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Fig. 2 Shell length of juvenile Cultellus attenuates in dif-
ferent salinities
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Fig. 3 Daily growth and survival rates of juvenile Cultellus

attenuates in different salinities
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Fig. 5 Daily growth and survival rates of juvenile Cultellus
attenuates in different temperatures
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attenuates in different substrates
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rate and daily growth of juvenile Cultellus attenuates

46 TEERNF 7 2022 4F /55 46 5 /55 10 1)



it

3 it
31 HEMBNAKRFHEEGTH

A= AT IR B 38 N BB ) A% 2R DR 2R R [R] 52
HE v g B R ER B R A A A K, AT R R
FHEYKRNAK . KB, e AR as RN,
A Y7 Bl 8 G rp 2 — 0T Bl W TR A2 A BR
2 S B O S BB A PO AR g LR T S
5, B E Z — RIS S A, AR SE R rh
T B R ER BN AEAE WA S A B

DUZKJE TAR R ahyy, HXHB 3 B JE 1 /e B
PRE T DSl H A A K ARG P58 YA B3R
B0 AR BE K THEDL | BB & R E T Re I i), s
R ATGAE DL A AR R A I RIOR, I e & BOHE DL
K AET- P A FT 45 R W/ N T T SRk DL,
T E AR BV 15~35, feidEh EEVa o 20~25.2
T A VF 2 D12 ER Rt A2 M A 2 45 SR R G B Y
R R T DB A KA, B AT HE DL A fe il
RV IR 20~28 Bh ELAT 4 A A R ARG R Y, 4
WRAE DL FE @ Eh B 12.4~16.3 I A K RIAE T el B (|
W25 5 e F a5 U 2 A I ST A SR, B R
ARSI SR R BE TR AR A 7 =, MR S R P L i
AR 72, T 24k B I R A (R AR A R, ML
I 3 07 X A 3 7 e B[] A R B 998 8 e el AR T =
T ARER L4 BT TSR AR oA IN TR HE DL A it
KRR IR Tt mEh e ), XAl Be 5 ARG AEAT IR K
APV X, L 200 W RO RN L YTk AR
IR SRR . o R B R EL ST R HE
ARG, SRR AER ) DU | 2R
FEDL | R ARG A R 200 258 B i 20 AR fL Bt
TV LSS 2 B PR AN R, ] 5 40 AR EE (R K A8 4k,
AR BB TR, R R IR A 45 4 AR T 4K
PUANFER BEAR AR P78 S SR Y 4 £ AR DL B
&, LR RE R FE, MEHEDUH T A KGR
RN, RASBERSE ., HEENHEART
HE DA AR R o
32 BEMBNAKRFHEEGHH

TR VE VLS8 TAR IR Zh W, BRI A3k .
FE VAT HLRE AN T3, DR It A1 AR B 458 L 3 %o 2 ) ¢
Ko PRI EE AN B2 24 K 235 1) DL 2S5 B
R, PR RREREEE S, W HARK . &
B AT A T I P ARBF TR, /N TR I

'M@AWME

R AR R 20~24 C, iR AE TG R N
16~28 °C . FEi B AR R DX P e iR S A 1) T HE
DU A K, RAFETE S TR, X5 0 AR S PO%H
AT ST 4G SR o R E X FE D A0 5 £ R K i 20 A A
il A 5 AT S S P IR, HE DR AR,
THAKT #5022, SEGHE DU IO BE A e 2 2E K
TRy AR, 2 BT, AP TE ) Hg A,
X PR 5 RN AL B e, &y sk Kl (HR
JE A v A, s i DL 2K i 40 B A FE T 4 4 P )
W, WIS PR BIREE T 55—, A N
K B0 R S B A R G R, B REARD, ax s
Dy AT DR AR . AR R 1 B AN S
3.3 RAATDAEMENERBAEE G A
JNTIUR T EAT M D12, R U AR TR IR R ()
BEYIRGSy o ANTIRETRp A b, T TN . B R
JR T Kb v T AR, SRS kiR &3, & TR
OS5 AIHE DL 43 85 I 9 LR B B 3 AN g % 7K Joi o
TR, R AR S B BT e AN AR DA SR S 5
T o SEYRAE T R, /NI IRAE DL R I E AT I A
VERRME . ORI AR K R AT R AL, BRANE AT
ANTIURHE DL EEE o TR I 0T ThHE DL A A KR RIS
Ripim, B REEmAm, HE DA RS
REEAR ., X FE Ry /N JT A U A A 0, R
TR XTSI AE Y A ORI TR
Xt AV R DL A DUELAT i 2 S, S A I R
BER R FHED Fe e, DI AR — iy A K 25 ]
DRI A SIZ 6 i FHHE DURIAS B0/ DN, A1 %60 Ji6 Jo J2 B 6 A 7
Ak, AT A RF i — DR .
3.4 R FFEF DT BN A KRG EGR A
LAl ) 5 0 I A DL %) A K RN T 5 i)
o T LN B ST 2 A FNHE DL SR AR
R H AR [ 2 88 B SR E S IR, I ELAS [R) g
1P U1 S W 0 R/ R B B A e O 30 R
I B T3 (%) B 3t P TFHE DL B N T8 26
B, AR AL B I 4 Fho s
PERMIEAT 5L 58, DA S48/ T IR A DL BE 35 1938 B
Ko IR IR, A B LN G B ALHE DA KR
FENG BRI, /N JJURHE DU 8 B R e 5 4L
ANERBEHE DA KRR TR 48 25, A& HAE /N
WS FE DU AR, 3 — 25 R 5 et A BTN 4 s i) 1 9T
SEILAR o AR 2 BT RFFE 25 S e W, AE /N T
TR BB B AR M B A B R, (AR

Marine Sciences / Vol. 46, No. 10/ 2022 47



it

X F B 2RSSR A HE DR UL, B AR T BB
FBCA YL, B P B G Y I PR B XL D12
LR KB BIAS R I T BB FR /R AN, JF
L 98 PP A RS R T DAY AR RO B —
A HEAE o B MAREOR, Haz shRE D EsR, AH
BHE DI, /BRI A0 M BE R, AN ELBUAE DLIR AL,
PR IHE i 958 R/ NI EAN BLAR D /N T IR A T2 B OF
ZHFEATREW], IR BT R] RLTRAN B — PRy
BRI, 4 dO AT B A i ) B IR, W ARG A
KA Sy, AR BR A 7= il DU 6 M BB
i BEIR AT, LUK BITEL I E HRCR

4 Zipr

ARSCHRGE TR R BE . WRLEE LG U R B g Xt
INTTIRFEDUAE R | AEIG AR . S5 R8I, /N TR AE
DUE T2, BAR MR EE N M, AT L
FERE R ) 8 B AR B9 Bl N AR R R TR /N T I D
A KRG O B AR FE N 15~35, Fefi #h  20~25;
G ERE R 16~28 'C, FifilifE R 24~28 C; i /2
/N TT U HE DL AR K R 6 () B2 2544, FLAE DL X I
HA R Be B, fRil BRI IR I b
AR A AU B SRS RN /N T IR HE DL
A FRABEAL AR P 4T T IR SR

S Xk

(1] FRRUL. P EESGEREAR S Y M. dEat: Bl
Jiit, 1997.

XU Fengshan. The bivalvia mollusca in China Seas[M].
Beijing: Science Press, 1997.

[2] KINNE O. The effects of temperature and salinity on
marine and brackish water animals: 2. Salinity and
temperature-salinity combinations[J]. Oceanography and
Marine Biology: An Annual Review, 1964, 2: 281-339.

[3] MREEZK, SRKWI. IR EEFIER FE [R) 45 088 HfE DL A7 B K

BISEFR 1], K7=23, 1986, 10(1): 41-50.
LIN Bishui, WU Tianming. The relations of tempera-
ture and salinity to the survival and growth of the spat
of Sinonovacula constricta[J]. Journal of Fisheries of
China, 1986, 10(1): 41-50.

[4] FREAR, WEE>S, k&M, S5 M. SR AR B
DR AT B8 HE DL AR G e A7 16 A 52 0 [0]. AR T 7 27 4IR
2010, 29(5): 94-97.
CHEN Aihua, YAO Guoxing, ZHANG Zhiwei, et al. Ef-
fects of temperature, salinity and sediment on the growth
and survival of Solen grandis Dunker juveniles[J]. Journal
of Tropical Oceanography, 2010, 29(5): 94-97.

[5] AREEK, SRRWI, BEINEE. LR BT ST £ HE

[10]

[11]

[13]

) H@ART/CLE

DUAER B & WS, 7K™ 244, 1983, 7(1): 15- 23.
LIN Bishui, WU Tianming, HUANG Bingzhang. The
effects of temperature and salinity on the growth and
development of spats of the clam (Ruditapes philippina-
rum)[J]. Journal of Fisheries of China, 1983, 7(1): 15-23.
AN, BRIRVL, XUAF/D M, 55, TR RER B XS KBk BE
DUHE DUAF % FAE K B EAE ROV [J]. T AR I R
2, 2016, 36(6): 44-51.

TAN lJie, CHEN Zhenjiang, LIU Fushaomei, et al. Com-
bined effects of temperature and salinity on the survival and
growth rate of juveniles of Pinctada maximal[J]. Journal of
Zhanjiang Ocean University, 2016, 36(6): 44-51.

Hw 2%, 2015, VLB ZH A ) K i mh B i BOR O F
ZE[D]. L BITERE, 2015.

ZHENG Yanxin. Studies on reproductive cycle and
larval-rearing technology of Atrina pectinate[J]. Shang-
hai: Shanghai Ocean University, 2015.

SR, KA, XUNBLE, A JERREAE DAY R B R
LI RETIVFA )], K7™ 241, 2015, 39(6): 867-875.
ZHOU Shanshan, ZHANG Xiumei, LIU Xuxu, et al.
Substrate preference and burrowing ability assessment
of the juvenile Scapharca broughtonii[J]. Journal of
Fisheries of China, 2015, 39(6): 867-875.

kv, e, XIRR, % BB TR Mer-
cenaria mercenaria HE UL BTG RN A K R A 52 W [T].
HEVE ST, 2003, 34(2): 142-149.

ZHANG Tao, YANG Hongsheng, LIU Baozhong, et al.
Effect of environmental factors on the survival and growth
of juvenile hard clam Mercenaria mercenaria[J]. Oceano-
logia et Limnologia Sinica, 2003, 34(2): 142-149.

PREss, ARE B—U, 55 R Ge N4 ik A:
KM ROBFSEHERET). RHZIEAR, 2013, 29(7): 46-55, 67.
CHEN Ziqgiang, LU Shou, LIAO Yibo, et al. Advance in
the effect of microalgal diets and nutritional value on
the growth of early life stages of bivalves[J]. Bulletin
of Science and Technology, 2013, 29(7): 46-55, 67.
RS, FRARMR, /A 5 PR 4 FpEvR DL JSHE
DUE KA m[T]. 1 EE2#F5T, 2010, 28(3): 60-66.
ZHU Yurui, XU Jilin, YAN Xiaojun. Effect of five ma-
rine microalgae on the growth of four juvenile intertidal
shellfishes[J]. Journal of Marine Sciences, 2010, 28(3):
60-66.

v, REMR, VPR, S5 /N ITTEHREE IR K
SR A [T]. B ERRE, 2013, 34(17): 263-267.
XU lJiatao, XU Guocheng, XU Xinghong, et al. Analysis
of nutritional composition of edible parts of Cultellus at-
tenuates Dunder[J]. Food Science, 2013, 34(17): 263-267.
AL, Jre, BISPAy, S /N TIWRE A o TR TG Y
AL S HT[D]. KRR, 2010, 29(11): 669-673.
ZENG Guoquan, FANG Jun, JIA Shouju, et al. Bio-

chemical genetic analysis of eight isozymes in intra-

48 TFPERLE /2022 4F / 55 46 % /55 10 1



[14]

[15]

[16]

[17]

[18]

[19]

[22]

it

populations of razor clam Cultellus attenuates[J]. Fish-
eries Science, 2010, 29(11): 669-673.

MR tg, fLIBEHT, W54, . 3 FhagRLokifk
16STRNA FI COT & [H F Be i 7 91 LU M HE R G224
HFE ] R, 2005, 29(8): 29-34.

CHEN Limei, KONG Xiaoyu, YU Ziniu, et al. Sequen-
ce comparison and phylogenetic analysis of mtDNA
16S and CO I gene fragments in three species of razor
shell[J]. Marine Sciences, 2005, 29(8): 29-34.

24, FHM, LR, SF. SRMNETEEY N TR (Cultellus
attenuatus) B LY A WE o [I]. Wl Bl 3R &, 2017,
38(6): 107-111.

JIANG Xu, Wei Xiumei, FENG Yanwei, et al. The repro-
ductive biology of Cultellus attenuatus in the Laizhou
Bay[J]. Progress in Fishery Sciences, 2017, 38(6): 107-111.
F. ANTTEEVERR . I R IR E B UFR(D]. Tk
TR, 2012.

WANG Ya. Studies on development of gonads, embryos
and youngs of Phaxas attenuates (Bivalvia, Mollus-
ca)[D]. Ningbo: Ningbo University, 2012.

ErPEE, Wln, B NTRSEHOR SRR . 4K
PRERE IR DC T[], 7K 3R, 2017, 38(10): 28-33.
WANG Zhongxia, MENG Jing, CHEN Shurong. The cor-
relation analysis of the morphological traits, the live body
weight, and edible tissue weight of the Cultellus attenu-
ates[J]. Journal of Aquaculture, 2017, 38(10): 28-33.
T, EOKHEE, KT, SF. NJIRENATH B
AROFFE]. H FE AR 222 i (A R B AR), 2019,
49(9): 42-49.

YU Ruihai, WANG Yongwang, ZHANG Zhe, et al.
Studies on artificial indoor breeding technique of Cul-
tellus attenuates[J]. Periodical of Ocean University of
China, 2019, 49(9): 42-49.

JE T, AR, R RMR, S NJIENANTE
HOARWEFE[I]. BR2Fr1h, 2017(6): 47-48.

GU Zhongqi, NI Menglin, ZHOU Mindong, et al. Stu-
dies on artificial indoor breeding technique of Cultellus
attenuates[J]. Scientific Fish Farming, 2017(6): 47-48.
TETTELBACH S T, RHODES E W. Combined effects
of temperature and salinity on embryos and larvae of
the northern bay scallop Argopecten irradians[J]. Ma-
rine Biology, 1981, 63(3): 249-256.

VERBRUGGE L N H, SCHIPPER A M, HUIJBREGTS
M A J, et al. Sensitivity of native and non-native mollusc
species to changing river water temperature and salin-
ity[J]. Biological Invasions, 2012, 14(6): 1187-1199.
X, #OGE, RG] B SIS K H
Loy BUAERHIREIR[I]. K241, 1992, 16(1): 32-39.
LIU Haitao, DONG Zhanwu, XU Zhiming. The effects of
salinity on embryonic development and growth of veliger
of Oyster Ostrea talienwhanensis[J]. Journal of Fisheries

(23]

[24]

[27]

[30]

) H@ART/CLE

of China, 1992, 16(1): 32-39.

R4, Bokd, ML, BT SR E R
WRB 3 | A B S AR DGR 1 B s (0], ZEZS 24,
2015, 35(21): 7229-7235.

LI Yuquan, LI Yongsheng, ZHAO Fazhen. Effect of sa-
linity changes on osmotic-, metabolic-, and immune-
related enzyme activities in Exopalaemon carinicau-
da[J]. Acta Ecologica Sinica, 2015, 35(21): 7229-7235.
FEFE, TR R, JUMPAS, SRR B X A
P R gl | HEDUAFIE 5 KBS B2 ()], KAEAEY)
2232, 2005, 29(5): 495-501.

WANG Danli, XU Shanliang, YOU Zhongjie et al. The
effects of temperature and salinity on the incubation of
Cyclina Sinensis and survival, growth and metamor-
phosis of C. Sinensis larvae and juveniles[J]. Acta Hy-
drobiologica Sinica, 2005, 29(5): 495-501.

WHMTBL, WIDRKE, BiESr, 55, HRBEXTBREE D4 HOR
HEDUAE TG AR RS2 []. T ARG K 22244, 2013,
33(6): 57-61.

XIE Renzheng, CHU Qingzhu, HUANG Haili, et al. Ef-
fects of sea salinity on the growth and survival of Pinc-
tada margaritifera granosa Larvae and juveniles[J]. Jour-
nal of Zhanjiang Ocean University, 2013, 33(6): 57-61.
JIE e, JUAAS, A JLFPEREE K X A
W4 Moerella iridescens AR K B M BERISEIR[T]. 2RI
M, 1998, 16(3): 41-48.

GU Xiaoying, YOU Zhongjie, WANG Yinong. Some
environmental factors’ effects on the mud shail Mo-
erella iridescens in the different growth stages[J].
Donghai Marine Science, 1998, 16(3): 41-48.

T, 2L OR[R)E BE R BE X RE AR 41455 (Crassostrea
sikamea)HE VL A2 K S WE R W [J]. B S5 WIH,
2017, 48(2): 297-302.

WANG Tao, LI Qi. Effects of salinity and temperature
on growth and survival of juvenile of Kumamoto oyster
(Crassostrea sikamea)[J]. Oceanologia et Limnologia
Sinica, 2017, 48(2): 297-302.

BERGER V J, KHARAZOVA A D. Mechanisms of
salinity adaptations in marine molluscs[M]//Interac-
tions and adaptation strategies of marine organisms.
Springer, Dordrecht, 1997: 115-126.

Vi, 2280, FLAEE, . TR RER 5 K A
Ay H AR R HE S B2 R (D], b B RS2 il (A 4R
B2z hR), 2017, 47(8): 44-50.

XU Lan, LI Qi, KONG Lingfeng, et al. Effects of tem-
perature and salinity on growth and survival of larvae of
black-shell Pacific oyster (Crassostrea gigas)[J]. Perio-
dical of Ocean University of China, 2017, 47(8): 44-50.
JOARZS, B R, VUL, S5 WK FIER B X
i 4y e IR DL AR R R A6 B2 MR (D). ¥ 2 4l (h S
FR), 2001, 23(6): 108-113.

Marine Sciences / Vol. 46, No. 10/ 2022 49



B . ﬂ
s - im A g e

YOU Zhongjie, XU Shanliang, BIAN Pingjiang, et al. The HE Jinjin, WEI Xinmin, XU Zhangcheng. Study on food

effects of sea water temperature and salinity on the growth and substrate of Sinonovacula constricta (Lamarck) spat[J].

and survival of Tegillarca granosa larvae and juveniles[J]. Journal of Fisheries of China, 1986, 10(1): 29-39.

Acta Oceanologica Sinica, 2001, 23(6): 108-113. [35] HELM M M, BOURNE N, LOVATELLI A. Hatchery
[31] Ak, Jofhs. Mg et N2 e R H 70t culture of bivalves: a practical manual[M]/FAO fish-

FIUR[I]. AR FE5E, 2006, 27(1): 76-80. eries technical paper. Rome: Food and Agriculture Or-

BAO Yongbo, YOU Zhongjie. The present researching ganization of the United Nations, 2004.

status of ingestion rate’s influence factors of marine- [36] FFESf, FRARJE. 14 Fpixs SOIE & = AR 5 IR 4 s iF

suspension-feeding shellfish[J]. Marine Fisheries Re- FEI]. KAL), 2003, 27(3): 243-247.

search, 2006, 27(1): 76-80. JIANG Xiamin, ZHENG Yizhou. Total lipid and fatty
[32] GAGNAIRE B, FROUIN H, MOREAU K, et al. Effects acid composition of 14 species of microalgae[J]. Acta

of temperature and salinity on haemocyte activities of Hydrobiologica Sinica, 2003, 27(3): 243-247.

the Pacific oyster, Crassostrea gigas (Thunberg)[J]. Fish [37] Sk, JRUEE, fRdkbk, . R EHERUKR R K

& Shellfish Immunology, 2006, 20(4): 536-547. ATIHE DA K R AA TR RS2 A [J]. BHFIEVE24 4R, 2010,
[33] GRUFFYDD L D, BEAUMONT A R. A method for 29(5): 94-97.

rearing Pecten maximus larvae in the laboratory[J]. MA Bin, ZHOU Haibo, XU lJilin, et al. Screening of

Marine Biology, 1972, 15(4): 350-355. high-quality feed microalgae in cultivation of juvenile
[34] falift4:, FfEM, Vram. Sniaft 0L RHRUR T i iF intertidal shellfish, Sinonovacula constricta[J]. Journal

FE[1]. K7=244E, 1986, 10(1): 29-39. of Tropical Oceanography, 2010, 29(5): 94-97.

Effects of environmental factors on the survival and growth
of juvenile Cultellus attenuatus
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Abstract: The effects of salinity, temperature, sediment, and microalgal diet on the survival and growth of juvenile
Cultellus attenuatus were investigated to determine the optimum culture conditions. The results showed that juvenile
C. attenuates had strong salinity tolerance, and it could grow and survive within a large salinity range. The suitable
salinity for juvenile survival and growth ranged from 15 to 35, and the optimum salinity ranged from 20 to 25. Suit-
able temperatures ranged from 16°C to 28°C, and the optimum temperature was 24°C~28C; as salinity and tempera-
ture increased, the survival and growth rates increased and then decreased. The substrate composition affected the
growth and survival of the juveniles. The results showed that the most suitable sediment was clay sediment and the
survival and growth rates in the clay sediments were higher than that in the silt or sandy sediments. Different diets had
different breeding effects on juveniles. The survival rate and daily rate of feeding Chaetoceros muelleri or Isochrysis
galbana were significantly higher than feeding with Platymonas subcordiformis or Chlorella vulgaris. These results

should be valuable to optimize artificial breeding for hatchery production of C. attenuates seed.
(AL h#E: RILT)
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