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(g REK= 55 am%bi, il 201306)

BAF 4T

WME: ATHHREATHEAGHMAEES Z AN GRS IZE R B ENSFERL A
LRE, LRAMAAAHLAFH X T EETHREMASFHEEAMEET = AN EHE. F.
AR GHAREBE AR REF L. ERET, NFTRF AT AHFELL A
MHAZAMHELEERAPEARET AL, EHETTENE. L AR
RIAR, BHEREFSRCE REHK; FTRE G A M fo M0 A 2 5% K 4 0 85000
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KEEIE: = AL, FEEIMEE, RATE;

hESES:S9174
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B =AM S KBRS T HEA T & &5
KR A BB, RIS T — & RO,
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1 MBI
1.1 LR

SCEHH AR B AR S, AL
Ry 20 A B A AR A i, P58 K R (102.35+46.81)
mm, V5858 K (25.52+1.86) mm, FHEE K
(97.05£16.62) g = ff ML R 5 18 i 2 Bk 2% T
MEEY, T2 NKIEFRE (120 cmx60 cmx60 cm)H
A5 d, WIE A R AR & (13104 /mL) 1Y) 5 3
JNERFE (Chlorella pyrenoidosa), HEZEFRRA, BN
FHEIATIREYIL, DAL IRRIREE (20 °C).,

A 2R R (905) /N IR, R Y Il
H R K A BT IROK RN, AR SR E A AT
Ry K, LIIR 3 SC 80 Fr s B0 o

1.2 LWHE

A SRS F20134E3 H 24 H AR LK 237
B S = IR R AT o S I v AR ARV i AR B B R
AR IR AR N R SRR R R B AR
AR R R TR E T, AR SRR AR
1.0 mg/LF16.0 mg/L; £ BF il 4% {3 4 3 (toxic M.
aeruginosan, TM)% FE 5 7K . 1x1074~/mLAl
0 /mL, MR IEA BT B4 A BEA . Hoh
A R FIVA B AR R TR AL, BA ik
A, CHNWA MM BRI, DA X
JiE2E

&1 ZRAER

Tab.1 The design of the experimental group

S SEEG4H experimental group
parameters A B C D
WA/ (mg/L) DO 1.0 1.0 6.0 6.0
A MR /(N /mL) TM 1x107 0 1x10" 0

JCA T 0% B % B 1107 /mL/h Bk
BEACKER, DURIE AR Ab BE 2 EL A R TR B A R
U, AR BRI EAT, L IT AR AT24 h,
Pk th BLA% — BRI B = AL, REAL S
Tie 21 41 A 2 20 12 37 B /K BT (20 emx20 emx
30 cm), B BE I KOG GO 8N L S5 [A]
IR i KT I 2 R At 4 A 3h & X A i
4% (Cole-parmer 01972-00)%F & < Fl 25 < 55 A it
(4 il ok LB B KA /4, oK I R i

B = AR LR QI ir = 25 i 264, AR R RS K
TP 45 B 1 OO VR AR L Y, DA A Ab A
W E R SR BE K-

S IFIRIE S0, 3, 5, 7, 14, 21K43 %)
M2AN KR ART H B AL — > = A L Ak 25 3%
W EY S, 85 TKE L, HRE NSRS
T U S — 0 B) WA PSS AL, AT IR RS,
) A1 i e S T R i ) B W AP R L BT T
—/NRAMIB(FE 294 mm), RIS HCREUE BE | AT
{19770 G VA R o D I A 771 C A e N 24 S DB
M (GEITALT]), FH0.1 mol/L MPB(phosphate buffer)
Ve FE ISR MBS, R A S35 4 Kamovsky
(e 7 WA R, R Y AN /N TR
B I9200%, SR THCE AE4 CCUKAR PR [ € 48 h,
CPERBFENIK , LR 5B E e, CO, i Ft s T
1% (EMITECH-K850), M$4:(HITACHI-E1010), ]
1 8, 48 (HITACHI-S-3400N) WL £ 41 1A

2 4R

21 BABENBEAFMERI = AMHE
EERAE A AL

=AML FIRTLFE . BIEEE L
4E . MHEE . WIL . BWE UK E YRR
W AT UL, SZEG L 0~5 K, AL 22 S5 H oK H
P G AR AL (B T -1~3), 585K, A&
M BHAPERS; RNETR, ABLZTLTE
FRUG B W TS LS, AT B LVE SR R G
B2 T R R o B R T AR R R Ok, A A1
I, WA B R E RV, A AR 22 i
W £F B35 e Ab Wi 24 50 5, BL, 38 & 9l ai i 27
BEBWMT BB EBENE T, RS W
BEFLA (BRI -4); 5514K, BEZZR14F BT
Ok, RIS MY ATLF R B il A AR
A, WMok ERmMBEAIN, HES S PR
AF 2 fh 2R 982, WU ZF B R VR AR, SR S
YT AF B E B R, ARARTCTE 5 AP Y 22
) IS £F B AH B3 32 T A 58 2 1 IR 235 4 (&1 R
[-5); 21K, @AW TRER M EE, B
EBUARI50%LL 1, BT B9 Al 25 B Tk 4K H
BOTEER 2L I, A — B 8 22 R 2T 5E 4
W&, (A EENE, B ZEFLA ML £ 5
BRIk (BT -6),

SEEGE TR, AL 22— HCE IR 41
WELRE TR, B AICLH 68 22 (U B £F B A
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Elhi 1

AR = AR EE
1~67r & IEH 8, SRIGEE3R, HSK, IR, F14R, F2LRMPUERBERE, x1.00k, ##R=50.0 um; LCAULE; FC.HILE;
LEC.HIM 4 E; Mifg4RE; OsHEfl; FP.EMPiki; FG. &M

Plate [

1-6 are the normal gill of the mussel, the gills after 3 days, 5 days, 7 days, 14 days and 21 days experiment under the scanning electron microscope.x1.00

R AR R

Scanning electron microscope observation on the gill structure of the group A

k, Scaleplate=50.0 um. LC. Lateral Cilium, FC. Frontal Cilium, LFC. Laterofrontal Cilium, Mi. Microvillus, Os. Opercular spiracle, FP. Food Particles,

FG. Food Groove

RN H BUIRIE ; A 22 4F B ISTRE B & &
TBAMCH; MBHSCHZ KR BFHER,
DZH i 22 2 % PRLAH & 1) 95 BRAZ AL (B R 1T ) o

22 KARABMESEMEENEREZEEN=
AN EEUSEENEN

TR, AZHE T FE AT L A S
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T, RIS TR, WAL E
A PG (IR -1); BT B s i nl L 52 #
DR S 0 43 06 20 0, 7 26 A o I T B 4 L )
& — 2 IR 04 S8 BLTH 10 Bl 0 BE VR T, AR T
U8 T U 4 o 5k £ R, B N R T Y
TG B HE S R % A U v e 2 B 4z (1] i T -
2). TR, AR LB LR K E R ER
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5.00 um

S$3400 5.00kV x10.0k SE

5.00 pm

$3400 5.00kV/x10.0k SE

El ki 1
1~453 B ZEETRA. Be Co DALRYIEAET, x10.0k, F5N=5.00um; DC.LEMi%; NCIRILAE
Plate [l

|||||||||||

5.00um §'S3400 5.00kV x10.0k SE

FIRZAIRE = AN FHERAALEHT U RAFHERUR

Scanning electron microscope observation on the gill structure of seventh day in each treatment group

1-4 are the gills of mussel from Group A, B, C and D after 7 days experiment under the scanning electron microscope.x10.0k,

Scaleplate=5.00 um. DC. Deciduous Cilium, NC. Necrosis Cells

T & W ORI ZE P ot D B0 £F B AR A IR T
- (E T -3) 5 BALHT I B 1 2 A D i
e, T HEYER AR ENTAL, FEHME
R FRC R B T T L, TS (B R
M-4), 557K, AL I I 5 K H AU 41 6
LTS, BT AN, H R
B AR R IR BE A LB W £ W) kL
W& (B R I-5); 557K, B b i i 4F B 58
B A R IR R B A (BT -
6). TR, AMEMLEHMAEER L, H
LM AR A B R A > R
W (EI R -7); 557K, BZH AT LK & ) 2848
BHEALFTE L, TR TAHLHREERR-8).
23 KA RABESEMBEEMERZEN=
AR SR AT AR B 220

HOR, £ = MWL ST, Wi

A FFRTETE LL ] 100%; BIEE3K, A AL B4L Yy
A BRI B AT R RS, (B S

AL FICH B A2 o 1 2, 17 7F Hu o]y
]66.7%; FIH5K, A = FAILEE L2k 48 5]
pm A, SR AT ARAEAE o0, CA -t AUA A
BERE AR B AR, SATAETE LG N33.3%, KRE
B4 }66.7%, D N83.3%; FIHETK, AHM
B S FHARAEAE LB N0, DAL AT IR 7778 EL 5]
A T, 166.7%, HATFEEMNRE, HECH
an AR AR Fe o BB 2 BT, o B TkEl T
83.3%; PN 14K, AL MBLA SFHIRTELE L%
BB EA, CAWLBIA T TR, MDA M
FETEHBIRS A ETb; S 14K, K44l = MmEs:
BAIDHANREE TG, $15K, BCH =M Wik 5
FEORAEAE L) B0 R B AN, A 45 A B AL 34 1
PR E FTE, M, R AZH FIBLZH Y = AR WL
FARFETE 134 M 66.7%; (HFENE21 K, A4 A
BZH = A1 WL 0 b FF A A7 76 L 51 S B B R B
J5 AZH = F LR 2233.3%, T J BZH = £ ML i
E50%, MCATIRCA = MM — e H AR
50%(#2).
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53400 5.00kV x5.00k SE \ $3400 5.00kV x5.00k SE

| 10.0 pm

§3400'5. 00KV X5 00k SE | A £10.0ur $8400 500KV x5.00k SE

83400'6.00kV x6:00k SE 53400 5.00kV-x5.00k SE

0.0 um RS 1y . il

884005, 00kV/%5:00k SE o ¥ 2 83400 5.00kV x5.00k SE

kg 111 Plate III)
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50.0 um

$3400 5.00kV x5.00k SE

100 pm J 100 pm

$3400 5.00kV X500 SE P\ e $3400 20.0kV X500 SE

EhR I #F7TRELBE=FNES . BMRTFHREHNFAEBENE
1,3,5, 70 A2 ETRANANE, wila, THAER: BF2,4,6, 80 B2 HE7TRBAME, wilm, THAER: BT, 114552 ETR
CHL S FF A KA 85 B 110, 1243 ) /& 58 7R DAL i M A SR BRI #8 . R 1072 %1.00 k, #7X=50.0 um, HAR#Z*5.00k, #7/X=10.0
um. SC.7r W40 M ; EC. b 4 Af; CidF & Fi.4%; FP.& Y)Wk ; DEBR.JH (b B A1 & M) 0RL; Mif ok B SSKHMMI R FROEWFRE
Fe 38f#; Pidt

Plate [l Scanning electron microscopic observation on the seventh day of each treatment group
H. cumingii stomach and intestine and the crystal rod structure

1, 3, 5, 7 are the stomach, foregut, midgut and rectum of the mussel from Group A after 7 days experiment under the scanning electron microscope,
respectively. Number 2, 4, 6, 8 are the stomach, foregut, midgut and rectum of the mussel from Group B after 7 days experiment under the scanning
electron microscope, respectively. Number 9, 11 are the head and the hosel of the crystalline style from Group C after 7 days experiment under the
scanning electron microscope, respectively. Number 10, 12 are the head and the hosel of the crystalline style from Group D after 7 days experiment under
the scanning electron microscope, respectively.Only Number 10 is x1.00 k, Scaleplate=50.0 um, others are x5.00 k, Scaleplate=10.0 um. SC. secretory
cell, EC. epithelial cell, Ci. cilium, Fi. fissure, FP. food particles, DE ball. digestive enzymes and food particles, Mi. microvillus, SS. slime substance,
FR. food residue, Pi. pit

®2 BLHABARTHEFELS

Tab.2 The existence proportion of crystal rod in each experimental group %
2R SEIO KA/ test day
experiment group 0 3 5 7 14 15 21
A 100 66.7 0 0 0 66.7 333
B 100 83.3 66.7 0 0 66.7 50
C 100 66.7 333 83.3 66.7 50 50
D 100 83.3 83.3 66.7 83.3 100 83.3
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BTR, CH AR S HB 21w MY A, W
R R ZE TR (BT TT-9); 257K, DA
Al FF R Sk B 2 T AR O, A D R AR A
Wy 0k B 25 7 (R T -10) 0 56 7 K CHL i T
AT B 2 T[RRI 1 A S, FF 0 e , R R Bk
TV B W UKL 2 88 AF S AT AR AP 3R 1H B (BT -11)5
557 R DAL AT AR FT I 2 AR RO, MR
TR B T (B TIT-12)

3 ¥hig
3.1 = AR ER

BRI FEAIRE AT, I TR,
X T A3 A S ) e o 0 B A AR T e 2,
PRI b 7 — St i 3R 18 S0 I v 0 22 % T 485 4 1Y
A H AR O Al i DL il R R 2 i —
AR TR, HRLEIAT B R SR
T b £ ) UL 1 d A OG22, TR 4 8 22 1Y) i
) £F A B3 08 MUY 52 B DB R, X £ A
R B L PR IR A AR T P ARSI, 22
(1011 B SR 1115 = SN 1 2 B EF S K € e S SR T
P 7E 68 A 2L A R R R T s e eT D, B8 7R B
BRI T3 i S a0 v A 3L 2 A BB 22 Wi 4F B B
WY, AHAB AR 22 AR Ay B, AT B
FEAL W, ER O B8 22 o WA 20 MR AT, 1 B R AR
FIAT 35 4 28 T 4% ] - BT 22 U8 K ORD & W) 1 1k
) ) g B 5 B3 2k Bl A A0 B A] ) RS, X
PRt & B, B4R, RBEMRTL BE
i1 e ey A I T 4 S SR T AP Ry W
FPE, O Tk 5 A 4R 68 22 0 1 ) £F & A B A5
T B 58 B 0 IR 25 48 o (B E e, il
HI M £F B JL-F 3 35 56 X1, B8 L AL 5 I 45 & 5+
wWRL, REAMaEEs —EmEafEH,
X AT RE S 22 1 — R 3 IR AR AP AL AR AR .
X — 45 5 Gregory % ¢ T 0K 2 8 X 535 22 i D1
(Perna viridas)5 W B SR 25 AR A, ARSLER
e, SR TR AL 22 10 2 40 R I T BALAN
CH, MBHAMCHZEZEFARE, ADEM
WL VE AN R AR R T, BB AR A
B ] o T % T E 0T I8 22 3R THT 245 44 1 5% e A AR
W E M HAER, R AT AR S 22 (%) D) Be
K, TR A 22 B SR DT 288 DK A v 35 B4R
W 2 TR] A 2 O A KA v ) R 1Y) B R AR
B, KRS A R e, DR
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RE SN AL P e FE R, (H 22 0 T IR SRR 7K
PR PO 05 58, DUZERR T 4 v 8 22 1ff 20 i
HEARE AN, e AR IR IR K R
XEEALAR ZH AR Z e R, HHR MR
A T ok R B 22 R |, M B =
1 P 2H 2L R 475 5

32 ZAMEMNEEHRLSER

R ET B 25 1200 DL 9 fb R 8 B A AT
P EWE LB, BRI EERY, A
AT B w B R AL, DL ' YA
e, i E L B B RE IR 40 34 A T T M R
T. BENTGEEADEEY . BB AEY,
PAKHE SR T RE™, A I N 27 B ik B A #fE
SRR RS B TIRE, MG A B T 2 A
5 b Bz i AL £, R B 0 00 200 N 1) 0 20 ) A
e S e e i LA . A BOIBAR A B B2y
AT UM, S BT 20 2 A0 Y 5 45 Al B
&, REEEMWAM A WS REA L, B
A AT A R R R SR 0 0 4 i R
WYE BT RIEERY ALET, HTRAY =
Ff WL RE b AT DL /b AR R v LA B BE A
PLEEIRAL , TTBAL H BE 5 IE B = A WU AT 3
225, A DL AT 0 B o B LA R A AR Y )
Wy, A BRI WA, U A BRI
T i % A T 0 () A ] A RE KT 1B 3 THD 45 4 3 A
BERW, ASLE, =AW R
LR P AR A T B, 35 B A = A
WL T A0 2R G 4 40 L BB O S5 SRR AT o SR TR
AZH Iy J i £ b B R A ERTE B R
MBI, W et BRI b, 2 FR = 2L
HiJ 1 £ 6 X 8 W LA Bl R S e e 1) 3 50 2 i 52
BH o — 75 I I 42 150 ) AZHL 4 £ R o A 2 i 4 A
PP EOH LD RE R , R Y BORLR 221
AR AR, 55— J7 Tt 15 B k4 5 B DL 2
PR B 22 27 BAE S HLAE R , (R M
KL DL K 4 90 T R i B st 4 S i O BR7E T
Ho (EEETR, BT I A BLIH W A 8
Mg, NIk, S ECATs 26e sz B Ry LA L P 5 1
JE DR R — AN ] il AR R AR S Gl 3 O 2L
S 7L AT N R A A TES SR SW R - S o
Mg ER ok, A Y bR AR IR
HARE A fe it — 2058 . TR, A BB
T A L, RS DR OR 5 A
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T £ Wy 5k i ik A /D R B, BB DL
AL R e U REA 42 ZORS 70 8 W) UKL R RE 58 7
T AR, 6B T WL WA 46 2 fiE 32 BEL R BE
IRp K SR A A 5 55 7R BLH R 0 2 B o
TELF B E, HATBMERE, it SiE T
IR W82 34 ARl 383 WA T 5 Wi L LS 4 A K

3.3 =fAEs&AFE

AL B AT AR — AR A LT BT
Ry, &Ks5~15cm, kMMkEkE, 5HT
TR ROR P e, AR 04 R AR A AT I B
ARSE b, SCE AT 45 4 = A IR B AE AR T
T, BIEE 3K 45 Ak B2 24945 50 43 S 06 0 T AT AR
0, T H AR S el i A AL R CHH I 3, /D
BRE 2 B )0 AT 2R 1T AR S AR B O
LTI REHE 55 470G, I 28 3 21 EL A 3 /8 1 A AT
WIH R, — ] g 5 R SR FHIK
TH AR T AL 7 WML RE SZ BHE M 06, 53— 7 i )
CINECEC € 3 RN VSR A i St -
5K, AZLFICH = MWL AR R B S 5l
2, ALCALRE R 24 HIH Rl AT A, TR 3
A L, HiE 5 AL G S BRI 32 BHLA G
U21s B S5 S04 BAH A A H 00 38 0 9 2 B
%, ARES B E AR DAL AR R S 3
HALRGEREZ B ¢ B 7R, A4 MBA
A FERAEFE LL B R0, (EMR TR, thicd
Ai ATV B A H o B 3 BT, Ol R AR A
PR EM, SRR MY, N
TR W RS AT A, FEER R . AESB 14K,
B 45 b HE 2 b PR AR ER IR 4L A S D AR R, 2
15, JEAZH FIBLH /) = £ WLIE ST 86 H B AT
e, B2 1R AT B4 IE A SATAR T 2% 5 5 4b
CAL M FFIRAEAE LU A LT e th B T R B,
Ut B S SR B S T B O XTI L R 4
T AR AR A A, i L DA SCER el 41 A4 B
R,

S E 0K

(1] FRARDT, XEIE v, J7 28, 55 i, miRSRn JUAUKIS
AR PR R [J]. BIEOK= K F 234, 2005, 14(2):
156-161.
Zhang G F, Deng M Z , Fang A P, et al. The effects of
co-cultivation of pearl mussels and fishes on controlling

water pollution[J]. Journal of Shanghai Fisheries

[7]

University, 2005, 14(2): 156-161(in Chinese).

fe AR, SR ag, A2, 2. R = Ak b il K22 1
WIRRT L[], KA E4R, 2007, 31(5) : 760-762.
Zhang S H, WU H J, Cui B, et al. Preliminary study on
controlofalgaeblooms by Hyriopsis cumingii Lea[l].
Acta Hydrobiologica Sinica, 2007, 31(5) : 760-762(in
Chinese).

JANE, TRARDT, RIHAR, 5. 6. BT = A L
TR (1 B B S IR 7], K= 283, 2011, 35(5): 729-
737.

Zhou X Y , Zhang G F, Liu Q G, et al. Effects of
Hyriopsis cumingii and Aristichthys nobilis on the
enclosures phytoplankton community of
Hypophthalmichthys molitrix pond[J]. Journal of
Fisheries of China, 2011, 35(5): 729-737(in Chinese).
UG WK TERAE KIS I A S 2 TR
AT PERTAC[DY. 75 H: 7590 K2, 2010: 1-65.

Xu H J. A study on exploring feasibility of freshwater
bivalves as ecological tools of restoring aquatic
environment[D]. Suzhou:Soochow University, 2010: 1-
65(in Chinese).

SR, AU, BEIT R, SE. AR SR IR X = AL
FEE AR AHZ R M), T 8K F F R TR,
2011, 24(1): 5-9.

Jin C H, Zheng Z M, Lu K H, et al.Effects of
Microcystis aeruginosa on oxygen consumption and
ammonia excretion of freshwater mussel, Hyriopsis
cumingii[J]. Journal of Ningbo University(NSEE), 2011,
24(1): 5-9(in Chinese).

Aguiar VM d C, Neto J A B, Rangel C M.
Eutrophication and hypoxia in four streams discharging
in Guanabara Bay, RJ, Brazil, a case study[J]. Marine
Pollution Bulletin, 2011, 62(8): 1915-1919.
DOI:10.1016/j.marpolbul.2011.04.035

SR, AR, F 5. o X R AR ) e A AT SR
B ARE . B RS X AR M E R
NH[Y]. T SRR 23R, 1998, 28(2): 56-60.
Zhang S, Dong S L, Wang F. Studies on the
bioenergetics of Penaeus chinensis | . oxygen
consumption and ammonia-N excretion rates under
different conditions[J]. Journal of Ocean University of
Qingdao, 1998, 28(2): 56-60(in Chinese).

BKORME, RAET, EMEDT, 55 = MWL 10 2 2122
FI. T ARIGFR 2224, 2008, 28(3): 6-11.

http://www.scxuebao.cn



1494

Ko AR

40 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LuoDP, YuXY, Wang M F, et al. Histological study
on the inner and outer gill of Hyriopsis cumingii[J].
Journal of Guangdong Ocean University, 2008, 28(3): 6-
11(in Chinese).

PENFN, AR EC, AR, 55 5 A 0 Ui R R L%
[I]. TT R T K7 24 (2R, 1986(4): 85-89.
Xu R H, He Z W, Hao Q N, et al. Observations on the
crystalline style of Anodonta woodiana[J]. Journal of
Henan Normal University, 1986(4): 85-89(in Chinese).
T2, TN, BB, ST A TC U AT AR
WS KA FAR, 1996, 20(1): 63-65.

Wang L, Zhang X M, Zhao G, et al.Observation on the
crystalline style of a fresh water clam(4Anodonta
woodiana)with SEM[J]. Acta Hydrobiologica Sinica,
1996, 20(1): 63-65(in Chinese).

WHEL, (TRE, TEF, & MILE N (Chlamys

Sarreri) AT S S5 MR H L S 0F FU[T]. dEEE2EHR,

2002, 24(1): 96-100.

Sheng X Z , Ren S L, Wang D X, et al. A
morphological , histological and histochemical study on
the crystalline style of Chlamys farreri[J]. Acta
Oceanologica Sinica, 2002, 24(1): 96-100(in Chinese).
SN AT S S S A Y PR o I E S B ek
BT[], sh2E 2435, 1999, 34(4): 9-12.

Sun H S, Wang X A.Histochemical and electron
scanning microscopic studies on the gills of Nuttallia
Olivacea[J]. Chinese Journal of Zoology, 1999, 34(4): 9-
12(in Chinese).

XRTE BT, 2R 2. RS0 e 0 2 23 R 3 i rEL R L
(1], K77 23], 2002, 26(4): 301-306.

Deng D G, Li R Z.Histological and scanning electron
microscopic observations on the gill of Cristaria
plicata[J]. Journal of Fisheries of China, 2002, 26(4):
301-306(in Chinese).

Gregory M A, George R C, Marshall D J, et al. The
effects of mercury exposure on the surface morphology
of gill filaments in Perna viridis (Mollusca, Bivalvia)[J].
Marine Pollution Bulletin, 1999, 39(1): 116-121.
DOI:10.1016/S0025-326X(99)00119-8

Cheung S G, Shin P K S. Size effects of suspended
particles on gill damage in green-lipped mussel
Pernaviridis[J]. Marine Pollution Bulletin, 2005, 51(8):
801-810. DOI:10.1016/j.marpolbul.2005.02.019

BT, R, BEREHE, 45, RV AL a5 68 1) G 8 A

http://www.scxuebao.cn

[17]

(18]

[19]

[20]

(21]

[22]

[23]

G TC[T]. K7 4R, 1998, 22: 1-6.

Cui L B, Liu CL, Lu Y H, et al.Studies on the gill of
Ostrea talienwhanensis Crosse with optical and scanning
electron microscopes[J]. Journal of Fisheries of China,
1998, 22:1-6(in Chinese).

Vasconcelos V, Oliveira S, Teles F O. Impact of a toxic
and a non-toxic strain of Microcystis aeruginosa on the
crayfish Procambarus clarkii[J]. Toxicon, 2001, 39(10):
1461-1470. DOI:10.1016/S0041-0101(01)00105-2

Li S C, Wang W X, Hsieh D P H. Effects of toxic
dinoflagellate Alexandrium tamarense on the energy
budgets and growth of two marine bivalves[J]. Marine
Environmental Research, 2002, 53(2): 145-160.
DOI:10.1016/S0141-1136(01)00117-9

Hu M, WangY, Tsang S T, ef al. Effect of starvation on
the energy budget of two Asian horseshoe crab species:
Tachypleus tridentatus and Carcinoscorpius
rotundicauda (Chelicerata, Xiphosura)[J]. Marine
Biology, 2011, 158(7):
DOI:10.1007/s00227-011-1672-0
SRARTT, EEE, J7F M, 5. = AL R o1 4 5
HREE KM I TE[T]. LK R 22244, 2006, 15(4):
419-423.

Zhang G F , Wang D D, Fang A P, ef al. Preliminary

1591-1600.

study on outside lamina structure of Hyriopsis cumingii
during egg-bearing period[J]. Journal of Shanghai
Fisheries University, 2006, 15(4): 419-423(in Chinese).
I KIE, 2 . B R AR = A LA AT A RN 6 ) 1
[7]. /K72 244], 1999, 23(3): 308-312.

Xiao Y Q, Shi A J. Toxicity of copper sulfate to liver
and gill of Hyriopsis cumingii[J]. Journal of Fisheries of
China, 1999, 23(3): 308-312(in Chinese).

KTGHR, VERAL, B0, 55, =ML 21 400 31 2%
BNAARA[I]. W AR R 2R (H AR SRR, 2009,
35(4): 406-411.

Liu Q L, Xu B H, Zhong L, et al. Histopathological on
dynamic characteristics of Hyriopsis cumingii plague[J].
Journal of Hunan Agricultural University (Natural
Sciences), 2009, 35(4): 406-411(in Chinese).

BRER, RE, B, & =AU EERIEE SH AL
I E[I]. KDL, 2006, 36(5): 24-27.

Fei Z L, Wu J, Zhao Q, et al. Effect of filtration and
digestion of Hyriopsis cumingii to algae[J]. Freshwater

Fisheries, 2006, 36(5): 24-27(in Chinese).



9

JU P, A5 BRI TR O B A T A AL R B A A LR AR A A U 4 1495

[24]

[25]

[26]

[27]

(28]

[29]

I, ARANAR, AT BT M TE I S R R E A
THEFRIE R AR H )] LK R
%, 2006, 14(4): 464-467.

Wen H B, Xu G C, Hua D. Preliminary study on the
selective feeding and growth of Anodonta woodiana
pacifica juveniles under the particular conditions[J].
Journal of Shanghai Fisheries University, 2006, 14(4):
464-467(in Chinese).

Beck K, Neves R J. An evaluation of selective feeding
by three age-groups of the rainbow mussel Villosairis[J].
North American Journal of Aquaculture, 2003, 65(3):
203-209. DOI:10.1577/C02-031

Shumway S E. A review of the effects of algal blooms
on shellfish and aquaculture[J]. Journal of the World
Aquaculture Society, 1990, 21(2): 65-104. DOI:
10.1111/j.1749-7345.1990.tb00529.x

Dabruzzi T F, Bennett W A. Hypoxia effects on gill
surface area and blood oxygen-carrying capacity of the
Atlantic stingray, Dasyatis sabina[J]. Fish Physiology
and Biochemistry, 2014, 40(4): 1011-1020. DOI:
10.1007/s10695-013-9901-8

RRBAH, RN, RRa35E, &8 = MMLEHH L R G AR
B [0 K= 4R, 1995, 19(2): 187-189.

Ouyang S, Wu X P, Deng Z J, et al. SEM observation on
the digestive system of Hyriopsis cumingii[J]. Journal of
Fisheries of China, 1995, 19(2): 187-189(in Chinese).
RN, FRIAE. L B8 TG R AR L B 43 1 B B T

[30]

[31]

[32]

R fREI 23R, 1992, 23(1): 98-101.

Li Y H, Guo S H. SEM study on the mucosa of digestive
tract of Ophicephalus argus Cantor[J]. Atca Anatomica
Sinica, 1992, 23(1): 98-101(in Chinese).

RN, e, A, 45, = AL AL EE 1Y o A R
PRI ST T A G514 [T]. K= 224k, 2008, 32(2): 296-
302.

Xu G C,Hua D, GuR B, et al. Distribution properties
of digestive enzyme of Hyriopsis cumingii and
morphological configuration of crystalline style[J].
Journal of Fisheries of China, 2008, 32(2): 296-302(in
Chinese).

FEUIE, BRul, MR, 55 A IR e v =
IS RE A RN E]. LW FERE,
2015, 32(1): 22-25.

Yuan M Z, Chen S, Chen J W, ef al. Scanning electron
microscopy observation of Hyriopsis cumingii digestive
system under toxic Microcystis aeruginosa
exposure[J].Journal of Biology, 2015, 32(1): 22-25(in
Chinese).

JAERR, T g, QI HAR, 5. sk T2 8 bha RO
KXt A g RAE R W[T]. £ &%, 2013,
8(3):324-330.

Zhou Z Q, Ding Q Q, Liu Q G, et al. Stresses of hypoxia
and its effects on immune system of bivalve[J]. Asian
Journal of Ecotoxicology, 2013, 8(3): 324-330(in
Chinese).

http://www.scxuebao.cn



1496 Ko %R 40 %

Scanning electron microscopic observations of gill, digestive organ and
crystal rod of Hyriopsis cumingii exposed to
hypoxia and toxic Microcystis aeruginosa

GU Yedan, SHANG Yueyong, YUAN Mingzhe, CHEN Xueying,
ZHOU Zuogiang, HU Menghong"
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to clarify the toxic effects of hypoxia and toxic Microcystis aeruginosa on freshwater pearl
mussel (Hygriopsis cumingii) and histopathology, scanning electron microscopy was used to investigate the
histopathological changes in the gill, stomach, intestine and crystal rod of the freshwater pearl mussel. The results
showed that a large number of gill shedding and columnar cell necrosis were observed from the seventh day in the
combined experimental group with hypoxia and toxic algae, as well as cilia loss from gastrointestinal cavity
surface and epithelial cell necrosis rupture, and the crystal rod completely disappeared from the fifth day; from the
seventh day, in hypoxia group and toxic algae group, a small amount of gill and digestive tract lesions were
observed, and in hypoxia group, crystal rod completely disappeared from the seventh day, while in toxic algae
group, the crystal rod persists throughout the experiment. After the stress was removed, in the three exposed
groups, the crystal rods did not return to the normal levels as in the control group. Therefore, hypoxia and toxic
Microcystis aeruginosa caused unrecoverable damages in gill and digestive system of H. cumingii, and the
combined stress group was most severely affected, and hypoxia caused more severe effects than the toxic
Microcystis aeruginosa. This study provides a histopathological reference for the physiological adaptation
mechanisms in H. cumingii exposed to hypoxia and toxic algae, and a theoretical basis for the feasibility of H.
cumingii as a bioremediation tool species for improving eutrophic waters.
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electron microscopy
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