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oty pH AR A 1% B IR G AL BT 1] 28 K 2 R IEALJG 09 B0 3T Rk 76 B AR P B A IS, 3 RIE G VAR 4 3T
ARMHA RART; M pHE 3, B5EFAEEMAR COT FPHETHRZERNITFRAEBAX TR THR
B, AFR &R, T B ARIEIS AL R E 69 pH 4 8. 1, 3% AT 70 4 Rt 42 b 64 5 i& pH SE B 34T T 4
A, B TR GBACEA G E ST RRAF AR,

SRR LA I ARG s pH ; B AREAL  IEAL B R A

B4 22 . 9966. 1;5966. 12 XHERFRERD A X EHES:1007-9580(2021)06-0064-08

LI FEEFENF ( Cherax quadricariratus ) ( X 44 M
TRZK IR ) Jirt 7™ T3 K S AL 38 Fn 3 JL P 0 g 38
SRR DX, A AR PR SR BRSO n] R LA
e PRI AR S R R R A SR TR IR R
— IR, TE R JRELME ( Procambarus clarkii) 45
TRK SRS T 377 SR SR BG I, 212 B4 h iy 7
My R A5 D R

CLESEIT BRI IR AL H AR — Rl A 2R 7
CLESEIFAET W HOR I HOR 25 X 20 B BT
J6 D SRE ARG B ] S 4, DA R 460 B 3 P A7 A2 AN
R 5 5 35 1 3 O 1 55 S R BELRS ™ M & J )
[, BEE BSRIRIG BEALE AR 0 & & | Z1SS 4k
#% Hemputin S & DL 2 K RN np <877

W #s B #A:2021-07-28

AR S Pk 52w T 38 RS AR ( Pacifastacus
leniusculus) 2T BCHESUR AL IR B IR IR i B B4k, G
f ZISS B¢k  Hemputin S#AL 525 1T T RAASE
PR AL BB RS R A 2 1SS WAL &
gE%’JFﬁ/—T&Q?ﬁZﬁUKﬁ/ﬁEﬁm*%@@,ﬁélifg
BIFIRNGTE— A AT 00 S A /K i Ak TR BVR
RAS B B RE IR IK IR , (ARG 1 50 i 4 22 Hh
Bl , MG — A = AL A S, H BB i
NG ACHUTT, AT A 209 195 T 09 /% #% . Cheng
AR 2L BB AR IR R AL R AE 80% LA
b, A A 2R R AR R IR 10. 65 T 2.
Hemputin Ji 44 15 8538 1 455475 H B9 BE AR AT 2R 4 %
RS R B o i F ML $22 , A AL R AL 42 I

EETE : FREA L 3 OB A1 5T H (2018 YFD0901305) ; I 1 £ 11 1k4 L 11 (20192D2028 )

EBE T FARF(199%4—) 5, BLBT A W55 1 < i e
BIEIEE

B, E-mail : 1848813256@ qq. com
JRE R (1963—) , 5, WF5E 52 B 7 1] K =R SR GRS & H AP, E—mail ; guzhimin2006@ 163. com



%46 1

F5 K FRLE  R[R] pH X LT 25 E R PRI B AT Ak 2 14 5 65

AL S HT S BN 85 50, v A BRI AL 1Y
55% 425 65% ', Clive 25" F| F| Hemputin §7
1t 2& & (Clive 55 ¥ H iy 4 N AquaVerde
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1.1 ##

ABFFEAE FH B AL R G2 R DA ZISS Skl
HEMKB/‘]W%{JCJK%Q, KE K 70 em., TE 50 em . &
40 cm, 1 NKFERCA 3 4> ZISS W#fb#s, Bl h 3 4
SEATIEE AL, KA B TR K U PN | 3 i
B K KR, VRS AR B Y
Z1SS Ak as th LA (255 500 mL, 42 80 mm,
1 250 mm) | ad SRR RE IR AR A A
B A ARG () . BT
JUAMEA: (1) st R 32sny = fe it Tk SR
FIRTL , AN 32 77 1A B4 B 7K B Ry A e 2
el R 3450 T A 2 1 38 2y, L 3R 3 1) R Jif R A
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T QAR RS T AR 3 07 £k v (%) B BG4 BH VR b BRK 3t
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VT AT DA 2550 A ok DR 8 e it 4 RIS 1 3fl 473

5 (4) 32 FHiZ R G A ) 75 2000 28 PhsEARmT
ZISS Wk as 5 THU , HAEIR 277 T Ak 2 /K i
L2 BRRE K2 5Kk —EHE N, Bk, Z1SS
kg R EARM AL R gk A /NS RE 5
BRI LI A A BT (B B 05,

e P 0 21 5 25 0 3 BT SR A R £ B, A VR T
LA IRIKIK I 5T i B i g H kb . /K AE N7k 2y
120 L J7 , JH 30% ~ 40% (&AL & (HCT, B 4T T
BRI T ) Fn 4l B K F 96% B & %A Ak 4l
(NaOH, A= T A=Y TR A0 A BR 2 /1) 815 K
& pH,

1.2 Ak

FARR T 5% 22 o B UL T 7 % B M 30 (A7 %
@) IR TIG , 20t 3 000 mg/L IR 1 31 % 15
min, {5 & F ZISS MRk 48 dE AT B A Ak (&
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1), HAEREpBY Be A — H 2547 3 000 mg/L
WEIRALIHTE 15 min, KROPIE Y5 A SEATIH BE AL 3,

RIS S - pH I041:6.8.7.7.8.4.8.9
9. 4, 30 8 5 A 55 0 O RE pH B FR e, K
WK (28+0.5)°C %4 5 mg/L LA b BRI
4 3 AT, A 200 KRG TR 1 d St A
YA P LI  JERE AL [E] | S v R (R E
Znl {hizshiy 3 A ERag ) (T A
Mz Y 3 WIAHR R ) S50

H=(J,/E) x 100% (1)

S = (J/E) x100% (2)
Ao H A 9546 K (Hatching rate) 3 S R H 1 R
(Survival rate) ;J, N RIHFLNER (Juveniles stage 1)
Boig ], Al A iz i) 3 HHAEF (Juveniles stage
3) ¥kt E R dcE
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K KT )

—
KA E N
LRI B K
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Fig. 1 ZISS Incubator and its schematic diagram

1.3 HiELE

FI A B A 35 T 34908 + bR o 25 3R0R, g H
SPSS 17.0 #47 HLH 2 5 224397, Duncan’s £
LU A3 B 5 AL 1] 1) 22 57 4 2544 (P<0. 05)

2 #®#R

2.1 AEpH AMBUREHER

K2 KH, &L RIITE 84. 0% V) |, HA
pH ] JC 12 5 (P>0.05) {H pH 8. 4 41
Ak e i T AL U2 pH X H B R K,
pH % & sk IR 52w Hh i %, pH 7. 7 4l A
pH 8.4 411 3 & T HAth =41 (P<0.05),pH K
6.8 TR 0%, 5 pH 9. 4 H LW FEM2LH
(P>0.05) , 3% 8 F A% F HAth =41 (P<0. 05) ; 7£
pH 7.7~9.4 Z A i 8 TR

WAL (%

100 - i f( )

a a
B

O HR %)
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T BRI P RROR 22 A B35 (P>0.05)
R BRI 5 8 # (P<0.05) . I
B2 JEETEEBREFLE HER

5ik{k pH BIX &
Fig.2 The relationship between pH value and

hatching rates,and survival rates

2.2 A[E pH XFBERR ML 9 520

Kl 3 SR, AR pH X i 0 Ak 1 52 ey 3 22
B3NN ) REBIALIME pH 28 1L T 5
[NEP N A S SR AW SRR R e S o
84. 0% LA 152) %% pH LU AGFET R W EE T 75 5
K, H pH 8.4 4HAES 5 RAYIEIGFET- B A%,
BFEMT pH 7.7.8.9 5 6.8 =41(P<0.05) ;pH
7.7 ARG IET B0 =, W3S T pH 8. 4 410
pH 9.4 4 (P<0.05),%5 5 KIGIET-HHZ i T
k% {5 pH 6. 8 ZH7E%HE 19 KABA MAGAET- BT
RIS (1K 3);3) pH 6. 8 2 i i U Ak 1 ] 43¢
K HABA I T4 11~ 13 REWL  IZAE5H 19
KIGAA 516 BRI

201

¢ —A— pH6.8 —8— pH7.7
—%— pH8.4 —e— pH8.9

—_

N
T
(e}

MEHRSETH KL
wo S

~

0o 3 5 7 9 11 13 15 17 19
et i /d
T« [ — H P E_ B AR AR R 5= RS F Hf0] 22 58
% (P>0.05), [Al— HFIH EARAN R T RE0 22 5 1 2
(P<0.05), T
B3 AE pH &4 TR T B REREREN
Fig. 3 Changes in the number of dead embryos under

different pH conditions with time
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FKTREE ANNA] pH Xof 212 2 0 IV i 2 AL R 1 67

2.3 A[E pH 3400 4h HR H & A9
S50 R, ANTE] pH X)) 0 T A 52 )
FEA 3, 1) pH S S5
MR RHRET:, i pH 6. 8 ZH A1 pH 9. 4 ZHAY
B R 0%F1 1. 5%, 2)pH 9.4 AT 11 X
ST IR B KA T4 i) pH 6. 8 41
T 17 XIFMG HIZ IS, HiAth 3 41k i A~
] A5 4R K AE T B 4, RIS pHL 20 4 0T B
JeRKARFET, PSS pH 21, F 18] 3 41 ) & HY B
YRR EIETZ (K 4) . 3) e AR AR pH ZH 40 R
FEARK T, Hofth 3 4 A FESS 19 KA
25 K, LSS 19 KA FE, 7545 19 K, pH 7.7 1 pH
8.4 My i L E 2 (P>0.05) , H¥ W
T HAB A 20 (P<0.05) ;7545 25 K, pH 7.7
ZH B R T A A 4 (P<0.05) (1 5)

—&— pH6.8

nor —e— pHS 4
- 60 —o—pHY.4
<50 + ——— pH7.7
ﬁ 40 F —m— pHS.9

10
0 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
i A]/d
B4 R[E pH &G TR TE B
B B B B 4L

Fig.4 Changes in the number of dead juveniles

under different pH conditions with time
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Fig.5 Changes in the number of newly hatched juveniles

under different pH conditions with time

2.4 WHERSKE pH WEIEFHFESHRES T
RS AR pH 89 K TRy = -

40. 465x>+654. 572x—2578. 188( R*=0. 964 ) , 4%
AL HIE BB R =0. 964, . E 1K SE K 0. 000,
VB 30 )5 R G A SR AR %, B pH
5 RnR i REBOUA RERE (K 6) .

pH{E .
6 HERSKME pH W XREFAFRE

Fig. 6 Quadratic regression equation betweensurvival

rate and pH value

AR 3 2 [ 5 7 R R W (B s A K« =
8. 088 I,y f3 2 Fc KMH 68. 942 3, K, R4 1% 7]
7788, 24 pH oA 8. 1 B, £1 BB MR B AR ARG i
HIRF B 1 68.94%

3 itig

3.1 pH X BRI R

T R I pH A SRR
Ak, e Ltk WG 2 i RSB T s pH 2 iR, DR
WA O ARG SE T, T 2 BN RS
KB, K pH S22 75 8 ( Seylla serrata ) IR I
KE,KEEH pH N 7.0~9.0, i pH N 7.8~
8.2, AR KR4 75 2 R (6 I8 iibIsET- % 2
Magallon 25 B 58 B, pH Ky 9 B, FLAK I AT IR
PIREAL AR, ARAR TS, A i 2 B A i
AR LE 84. 0% L) I, H4% pH 4B 1L %0
2 S B EIL AR 52 pH 2 /N I AT
FIE 2 R Ry £ 2 285 MR R Ji B0 A RS | AR 8 2 0 I 1Y)
PRIPR 0K pH AR AL AN RO, 2% e 2 R
GAET U 32 2R AR TR AR S 5 R, X AT RE S
WA 5 R AR T 2L IR AR KA
5 A R IR IG TR 46 B sh WG+, XA A A
ARARES R ST S K pH 8. 4 AR
LT BRI, T pH 7.7 8.9 16,8 =241
(P<0.05) , "] REE N Y MEIG A B EH IR A FRIE
W e Ak S A B LR ) I RE & THT ) 5 Y
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7 A FVRE R (R R AT i A E BRI e
ARGER, HI, LA HEN pH Ol 8. 4 BT
VRIS A T 6 B v, X 5 T B AR 4 2R
F—2, ABITE AR R B BerEsE T 5 A H
BEMREZIC N, RIS I TR B UK,
e SUNENIEZ S AD R/ 0 AR N 1/ 18712
L PEAR pH Z60F T, BRI iR SR AL i AL B IR
Rtz 2 A, S b R g d
LT ECE TR 18] pH ANEAE 7.0 BUT, 75 U A]
RE T AU T PRI 02 I AR S 4, T 2 B 4
IR ST 22, Ak K M4 pH < 6. 8 I 25 Btk PR IR
6 & BB, I NNTE pH IR, B9 525 ) 1 il
G e € G R Y S R LIRS /R Awi)
KSR, 3 R — S5 A IR B2k £ T RE , 520
HpEfk . PR, AT LAHEN, pH 6. 8 ZH i Jift 07 L 4
ZeJe N MR pH 2 IR Jif A 5 R AL A 5C Y 2L 28 1)
RERY RIS, BAR B T EIRARR
3.2 pH X3 H /E 40 EF H BRI

TKARERIE P pH. A g AR 52 W 26 R 28 9 A AR
o R, Sh AN pH Heim i, 24405t
P pH 3 e B AROR H AR 9 Ak 27 SO R 4
(5% W RE TN, SR TC L 4E RN IE 5 1Y pH
{5 A 2 AL, e i T B FSTIA
N ANTRIBRSE P i 52 1) 0 EC AR Y pH Y8 FELAS
7], it e AR ) pH 4 2 A [ e JBE 3 i 0 56
FeFIXESCE R AL, 2 Ae 07 ORI R
IR 2 pH AL FEIAR 22 8K, Allan 55
B, pH 4 6. 1~7. 8 yu I, BETT X HF ( Penaeus
monodon ) 5%t J5 2 AR — BB FE TS, 524 pH /)
T5.1 W2 R A IASE TG . HARHEXS
¥R ( Penaeus japonicus ) %l ¥F A f & pH i 8. 0 ~
8.2, ENVEE Y 7.7~8.6 7, #EALE N BT
FW B pH WFHE, H AR TRERGIERFE TR
K)o BT, 2R WY pH Xk 4 i 0 2 B 1 5 X 5
w R N, Wang R B, b E X R
( Fenneropenaeus chinensis) 7 pH =8.5 ¥ pH <
6.0 If, AARTFIE RIGEAR . AWFFERI], HE R
32 pH SEMaAL K pH 6. 8 F19. 4 41 H B ALK 0%
F11.5% ,pH 7.7 LA RN 53k 68. 86% , 2%
HECO WY TG 2L BB IR Y pH &L &
LW, /£ pH 6.0~6.5.6.5~7.0 F18.5~9.0 31
LN, BT R 5K 53. 13% (67. 46% 1 65. 76% ;

4 pH H R Ak T R R T R
B TR X SR EE RIS H R m et s
PP A AR M TP AT A e v 1 1R B R S AR A
RAFE, ARIep, pH by 6. 8 B, HIHTR N 0%,
B WEGTE AL AR N AR TR AL T 19 K,
WA BEH pH 9. 4 B, TR 1.5%, 2 A
IR R, g 25 R W, DB B AR R
i pH B R 7.5~ 8. 01 5 A< i 06 4 I 2%
R (pH 4 8.1 i i) WA 220, AWFHR
o, pH S 9. 4 BIRAL 5 2 ERFE T IEAE L pH
6.8 B HEHT 4 K, 56 & M, ZISS e LA K ik
6 PR A 3 T A KRS FURI 4 , 45 6 4o R4 Y
WFFEHEI &5 pH Z5 A48 77 A= (e RLRE 50K P 4 A
AT RE A TR IR ES TR, B R 55 DT AR R 25 K AR iy
BEE TS PR, Dall 5507 A0k X iR 76 i 5%
T2 AR A HR R IR A5 8, DA A S 4 45 4k
R, HLU R TE FLAP T X 0 7 45 25 e A A Y A A
e 2, I, B5 B T A RN S BN
MR SE 5 PRI , 52 10 X R BTG 2R . XA [ REIA
S, pH k9. 23 B, BRI A H] T b (KR B AR
(Procambarus clarkii) % 52, ZE TR F+ &, & pH
AR KR coy e BT, cOT R FEME
ERTF MR pH 4121 BRI AL S B e
AT i 1 R AR A T REN S B T AR
PLJ COT Frid b THER A3 R i IE AR I
FEIFREOLR AT, MMk pH &4 T, H' & &
B, 25 SRR A I IR) R R R A, Bk A B
B4R, RIS BOR S A A 43 i 1 1) g R 1 i 2 1
EHER RIS, EAE S T AR,
Al pH 2069 pH ol 6. 8, #I A B3 & pH
51K pH FFaEEHLBEAR R, Bk pH 7R 56 )5 30
BT I, BRILZ A, MK pH T BUI G 87
PR Ie T BE S AT T e W IS A SR AL
3.3 ETZEEMARSH pH TELES
Perez %HOJ T 20 {20 $5E H E AL &R 4 X IR K
FEUR IR G B IR AL 1 B D) A RZ I, Joly
RSN LB RS SR A R E RN, T
— BN R TF AR B L RS, 45E Y
AL fe ik Bor il TR R A4
FEBEUP B REAL A5 J7 ) 238 B 1 B AR AL R
ST & X fefk Ber e TR E , A)E
A 5T AT DA T2 25 AR Ak R 4t , 38 o W Bk I ¢
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LS4 T pH TR A4 il 55 7 R A s A e A 4 A3t
LEBER

4 #ie

7 pH 4y 6. 8 ~9. 4 W[ P, ZLEEHLUF 25 {4 IR
R AT pH 5200, {H pH Ry 6. 8 B 23 15 IR
JEIREAL B AT RE A | HL 2% 1 00 A6 5 19 401 IR TS 1k A7
T, SoEURTE UL pH 4514 00 U0 R 10 I R 5
RS RIFEI 1 N A 65% DL 1 i 3,
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35 P A7 LA R 55 T S I R ) 6, S B0 R G
RIEH KT, mABT;pH R 9. 4 W23 18 U
Je WSl A R B R 26 ] P R G At 38 56
HE e BURESET, & pH R AT, 555 1
TR K COY P RE T BB 1 A &) R i S
PR IET AR IR 15 Z1SS Bpfb 2 ik th 141
BHIF B AL B A pH 258, AR £k Ty A 4%
SN 21 BB B AR R R AL B & 1 pH o 8. 1,
XAk AR P A Rl pH YE FEIEAT TS H AL, A
BT R AL 3 R0 %, X T S bR AR 7 A 4
YER , M ET BB MR RS Ak B AR IR i S 45 pH
TR G 5 Re A B RN NG AL B AL T SRl K
T
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Effects of different pH values on in vitro artificial incubation of

embryos of red claw crayfish Cherax quadricarira tus
WEI Yongchun'**  CHENG Shun’, JIA Yonyi*, CHI Meili*,LIU Shili*,
ZHENG Jianbo®, LI Fei*,LIU Yinuo®,GU Zhimin'**
(1 Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,
Ministry of Education ,Shanghai Ocean University ,Shanghai 201306, China ;
2 Key Laboratory of Healthy Freshwater Aquaculture ,Ministry of Agriculture and Rural Affairs/ Key Laboratory
of Freshwater Aquatic Animal Genetic and Breeding of Zhejiang Province ,Zhejiang Institute of Freshwater Fisheries,

Huzhou 313001, Zhejiang China; 3 National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University ,Shanghai 201306, China )

Abstract; To improve the hatching effect of red claw crayfish embryos in vitro and provide basic water quality
data for large—scale incubation,in this study,the ZISS incubator was used to explore the effect of pH on the in
vitro incubation performances of red claw crayfish embryos,such as hatch time(to freely moving juveniles stage
3) , hatching amount( the number of juvenile shrimps reaching stage 3) , hatching rate and survival rate etc. ,in
the wish to find out the optimal pH level. At water temperature of 28 +0. 5°C ,7 pairs of appendage embryos
were stripped with a comb,soaked in 3 000 mg/L formaldehyde for 15 min,then incubated in a ZISS incubator
respectively at pH of 6. 8,7.7,8.4,8.9 and 9. 4 adjusted by 30% ~40% HCI and NaOH, for a 25 -day
experiment. The results showed that there was no significant difference in hatching rate among all the groups
(P>0.05). However,the red claw crayfish exposed to pH 7.7 and pH 8. 4 had significantly higher survival
rates than those in the other three groups (P<0.05),with 0% survival rate in pH 6. 8 group, and without
significant difference from that in pH 9. 4 group( P>0.05). There was significantly lower survival rate in the
two groups than that in the other three groups( P<0.05) ,with downward trend of survival rates between pH 7.
7 and 9.4 groups. Changes in pH value during incubation did not led to a large number of embryo death ,with
the death peak of embryo in all pH groups on the 5th day,and the longer incubation period of the embryos in
pH 6.8 group. In the pH 7.7 and 9. 4 groups, a large number of death juveniles were found,while not found in
the three middle pH value groups. Red claw crayfish juveniles were observed in 19d and 25d. The results
showed that the hatching rate of in vitro embryos of red crayfish was not affected by pH changes within a pH
range of 6. 8~9. 4. However,low pH will prolong the incubation time of embryos and make the young shrimps
unable to survive after hatching,leading to the phenomenon of acidosis and resulting in physiological hypoxia
and final death of embryos and young crayfish. While whenpH is too high,the decrease of calcium ion content
and CO3 poisoning may be the reasons for the first mass death of young shrimps. According to the
experiment , , the optimal pH for in vitro embryo hatching of red crayfish is 8. 1. This result provides a concrete
optimal pH value for the hatching processes, which will be helpful to improve the hatching rate and survival
rate,,and play a guiding role in future practical production.

Key words ; Cherax quadricariratus; embryo; pH; artificial incubation; incubator; aquaculture





