
T&ERV, SROFIICEBIT B ERSEMTIE, A4 Y
FHANTS A 2 )0FEERIEIHT Y KEL R
< (HBEEL Y oAFR e 4 7 41 BEBITEH124E T
MIRERI2 gTHLDITR LT M ) OREEE
EEld45+34g), ENEBROLHIIZe A7 FHTAD
PEH L 7238858 % v 2 U ETIRILL TWw 5 &
BEZIZCW L Lads, “HEEY BMCcHE
L7 EIHART, REEELIT) 2L TSIk
PR EEHRIRPIFETE L Z L IIEETH A
o

REABEREOINR
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