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N (FE IE [E 4§, 2015; Farrington et al, 2016), 75
JG 14 15 (Anodonta woodiana) f f “IR 7K DL ZEXEE” i
SR R L I35 78 £ W (Yang et al, 2008), &I
I Cd 2575 YR (Liu et al, 2010; Chen et al,
2019), FFH DL 2%F K BREE Cd 75 Y2 Ay T2 W, A 4
S CEBEMET (e AN R 2, R Hod ed
DA CHEBGEE” (NSO F 5 A B 7R 1 0 L
FHIF) 2 2558 (Liu et al, 2016; Ph4E, 2017), TiijS
FH Mok Az B FEA(Liu et al, 2016; Bakhmet et al,
2019), fHAFFEREME, ATASE T D20 3X Cd 155
Wi 2 4 v F R SR (L SE R BB, AR5
UL — MR OF—A “% 07 ) A REEEL
JIi Bk 31 (Candido et al, 2006; Liu et al, 2016), 3% 23%} I
7= N IR S EOS N 07 BaE e A
LA, TR 2 D12 B SO BRI . AR SE R B
A C R I R AT Cd Ay Bkaa R F SR (B R
45,2017), H UG RS EREEVPIRE, RefBrEdEE
FEECAE A0 254 15 W ULEE 210038 (Chen et al, 2015),

MG 2R AN H B TF & WA S5 & Al
167 50 TCI5 SE(BRIERAE, 2017) ) 30 4l i (BP A
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Cd FEMEMIRERFIE, LA MOBT M BT & 3 koK
DL 28 f B 300 A 4 2 R A ) AR R (R S 4

1 M5 RE
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T “BREAL” A G A T Z 5 53 2 1 (Chen
etal, 2015), LR ML B B T WL B 2 DL 5e AN
B ) R A K B B (8] 1) BJT[25 Hi%,
oK A (1.5£0.1) mm, “FHEARMEZE, T, n=30].

EJ2 [55 Hi#, 72K M(10.5£0.6) mm, n=30]. EJ3
[70 H#, 7K 4(20.4+0.9) mm, n=30]F1 EJ4 [85 Hi%,

picapal

5 mm
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Fig.1 The early juvenile of “standardized” A. woodiana
(the square shows the heart)
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MR 55, 2017), % K E il K B bR i )
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B3R UL 1, EJ1, EJ3 1 EJ4 #Y.0-ZFE 09:00~10:00
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BT A0 08 5 T F 25 (P<0.05) . Bl H 8 my 3 m sk
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F1 “fREL BERATEHREHANENOE
(¥X/min; Mean+SD; n=30)
Heart rates of early juveniles of “standardized”
A. woodiana (beats/min; Mean+SD; n=30)

WL} [A] Observing time  EJ1 EJ2 EJ3 EJ4
09:00~10:00 100£15% 89+12* 49+7° 21+6°
16:00~17:00 96+9*  75+8™F 49+8° 23439

e AT AR AR /NG S8 R R 28 K 3,

[F) 51 PP bR AN [F] B RS o7 B 22 S K F 1 3 o S Al

Ell: 25 A#%, #KM(1.5£0.1) mm; EJ2: 55 A#, 5eKA
(10.5£0.6) mm; EJ3: 70 H i, 74 ~(20.4£0.9) mm; EJ4:
85 Hi%, 71+ M(30.0£2.0) mm

Note: Data with different lowercase in the same row are
significantly different (P<0.05). Data with different uppercase in
the same column are significantly different (P<0.05). Early
juveniles: EJ1: 25 d, shell length is (1.5£0.1) mm; EJ2: 55 d,
shell length is (10.5£0.6) mm; EJ3: 70 d, shell length is
(20.4+0.9) mm; EJ4: 85 d, shell length is (30.0+£2.0) mm
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B2 bRl 35 A 0N BE L R0 2 5 H S (a) 52K (b) Z 18] 19 56 & (n=60)
Fig.2 Relationships between heart rates and day old (a) as well as shell length (b)
of early juveniles of “standardized” A. woodiana (n=60)
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Fig.3 The relationship between heart rates of early juveniles of “standardized” A. woodiana (n=15) and Cd exposure time

AR FHRAR R 22 57 5.3 (P<0.05), T[], Different letters represent significant difference (P<0.05), the same as below
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AN R, 4415 50 4 5 (ET4) 9 0 %
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Cd*" g 4.0 % 1 KT X IR 41 (P<0.05); #5% 48 h
) 0.5 mg/L Cd* ZFELHHOR B E KT R Fn HA
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B, 255 51k R — 4] H 0 R AR IR K (Liu et al,
2016), &I, Paired t-test eIz R Bx, FEE
CA* BFWTE LI, 6 415 EJ4 1.0 (n=15)1/}
R AR E(E 4), H Pearson &4 5 22 B UM (0]
AT s, 6 N4 5 EJ4 B9.0%(H; n=15)F1 Cd* 7
R (C) =2 A 52 1 2 O 2 ME LA 5 (P<0.05; & 4)
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Fig.4 The relationship between heart rates of early juveniles of “standardized”
A. woodiana (n=15) and Cd concentrations
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D120y 2R 02 i W A0 5 2 1) B 246 A (Liu
et al, 2016; Bakhmet et al, 2019), [>RA 548 [
BRI | Bk . B AR FA SRS IR 2 (a0
KAEFE P F | 28 & ) B A X (Bakhmet et al,
2005, 2019; Liu et al, 2016), ASHFFEAEMEEA [A) A4 K
Wy BT 4l O R, BT R AR A REAS SR TR
[F] . TSN R —3, L, ORA25 5 1
AHFAY B B HE AR,

AW G R AR G 1A B A 50 R B 4 i 3 B 25
D7 T A B RIR R . a5 R R, B4 YO BAR T
I 1 H AR T (GR 1), 22 B LB BR A s B AR AR 4 —

3.1

o SR, LR RE HIE | AR Z MR
LR AR S (12), X5 4806 DL (Mytilus edulis)fy.Cy
A Al (Sukhotin et al, 2017), H #FI5E K/
(R I B LU S RIS K 1R 2l B 0 SR, X AT BE 5 AT
HHHT R A KR | JE/KR) LR 58, Chen
2015058 KB, 30~60 H#A(FE K 71.9~9.1 mm)iy
£ TG V7 B 9 R X A KR R 60~90 H 8 (52 K 9.1~
28.7 mm) Y 1445, UESE H 88 F7E K /N ) 4 i 1) 4G 15 5
JEE R T H R R K2l D8 S KA AR Y
TEACR 5.0 R B IEMISE(Grace et al, 1987; /5 &
85, 2018) 0 T A TG 1A BEE 110 118 7K 23R Bt KA 118 155 A T 326 4457
FRARGZ AR SR, 2004), 3R TARMFFE Bkl .
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Pewm, P800 2K (Sukhotin et al, 2017).
3.2 BHYEOERI Cd SR N B IRE T

DU 283 5 45 B A K VR T 32 3h 5wk 3 (1 Wiok
HIE ) Cd (Farris et al, 2007; Pernice et al, 2009),
ZJa, &gy . EdhsfskNEIER, Cd 7
U 2 — 255 12 F1 53 BiL (Farris et al, 2007). /0 E
TER N RIEA RGN I EEAN T, J& Cd BHEMN
KHE “YILEYE” Z—(Bakhmet et al, 2012).

ARWFFT BN, K 4 (B14) Y 0 R
FICA> FEFE A 2 [6] ) B E] 800" 96 2R A B
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Cd*" (40 umol/L CdCL)/KMiAH, 45 BR, Zid24,
48FN172 hJm, RGO AK = B, 540
FELERAIW) A o X 0T BEAE TR KBS 145 £ JC U e
(ANEJ4)E % B 56 36 1 22 AL, AS A RE A% 38 1o 5 P XL
7o DD IR K RN W R DL /D Xt Cd* Y I I (Farris
etal, 2007), LREMSFE T4 8 B T (MT)IY A Bk 4%
A Cd> E 47 % 75 (Farris et al, 2007), 40, Li%2015)
KB, Cd* R FE x5 TT M JC U RS AN SN B MT
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T A 5 15T ) P 3 B C > X SR AR R
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B3, XA B e k) 7= A= 3 AE B (Moulis, 2010),
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American Society for Testing and Materials (ASTM). Standard
guide for conducting laboratory toxicity tests with freshwater
mussels. 2006, E2455-06

Bakhmet IN, Berger VJ, Khalaman VV. The effect of salinity
change on the heart rate of Mytilus edulis specimens from
different ecological zones. Journal of Experimental Marine
Biology and Ecology, 2005, 318: 121-126

Bakhmet IN, Kantserova NP, Lysenko LA, et al. Effect of
copper and cadmium ions on heart function and calpain
activity in blue mussel Mytilus edulis Journal of Environmental
Science and Health, Part A: Toxic/Hazardous Substances
and Environmental Engineering, 2012, 47(11): 1528-1535

Bakhmet IN, Sazhin A, Maximovich N, et al. In situ long-term
monitoring of cardiac activity of two bivalve species from
the White Sea, the blue mussel Mytilus edulis and horse
mussel Modiolus modiolus. Journal of the Marine Biological
Association of the United Kingdom, 2019, 99(4): 833-840

Campbell PGC. Cadmium-A priority pollutant. Environmental
Chemistry, 2006, 3(6): 387-388

Candido LTS, Romero SMB. Heart rate and burrowing behavior in
the mussel Anodontites trapesialis (Bivalvia: Mycetopodidae)
from lotic and lentic sites. Comparative Biochemistry and
Physiology, Part A: Molecular and Integrative Physiology,
2006, 145(1): 131-136

Chen XB, Liu HB, Su YP, et al. Acute toxicity of cadmium and
its effects on lipid peroxidation and DNA damage in
“standardized” Anodonta woodiana. Journal of Agro-
Environmental Science, 2017, 36(10): 1960-1967 [FA154R,
XIBER:, TR, 2. FA<bRifEfb s f o IR ST
PEREBUL AL DNA AT 520, AL IR R}
2, 2017, 36(10): 1960-1967]

Chen XB, Liu HB, Su YP, et al. Morphological development and
growth of the freshwater mussel Anodonta woodiana from
early juvenile to adult. Invertebrate Reproduction and
Development, 2015, 59(3): 131-140

Chen XB, Su YP, Liu HB, et al. Active biomonitoring of metals
with cultured Anodonta woodiana: A case study in the Taihu
Lake, China. Bulletin of Environmental Contamination and
Toxicology, 2019, 102: 198-203

Cui ZG, Yuan XZ, Cui Y, et al. Study on the accumulation and
elimination of Pb and Cd in Patinopecten yessoenss.
Progress in Fishery Sciences, 2015, 36(3): 116—124 [#21F [H,
SEARIH, FEBk, %, HFFEJ Ul (Patinopecten yessoensis)%if
BRI 0 2R ) e B S RO el B, 2015,
36(3): 116-124]



CAR Y WRIEHR A 5 A T A7 SR A1 O 23 X0 4 2 2 1A 30 1) e 7 B T iy 191

Farrington JW, Tripp BW, Tanabe S, et al. Edward D. Goldberg's
proposal of “the Mussel Watch”: Reflections after 40 years.
Marine Pollution Bulletin, 2016, 110(1): 501-510

Farris JL, Hassel JHV. Freshwater bivalve ecotoxicology.
Integrated Environmental Assessment and Management,
2007, 3(4): 568-569

Galloway TS, Sanger RC, Smith KL, et al. Rapid assessment of
marine pollution using multiple biomarkers and chemical
immunoassays. Environmental Science and Technology,
2002, 36(10): 2219-2226

Gao B, Li H, Xian SP, et al. Effect of heavy metal Pb* on
physiological activity of Rana cateshiana. Southwest China
Journal of Agricultural Sciences, 2015, 28(4): 1834-1839
[FiE, 250, SRR, 45, H4AJE Po” XAk BT MY
SR, PURARL AR, 2015, 28(4): 1834-1839]

Grace AL, Gainey LF. The effects of copper on the heart rate and
filtration rate of Mytilus edulis. Marine Pollution Bulletin,
1987, 18(2): 87-91

Guo HF, Zhang XP, Sun C, et al. Effect of cadmium on heart rate
and feeding behavior in Daphnia magna. Journal of Shanxi
Agricultural Sciences, 2018, 46(4): 568571 [t K, TKEM,
MR, A B RANER. ORI RE ) 2. IPEAll
Bl2£, 2018, 46(4): 568-571]

He Q, Peng ZR, Zhang C, et al. Heavy metals content of pond
aquaculture products in Yangtze River Delta and the health
risk associated with human consumption. Journal of Agro-
Environmental Science, 2017, 36(6): 1070-1077 [F1fK, i
B8R, KR, S K=MK ™ 4R
B H AR R RS PR Al A B R 2= 2 4], 2017, 36(6):
1070-1077]

Li YQ, Yang HZ, Liu N, et al. Cadmium accumulation and
metallothionein biosynthesis in cadmium-treated freshwater
mussel Anodonta woodiana. PLoS ONE, 2015, 10(2):
e0117037

Liu HB, Yang J, Gan JL. Trace element accumulation in bivalve
mussels Anodonta woodiana from Taihu Lake, China. Archives
of Environmental Contamination and Toxicology, 2010, 59:
593-601

Liu TH, Yu XQ, Liu GB, et al. The safety evaluation of the acute
toxicological effects of inorganic-cadmium on Scapharca
broughtonii. Progress in Fishery Sciences, 2015, 36(6):
88-94 [XIKZL, TWEH, XN wK, &5 ToHLGRE X b
(Scapharca broughtonii) ¥ M55 b & 22 M. il
BREPEIE, 2015, 36(6): 88-94]

Liu X, Wang WX. Physiological and cellular responses of oysters
(Crassostrea hongkongensis) in a multimetal-contaminated
estuary. Environmental Toxicology and Chemistry, 2016,
35(10): 2577-2586

Martinovi¢ R, Kolarevi¢ S, Krac¢un-Kolarevi¢ M, et al. Genotoxic
potential and heart rate disorders in the Mediterranean

mussel Mytilus galloprovincialis exposed to Superdispersant-25
and dispersed diesel oil. Marine Environmental Research,
2015, 108: 83-90

Ministry of Agriculture, Ministry of Environmental Protection.
Report on the state of the fishery eco-environment in China.
Beijing, 2015 [fl, FREEARA R 2015 45 il A
BIEDRIAR. dbnt, 2015]

Moulis JM. Cellular mechanisms of cadmium toxicity related to
the homeostasis of essential metals. Biometals, 2010, 23:
877-896

Pandolfo TJ, Cope WG, Arellano C. Heart rate as a sublethal
indicator of thermal stress in juvenile freshwater mussels.
Comparative Biochemistry and Physiology, Part A:
Molecular and Integrative Physiology, 2009, 154(3): 347352

Peng JH, Chen WX, Luan JG, et al. The effects of temperature
and pH on the filtration rates of two species of freshwater
mollusks. Chinese Journal of Zoology, 2004, 39(6): 2—-6
[Zatde, WRochE, JRitfE, 45 TRLEE pH AT MRk D1 2%
TEKARIRN. S~ 243E, 2004, 39(6): 2-6]

Pernice M, Boucher J, Boucher-Rodoni R, et al. Comparative
bioaccumulation of trace elements between Nautilus pompilius
and Nautilus macromphalus (Cephalopoda: Nautiloidea)
from Vanuatu and New Caledonia. Ecotoxicology and
Environmental Safety, 2009, 72: 365-371

Sukhotin A, Fokina N, Ruokolainen T, et al. Does the membrane
pacemaker theory of metabolism explain the size dependence
of metabolic rate in marine mussels? Journal of
Experimental Biology, 2017, 220: 14231434

Sun S, Zhao YT, Wang LM, et al. Status of heavy metal pollution
in the shellfish culture area of Shangdong Province and the
risk analysis of heavy metal elements in the shellfish.
Progress in Fishery Sciences, 2017, 38(4): 118-125 [#)Ji,
BERE, W], A5 IR TR DU X 4 R R AR
ARV K I 2224 ARG 3 BT 0l BF#0E I, 2017, 38(4):
118-125]

Wu QL, Chen YW, Liu ZW. Filtering capacity of Anodonta
woodiana and its feeding selectivity on phytoplankton. Chinese
Journal of Applied Ecology, 2005, 16(12): 24232427 [P,
PRFHE, XIIESC. 15 A J0 0 I X PR o 2 i DR B R
58K RIFT. WA AR, 2005, 16(12): 2423-2427]

Yang J, Harino H, Liu HB, et al. Monitoring the organotin
contamination in the Taihu Lake of China by bivalve mussel
Anodonta woodiana. Bulletin of Environmental Contamination
and Toxicology, 2008, 81: 164—168

Zhang C, Song C, Hu GD, et al. Hazard and elimination
techniques of heavy metals in fishery water of China.
Chinese Agricultural Science Bulletin, 2018, 34(2): 141-145
[BKEE, A8, BIPEAR, 45, vl K A 2w 75 g i
REGHBRBARMIE . P A ZE R, 2018, 34(Q2):
141-145]

(3 L)



192 b /A - =

-
el

%42 %

Response of Heart Rates to Cadmium-Exposed Stress and
Early Warning Capacity in Anodonta woodiana Juveniles

CHEN Xiubao', WANG Angi’, ZHENG Haoran?, LIU Hongbo', YANG Jian'*"

(1. Key Laboratory of Fishery Eco-Environment Assessment and Resource Conservation in Middle and Lower Reaches of the
Yangtze River, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi  214081;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi  214081)

Abstract This study investigates the response of heart rates to cadmium-related stress and its early
warning capacity among juveniles of “standardized” Anodonta woodiana, a unique bioindicator used in
the “Freshwater Mussel Watch” project. Heart rates of early juvenile mussels at several typical growth
stages, from heartbeat-clearly-observed to shells-no-longer-transparent, i.e., EJ1 [25 days old; shell length
(1.5+0.1) mm], EJ2 [55 days old; shell length (10.5£0.6) mm], EJ3 [70 days old; shell length (20.4+
0.9) mm], and EJ4 [85 days old; shell length (30.0+2.0) mm], were studied under non-lethal/non-injury
conditions. The response of heart rates to different concentrations of cd* (0.0025, 0.005, 0.025, 0.1, and
0.5 mg/L) in EJ4 were examined. The results show that heart rates of early juveniles generally differed
little between ante meridiem and post meridiem (P>0.05) states. Heart rates were linearly and negatively
correlated with age and shell length (P<0.05). Heart rates were linearly and negatively correlated with
exposure time in the exposure groups of 0.0025 and 0.5 mg/L Cd*" (P<0.05). However, heart rates were
linearly and negatively correlated with Cd*" concentrations in all exposure groups (P<0.05). These results
indicate that a new early warning/monitoring system for Cd*" contamination may be developed using
responses characteristic of “standardized” A. woodiana to Cd*" concentrations.

Key words “Standardized” Anodonta woodiana; Early juveniles; Cadmium; Heart rate; Toxic
response; Contamination warning
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