Ha1% W6 I A S Vol.41, No.6
2020 4F 12 H PROGRESS IN FISHERY SCIENCES Dec., 2020
DOI: 10.19663/j.i1ssn2095-9869.20190921001 http://www.yykxjz.cn/

XPE, TEGEE, sk, MEL, #5530 AR pH XHEE B DUIRIG & & R A KR F . folB-E it g, 2020, 41(6):

108-114

Liu Y, Yu RH, Zhang Z, Tian CY, Qian JW. Effects of different pH on embryo development and larval growth of bay scallop
(Argopecten irradia). Progress in Fishery Sciences, 2020, 41(6): 108—114

AR pH X BERENRIRAT
R BERKEZERIRME

x| B FaesY 7%
(PETEEERY: EKFREATHELEERE HE

¥ EET AEX

266003)

WE A% pH A E B I (Argopecten irradia) R fs & B R 4 = A K K HH 0, KR pH
8.0~8.2 AT HE 4, /T AR pH (7] 4 7.6~7.7. 7.3~7.4, 7.0~7.1 1 6.7~6.8)xt ¥ 75 7 VL AR b B 4h
R EE, EFEF, ME pH RIK, ST ABERK, HHEREE, BARBEZK, B4
MR BN T A B A (P<0.05). D 4y MG w4 4y b FiE R 5 A KHEFH B F KT 2B
4(P<0.05), 4 X EE% 8 Kit, pH7.0~7.1 5 pH 6.7~6.8 L5 4 By 72 58 45 A 6.1%7H1 5.6%,
X BE 4R 75.2%, & pH 7.6~7.7 44h, A LI KR RIAE 34um/d KT, ERENEKE

WA

R A4 % R Gt H £ 5% B EP<0.05), % 7 K, pH 6.7~6.8 LI A& RN A

31.7%. #FRFW, K pH BB E R N FHER Rk E K RFEAEFR W, HHE AT
& pH & fead v 78 B L% 2 3 IR Fe R An R 78 72 Wk o R B T 58 H R

XA
FE55ES S966

wER I pH; IREKE; 4k
XEFRIREE A XERS

AR, A AR KA A, S8k CO, i B HE
i, SR TR L A BRARNE | IR fL A R R 2 B
KR I A S5 I RGEN —RIEEA 1L, I

R R ZEOE YRR K B R
F14E 77 (Haugan et al, 1996), W5 £ M, 78 pH 8K 1)
Mk, DS W SERUB Y sh i) 5545 AR ) A b se i
JE£ AR M R A (Bt B 22 T B (Caldeira et al,
2005), FOETAFIEERM, MUBRIEES T 3 {24k &
KIER CO, HEML , W7 A4 510 v A 25 R Goks I
H 25 IR A4 R AL U (O ve et al, 2010),
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(Argopecten irradia)%) DL AT 5T 2B, i R 2155 A
PRI 24 DU 1 R RE, i TFA s, Wi5e R
M, HREEFEORIISESE, 2011),

TS B DU TR E Rl R, l#ERED 30 £
A, FEAEREACITIEFRA, SO FRE 2 I
FRB PP 2 — o AHIFSE LATETE I DL X 42, A TR )
pH N REX IS R DU ARG & B KA A K E B
SN, PPAN pH R BEXS DU IR A SE I, B AE N L
FEFRFH 7 Ml A A A o RV TR 1 JaR P B (LR A Kl
Sy e L PR T LR AR DG it 1) 1 2 S A B AR

1 #FREFE
1.1 ENRER L HBL

WV R D1 2E DL F 2018 45 3 H 26 HEUH 1L R4 3¢
IR = HRA A . BN AEE N AT, K
TR R 22°C~23°C, R HH B T I K ) i e 4 =
FRURFHERUS , VEURITTFGE H T pH S SL5
1.2 SEI%igit

A S LU IE K (pH 8.0~8.2)VE KX HRZH , %
B4 pHBREG NN 7.6~7.7. 1.3~7.4, 7.0~7.1 I
6.7~6.8), B 3 PMEE,

SCIGHAIR], SZAGSE UG 3% LR pH B E RS E 10 L
IR SRR N HE T I35 %, JKIRCh 22°C~23°C, H
W 5 5 DUAR AU E] — 05 0 0] 3 R R 2 0 4
(Isochrysis galbana); Ay 6 78 S5 45 4140 pH
S WS R pH AR, DA/ SEER IR 25

1.3 pH Xi§ERE N % B M

W4 52K IR TG 1 4y B A4S L ER 4 10 L
/N, B 8 ind./ml (L 50 ml &K T BN
BENOULES, Wil BB EE N Z RN ) %
KON AT 2 DIEL RET, A SCE A 10 ml FE 4,
ML [ e, B FIEsT s . e, Mgt
THERIER | R ESRE R
1.4 pHXBEHNHRERKEZENZIN

WHE P AEZE 30 h i DIELIH, B0 2=
JeiE RS 10 LMY, %R 3 ind./ml,
W25 LB AR R 7 o SEE S 1~8 K, J3 il
FE G4 B Fe g, L SRR ERT L, TR AR R
T, MAMBEERESE 3R, WEALRA%RE, 14
SIS ARG R
1.5 pH iEEHE NER S 40 At E R

YR v 7 v T g DUHR gy o, ¥ 03 B PSR

M4 52804 10 L /M, %R 3 ind./ml, HHR &
L B B>50%0, BRI E IR M R, 20T
3.5, 7d /)5, MHEA IR S REE AR,

1.6 HIESITHW

TV i DU iR 1 N4 A K4 B B VR i i
# (Deformity rate, DR, %) . W#ft % (Hatching rate, HR,
%) . f71% % (Survival rate, SR, %)FIZE4PEM 455K
(Comprehensive evaluation index, CEI)[ 3153522
DR(%)=100xDyS
HR(%)=100xS/F
SR(%)=100%L/L,
CEI=—~(He=Hc)*(Te=Tc)*(De-Dec)
K, Dy WAL D B REHE; S
N EIAS R D L4 HUREEE 5 F oy SE g R i A2 A
G RE ; Lo N SRIn R i I 4l U B s L R SE IR 25 s i)
UL s Heo He 200 0 SEBG 2 AN IRA A SEF AL 5
Tev To 43501 2 S 56 40 AT FRZH A 7 AL B[] 5 De. De
43 ) R S G 20 AN T 2H A R K
K] SPSS 19.0 BRA X 2% 21 4 iy 2B Kbt A7
AR )7 22 (One-way AVONA) T, B & MK
P<0.05,

2 #R

21 A[E pH X BERENEIEL BRI

A pH 5T, WV b DUIRIG IR AL% . D B
WL R L AR E LR 1. &1 FIE 2,

M1 FE 1 RTLUE 1, AS[E pH XS 53 DL
TR BRI R L AR [ 24 53 52 i (P<0.05).
FEEACR T T, SO0 2 55 ) IR 125 57 1 35 (P<0.05),
pH 7.6~7.7 I, WAL AR 43.75%, A R % BEZH i) —2F ;
FEWIE Ry, SCH A 5 0 B [F R 2 R B E
(P<0.05), pH 6.7~6.8 [ ik 48.39%, IfiXf LN
4.76%, HHZEIE 10 f%, It HBEE pH MFEAL, WP
AW T s WA R T, AR R pH 1R R
RS, 2 pH THE 6.7~6.8 I, WE LA
AHLEXTARZHAEH T 8 he

SR VEAL pH XS B UL IR AR & B LA R, 5
AZGEATEMAEEL WE 1 ATRIE R, BRI,
X IREVE B DR IG & B RS . IR 2 AT LR
MK, TRHEST&ELRA, 2REFE
(P<0.05); H&mAcKS5EmbiE pH BRI
N, pH 7.0~7.1 SEEG A 5 X B AH 223 12 pm,
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Fig.1 Hatching rate and deformity rate at different
acidification level for 30 h

AR B3R 22 7 W25 (P<0.05), T A
Different superscript means significant difference (P<0.05).
The same as below

22 AR pHXBEFEN D HHYRERKLZEHFNT

ANTF) pH 20T, W R UL D R4 iU R A L
K3 FE 4. A3 aTLVE L, AR pH &F T, DIE

5tk Shell length
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Ferrek
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pH
AFRRAFREET 30 h &40 D IE4 S sE K FI5E
Shell length and shell height of D larvae in each group
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24Jy S BRZLAAIE 400 TR0 4, H.28 5 i 35(P<0.05).
4 dW, pH 7.6~7.7 SLIRLHAFIE F T FRIR RN, M
pH 7.3~7.4, pH 7.0~7.1 pH 6.7~6.8 SZHa#H F [ I
BOR, (A4 NI 22 57 W35 (P<0.05), {XLAES 4 KI,
pH 7.3~7.4 5 pH 7.0~7.1 B 5 AR B E(P>0.05); 5
4 KEF, pH 6.7~6.8 SLIZHAFTH HIRBIRAR, 4 39.1%.
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Tab.1 Differences in hatching time, deformity rate and hatching rate under different acidification level
SAV 4] i i IR 4]
S A4l Acidified group . Xj,.i\,ﬂ
Experimental group pH 6.7~6.8 pH7.0~7.1 pH7.3~7.4 pH7.6~7.7 onro. Broup
pH 8.0~8.2
§% {L. i ] Hatching time (h) 29 27 26 23 21
i3 2% Deformity rate (%) 48.39 38.18 36.36 26.09 4.76
¥4k % Hatching rate (%) 59.28 47.15 51.43 43.75 95.65
D22 AT R
R o 1.59 0.94 0.74 0.22
Comprehensive evaluation index
~ pH8.0~8.2 gEpH7.6~7.7 [ pH7.3~7.4
OpH8.0~82 0O pH7.6~77 @EpH7.3~7.4 S 141 ZpH7.0~7.1 OpH6.7~638,
100 =pH6.7~6.8 @& pH7.0~7.1 E12f d d
2 apc de¢ a b = & C E
2 sol [ ¢ g10r &b b
P S a
S € = 8tk h
S 60 B 2
2 S 6 )
=
g S R
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- o, )
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Fig.3 Survival rate of D-larvae
at different acidification level

JNE 4 FTLIE H, ARE pH 2040, D JE4h duba) i
20 A KR 2 R T LI 4H (P<0.05)., 4 d N, pH 7.6~7.7
YA R 2 T A ST B0 4 (P<0.05); 25 1 K, BR pH
7.0~7.1 55 pH 6.7~6.8 B4l 22 7 AR B (P>0.05)41, HA%
HEEREE,; ¥ 2K, pH7.3~74. pH7.0~7.1 M4 (a2

Fig.4 Growth rate of D-larvae at different acidification level

SAREP>0.05), HpSAMHEREE; 4R
fF, SC5G2H pH 6.7~6.8 K HUR g, (R 5.5 pm/d,
T0f R ZH AR KRB RREAE 10 povd DL L

2.3 AR pH XiBERNEH 4 RERKEZFH M
MK S ATLAE 1, AN pH 45T, S2Tg i
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X HR A A7 16 SR 5 S0 B0 21 25 57 1 35 (P<0.05). 2h AR
7K, pH FI% 0.7~0.8 L H L0}, 1715 R T FEIE
JERR, FEIRRBTE 20% LU T 4l R F R 8 K,
SCEGZH pH 7.0~7.1 F1 pH 6.7~6.8 FIAETE F40 51
6.1%F01 5.6%., SZE4H pH 7.6~7.7 5 HAB S HAH L,
B R AT R, A E T B 8 R, fA1H%
U 38.7%, Xt BEALAF I R =K, N
75.2%. MIE 6 ATLIAE H, Selingl U 45 20 A K o
Y125 B (P<0.05), g UERMN, AKE0R
YIbE pH FREMIFEAIL. ZF 25 8 XAf, pH 7.3~7.4
K UL R KO R, AR B A AR S
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Fig.5 Survival rate of umbo larvae at different
acidification level
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Fig.6 Growth rate of umbo larvae at different
acidification level

2.4 [ pH X% B TR m 4h BB & B 720

AN[E] pH 25T, A2V bt DUHR g5 2 Ha i 25 %
TEOLILIE 7. KL 7 o LLE L, BREE 7 K, pH 7.0~7.1
M pH 7.3~74 Mt ERE, _HEZFARE
(P>0.05), 7655 3 KA 5 KIF, 4hdfi 25 R 256 pH
B R RS, HoX R 5 4% S0 4l R) 25 5 B
(P<0.05). 2( 7 Kif, Xt RELH M5 R w5 ik 2] 88.7%,
i pH 6.7~6.8 SL562H I RN 31.7%.

PSS ORI pH XS B IR & & K4 dUE K R 52 m 111
100 -
R8¢
2
g
260
g 4575% L
’540 ;\.;\ °57.18% . _
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Fig.7 Larval adhesive rate of gulf scallop larvae
at different acidification level

H AT, 23R R Ak 1 LA T A A A0 2 B ek
J&, fagiit, WIERALT AT 1400 TR WK
Vo RGN R AR EFEmE
K, HEEXLT N THERIL, HER e REaE R
TR JE M5 ) &)y ML 4R DL K A K A7 1 (Goulletquer
et al, 2002; Simon €t al, 2006; Gazeau et al, 2011),
K pH YENELEWMHERNFZ—, EHNIMT AR
A, A TR KEREE R IR DL E AR T
X345, 2014; James et al, 2005).

3.1 pHXBERNEIEE TN

W5, pH XPIEEVE B DU IG & B 1A% |
WA I % I AL st [B) 250 S s . ZE bR, 5
Xof B2 A H 25 57 18 2 (P<0.05), HBEH pH BT,
IR A LT, pH 6.7~6.8 SLIG 2 A F ALK
i5F) 60.0%, L pH 7.6~7.7 SZK 4 17.0%, X Fh
T OLATREZ B oIRGB RIAUKSE A B0 A R,
HMNRIREEXT S B/ NI (RS04, 2012; R DL,
1991) . T Be %% 55 (201 1) % L FQBRB: DUA I 5% o
pH=7.7 B}, D JE4 HUFFAL R [(16.6£12.0)%] B E (KT
X REZ[(44.8+7.4) %), H.WIE % [(48.2£9.1%)] L XT i
A 3 5% BKIBSEQ016)X F G KM sE s, & pH
fEA pH B, MR A B WA BA)S, (HpH 744
55 pH 9.0 2H 1 J5 i A WA e ) ok B v RS 5 5
4k, Kurihara 55(2008)# 5% pH 7.4 BYFR 1L KX K-
PEFLWGFIEE TG DL(M. edulis)IR G & & s, 2= BN
it & B AN Z IR KPR 3 Gazeau 55(2010)
WIS IR UL Z B, pH Ry 7.6 &4, H D IEY)
HE R [(24.054.0)%],  H AT BELL (pH=8. 1) 5 1 T {1k
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[(12.740.9)%], XELLER GAMIL G REA B, UL
B pH 110 B AR T 96 V25 Bt DL U i WP Ak EL AT S KR I

FEWJE R Jr i, D JE % Wi B R AE 5L R I
(Gazeau et al, 2010) . K741 W5(Kurihara et al, 2008)
K v a] Bk 7 IH (Srongyl ocentrotus inter medius)(ZEH 7
85, 2013) AR B . BRI R B, W REH pH 1)
TREZEH LB, &EIAF 48.4%. Kurihara 55
(2008)F 58 K B, RT3 A W 4 Ha 2 o 30 B A 1
B, pH N 7.4 I, BIEREIL 80%, X HLHEEE B Il
S RIAY T IR , ZEHEZRAFE(2013)X) ] kit H
PRI s, S0 A K i 4 H By TR 250 A () e e e R
RN G BE T A AR g X
SERF SR 45 AR W], D 4 RO IE E AR RS B R
ZRMAE R U, IR PR RR AL RS R , TRV e DL &)
BT I R A B (A HE4E, 2014; Victoria et al,
2008).

R L& R, pH FREXTHIEAL T R
FW, SERER, 7E pH N 6.7~68 I, KHED
T4 HIHE R 29 h, WXHRAACK 21 he ZEIRSE
(2016) %} 7 i (Cyclina sinensis) (4 BIF 58 41 18 1 AH ALY
gh I SR SRR AR L, pH 7.4 AR L F
[E]HEIR 25 48 h, FRIKAE A F W[ LER 2 68 h, HER
WA TR HE T Y, H—HESEHEY0,
AT e S RO IR IG 50 4 B 58 IR AL SR8 v, (4 1y
BUE T RRERIE, DAY . BREEIE I RE ) 22
ST, 2012; B, 1991)., A,
Kurihara %5 (2009)fF 55 & 88, H H ¥ I 01 (Mytilus
galloprovincialis) I fits & & i 72 HE A 52 R Ak ¥ 7K 1)
s, [FAE, FTREEMIE K R IIUKREET A S 150
HORE , AN R N i S o 30T 4, 2012;
JEWLH, 1991),

3.2 pHXBERNYBRERZFHZM

TET I I e U1 28 &y B X6 B0 55 1} A2 4 1) 8 B4
WOENE, 1991), MR FAEAERET, A RE2s il
il DUl i R, SR K SRE, BB
(Kurihara et al, 2009). Z58 4R, & pH HIFEAL,
FEIE AR R, Dove 25(2007)%) #+41j(Saccostrea
glomerata) W52 & B0, B IR Ak i IaT 1 1 DX A4 W5 P8 T
R HA K, Watson 25(2009) % 4 4 W5 i AF 5%
P R B RERER SR, 7 pH TR 03 MITER T, 17
TERTRET 43.0%; £ pH TR 0.5 SR, 7716
RREET 72.0%, X 5ARLIEE LA,

R AERKERTNHRAERREER . AL

A BB R & D R4 B i 37 14 55 (Gatos et al, 1998),
MK pH AE N EE AR AN T2 —, MZIEGHERIT
i, TR ERKEE R NE R,
FRA R T CO, I3k BEVA A , 23 F T Wi 7K v e I 05 175 it
S, T R B A A T B DY 2K D1 5 K A A 1)
FEEYT, pH T K23 BHAT S L A M B R 55 19 e
1, #EmE Iz AE Y K | B H (Gatos et al, 1998).
PTG, Green % (2004)HF5 &ML, 75 pH N
7.4 WERMT, KV R B RS, SR
BEAG, JFEAMERZEH B2 B4 Gazeau 46
(2010)7E 2 Ma DL FFE R & 88, 24 pH F % 0.25~0.34
B, 7E 2 d F 13 d BFASSE S 40 3 TR T 4.5%F01 6.0%;
2 pH FFE 0.5 1, 15 dIFMFRIE FRET 12.0%, 4
IF 5T 45 5 5 TR A 57 45 S I AS AR ], 3 1 B R fh g 7K
XF T4 U SE AT R A AE L I B4 Ui 2 A T 2
HIRWE TR RARE, 76X D FRBRAE DL (%4, 2011)
RS R 2 B0, D Rlgh A K g2 1%, HIRIE R i =
FTXFHELH ; 7E Green Z5(2004) %44 RE 723 (Mercenaria
mercenaria)if 5t &k M, TE3CA AN AR IET 3
WEERIN, ANFeAE 2 AR, IR, S5
WA AR R B o8 T e B D A 05 &
AR, R T AERHR N A BRI A, IR SR
FH A At A BEATFR (9 BB 1 A7 S AP I, 52
THEYHALWIER RS, FBUERKEFLE
(HFEFESF, 2013), XEEWFFREERHEH, RILEK
XU AR EZ B ME K, Cooley 55(2009) il ,
£ 2060 4F, IR AR 2 45 35 1 DUl s ok ™
S, R R 14 {1 T TR R

3.3 pH XiBER R L4 R &R

MR A B>50%0), T BB, I
AR DU H i 4y e ) DL AR Y R B B Y
BT K AR, &l Huos BB 3 K s N
& BEIET-(RIE, 2001), ARG RER, M
& pH WIREAR, BHE SREEAK, 25 7 REF, xRS
RIg ik s 88.7%, 1 pH 6.7~6.8 521 41t 5 AU N
31.7%. Welladsen %5 (2010)%} & i 2k £ D1 (Pinctada
fucata)iff 5t i 7x, pH 7.8 Fl 7.6 RPESAMET, B2
AR AR E SXT ML, WAHEES, H
e pH 7.6 &M, BRBEDLEZZ00 8 X A, o)
Ak, Donnell 4£(2013)MF5E &I, RWE CO, £ TF,
TG DU 22 )0 T R, 50 BRAHL A 22 40.0%. 4555,
pH T B2 HI 55 805 2R I N B RE T -
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Effects of Different pH on Embryo Development and Larval
Growth of Bay Scallop (Argopecten irradia)

LIU Yang, YU Ruihai®, ZHANG Zhe, TIAN Chuanyuan, QIAN Jiawen
(Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003)

Abstract To explore the influence of pH on embryo development and larval growth of bay
scallop (Argopecten irradia), pH 8.0~8.2 was set as the control group to analyze the influence of
different pH (7.6~7.7, 7.3~7.4, 7.0~7.1, and 6.7~6.8) on the development of embryos and larva of bay
scallop. The results showed that with decrease in pH, the hatching rate of embryos in each
experimental group decreased, the deformity rate increased, hatching time was prolonged, and the
larva were significantly smaller than those in the control group (P<0.05). The survival rate and
growth rate of D-larvae and top umbo larvae were significantly lower than those of the control group
(P<0.05). The survival rates of the pH 7.0~7.1 and pH 6.7~6.8 experimental groups were 6.1% and
5.6%, respectively, and 75.2% in the control group on the 8th day of larva development. The growth
rates of each experimental group were 3.4 um/d and below, except for the pH 7.6~7.7 group, which
basically showed a state of growth stagnation. There was a significant difference in the adhesive rate
between the experimental group and the control group (P<0.05). On the 7th day, the adhesive rate of
the pH 6.7~6.8 experimental group was only 31.7%. The results showed that the change in seawater
pH had a significant effect on early embryo and larva development in bay scallop, which provides a
reference for the evaluation of the effects of pH change on economic shellfish resources, such as bay
scallop and others in the aquaculture industry.
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