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& K DU RIUAS RO TR 4 JEE S B3 £ R A S ), 4R
TP E TR R A S HAR T, M A
JH D 242 1 180 P e AR A 8l A BB A

1 ME5I5k

1.1 SEIeHH#

T ATCA IR B VLR IR W), LI A b i T
O DCUE L. S5 DU ] f5 , Pkt % I 5, G
PR T T KA N, KA A B ATER S 24 h
B RK K IR AEFRFTE (20 £1)°C, DR SR
i), BERARIK 1 UK, AR 4 B B S 36 22 HE 5 WA N
SV STE L LiS7 8 WS S U R W . 4]
1 RAF IEFR

BEATL I 4% 4t B 109 5 £ TG 1A i ST i, 3 ]
BRI R 4] SR Ak B8 385 ( Microcystis aeruginosa ) | /)N
BR % ( Chlorella pyrenoidosa ) F1 #b A= #} ¥
( Scenedesmus obliquus ) , ¥ W T  [F B} 2 e K 4
AT AT, BG-11 By R 51557 T 5 L HEIE I
Hh BT IR 5 A TR D' B SR A, 35 IR AR TR Ry
(26 £0.5) °C,)Y6HBEH M 120L: 12D,
1.2 Wt RAE

T A0 JC A B 1 S B AR /KA (K 380 mm | 5E
275 mm (5 140 mm) H 4T, SLHHETEA 6 000

mL BT AK KR ST mm, 4 BE 3 K
-, BN KRG 700 2 4 F16 N8 A Toih i,
A R 2 MR OLHIMG (3 1) o JaTias st
BAE 1 L AYHEHR ( B 4% 105 mm 5 150 mm) Hifk
11, LTI 750 mL B H A, KR 87 mm,
T B L E 4 A OKP, B S ,20.35 .50 ¢ (TR
) /750 mL, KA B BEE 2 Bl ALRE (R
1) o AT M0 A TG 1A B ) 52 38 K il 24 4 ) 7
(20 = 1) °C, 73 | 45 PR A SR IR 0 /N BRE L At
M, B BUBB FE Iy 5 % 107 cells/mL, P itL
XHEERR DU, B A0 PR 1 AR | D2k
JUCE. 1 FhEERERT 1 FhALAS B A B 3 A
52, [l NP4 2R A TR A R B I L St R A Ay )
FILEA, REE 1.5 mL KA T 2 mL BS.L4
TN e R S e A, SR FHIMLER TR0 T 40 x
R TR AKRER AT, R A A AL (YSI-
S50A) Mi5E SLHR A A KPR i i S & i SR
R, K BR AT Ja R B 2 UM AMEAR 60 °C At
TEEEIAR R, BRI E 0. 01 g ARHLH
JRERTHAE] 0. 001 g, WIZGE 7258 Se mill ks
B3] 0.01 mm, B DI AUAS BB 252 S LR
L,

®1 BERALTEEFTHAMARHESESH

Tab.1 The morphological parameters of two shellfish species

Pyt HUks Felk A FeH LTADIESs WAL
Species Size Shell length/mm  Shell width/mm  Shell height/mm Wet mass/g  Dry mass of soft tissue/g
& oY 7]\ small 61.14 £3.24 37.91+£2.72 25.27 +1.88 29.20 +7.71 0.95 +0.06
Anodonta woodiana K big 74.69 £5.51 50.67 +4.09 32.85+3.83 48.04 £17.11 2.01 £1.00
YAy i /N small 16.03 +0.56 14.13 £0.29 9.51+0.28 1.30+0.10 0.05 £0.04
Corbicula fluminea K big 21.17 £0.25 17.40 +0. 12 12.27 £0.19 2.90 +0.06 0.16 £0.02

1.3 BREHEAGE

D 2E4F 23R (Feeding rate) " 84K

Fp=V[In(C,/C,) -In(C,/C,)1/wt (1)
A Fy RV SR IE AR, mL;w
SEE DU T B s, g5t NS (A] b C o
SEES TR EE R A M % f, cells/mL; C, Oy ¢ B
] ) BES A 55 i, cells/mL; €, Sy SE 50 T 4R ] 25
G BRZH B S 40 i 5 1, cells/mL; €, Ofy ¢ IS [A]
25 IR IR A 3 28 A0 i 5 Bt cells/mL,
1.4 HIERE

PR DS 5, R FH BRI R By 26 40 i
FO AT W N A T AR AR 22 ek, R
SRR RN B E RS ) T5 22 3, ER T BEAd |
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5 FE FHARAR X A A DL 2S48 B R (0 5 ), 22 7 LA
K Duncan [AG%5, >R SPSS 19. 0 # i 17
M1, P<0.05 F/RFERFEZES,P <0.01 %
NN B 25

2 4k

2.1 FHMNEBERRELE

FRR DT 250 0T R CEERAE R B ) |
MBS P I R TCE M (F = 1.416,P =
0.236) , TAMIAYIE A #8(92.7 £2.3) mL/(g - h)
BERTHEMLKLLE(40.8 £1.9) mL/(g - h)
(F=274.825,P <0.001),
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2.2 =ZEENERLEENTERENIIG IR, H 3 NIRRT AR E R
2.2.1  ZHEREXNT A IO B R0 TARHAEM(FR2) o /ISR HE 2 (50. 8 +

SR 2R, A IO ) 1.9 )mL/(g - h) B KT KM (30.7 £1.7)
BRLREMNER(R2) , FALKHEXNHLE  nl/(g-h), REEHNEEREERTEHS
P SE NERBER R AE M BE R R B RS I R R W ) Y T

(42.0+3.6) ,(40.4 £2.8) F1(39.9 +3.5) mL/
(g« h)o {HDURUAS AN D5 1 2 2 S WA G

=X
Jto

LI T,

F2 EM NMENZEENERATEHEBERERYMN=ERFESN
Tab.2 Three-way ANOVA of algae species, shellfish size and density on filter-feeding rate of Anodonta woodiana
2 S kYR 5 A o ¥575
Source of variation Sum of squares A df Mean square F P
WA Algae species 44.1 2 22.130 0.292 0.748
Bk Size 5432.6 1 5432.6 71.792 0.000
W Density 1 104.0 2 552.0 7.294 0.002
R x BEHLHE Algae species x Size 223.9 2 111.9 1.479 0.241
B x IS5 F Algae species x Density 169.5 4 42.4 0.560 0.693
HERIAG x HE% B Size x Density 242.2 2 121. 1 1.600 0.216
B x B x B 252.7 4 63.2 0.835 0.512
Algae species x Size x Density
1% 2% Deviation 2724.2 36 75.7
3t Total 99 919.9 54
= 50 a " h) JHI/NEKEE[93.0 £4.4 mI/ (g - h) [ BYFRE AR
£ 4 . 34055 P4 S A O ) B £ 8.8
E 35 4.0mL/(g-h)],
~
g o BRI 3 )y 254 M T, L5 B /ISR ST
¥ 20 PR AT I (F =61.680,P <0.001) , 5 &
=i
gL S R IR 47 45 5022 5 (Duncan [R 2 7 I
ﬁ 5 BB 2) o DU E X JCRRAR T %) 46 B R A
B s L REE D RHE WD HEW(F=19.784,P <0.001) BJE | 45T
BRI 2 3 e 4 55
RRUNGF R BAFEF (P <0.05); D kil ok 2 MRS R LR AR TR 4, #L

E; MD U s HD fURRHE
Different lowercase letters in the table indicate a significant
difference between the two treatment groups (P <0.05) ; LD. low
density of shellfish, MD. middle density of shellfish, HD. high
density of shellfish
1 BHZEEXNETRALEHEERENII
Fig.1 Effect of shellfish density on the

feeding rate of Anodonta woodiana

2.2.2 =R RN R
ZRE D 2T R B, BOR L UL RS N DL %
JEE KR OR 4) B £ X A S R, DL A R
MEREA L HAEM (% 3) . Duncan [RE T [T
B W R A (97,3 £3.5 mL/(g -

2 MV RE 3 Z IR 300 7% 22 5+ ( Duncan [R £
WAL B 2) o KB R R 1(1=3. 050,
P=0.008)f1% 5 2(t=2.798,P =0.013) | L
L BN AT MR % A AR I T R A (&
2), TESE3(1=2.034,P=0.059) fI 4 (t =
0.966,P =0. 348 ) 1L T, FUAK% XJ 4 2 5 1T i
FR

2.3 BRESBEBENXER

PR KR i A TC B E W (A F <
2.901,P >0.067) , H D1 2% B FUALAS 4 .35 52
Wi AR A (T F >9.992,P <0.01), WLk
4 ~6, PRI B (F =12.812,P <
0.001 ) K iy WL KA 025 5 Xof v il 467 A= 28 HLAR
F(F =7.167,P <0.001) , HAth A 2R 75 7 [8] o 58

http: //www. shhydxxb. com



334

(SERCII INEE 29 &

HAEM(P>0.05)

AT (r=0.426,P =0.001, & 3a) fI

L (r=0.715,P <0.001, [&] 3b) Bt & & 5 7 fif
SR E AR,

x3 BWM ARNBENTREREZMN 3 ERAESN
Tab.3 Three-way ANOVA of algae species, shellfish size and density on filter-feeding rate of Corbicula fluminea

AR S AU 05

7

Source of variation Sum of squares FLE df Mean square F P
B Algae species 1086.6 2 543.3 7.764 0.001
DL Size 842.5 1 842.5 12.039 0.001
2 Density 18 926.7 3 6 308.9 90. 157 0.000
Wl x DIERAE Algae species x Size 247.1 2 123.6 1.766 0.182
Wil x %5 E Algae species x Density 619.4 6 103.2 1.475 0.207
DLERAE x %5 & Size x Density 1733.9 3 578.0 8.260 0.000
o BRI
B LA < 643.9 6 107.3 1.534 0.188
Algae species X Size X Density
%74 Deviation 3358.9 48 70.0
Jii 3t Total 645 902.6 72
~ 140
: 3 it
&0 130 BA --&-- K% Large size
3 120 —a— i s N
I P Snall size SR AR I A0 T B R R
g1 A 147 fis K ERE S I 9 S 4 RE R
Bl 0 B HE TR SO 3. 48 435 SFL300 0T 0 0 4 3 2
9 . 1 _
g 80 S cA ARSI 2. 91 45, SRVFIESE B 5T W A DL
% T RO SR, BB PR 2
& o0 HIOTIFLE R OAA R 5, V2H K

HEE1 D1 EEE2 D2 EREE3 D3 P4 D4

Pl R R RS B (] — 25 BE AP DU I B £ S A LA
TEAE R 2 (P <0.05) , ARF/NG 78R8 [ —HL% 11
KRN R E 2SR (P <0.05); DI RFRAL
WL D2 fRFA TR D3 fUREE TR D4 iR

T

Different

uppercase letters in the figure indicate significant

differences in feeding rate between shellfish size at each density

(P<0.05), and different lowercase letters indicate significant

differences in feeding rates between shellfish densities at each

shellfish size (P <0.05) ; D1 :the lowest density; D2 :the second

low density; D3 :the second high density; D4 :the highest density
B2 REZEMRETTEREREN
Fig.2 Effect of shellfish density and size on

the feeding rate of Corbicula fluminea

JEAN R 2225 0k ) — DU R b B 2 30 1 22 57, Wil
J ERBE A2 DU LR A B (SR ) (B
PRI NGO0 (5 B e A28 ) LI e DU K 14
A RBESE , AR IR DU & 28 0 48 BUE I A G
AT SR O ) 8% 38 249 70 3] KT R DAL —
(90, DS B S o B — U
BEACME 2 iy, S v R e S A 4
WSROy 7 S S e — PR 5 1 T A D
TR VO SR AT AN A IR & B P 5
B PR S i 30% ~40% . 53 b, AN IR SCHk
FRTE B D1 25 3 A A ] o FEAR 1 b A A
Pl 22 50y W] LU, A1 mg (B mL) / (g - h) |

x4 AHILTARREXRKMEHHRIBRESE

Tab.4 Dissolved oxygen content of different algal water environment of two shellfish species mg/L
% P /NBR A . .
Shellfish species Microcystis aeruginosa  Chlorella pyrenoidosa  Scenedesmus obliquus
HAAICINIE Anodonta woodiana 5.59 £0.50° 6.45 +0.24° 5.92 +0.34* 2.901 0.068
Y[ Corbicula fluminea 3.78 £0.57* 3.61 £0.54* 4.48 +£0.55* 1.425 0.250

- RTINS 7 RO o S AT 257 8 (P <0.05)

Notes ; Different lowercase letters in each row of the table indicate a significant difference between the treatments with different algae (P <0.05)
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RS ARAMARAMIFLKAEHRBESE

Tab.5 Dissolved oxygen content of the water environment of different body sizes of two shellfish species

mg/L
K M JHLH . .
Shellfish species Small size Big size
5 JC 15 Anodonta woodiana 6.62 £0.17° 5.36+0.37" 18.589 <0.001
W Corbicula fluminea 3.37 +0.44" 4.54 +£0.45* 12.274 <0.01

T R T AR/ NG TR AN [ RUAS A B 1] 22 53 2% (P <0.05)
Notes ; Different lowercase letters in each row of the table indicate a significant difference between the two treatments stocked with small — and big -

sized shellfish (P <0.05)

F6 WMERFZEERLEHTY Zio SRR, fE 5 — R ERA T, 8
ARPHKGERASE SUEE AN £ TG A I 3 RS IR R
Tab.6 Dissolved oxygen content of the waters in s jaer] o ASZES IS A TR 3 R Y
ch coztaitner st(:;ked wit; ((Jiifi:‘rer;t ;llensi‘ties of %‘ ﬁ' $ T % % j.% , Lﬂ{éﬁﬂl% %[13] ﬂiﬁ E/‘J éﬁ %_
noaonta woodiana an oroicula Jluminea - N NN N . [ 13 .
o BRI X =
[hEIES 2 44 T ek TR PR X UL it 18 6 DX R B 30 b 3 K AR R i 2R T
Shellfish species  Anodonta woodiana Corbicula fluminea E%%%UM o iﬂgmxﬁlﬂﬁ] é%,ﬁi@%& Eg%ﬁ%ﬁ%
ZE1 D1 6.77 £0.27° 8.10 £0.17* e N [13] N
s H: e B et L15 ] N2k
L eTseam R0 A AT R VP i 5
A3 D3 5.17 0. 42" 2.26+0.22" A 25, ATRES R AN R RS I/ IN) DL 4%
EE4 D4 1.63 £0.15° — 70
F 9.992 16.966 2 y3.098 xS 02l 4y o o
P <0.001 <0.001 2 60 MRS
T R PR RN T R-E U8 WA () 25 2 Ak 3 ) 2 53 2 (P < E 50
0.05) ;X M IS i 7, DI AR AR, D2 AU 4% 2, D3 -
R XL 5, DL R IR, D2 R e 3 40
D3 (R 25 B | DA R ek R
Notes ; Different lowercase letters in each column of the table indicate =1
a significant difference between the treatments stocked with shellfishes = 20
of different densities (P < 0. 05); For Anodonta woodiana, DI E 10
represents low density, D2 middle density, and D3 high density; For %)
Corbicula fluminea, D1 represents the lowest density, D2 the second & 0
low density, D3 the second high density, and D4 the highest density 153 0 2 4 6 8 10
%A% Dissolved oxygen/ (mg/L)
. . 2 =k (a)
mg( 8 mL)/ (ind + h) 55, B0 A g IR S Kt A
{18 SRR Al T ) A 2H 2 Joi i A ) SRR 1T ) = 150
WeTaE . R, 2 7 T SR I SR A ST I, g N
WL AL EH KB me/ (g - ) ILBESF, B
b B U R T B, Rl i g
TR AAZ B AR 2 P R IR B ) 52 ), LT -
TN - =
J7 R S R S 5 25 A, AN SE G S W e 5 90 =5.202 5x+72. 093
KA : ‘
DR 28 R T A e 6 1 LA %) A [a] # Jig ﬁ 0g . - - - -
i % BLAS e B =] 22 AN
{%%ﬁ Emﬁ?’fﬂ%‘%#,mﬁ‘]%%ﬁﬂ/n ‘Jﬁﬁlﬁﬁ Dissolved oxygen/(mg/L)
AR5, BAKER 47 SCig iy, 3 Figkok b (b)
S Ak g B S prIv :!: St [24] 21 >
FEM IS I N AT i B e 5 2R AR #iﬁf U\j‘zs, B3 EfmistE(a) AW (b)BAR
= LI o A T O B R AR v 5 A ERMENLE
IR, —BE BT 58 77 A SRR AR W T 5| & Fig.3 Relationship between feeding rate and
DL A A BN 8, DTG 6 DT 2R 7= AR S ), H dissolved oxygen for Anodonta woodiana (a)
TR 9 TR AN 5B, R 541 15 and Corbicula fluminea (b)
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29 %

BRI AL 25 50 %, T ot 3R A 4l 15
TUBRIEE (145 £ AFDGHRT P4 £ T A

B AN IR ) BA FR I A i 3l
NS EERA R BAT T o 1) A BHE R (T R
PR R ) o ASTR] DUy ol i) 45 B0 R (AL R I
i BN ()% £ 50 AN, AN SOE I R R
AICHT R TR/ B = A
W P B RN TN AR T D B[]
WA TR R 22 TR IR , S0 A G A i =
FALIEE T el ML DL A SO g4
R EiRAE BB TC AR, Fh A BN
PRBLRCR B 5 11 TG U B Y B3 1 30 W 3/ TR AL
BN TS, AR T G R B 19 B3 A A I )
TN AE 2 FHEBARSE LT, RO 0 114 45
BRI T/

DU PR B S B R M R BRABCR 5 A
KA BERIT R W, IS X B i Bl D1 285
(oS R T 5 A SR R, DL
N W 1 L PRAICR 2 B B 20 kb e
HR RIS (T 2R RE SO I ) A A5 A ) I X
B MR a MBI RERBCR ey, IO A=
P KBTI BRI R X AT RE
DUZR A1 A7 A o 7 ik £ 3R B 4 38 el 2B W 0
RO F A K ASCEE R S — 8 A
AT T R ) 5% R I A DL 2K A 4 o
F TR, FLE BEFIRLMS X5 5 0 1A IE B R T0 58
AR, eI R A S EAE A HED AT RE
SR AA O, R AN R A G K R
A R, HE LT WAV ST 5 mg/
L, 2 ol sy %5 BE ] RS B PR BT A5 T, T SRR
T 2.3 mg/Lo $EE 5 I ik S A DG T 308 P
T AR TOAT R, B8 0 IR S 6 K A U i
SR ORI S B80T B AHLG X i A DL 2 4
BRLHEAMZES . 162 FHEREE T, /M
AR AT A AR B B8 £ 238 0 1) B 2 v T R 1A
TIFE 2 P 4 B BRIE T, 3 3 G I 5 22 57
3K A HE /N RUAR (T8 A X 3 D 0 R S Y
Tt 52 BE AR TR MUAS A 5, A/ NAILRS O 52 iy
XFEE K E BE A pH Y B80S R L R AR A 1
51
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Effects of algal species, shellfish body size and density on the feeding rates of
Anodonta woodiana and Corbicula fluminea

LIU Qigen'*”, ZHANG Mingxing' >, CHEN Liping"**, JIA Xixi"*", KONG Youjia*, HU Zhongjun'*"
(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University ,Shanghai 201306,
China; 2. Shanghai Engineering Research Center of Aquaculiure, Shanghai Ocean University, Shanghai 201306, China;
3. Centre for Research on Environmental Ecology and Fish Nutrion, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University ,Shanghai 201306, China; 4. Fisheries Management Commission of Lake Gehu, Changzhou 213161, Jiangsu,
China)

Abstract: In laboratory, Anodonta woodiana( AW ) and Corbicula fluminea ( CF)were fed with 3 algal species
of Microcystis aeruginosa, Chlorella pyrenoidosa and Scenedesmus obliquus, and the effects of algal specie,
shellfish body size and density on the feeding rates were studied at approximately 20 “C of water temperature.
Three-way analysis of variance (ANOVA) showed that: There was significant difference among three algae in
feeding rate for CF but was not for AW ; Shellfish body size and density had effects on feeding rate of them;
Interaction of body size and density on feeding rate for CF was found, however not observed for AW; The
feeding rate of the two shellfishes both decreased significantly with increasing density; The feeding rates of the
small-sized individuals were significantly higher than those of large-sized ones for CF reared at 2 relatively low
densities and for AW at all three densities; No significant differences in feeding rate were found for CF reared
at 2 relatively high densities; The correlation between feeding rate and dissolved oxygen (DO) concentration
for CF was obviously higher than that for AW; Shellfish body size and density rather than feeding with
different algae influenced the DO in water container. The results showed that the stress degree by low DO
might cause the differences between the two shellfishes in interaction of body size and density on their feeding
rate and the large-sized individuals of CF are more tolerant of low DO than the small-sized ones.

Key words: Anodonta woodiana; Corbicula fluminea; body size; density; feeding rate; phytoplankton
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