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& IR E L A3 Sy (Meretrix meretrix) . #F i # (Mercenaria mercenaria) # 3 £ 5 # 11 (Ruditapes
philippinarum)k & 3 £ B %, R B, b, Rk REEZBTHRERELIFERREY 8.
6 1 6 um i3k B & A, 251 51.1%. 59.6%F 62.6%. F % 3k B K & 093 n, s 7 % (4.32x
107 cells/L). #(5.27x107 cells/L). & (6.65x10" cells/L) 3 Mk &k B T & 3 %34 5| & A {H 0t &%
KRR EIEAR, 258 9. 1350 14 um, RERE R KA A FE 49.7%. 33.4%71 26.2%; 5 X
AR, FREEBRFRYRELINRTAESNRDEEL 2 AEI, 125 14 pm, ERARY
BEAREN; FRERGBENRAERFAT, EXBRAERNRNEEEFTE K, 254
8.9 Fn 10 um, F & IR & 8 3G A, SCHA F 354 5 BT 72 1(5.7 mg/L) . F(11.8 mg/L). % (23.3 mg/L)
3ARERETHREBRER KA LB RAER RN EYTHE T EobfERFERA
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Sk BT Y DU 2 SR A 25 Al BT (O 'O AE, 1996
Officer et al, 1982; Dame et al, 1997)7 51l 52 JE 7k %
(&5 58, 2002), 052 BR AR DUGE U8 2% (HE TG 55,
2020; MRoTkedE, 2003) R RIEK A HA Y DL2EXT
PE AT AR AR R BURE  8) OR BE BSOR A 100%0, TE IR R A
SEARSE T IR/, 5 I U8R SR/ N T B AR it
A LA R UKL O B R P8 T R A AR R 2
BOOMERTE, fEFRMA R AR EXEE,

PR BCEIEATE — AR, ] REZ ZFh 4%
PRI F- A 520, 2 5 7K v B P O ) i DA R i
VR 2 B ()5 R AN T8 A o BE R B SRR B
PR A A Hp T 5 8 7 U 0 3 T o e R R
F R B AR B K AR o i R BILASUORL ) 09 T
Stenton-Dozey 55 (1992)#F 5% & L, ‘& it lG (Venerupis
corrugatus) P B ZCE 2 I 52, ZEARIE X 5~9 pm
AU ) DR B SRR AR K, ITE e DI 8~13 pum JUURE 114
HRRNR, X 5PRYA LS B2 A — 2L
Maurice (1985)WF534ikit, K 4L15(Crassostrea gigas)
XPRAE>6 um ORI B AR A S 100%, Barillé 55
(1992)WFFE N, AU R B A0 38 52 8 P R B8 ik
FESZM , A2 B s e BE R 2 el AH S, U4 W5
(Crassostrea virginica) 11374 k5 U1 (Argopecten irradians)
) P B 2803 R 32 0K £ ) T i VR BE 1Y) 5% Wi (Palmer
etal, 1980), FHILZ T, =770 M 20 v B A ot i
W B Y BE R W M FL B DL (Chlamys farreri) i 4 B4 5%
(Zhang et al, 2010), A I B~ , EYPRECE K
JEE 15 DR A 2350 WU £ FH 4 W5 (Ostrea: edulis) i £ B &%
SRR AU IR (Wilson, 1983). RN, A BFFEAN,
DU ) O B8 0% 5 1 1 0K Mk B 22 [R) 088 A+ oG
(Davids, 1964; Hildreth et al, 1980), Lucas Z(1987)tt
BT A AR A R OR v BE B 8 4R TR DL (Mytilus
edulis) (IR AR, S5 EIR, 2 AR IR B R0R
#HIA] . Zhang ZE(2010)AFFE LR, £ 4 IHURL 5T vk
JEE U S 6T 2506 DL A O BA 253 T W Wl S ), 3k BE RIS R
B, JEEPEDIZEHEE 100%4 8 R R/ ies, |
ANFE DLZEPTBE 100% 0% B8 (A J0Ri B A R T], HORHSRE
WA AR N A REAFAEAR KR 2E 5, e —BU LA

A (Meretrix meretrix) . i 5¢ i3 (Mercenaria
mercenaria) 13 At 7 1% 1-(Ruditapes philippinarum)j&
P [V T M DX 5 B AR 7 i i R 1 U T M A 25U
VI, HAET, KT BRI ROR DL BR &
Py J3 738 Ak 8y e 17 175 450 0 A DL AR 3B o ASBiF 5% FH K
PAAE T S | ST A AR AR G A X H AR MK TR
()7 A28 JUAE B0 110 % B 0%, A R R 0 I A 3 R
SR FE AR A S e R A, SR KR A TR B AT

SERITTREFE bR, DT AT LB AER M PPAS TR A
1 #RE5FE
1.1 SEIgHE

YA R IAAT . SCIE FNRE TSI T
M it kT, SR 5 (34.042.2),
(40.5+1.3)F1(42.8+2.3) mm. THEREEMEY G, ¥
HIHA 25 CHEH K IR RGP E 7% 2 d, HT AR
PR ACER I E

H SR K H A T T RN A s b Ak, Lk
W, REEh 21.0~21.5, Sk AR A ok B9 Ut
AR OR A T4, L libisE 12 h JFFHEA
BKAE

1.2 I HE

TE DU R A X5, BV 0N VR 3 o S Bl A 2T
AT, (R, Ak &) 52 31— e SRR 3R A 5 0
(ANZETR . W7 45 o AL 7 ULV 2 25 A7 A8 A T
DU BACR IS, AR5 3 4, G T AR
1% 7K (natural seawater, NSW), H SR 7K + 55 g 5
(NSW-algae), HARMEK+FRZIKIEINSWsilt), 7EF
SRR 38 o U 03Kk S5 ¥ 43 2 (1sochrysis galbanay)
IR T R Y TR B IRV (VR XA R 2 2 om Uit
) VA URE ) K5k 1k B (Barillé et al, 1992; Zhang et al,
2010), Hif, WM EHAEN 4.4~71 um, JEIR R
AR 2~20 pm, ARYE SRR BRI, PR B
AL L 3 ANREEGUN, 430 low-algae
mid-algae il high-algae %/ ; RGP A, 2L
WL, P om 3 NRERS, A
low-silt, mid-silt Fll high-silt 2575, /K% B R Kk
2 FRFE IS 45 (2020) i T H(E 1), UL E 15 4
FOKAEWRF 20 cmx5 cmx10 cm), WA 1.3 L/,
o 10 NI, BAKRICE 1 B2 54
AEH, AT D A 5250 2H B ORI [
JERBCR TEAE R LR 1, BEiRIEIRR 4% a
4V J3E (Coom o) FITA AL 2t B 77 A HLBURL Y MR 52 (POM)
L BT BRI Y E (TPM) L, POM/TPM)], 3 Mk
R EGNPRI R TSR a WA AL o N
39.3, 98.2 il 154.9 pg/L, 25.11%. 35.18%71 59.15%;
B EEIE bR TPM Fil POM, 3 Nk 44 ) i
K% TPM FIl POM 4354 31.1,56.4 Fi1 79.0 mg/L, 7.4,
8.3 #1 9.5 mg/L,

g A A S X S 25 L R, 2 i (] —
H, N 07:00~11:00, SLEFFARET, PEHUEE £ IEH
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AR KA, T B 1R . AR AT N
520 (Eckman et al, 1989), Ul & AN E . 31w
—5, IR ETE 25 CIEIRAKB T, SEE
YICAKAE @ RN, 1 h HEIEWHRE, 281 h
B 50 mL K AE H K AR K FECORFE B KR 1 h AT 4
o ), AT 3 IRE B HURE ., A
BT AR (PAMAS S40, £ )il i ok vk 1, %A%
A BEASI A RE AN [RPRL AR OB A B, DA AR T
AR JURL I R BB R

Cenr.a M 5E R T IEAE P 53 2556961 Phyto-PAM
(Walz, ), TPM Fl POM BYIE T # GE/C
Iy I 4T 4E U8 40(Whatman1822-055, fLA2N 1.2 pm)fE
450 C &M PR EME E G h), fff BT XKF
(Sartorius, f K 0.1 mg, fEENFRE, I8 W, (mg);
B 300 mL /KEE, FHZ 450°CHIBE 6 h HI3E IS 27 4Eng 40
PEATHhIE , IFH 0.5 mol/L A B BRI PE(10 mL), SR ) ,
16 60°C A Hrdt T 28 1H T (48 h)JFHRE, T8 Wy (mg);
25 450°CHI%5E 6 h 5 FRRFRE , 124 Wiso. TPM Fl POM
AN

TPM=Wj;—W,
POM=W,50—Wjo

4 B8 %% 2K (retention efficiency, RE)AY 522

(Cranford et al, 1992)4 .

RE (%)=100%x[1—(C,/C))]
A, C A C A3k as A RSB 41 H K AL K A
S — R4k TR JURL W) ) VR JEE (cells/mL)

b U4 B %4 % (standardizing retention efficiency,
REs) A 7E— & BRI BB, B R BA 0% e R R
VIZERERS 100%PR B, BE— kg B PR JUR 4 i) O B AU
R 5 R KA ) FAEFR R bR v A4 B 308 (Eckman et al,

1989),

15 U % (clearance rate, CR)FJITEARA 2 Flr, 75
Hii 7K H 2R ] Walen (1972)F08 2K :

CR=Fx[1-(C,/C))]
K, F oK, C F Cy 43l 7K A
JK VR K E AR B PR B o ph T A5, Y5 UE SR
RN RN B
CR=FxRE

2 #R

FLARIEEK | AR TR+ B E R 1 SR K +3R R IR
e L B0 o v R BV BE A TR AR O I3 10
1R, I BN [R) A ER A B ORI Y B

SEH KA

Experimental chamber

|
20 cm

1
K 0cm
Storage tank 05 cm
LR IR E A

Schematic diagram of experiment tank

K1 sk REEAIE
Schematic diagram of the flow-through
experiment system

Fig.1
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Tab.1 Summary of dietary characterstics during each measurment of retention efficiencies
S SRR TR A HUBORL v WO B i MLk R a kg AP
Groups TPM/(mg/L) POM/(mg/L) Particle number/(cells/L)  Ccpa/(ng/L)  POM/TPM /%
fE ik e e 22.7+0.8 5.7+1.2 3.92x10’ 393 25.11
Low-algae
E'jﬁ_ﬁimg 33.7+0.9 11.8+1.2 4.52x10’ 98.2 35.18
Mid-algae
%EE‘{&TE 39.442.3 23.3+1.6 5.43%x10’ 154.9 59.15
High-algae
H AR iE K NSW 21.9+0.6 5.3+0.7 3.75x107 37.6 24.39
ﬁ%@ﬂﬁ 31.1+2.5 7.4+0.4 4.32x10’ 36.2 23.93
Low-silt
Kl Sk piE
FFR&,E&E 56.4+0.6 8.3+0.7 5.27x10’ 36.8 14.72
Mid-silt
F BCbt e 79.0+2.3 9.5+0.5 6.65x10" 33.7 12.03

High-silt
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TURLB i R BE , B AT BILURE 4 B2 AT B35
0 2 SN (P<0.05) , [l B, A e RO W 5 A Al
(P>0.05) 5 38 5z ¥% JIN AN ] B4 ) A 1 3 5 7 SR Y
B B, B RO B 5 G 1 (P<0.05), AT HL0RL
Pl B2 FAPRFF A, (HAT BILE i 183 [ IR (P<0.05)
A 21 3 ) B URL A S DA P 2 B, K42 >20 pm
UL A B AR B A o A8 ARIREK R, UL S8 — i
BEREAS 3 R T Wi/, (EELAR g 4 pm J0RE 14 9 12
B TR 3 pum BOORE . S R CE IR BE AR AET A
KL AT L5 1 SR T K P BORE o A UEEAR AL, A5
PEREAZIG AN 2~19 pm S [ P9 FT A7 JOURE A4 9 22 5 45 o
3 T RO o R A BB EAUE 4~8 m DAL
WL, W oAb AR ORE Y v B2 LT BT 20 o
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Fig.2 Particle size frequency distribution in
different experimental diets
A: ASRIEKHIME; B: AARIEKHIET
A: NSW-+algae; B: NSW+silt

21 BREKPER, BRRMERERFHRE

TEFLART K, SO | B SE s AR S0 11 A0 £
P A0 B AURRE A2 Y 38 R S, 3 A R AR D
8. 6 Al 6 um i, PREAGCRIBFIR KM, F RO
HOHA 51.1%. 59.6%F1 62.6%, HAFLHEURL )
SERMIE I o S5 2 Rl OUSEAR LE, JEFESZ IR A7 X /N

TORE TR B DR BA AR, XS BLAR 2 pm UL ()
PREBECR R 26.7%, HXF R A BRI L B R0% (REs)
42.9% , SCHE FEESE A X 2 pm JFORE Y45 B8 S0R 435910
9.9%7%1 14.6%, REs 7354 18.8%F1 24.4%; X} T Hi
24 pm WP0RL, SCIE . BEFCHS R HEEE TR A AR
BRBIH 29.5%., 42.3%FH1 49.4%, XN A REs
I39R 55.9%. 70.7%F1 79.4% (1 3).
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Fig.3 Retention efficiency of M. meretrix, M. mercenaria

and R. philippinarum for different particle sizes in
natural seawater (NSW)

22 NWREARMMRWHEETHRERE

SSCA T AN [ R e R R 5 R U R SRR R R R
RCRATHIILE 4 FE S, S5 EIR, UG AR B ACR
DR 50 e B R I e e R %) A ] e A AR AR A o i
B B B3E N, SO IR B AR BN, Herp
2 um ORI DR B 3R HY AR MK Y 9.9% [ 2 TS N
JETRALA—7.8%~-3.9% . H SR IRE K+ B L5 4l p
low-silt . mid-silt 5 high-silt 3 /%5 v 1 10 5 K15
RORH AR 51.3% 0% ZE 49.7%. 33.8%

00 ik Nsw o RV Mid-silt

80 | = REEWRE Low-silt —— FHEEWRE High-silt

60

40

20 -

{1 A% Retention efficiency/%

=7 45 6 7 8 9101112131415
-0t Wik 4% Particle diamater/pum
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MORNEIE e LIRS TS HEVES
Fig.4 Retention efficiency of M. meretrix for different

particle sizes in three experimental diets
(low-, mid- and high-silt)
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Fig.5 Retention efficiency of M. meretrix for different
particle sizes in three experimental diets
(low-, mid- and high-algae)

F126.2%. [FI, i BA RO A B B R I A4 0RRE A%
o AR K P 8 pm A3 B E 9 13 H1 14 pm,

FE H SRME K+ S0 4 1Y) low-algae 5514 T,
A TR AL P 0 v JB A o i vk B AR A /I, (HAR B K
RGN 5 AR AAR L, SIS 9 S R AR FE AL
REEALRFAE (1 A SRR LB 51.3%F 0 47.8%),
IR EIR B ORI R AE R BORRAR L Y 8 pum B AR K
2 9 pm; WAHN, FERORDRLAE K 4 pm A4 — /NI AIR(E,
FCRR AR B AR 39.1%

£ mid-algae Z5F T, &I BURLAY 0T 2V B 4R A
WEWI, Cona M HREAKTH 37.6 pg/L H=E
98.6 ug/L, AHlEEUH 22.86%3 £ 33.81%., (G
PR B BCR B R #a A low-algae ZHAHIT, PURLRLLE
N4 pm KRS —ARME, FREECR SRR 38.2%; A
[l ZARTE T, R B RCR I R B A AR, 47.8%I%
Z 40%, PR SCRK PR FBRCRAR 1 9 um
HAZE 10 um,

£ high-algae 25T, A2 HHURL 1Y 0 Vi Bt B
PR Bk B FE FR TPM FH 21.9 mg/L F+ & 45.8 mg/L.,
SCHARPRLAE 4 pum FURE Y D) BR 805 2 FEAIR(P<0.05),
AR UL AAEE 4), PRERCRD 4%, FX R
PRECR A RCRAUR 7.8%, A B A B 80 fe KA 1Y)
RORARARZEIE K F] 11 pm, (HOR B ROR B RMETC W%
A(P>0.05), R FN 50.6%.

23 WRBEARBHNEBMEFGHTHRERE

B 5E A E ARV IK IS YR AR 1 SR 1 7K + B Jif 35
A AR BA 38R I DL 6 AN 7 AR TR ANR T S T,
2 0y 14 57 P R0 R o AT AT 428 %) 18 A T 8 8 K, ik
FI UG (B J Pl 07 114) 2 52 196 R THT 328 T ek /N, Tow-silt
mid-silt il high-silt 3 >4 B 6 52 83 U7 B S0R ) ek
HJG #2255 (P>0.05), 23lh 57.4% . 58.2%F0

S
S

[ —— ERMK NSW e BBV Mid-silt
go |~ MRECEMREE Low-silt —o— ¥EWAE High-silt
60 [ ]

IS
(=]
T

[\
(=]
T

(=]

{3 B4 %K Retention efficiency/%

y3 4 5 6 7 8 9 101112131415
ki A% Particle diamater/um

6 MEFCHGTE HARIEK IR IR SEER 4] 3 MR EEG
XA [ RLAR JOREL B £ BR 280%
Fig.6 Retention efficiency of M. mercenaria for different

particle sizes in three experimental diets
(low-, mid- and high-silt)
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| = L RWREE Low-algae —e— R iR High-algae
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40 -

[ 5]
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T

{1 B 3% % Retention efficiency/%
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2 3 4 5 6 7 8 910111213 14 15
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K7 WFeia e [ AR K+ SEg 4 3 NG
Xof AN R A JURE 1) 8 P 2503
Fig.7 Retention efficiency of M. mercenaria for different

particle sizes in three experimental diets
(low-, mid- and high-algae)

56.4%, FHXT I )R B AR 8 TR B g5 K B () UK R A% 43
W 8. 9 F1 10 pm, AHFEHAFEA ] BT Wk BE AR T
) PR BA AR 22 S AE T/ NORL ) 1 O B8 S8 B e D s
T M RRAR, B0, mid-silt SE54H AT high-silt
SEYGZH HOREAR 2 pm JEURL Y PR B R0 R low-silt SEEG 2
(1 17.1%53 3 R £ -7.7%F1-11.2%

B 5P Iy 1) R P AR A2 IO o R B i K, o P
B S EL A, R B AR B R (E IR 3 R AR
(P<0.05),low-algae 356 2H P B4 R e KAH K 60.7%,
1M mid-algae SCHG 27 B B0F I KA IRFE 2 27.6%,
high-algae S50 21 {# B8 250K ) B K {E 5 mid-algae SC46
AT, A 25.5%. 10 3 DB TR B RCRAE]
e RAE I OB R AR AR R, Y928 7 pmo Ji4b, TEAE
R BEAR AR, B 7C I 19 O BR 2R AE 3K B B A 2 i
HBBER G KK, AFEERE.

24 FRERFEARFHNRUEZGH THRENE

FEHE T2 05 A 0 R B 23RN B ok R A 1 Y ) 1
FAFG SR, R R A3 N, /NBURL ) 4 £
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FA RRCRRIZ U/ PR B SBORRR B i AN 1) R R A2
BT K, low-silt, mid-silt Al high-silt 3 />S256 2 {4
BA 0% 3R B e KAB B A URLRL AR 43 51 90 12 il
14 pm, ARIZALET, FEREIFOR BB SRR
AN BEE VR FE AR TS, 23 5h 56.4% . 59.8% il
55.0% (€1 8).

=)
S

[ —— sk NSW —— PR Mid-silt
| - (RBEIREE Low-silt —— E¥UEIREF High-silt
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1R B % Retention efficiency/%

th
S
"

K8 JAEA RIS A AE A AR K HIR YE LR 21 3 vk B 951
Xof AN ) AR A UKL P 4 P 2503
Fig.8 Retention efficiency of R. philippinarum for different
particle sizes in three experimental diets
(low-, mid- and high-silt)

TR IS A 1 R BR 80 A TR o o 9 B8 1 8 b &
A AR, SR BLAE X/ NURL ) (4 £ BR 2% Ty
. BN, BEBTRWRE N, KiAE 2~3 pm ORI
PR B O AW TN, low-algae \mid-algae 1 high-algae
SEH AR BRI 55% . 60%F 67%, Hirf
high-algae SZ 50 21 ORI 3 pum FIURL A LR B ROCR B & 4%
UL BRI KB (REs o 88%). SR, R B &R I
ANBERURL 3G M Z W K, FERAR 4~5 pm Ab 23 i
B—NE, X — 55 SRR E AL, AR IR
TEIGAF7E high-algae SCEG A FP MBS TE 5 pum Ab,
MIRRAE 4 pm PURLA PR SR BAEF L, 5 5 pm
LAY BE AR OC B 22 5(P>0.05, 18] 9), SRR B Y

—_
(=3
S

e
(=]
T

[=))
S
T

—— H4RMK NSW

- KR E Low-algae

—— PRERE Mid-algae

—— BB High-algae

2 3 4 5 6 7 8 9101112 13 1415
ki H 4% Particle diamater/um

Ko FEFREREISATE A AR KB S0 20 3 R B2 90

PR AN [ A A AL 14 £ B 2803
Fig.9 Retention efficiency of R. philippinarum for different

particle sizes in three experimental diets
(low-, mid- and high-algae)

[N
[=]
T

1R B3 Retention efficiency/%
S
[}

(=)

A AR o S AR A PR B RIOCR R B e K IS Y Uk R
PRI, 258 7. 7 F1 8 um,

3 it

WFTE R IR, U8B 1 D1 2SS PRUK AR rp 28 1 R 4 55
R R R 5T VAR E (AR I ) P 90 3 T 2 AT T ) 45
BAT N o N R KA o R e B B AR Ak, A [ AR
B BRA AR IR, AR R B st
()RR | PP A RS . SRR S U R B ROR A
(Hawkins et al, 1990; Bayne et al, 1993),

AP EE R oK, B U B Wk B AR g i i
5 iR W SO AR AR T WA A 0 DR BE KR, T B A R R
AT EAR B RCR AN, SR AT . 2L DL
AHALL(Barillé et al, 1993; Riisgard, 1988). Ffi# %im ik
FERIE AN, O B AR R KA W%, I ik 2 K
{E I BURDR ARG K . AN, ST FIFERE = R
X/ INBURL ) O BA RO sl 1N, EL 2 R A (E . AR5
(2006)RHF 5T B, UURH PR T UKL B B 174 5 ik 3 A
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Effects of Particle Concentration on the Retention Efficiency of Meretrix
meretrix, Mercenaria mercenaria and Ruditapes philippinarum

XIE Bin"?, LIN Zhihua®?, HE Lin*"

(1. College of Marine Sciences, NingBo University, Ningbo, Zhejiang 315100, China; 2. Key Laboratory of Aquatic Germplasm
Resource of Zhejiang Province, College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang
315100, China; 3. Ninghai Institute of Mariculture Seeds Industry, Zhejiang Wanli University, Ningbo, Zhgjiang 315100, China)

Abstract In this study, the retention efficiency (RE) of Meretrix meretrix, Mercenaria mercenaria,
and Ruditapes philippinarum were measured by adding sediment or unicellular algae to adjust the
concentration of suspended particles. The results showed that in natural seawater, the RE of M. meretrix,
M. mercenaria, and R. philippinarum reached maximum retention when the particle sizes were 8 um,
6 um, and 6 pm, which were 51.1%, 59.6%, and 62.6%, respectively. With an increase in particle number
concentration, the minimum particle sizes for maximal retention in M. meretrix shifted to approximately
9 um, 13 pm, and 14 pm in low (4.32x107 cells/L), mid (5.27x10" cells/L) and high (6.65x10 cells/L)
particle number concentration, respectively. The relative standardized RE decreased to 49.7%, 33.4%, and
26.2%. As in M. meretrix, the minimum particle sizes for maximal retention in R. philippinarum shifted
from 6 pm to 9 um, 12 pm, and 14 pm with the change in particle number concentration, but the change in
maximal retention was not significant. The change in maximal retention in M. mercenaria was not
significant; however, the minimum particle sizes for maximal retention shifted to approximately 8 pum,
9um, and 10 pm, respectively. With the increase in particle concentration, the change in maximal
retention and minimum particle size for maximal retention was not significant in three different particle
concentration, low (5.7 mg/L), mid (11.8 mg/L) and high (23.3 mg/L), retention of M. mercenaria
changed significantly, 60.7%, 27.6%, and 25.5%, respectively. The results indicate that the RE of
M. meretrix and R. philippinarum were more sensitive to particle concentration, while the RE of
M. mercenaria was more sensitive to organic content.

Key words Suspended particle concentration; Retention efficiency; Meretrix meretrix; Mercenaria
mercenaria; Ruditapes philippinarum
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