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¥ TmET %k ¥ wHtzE &EX

(PEVEFERY WKFREREHESTLEE FH  266003)

HE B % pH xt ¥ & B L (Argopecten irradia) ik fs & B R4 A K X B W, AHF% L pH
8.0~82 AT HEM, M A pH (25 A 7.6~7.7, 7.3~7.4. 7.0~7.1 F1 6.7~6.8) % ¥ 7% j5 VL AE b & 4b
W Ew., ZRIT, HMEpH WEK, SLHABLRER, mEREE, BAoeEEL, B4
s AMRI B /N T X B 4(P<0.05), D H4h 15 T 4h b M1 4h sk g & 5 A KA 8 F KT 2B
4(P<0.05), 4 K EEH 8 Kb, pH7.0~7.1 5 pH 6.7~6.8 L1 41 th 17 7 5 2 81 1 6.1%F7 5.6%,
Xt B4 Ky 75.2%, T pH7.6~7.7 445, AL EKERAAE 34um/d KT, EAEHNAKE
WA, BEY EMER S S HEA LR T Z(P<0.05), % 7 Kit, pH 6.7~6.8 LI 4 [ AL
31.7%. #%EH, #AK pH Rt AR N EHEBR G e AKX EEHEEED W, ZHENT

& pH R L3878 B L 2 0F W FR AR b R 8T 58 %K

KA
hESES S966

WERI; pH; MK E; 4&
NEtFRIREE A XEHRS

AR, b AR R A, §:30 CO, i B HE
B, SIRTEE L AERARRE | R IL A ) SR 2 B
KR R A S5 R R G N — R LRk,
R K ZEOG AR R B AR
1417 (Haugan et al, 1996), 53R, 7& pH BAKHY
Mgk, s B SRR S S AR b e b
JE, HAE M B A B B 2 T B (Caldeira et al,
2005), BHAFFREEY], HBRIEFELDNE 3 Z4E K&
KIAER CO, HERL , W 7E A 518 PR A 5 R G0k I
H 23 0 (0 i 1 R A BUWr (Ove et al, 2010),
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WK EEA TR R Z —, [FFEmIG pH Bk
() JER B (] B30 5, 2010), HR, XF RN UL (Mytilus
crassitesta lischlk) . = [G¥kH): DI (Pinctada martensii) .
K F V¢ 4 5 (Crassostrea gigas) & 7 #4 (Cyclina
sinensis) TR R BT, BRI K T BT DR IR G &
B2 Mgl A K 28 1% 55 (Zheng et al, 2014; XIJ3CT
&, 2012; ZBHIARLE, 2013). 74b, EHEEE(2019)
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TEAE: RN[A) pH XIEVS B DU IR A & e 4y s AR OB 3 B 5 109

(Argopecten irradia)%i DU AGAFFERIA , i R 24 55 Fl
BREREE Y 2 4 DUREE 00 TR, il A, Pire R
M, HREFEORIHSESE, 2011),

WS B DL R TR E AR R, JI#RED 30 £
A, FEAREICUESER, TR EEE RN
TP P 2 — o ARWFIE LIS B DL 4, AT
pH T REXHIRE B3 DRI IG & B K YA K A B W
s, PR pH R R DL FRAL s, B AE A I
SR 7 Ml AE A S o X Vg R A JE B A R ) 2 i
Sk v PR B R R S it ) ) A A AR

1 #REFE
1.1 ENRERGHHFL

WS B DL SR DL F 2018 45 3 A 26 HEUH LR A 36
IR IR = RAF . ENEEN N TR, K
TREE Ay 22°C~23°C, >R H B TR 3 AR e A 7=
FRUIFHERUS , PRONIFFFER T pH S0 SL5;

1.2 LIt

ARSI DL IE R HE K (pH 8.0~8 2)FE M xf B4, %
B 44 pH BRI WM 7.6~7.7, 7.3~7.4, 7.0~7.1 I
6.7~6.8), HHK I EE,

SR, RS SERUR , $5 B R pH B RS = 10 L
IR SRR N T R AR 9%, KRR 22°C~23°C, H
A T S DL Y] ) — B ) 1) 4 L R A5 i 4 v
(Isochrysis galbana); A ilit b 7852 M 45411 pH {H,
SRS WD AT pH (B, DAB/DSCE R 2%

1.3 pH XiBERENERA BN

W52 K BN R 2 7 B UG B A SE8R 4 10 L
/TR, K 8 ind./ml (X 50 ml &K T Wik
BEFWER, 2SN IEE R ZRINERE); 2
I A B E DL, MASSCE A 10 ml A5,
B 2, E BB ST . e, I
THEETER | LRGSR
1.4 pHXEEBNHHREKLETHEMN

BEWSPEEZE30 hi DIELH, ¥hEm
JEBLEMASSR AL 10 LM, #E09 3 ind./ml,
IR A SL IR P B H5E o SRR 1~8 K, 73l
FE 2 R A Te s, i SRR ERT L, TR R
R, BN EL 30 MRS ERE, RS
S BTG AR

1.5 pH X5 MR S 4) R B HR00
BOE W i b DUBR figh i, 3970 B AU E

FIAFSEE0 21 10 L /M, %N 3 ind./ml, 4055
L B HB>50%0, B E R OIEM R, 5T
3.5, 7dJ5, MEA9I0 IR N4 S AR AR,

1.6 HiEZIT S

TRV Jd DLV I e 6 AN &) A K A B BV i e
#(Deformity rate, DR, %) . W#ft. % (Hatching rate, HR,
%) . FE£75 F (Survival rate, SR, %)FIZEA PEH 5 5L
(Comprehensive evaluation index, CEI)HJi15 A=

DR(%)=100xDy/S

HR(%)=100xS/F

SR(%)=100%Ly/L,
CEI=~(HeHc)*(Te~Te)*(De—Dc)

K, Dy NERAREIE D BEYMEE; S
R LRSS R D OB A BRI 5 F O SC e AR I A2k
BUBERE ;Lo M SLIR ML IR AT 4l HUBE B 5 Lk SE B 45 R A
YIHUR R 5 Heo Ho 20 51 SEH0 A R REZH A 76 %
Teu To 43900 S S 56 20 R0 X HEZH (4 BE AL BT ] 5 De. De
A3 5] R S 2H RN HE ZH R BT 3K

K SPSS 19.0 A4 X) 45 20 4y A ) A= K A8 bRtk A7
AN F )7 22(One-way AVONA)/MIT, B MK F% R
P<0.05,

2 R

2.1 AFE pH XiBER N EZ TR

TEANTE pH 51T, W05 I DUIRIG IRk % . D JE
I RETE R D AR ILER 1. K1 FE 2,

M T FE 1 AT LE S, A pH XS B DL
3 WP 2 LA KA B ) 3204 0 2552 1l (P<0.05)
TEMAL R 5 1, LU0 5 %) B 2 2422 57 1 2% (P<0.05),
pH 7.6~7.7 it , SRALR N 43.75% , (LM *T BEZH il — 2

FEWGIE 7 I, SCUR A5 X IR AL R RE 25 R
(P<0.05), pH 6.7~6.8 B ik 48.39%, IMiXf AN

4.76%, FHZEIE 10 f%, JFHBEE pH MREAL, BIE3R
AW T s WAL )y D, BEARE R pH A %
EHLEREYE, Y pH THZE 6.7~6.8 B, WE{LAT[R]
FHEEXT A ZER T 8 ho

MPEAG pH XS B DUIRG & B LE A, 5l
AGATEMAEEL NE L TRIE, BRILERE K,
XIS B DU G & B W sg il ML 2 AT LB
YAk, fEAEETALRA, 25RFE
(P<0.05); HA&Lmdlek S57embis pH FFITH
R, pH 7.0~7.1 SEE04H 5 X FRZAAA 2238 12 pm.
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Fig.1 Hatching rate and deformity rate at different
acidification level for 30 h

AN 7R R 22 5 B3 (P<0.05), T[]
Different superscript means significant difference (P<0.05).
The same as below

22 AR pHXMBZEHEN D EYRERKZEHZIT

A pH 44 F, SR I D I RARKEE I
E 3 FE 4. MWK 3 ATRIEH, AE pH &4 F, DIE

5¢K Shell length
& 5% Shell height

Ui -1
Shell height and shell length/pm
W
S

7.3~7.4 I
pH
K2 AREIRFEE T 30 h 454 D 4 i se K Mot m

Fig.2  Shell length and shell height of D larvae in each group
at different acidification level for 30 h

4y G B2 A0 R 38 e TS g, H 25 5 2 (P<0.05),
4 dW, pH 7.6~7.7 SLERAF G H T FEIR LR/, 1M
pH 7.3~7.4. pH 7.0~7.1. pH 6.7~6.8 52562 T [ iR &
B, HAH N2 5 35 (P<0.05), fUTESS 4 K,
pH 7.3~7.4 5 pH 7.0~7.1 227 A 1 3 (P>0.05); 4
4 KI5}, pH 6.7~6.8 SLHHAATE RN BT AL, 4 39.1%.

7.6~7.7

R1 TEBBLEETELRE. BEEMRLRES
Tab.l Differences in hatching time, deformity rate and hatching rate under different acidification level
SRR i1k 40 Acidified group Xf R 2H
. - Control
Experimental group pH 6.7~6.8 pH7.0~7.1 pH7.3~7.4 pH7.6~7.7 gﬁ 208
J¥# LI} E] Hatching time (h) 29 27 26 23 21
W % 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
=Y A2 bk
R o 1.59 0.94 0.74 0.22
Comprehensive evaluation index
~ pH8.0~82 EpH7.6~7.7 []pH7.3~7.4
OpH8.0~82 0 pH7.6~7.7 EpH73~74 o141 ZpH7.07.1 OpH6.7~638,
100 HpH6.7~6.8 @ pH7.0~7.1 £ 12 d
X 2bege 2y 2 b 3 10 E
2 80 ¢4 s & bba
E ¢ 8 2
£ 60 g 6 s.
5 S 2
@ 40 M4 %
5 ) 2
1 20 &« o
& #H o

(=]

EEEBFIE] Cultivation time/d

AFRRAATRE T D B4 dffiE %
Fig.3 Survival rate of D-larvae
at different acidification level

& 3

MIE 4 T E N, ARE pH 40T, D JE4h AU iE X} i
20 A TR 2 R TSR 4 (P<0.05)., 4 d N, pH 7.6~7.7
AR AR I 2 T I S22 (P<0.05); 5% 1 K, BR pH
7.0~7.1 5 pH 6.7~6.8 Bi4LR] 2274 i 3 (P>0.05)51, HA4x%
e iR WE; 2K, pHT7.3~7.4, pH7.0~7.1 Hi4l a2

B EIHA] Cultivation time/d

Kl 4 AR T D IEA) A K s A

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

SAREP>0.05), HAaSdARYEREE; 4K
i, SEE 4 pH 6.7~6.8 A K KR8, U R 5.5 pm/d,
T B AR R IR HEAE 10 pm/d DL

23 AEpHMEBEZHENEMHYREKELZBTHEIN
M S ATLUE i, AR pH 440 T, 5e T4l H i



% 6 X1

X} RE L A7 R 5 5200 20 22 57 0. 3 (P<0.05) . 4Tk H
7K, pH T 0.7~0.8 L HE L, 7715 R T R
FEROR, FEGRETE 20% LU F; 4k FEE 8 K,
SLEGZH pH 7.0~7.1 Fl pH 6.7~6.8 FIAETGZ43 51K
6.1%1 5.6%., S2H:2H pH 7.6~7.7 5 HABSTER LHAH L,
B SR, (HehiUEE 256 8 K, iR
A 38.7%, X BALAE TG FAD R R K, R
75.2%. ME 6 ATLIF H, Felgl dudb 45 44 K %
P25 57 W (P<0.05), T4k FEHN, ERKHER
YIbE pH TREMIREIR. A F 2% 8 Rif, pH 7.3~7.4
I DL AR KA, AR 2 AR KA HPIRES

pH 8.0~8.2
0] pH 7.3~7.4
O pH 6.7~6.8
g pH 7.6~7.7
= pH 7.0~7.1

TEIE % Survival rate/%

B & RA] Cultivation time/d

K5 ARIBRACTR EE T 7e DAl A7 16 3R LU
Fig.5 Survival rate of umbo larvae at different
acidification level

pH8.0~82 [JpH6.7~6.8 H pH7.0~7.1
ClpH 7.3~7.4 @ pH7.6~7.7

—
N B

H: K H# Growth rate/(um-d)

BEEIFE] Cultivation time/d

K6 AR T 7e Tighh AR KR
Fig.6 Growth rate of umbo larvae at different
acidification level

2.4 AE pH X% B DUAR = 4h BB & B 20

AN pH Z50F T, 45 21 5 55 DL AR A5 &) %
TEOCILIE 7. IWNEL 7 WTLLEH, BREE 7 K, pH 7.0~7.1
Mt pH 73~74 A E RS, —HEZF AR F
(P>0.05), 7E45 3 KA 5 Kit, 4h 5 R BE pH
B R BRI RRAR, HXT IR 54 LR m 25 8 %
(P<0.05). 2 7 KF, X BELH 5 R i i ih 2 88.7%,
I pH 6.7~6.8 SZE AL AU K 31.7%.

RS ORI pH XHEEYS B DUIRIG & & K4 d b KOk F s 111
100
=80+
5]
g 69.60%
260
g 4575% L
ﬁ sl {'\'\ °ST.18% .
ﬁ‘g '\'*\3\2_.17% 327 31.06%
g} —+3d T 42078% 1o 18.11%
—e-5d 10.73% e
—7d —= -k 8.09%
0 L 1 L 1
8.0~82 7.6~77 73~74 7071 6.7-6.8

pH
Pl 7 AR RR AR BE T 25 2 S i DU 5 40y el o o %6

Fig.7 Larval adhesive rate of gulf scallop larvae
at different acidification level

3 it

H AT, BRI 1L 1 LAFT I A A 10 B Pk &
&, geit, R TIAE] 1400 J7AER AR WL R K
Fo IEEREAXT 2T DR A K AR R ME
K, HEEEPF NTE BB, FEERSUE 1R
R B Ml i &)y A AL DL S A K A7 T (Goulletquer
et al, 2002; Simon €t al, 2006; Gazeau €t al, 2011),
K pH AERE MR N T Z—, BRI IR
A M EEAE TP TR PR RE LR E AR T
X345, 2014; James et al, 2005),

3.1 pHXEBEENEREZENZIN

TR, pH XTIEVE B DU G & 8 B Ak |
WA T 28 S P AL BT R 404 S s . ZE Ak r i, 5
X HEZH A e 22 5 .2 (P<0.05), HBEE pH MIREIL,
BRI MA TS, pH 6.7~6.8 SLE6 4 B F LR
k7] 60.0%, F pH 7.6~7.7 SEELH R 17.0%, XFh
T OL AT e IR & B RINAUKRSE A B0 H
ANFIREE X HA A ST B N ST 4, 20125 JE DU,
1991), fAlBE %% 46 (201 )X} 5 [RER B DL A IF 5% W7
pH=7.7 B}, D JE&) Rk [(16.6+12.0)%] . (% T
Xf HRA1[(44.8+7.4)%], H IR H8[(48.2+£9.1%)] Lt X A
A 3 % FKIRE Q016X F IS5 s, Mk pH
{EAE pH B, WG & &AW RH 5, HpH 7.4 4
55 pH 9.0 ZH 1) )5 S IR 1A e )yl B e v RS 5 5
4k, Kurihara 25(2008)HF5% pH 7.4 FIR AL 1K % K F
TEATWGFTEE A DM, edulis)IRJIA & & B2, FUIIR
6 BB AN Z R K FEN ; Gazeau 45(2010)
WIS ENG I R, pH ly 7.6 5044 F, H D ES)
HFIE K [(24.0£4.0)%], HXTHR4H (pH=8.1) 514 F 1%
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2 R ERAES

[(12.740.9)%], XEELER GAMFTAIREEA L, UL
BH pH Y BRATE T V25 Bt D R Ak AT SR )

FEWS I F 7 W, D JE 4h W I SR AE 58 R DL
(Gazeau et al, 2010) . K741 (Kurihara et al, 2008)
K ] 3k ¥ IH (Srongyl ocentrotus inter medius)(Z5 H#a 7%
S5, 2013) AR At . ARBFR R IR, HEE R pH 1)
TREM EA B, Rmiks] 48.4%. Kurihara 5§
(2008)WF 5 & P, KSR 4y 2 H B I 1) iy
¥, pH N 7.4 B, BIEREEIE 80%, X M R Il
o R B . ZEHEARAFE(2013)X) ] R R
AIRIFSE 7, SEH0 20 K i 4l H TR 3 AN [ e i b 2 B
RN 4 BRI BN AR IR AR, X
SEffF oY 25 S4B, D I 4 U IE AR KA B
FAPARE BUR, R VERR L RS INR , TS R DAY
HORE DG R A BN (E AT 345, 2014; Victoria et al,
2008).

iR BT, pH T REXTH LI [ dA
Frm, ERER, 7E pH N 6.7~68 Bf, KB ZE D
FELh e R 29 h, XTERAACH 21 h, #EIR%
(2016)%} 7 5 (Cyclina sinensis) 1) #F 58 8 T AR 1
ZEIR, LI 5N RAAAEE, pH 7.4 4l R & B AT
[EJ 43R 2y 48 h, HKE WK B I ZEIR 2 68 h, #AR
WL i shie T RG], H—Hats EHELh i,
IXAT e SR K IR IG 01 50 42 3R 5E T IR AL AR v, (i 4 il
MU T HREIRE, DAY . FRBRIE N RE ) 2%
SRS, 2012; B UL, 1991), M,
Kurihara %5 (2009) W 5% & B8, v 3 i D1 (Mytilus
galloprovincialis) it fits & & i 2 FE A A 52 R Ak 1 7K 1)
S, AR, PTREEMG & F R IAUKEE T A S50
WRE , AN IREE X G /N i B on 30 4, 2012;
JEILH, 1991),

3.2 pHMWBEBAYRERZR BN

TE G 22 S ke D1 288 &y SN 30 55 1 52 % ) o 4
OENH, 1991), MHEE KBRS, ol gea il
il DL 2R gl ik R, SR K ZRE, BT
(Kurihara et al, 2009), Z5HRWR, BEE pH BIFE(L,
A R R R . Dove Z5(2007)%} 4 175(Saccostrea
glomerata) A 5T & B0, B IR Ak B30T 11 H X 4 W A6 T
R HARKHEE S  Watson 55 (2009)%F 4105 1) i 5%
L R BRI RG2S S, 78 pH FI% 0.3 IS, 17
WA TEET 43.0%; 75 pH FFE 0.5 BT, 771
REFET 72.0%, X 5ALKLE LA

g AR ERNHRAEARERNER . A £

B B B 2 D B gl Ui 37 14 55 (Gatos et al, 1998).
MK pH VE M EEMIREE N T2 —, INZIHERILR
i, PR E K EE R —E R, B
MR T CO, M3t BE VA , 2T 1A 7K rh i 1 5 s i
ST, TR R A R I ik DL 2K DL B il v AR ) B 1Y
FEY T, pH T 2 PELAIL 2L 25 W1 S IR 45 114 e
J1, ETE AWK . ZE (Gatos et al, 1998),
XHF e 2., Green ZF(Q000)WF5E %P, 7E pH N
74 WA, KFFHEHGZRE TS, mARE
FEAG, JFHARZHO BT ET S Gazeau 5%
(2010)7E MR VL AFFE b &3, 24 pH F R 0.25~0.34
b, 76 2 d F1 13 d B PR 50 3 FRE T 4.5%F1 6.0%;
M pH R 0.5/, 15 d BFAISEIR FRET 12.0%, A
WFFE 45 1 5 AT IT 45 LA R, X 10 B R fh i 7K
Xt T4l g AT SR AEAE L I HLh B 32 P AH 2
RIRMR B o [, FEXT T FCBR AL DL (%348, 2011)
M & B0, D ML R RG0S, HIR Y R &
TFXFHEZH ; 78 Green Z5(2004)%} 44 5E A (Mercenaria
mercenaria)iff 5 &k B, 1E3CA AN AR P IE T3
WEREIN, SMFETE 2 N RIS . IR, S
WA A K R B R T RE A o A B 0B &
AU R T AR N A R BT, IR SRR A
FHF oA AR BT R 1 B 1 EA T SIS MEPE AR I, 52
THEYHAMWER EHES, FEEKEETER
(HHEFESE, 2013), XUERFFRLE IR, BRI K
XFIRMERKEFFME K, Cooley %(2009) il ,
) 2060 47, WEFERRCE 2 45 38 H DL =l ok ™
S, K R 14 AL TR A TR

3.3 pH X% B IR = 4h R & B R0

MR 4l B >50%0, 7 RO A L,
Aef 2 DU e P it 4 e ) R DU A AR R BB B Y
INBE R A AR, 2 i s R o T K B AN
s EBFET-(ORELE, 2001), ARG R TR, M
& pH MR, BEEREEAL, 2% 7 REF, XTHRAME
R rihF 88.7%, 1 pH 6.7~6.8 S8 2H [ 5 ALK
31.7% . Welladsen Z&(2010)%f 4 i ¥k £ Il (Pinctada
fucata)iff 5t 7~ , pH 7.8 Ml 7.6 BRPEAMFT, B2
AR RS K ST, WA R 2R, M
fE pH 7.6 Z50F T, BREEDUR 228 g Le X B2 4, 5
4k, Donnell (201358 AL, =HIE CO, F#1F T,
T DU 2281 T, 5% BRZ AR 22 40.0%. &5 5360,
pH T B2 1l 55 8052 2R I e T -
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4 ZiE

WA A pH 25 1F TS 1 DU & & b4l
HUERAEAL, UE pH T FEXT0E DU R R,
Wi W T 2K A R AN T IR, 4 ™ B i o 3 v A 2
Yy, UHEW TR, THEMAEYRAT. B2, pH
T REE KA R MRS R G, JUHRE
FHEI . IR — 0T, TR DL AR 8 4% I
A PRAGE KRB X IR A T K A e 1o B 3 A L, AR R
IBORE XAt , AL SRR AR SR
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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.

Key words Bay scallop; pH; Embryonic development; Larvae

D Corresponding author: YU Ruihai, E-mail: yuruihai@ouc.edu.cn



