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i & X 52 FX J 25 R AR AR #0 4h 1 & B B¢
A K BAR G R AT R

LA d R KRR = F /4P R b X5 K REEA R/ HAe bK &Syt om F By TAR AR P/
KERKRIEFFTREZKRAAY Z LG ELRE I EARL P, KX 430070;
2 BRI TR FRL KPS, T 4331005 3.4 E BT TR L R A B, BT 433100

A

WE NE TR IEE IR (Procambarus clarkii) JEJRFIGE K& & Wi AE IR X & 19.22.25.28 °C 4 MR
VSR 45 15 B 2% 1 5 R RS IR IR i A&k & B 1L AR L 10 5% K (R TRLBE T VR i A 4 1 B BE A TS R LR E
A RV OB . 45 5 R R X T EC SR B MR R N 0RE Ak 2R A ] I 4 1R TR SRRSO SR A
FER RIS (19~28 COYE N L MR & 7 E AR B VR R T e T PR, 19 °C R 28 °C 2 A4 T R Jif 9 A e 18] 43
5 7(622.67+£6.02) h FI(349.674.63) h AR 7 Ak 4 B A2 2 52 B0 Se T4 B 0 #a 35 78 22 °C I 07 Ak % i
B h 91.03% £2.97% ,28 °C I WAL R AR . ALK 40.53% =4.97 % 5 4y A & B I 6] 56 3 88 25 T 4% 4. 19 °C AN
28 °C 41 F gh ik b B & & B a5 B 18] 23 3 9 (304.004210.73) h A1 (194.009.03) hs &l 4 il i ZE 06 6L 3 T v 2 30
“HETFERET By, KR 22 °C i, S F R (94.37% £ 1.60%) . K IR 28 C I, BTG R K (82.67% +
1.51%) . 2R H Sanderson-Pearis 28 2, i+ B 4 H T R IR E PR G F 2k R & AW ST 8 4yl 8 7.32.
3.29 °C AR T HE N7 0 B AR R GI A  E R RE AK E  TA R B o O ER RS AR R B N AR % B W IR GE IR
435 R 22.06F0 22.78 °C . LA 4 TR A, 2 10 FCJ5UEE MR T 0 B b R G AN g A K Y TR R R

h22~25°C,

XKW WIVEEIL; WhER; kR E: W, BUEE,; 1E

FESES Q959.2237.63  XEKARIRE A
8 [ JR B AR (Procambarus clarkii ) 18 FR /N e
B, J2 —FhE A ROK & PR IR, BA 4R AT 4%
AWy 2 P BB SR e T 5 ) e AT K B 5 E
TEHSERK, 5AKEH R T HER SRS BN
“ROUK R Fh IR R, P, 248 T 21 2291
R R A R S T A R A R R R T L 2019 4R
4 [E 5 IG5 B R A b % 100 ARG 110.59 75 hm?, 7~
T 177.25 T3 1, SRAT, B EC B IR 7l A M R
Je il i b, AR R Ry B O A, LI B I J
W AR R 2 S R I S Y B A L S
3 o R P AR A ECRR A R X R R R
75 2OHE LAl f2 T AR 5K o B e i A AR R AR 2
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W, R K MRS 24 h B B SRK B SRR FRAE
(8.0+0.5) mg/L, @& K¥(0.024+0.01) mg/L,
pH 8.0~8.5, i # A 60 cm X 40 cm X 20 cm
B4 S} KR o A 4 o KR

W 19.22.25.28 °C 4 MREABA IR EAR
ML 0.5 °C o BRI BEBR B 12 R IR, Horp
6 I TIRIG M4k & & s 28,6 R T4
Bl AR AR KR R R 2 20 LtEe
FHIK o B AR REFR S m KR 73 3 2 d fi 1 TROK .
WA K AR 1/2, 4 7] 45 7K I ) g SOK
12 HAREEUR

SR B 40 IR 1Y) 320K O AR R IR K BRSO L 4 B
WA 2 h IOFEWLEE 1 WG G & & Bl IR 2 5
4 h BURELEE 1 s W i 2F A IR R0 A Bk AR
5. 12 h BORELZR 1 k., BIRIERZ DN 5~38
KL, 78 AL BB (Leica M205 FA) F WL I, T
SEE W EBRE, BRP AR A 1K, IHRL
T A R N L E A S e v Y RO R P N T TR A
2 R AR (] A 21 B4l R H R ]

WIER S B 12 h UL 1 R, B2 OB H
Ko BREANEEMYLEE 3~5 &, 7840 8 H4%
(Olympus SZX16) T WL %41 I, i 5% 2 1K 0B 25 4
fiE, BRF AR A 1R IEBRILIR, 416 T LA
O WEAE 1 Bk B A . Gt 2 iR B B () & 7 B ) A
15 38, 8 I ) Ry 2 R R 30 3K 2 400 1) B 1]

1.3 HEZITHWEHE

WG IEAE S (R s Y00 L 4 7R DU A6 21 IV 1 19 B
R Ry, YO EWFFE (C, "C) M A IR
(K,°C « D RHALTFAXIE:

Ru=(Ny/Ng) X100%
Ry =(Ny/N,) X100%
_So'ST— 3030l
nS v’ —(Sv)?
K = (T —0C)

K, N AR O0 65 Ny ok 8 7R Ak 66
N~ VA2 R EC 5 N, 3l 36 T Uh B %) R 58 8805 ¢
KRB ;v B EEHEE /N T RFEK
W °CiC HREMEYERE,CH .,

RIS B 2R A B R ifE2E (Mean+SD) ,
FIFH SPSS 26.0 X H i 47 5K 2R Uy 2240 B F 2 L
BLPLP<0.05 RonE R B E. B ZRIA R K
GiHHVERI AT GraphPad 8.0 #7443

C

2 #BHREHMH
21 REXEHREENEM

DEIE & E 4, S IR L % B IR 200
G H 153 0 6 v G R B AR IR iR kB R Al
T~V 6 BB D, W FEERFMEMF. T
W CZ RGO D IR LRI AN a5 W, Joi JIEE 5, O
FMEA R (B 1-1); 113 (IR 281 - 5 B 43 B
LA R CEL 1-2) 5 T 48 CHE R 399D < B 8 3% 18 43
498 FSCS R HE B B A0 5 B9 B AR B rp e A R
4354, B kg rp e i (R 1-3 . 1-4) 5 IV 3 OF iz BE A28 B
RAEHD A IR N BE IR FLIE B, 2 X R0 i J O
LA 1-5.1-6 ,1-7) 5 V W CBR Y TE 55 4l AR 309 < 2 o fik
fA RS 3 S 5 AR 4K T AR, F A BLIR B
Y FE RO WE (AT 1-8.1-9) 5 VA (BF P 5 R 4l iR 1)
i) Pz 0 P 5 oy 52+ B, A MR TR G o0 K B0 4 o
HA¥rfsl TRe (| 1-10.1-11.1-12),,

2 BE X I G A A 5 e, AE 3K 08 IR
(19~28 °C) il Bl N, 3¢ IG5t 2 0 IR G 1 B8 1 % %
b o R EE X I Ak AT B R e (P <<0.05, % 1), Bl
R BT AR R B TS T R B KR
22 “C AL R B, 9 91.03 % +2.97 % 5 K 28 °C
At O Ak R A . O 40,53 %0 +4.97 % , H W % T I
fi 3 41 (P<C0.05), MBE (T 5WREROBER
ATV o R R i 5 Ry = — 151577 +
66.83T — 641.5,R*=0.935 0(P<C0.01, /& 2), ¥ #i&
M4 RS 1 22.06 °C B IL R i .

3D XTI G & B RS E g, & 2wl
JHY IR T e ERG A VR i 45 B B O B I R MR
FE R (P <0.05) , [A] — i B AN [R) W G B B g Ao A
AT Horp, B g IR A g E & A W e K
(111.3343.01) ~(205.33£3.27) h. 5§ 32.20% ~
33.01 %0 ; I PN <& AR 4 R 30 2 FE B 5 R A B B, o
29.13%6~29.27 % ; U N JC 15 4 4 i5F 01 A B m IS T
BIPI#,  22.70 % ~25.24 % , HoAth JLAS By BEFE I 5
Fe b BRI G B SRy 1500, Bk
KB A 19~28 C N, I K& & % Bl B 19 T =
TR S KL 19 °C S 0 7 Ak B ) i K, o (622,67 +
6.02) h; 7Kl 28 C B, 0 Ak 0 8] 5 g, o4 (349.67 £
4.63) h & JE (T) 5MALEE [ (D) ) 26 & 0T DU —
7R B LA . D =0.1709 T? —9.254 T+
139.9,R?*=0.984 9(P<0.01. & 3), K it £ L&
D5 R AR, 27.07 °C IR G 995 Ak B Fe e
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LZKGO0; 2. OPLH; 3~4 MR 5~7. R RER B &AM 8~9. BN LW 4N ; 10~12. SINFARG KM, CM. Hh e it OLP:
AR DR AL AP il f )R 3 Ho o0 HE; OL: #Lif; CE: B MR, FrR .1 mm., 1. Zygote; 2. Cleavage stage; 3-4. Blastula stage;
5-7. Gastrula and organogenesis stage; 8-9. Nauplius stage; 10-12. Zoea stage. CM:Central mass; OLP:Optic-lobe primordium; D:Gastrula
with dent; AP:Antenna-primordium; H:Heart; OL:Optic lobe; CE:Compound eyes. Scalebars are 1 mm.

1 RREEGNEREETEHER

Fig.1 Embryonic development stage of Procambarus clarkii

®1 FAREEBETREREERFLRMGELEER 30~

Table 1 Hatching rate and larval survival rate of
Procambarus clarkii at different temperature E
= 25k
g/ C WAL/ % L IATF R/ %
Temperature Hatching rate Survival rate of larval i
19 82.83+5.15b 87.20+2.20c = 20F
22 91.03+2.97a 94.371.60a = ’
25 86.8744.52ab 90.301.75b g X i
28 40.5344.97¢ 82.6741.51d & :
[R5 BE R [F] 5 B bR e R 22 5 B3 (P <<0.05). Note:In
the same column, the different letter mean significant difference 10—~ 1'9 2'2 2'5 2I8
(P<0.05). i E/°C Temperature
100F = N 8
B3 REREEMHARBEIKENXR
Fig.3 The relationship between hatching
L8]
T 80 time and water temperature
Bo
= N ., y .
= O IRIR & B B AW 2 O S A ROR
= 6ok WX FR . R Sanderson-Pearis 24 2, 11515
»S >, ALY =N A oy
3 SRR B IR R R B R e Ry 7.32 °C L B
) Y o~ -~ S N ~ S
5 aof . KEART7.32 C -G EILRT. ¥ C=7.32 10
* ARKK=t(T—C) it EAFIRE TG X
20— - s - WA SRR, R 2 n] g IR B A B

19 22 25 28
Mg (P<<0.05) , 76 X 5 ¥ B (19 ~28 CHyu [Hl N,

B B 0 T L IR R B A RCBUR BB R
TE7L Kl 22 °C wE BT/ A R R R, R
(6 494.584+150.21) C - h,

IRJE/C Temperature

B2 mREZERMLEMKEHXR
Fig.2 The relationship between hatching

rate and water temperature
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2 ARAEBRETREREZENEREMENESHE
Table 2 Development time of embryo stages of Procambarus clarkii at different temperatures
T H Item 19 C 22°C 25 °C 28 °C
ZHEOW Zygote 10.33+1.51a 8.33+0.82b 7.6740.82b 7.67+0.82b
P Cleavage stage 22.67+1.63a 21.674+1.51b 18.67+1.03c 18.334+0.82¢
2R Blastula stage 38.33+t1.51a 33.67+1.51b 31.33+1.03c 30.33+1.51c

J5 I B 0 B &2
Gastrula and organogenesis stage
G P9 T 44k 0
Nauplius stage
B Py <5tk 4 3]

Zoea stage

FgE R B I /h

Duration of

205.3313.27a

development

162.00£6.57a

184.00£6.20a

KE BPIE/h

Total duration of development
HHBUR/CC « b

Effective accumulative temperature

H W22 /°C Biological zero

622.6716.02a

7 274.33470.35a

132.6743.01b 124.6723.93c 111.3343.01d

112.00£6.20b 90.0046.57¢ 80.00+6.20d

134.00£4.90b 110.00£4.90¢ 102.0046.57d

442.33£10.23b 382.33x11.27¢ 349.674.63d

6 494.584150.21b 6 760.634-199.32¢ 7 232.00£95.83a

7.32

AT AN A & B A e R on 2 5 W 3 (P <<0.05), F[Al. Note:In the same line, the different letter mean significant difference

(P<0.05).The same as below.
22 BEXMHERZERZME

DRk & 9. RGN ARIE KR AE 6 5
IR IR Ik & B Be oy 4 ASIHE (L 4) . 4538
AR - 1 W A, BRIV B A 4 A Sk i
FES OR B, JCHRAW 5 M ) 5 %F AN BB RE Ty s R 4
Xb B 1 X REANBEATIT 5 B IR JE W 6 (T
AN TRz 1 Bise)n o 1 W4l A i et 3
MR A 3 B, 3K Mg 3 B B 3 U R Bt R B R R 5

2 /N2 VR e RO B FL A R RE T 5 BRI %
TR I HIE (& 4B) . gl K3 2 eisd ¢ Ja i A I
A A 7 i B Sk Mg R B B A L VR B R
P 22 3B W % s 5 — M L BB RE 1 Pl 5K T A AR
AR /N R A= ) 5 56 1.2 fish Ff B0 B n L R w8 m]
A sk a (8 40) . 2h k3 3 st s Ja A IV 191 4)
WhrHEHBL ZMN PR AT CREARE, %
Ji B A R 5 SR — MR B R TR D S XL A

AT Wghik; BT WIgiA; C.INMA4IA; D.IV#IZA. #8 R .1 mm, A.Larval stage | ; B.Larval stage [l ; C.Larval stage [l ; D.Larval

stage [V. Scalebars are 1 mm.

B 4

RERREMGELE MR

Fig.4 Larval development stage of Procambarus clarkii
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o Al R R R

540

5 I =R 5 Sk i R B 60 AR TR IR A 21 3 1k
(4D . DL I &R B AR 58 % T 408 45 H ) &
H o, ZJR IR AT 2 B BB

2) ¥ BE XF 4 R g R, 7E R 56 IR
(19~28 “COFL N , 7 [C J5 2 0F 4y 74 5 16 2 34 0] 35
80% LA L. m Il 5 AN, &l A g e Bl I 1 T
HHCT R R, KR 22 CRf L 4R R R
e s  94.37% £1.60% s /KR 28 C I, &l M pl 1%
TR, 82.67% +1.51% » H. 4% 1 & 40 %h K B 3%
REJEFE(P<0.05,.% 1, BECT 5 Y1k
TR (Ry )My Z 0] U =00 7 e A i 3 4

100
© 90}
® E
$1E
== 5
£
Sl
- 70F
1 | 1 1
T 22 25 28
JHIE/°C Temperature
B S5 REREEMRGERFREMKBEHNXR
Fig.5 The relationship between larval survival

rate and water temperature

Ry=—0.4111T*+ 18.73T —119.9,R* =0.838 4
(P<C0.01, B 5), MR 45 ith & 81 & 5 B3 515 1
22.78 “C B G A TG i 8

3 BEXT AR & F R E s, & 3 Al
R IR T B I i R A A 5 B B B I TR A
FER M (P <C0.05) , [A] — & BE AN [\ )y 44 B B Iy B A
3£l = o I || W< ) R N = R 5 ol T B 53 S
(76.00£6.20) ~ (120.00+6.20) h, 5 38.68% ~
39.84 %0 I WAMMA R B IRZ . i 31.96% ~33.02%;
I Wah ik % B Rrek it [l 5, o 27.63% ~29.25% .
HARK TG L AE IR I 5 (19 ~28 “C) 3 Y, I8 X
Wik EEHEA B EF W (P<0.05), /K19 C
i @k & B R K . R (304.00+10.73) h; Kl
28 CHT . 4 ik & & BF 8] 5 i, 2 (194.00£9.03) h,
W CT) 5 & B HE (D) 9 56 & ] DL 307 2 5X
HIFHE D =0.03472 T?— 2.151 T + 41.05,
R?=0.966 2(P<C0.01, & 6), fR 4% th £& 81 & 5 F it
AR ,30.98 CHFAh AL & b,

DU B WY = B SR S A BRI
K Z& . F* M Sanderson-Pearis A=, 115818 B 2 G
JRE AR AR & B I AEYFF N 3.29 °C, BIZKIRAL
T3.29C. 4hikiFib kA, ¥ C=3.29 fRALK
K=¢(T—C) ™, 313 [R1RBE X0 1) 2y 1k % B A
SRR, 28 3 mTAN, 7 56 TR B S DY L IR X 4
Wk B A BRI W E (P >>0.05)

x3 TRAEBETREREERAEEMRNAERE

Table 3 Development time of larvae stages of Procambarus clarkii at different temperatures

i H Item 19 °C 22 °C 25 °C 28 °C
o X T W14k Larval stage [ 84.00+7.59a 72.00+7.59b 62.0044.90¢ 56.0046.20c¢
FEo %k i /b &
Durati ¢ devel . I #4114 Larval stagell 100.00+£6.20a 82.00£4.90b 70.00£9.03c 62.00£4.90c
ation O opm
aration of developmEnt gy ik Larval stagell 120.0046.20a 102.0046.57b 82.0044.,90¢ 76.00+6.20¢

KE ST /h

Total duration of development

A RRIR/CC + b

Effective accumulative temperature
H W22 % /°C Biological zero

4 777.124+168.66a

304.00+10.73a

256.00£9.80b 212.0046.20c 194.0049.03d

4790.84+183.36a 4 603.41+134.56a 4 794.36+223.24a

15F

41 WK IRl

Larval development time
=
T

HEE/C Temperature
Bo6 RREENHELERBIKERXER
Fig.6 The relationship between larval development

time and water temperature

3.29
3 i #
31 REXNERKRZENRMERLZTHZM

FENRIG K B R R b, B o Ry T B SRR U
PAR IR g N R DR W IR (B S
PRS2l PR i & B R, B A
58 K B, 30 °C B v [G J 25 0F VR Tl (HEL B & & AN 77
15 d;7E Jin 8857 B TR B6 B X 50 v, T [ D 2 AR IR
i CH. D) 7 A P Isf I af J32 g 328 ¥ 4 8L, /KL 25 °C
AT 21 dsifi BAEEN B AF IR LA 12~39 C
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FAF T L 0 A I a) B R R T v S /N JE 8
33 CHE R cdd O 29 d, AW, 7E 19~28 C
kS R AT B R ) B R ) T s T 4 L K IR
19 °C I 1 907 Ak 1 8] e 4, Kl 28 °C Bsf 085 A I 1]
B, X5 R DR Jin SV B 9T 4 R B —
A5 BAESE BRE T A A L AR ST bR [
JE T I A B bR . B L AT RE A0 R Y O
AR KO F , B A G A IR iR 1 508 £ 3 88 B Ak 6
T TR BRI

AN ) B 28 o %o Uk JBE ) T 52 U AN [ > 7K e
o T TS A2 3 LA MR IR R S | AR T,
H A& 38 4F (Macrobrachium nipponense ) & i 1E
36 C LA BE A5 0F T AN BEIE 3 WAL B 2 A IF
(Exopalaemon carinicauda) WERGTEIRE#E 1 30 C
BPARBEIE 3 KBS 4L BB MR (Cherax quadricari-
natus)Z G P TE KRR TF 22 Cui o 35 CHE, 1
ANHEIE K BEALNT . AWE S, 2R R (19 ~
28 "CHVL A - v [RGB B R IR I 42 i 1 5 B AL L e AL
REAG I EE Y T 5 B T R R BRI A H, 7R K
Tk 22 °C i3k B i B AE 28 °C B R 0% Ak 324y
40.53 %, W F R T HAR 2 . 3 AT RE 2 K O IR iR
DAY i A B O il %) 3% A TE e T A2 0 ] BT
FECT MG LB BT WA R R T
e U 5 TG 5 2 O 9 0 O 6 285 B AR B BV T
IR A S AL 5k S T A T AR R PR AT s o — 2D IR

AWEFE
32 BEMNREREENRHDELZENZIE

Tk B2 X 5 T 5 286 R 0y 4K 178 A= A R 3% A 1
St ARG AR K 19~28 C &M T4k &
T IR R T R 3 5 A A A R
JEE 36 B oA v L AT B AR P v TG OB IR 4 1A R A 4
WA 5 AR5 AR H AR A [ X IR (Penaeus
chinensis)™ DL B FL 44 B %t MR (Lito penaeus van-
namei) " IR —B, YR E BT T
WHERE RN, 2B KZR, LTI
L R R HRAE 36 °C e i A 4R TG 7k OE AR
B RATFERE s HA T ARAE 31 °C i i i 4 (R 3T 12 %
R 88 %0 s BT B X R ( Fenneropenaeus merg-
uiensis) HIUFAE IR BEAR T 14 CHyK P fF IR,
24 hF R AL T . 2R B0 55 MBI 5T e IR I 2
URAE 31 C &M T AET- RARE .3~ 4 Ji J7 &5t
To. ARG 7E 19~28 °C il B 5 Bl P, o [ 2
HR 4l A28 R] DE K8 LT AR RE T o BT R

TRE” KGR 22 °C I R . 5 SR
EEGAFE M T4 R L L 4 A RO AR X A L A3
B 5 PR AT BE 55 0 1 B 9 A S AR (A P s A S
TEAWFFE L il (28 °C) ZAF T L 2 A T 6 1 3%
B AR L 3 AT RE 2 PR A e il bR 1B BRAR B R, A B
B R 0 B A LA A I AR AT 3 B4l iR
Ttk SR K 7e R sET=

AU b 2 B [ — i B2 VR Jie 0 4 K B 300
1 AW AN [R] Ay (A0 3l 88 B TR 52 i BT 2 v TR JIG
XATRES PR A B E RS AR KA, 1T~ 1Y
A PR T IF ER T K MR rh /N BRI B AR W, AT g e i
T LR B A B PR A B At e B T IR i 1 3
MR AE B SE A B I i de it . ZRa A Tids
i B AT B S 0N TS S R RIS A4l
R Rl I B3 22~25 °C.
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Effects of temperature on embryonic and

larval development of Procambarus clarkii

LIU Yongxin',ZHANG Dianfu', TAO Zhonghu® ,FU Feng’,GU Zemao'

1.College of Fisheries , Huazhong Agricultural University/Shuangshui Shuanglii Research Institute ,
Huazhong Agricultural University/Hubei Engineering Research Center of Aquatic Animal
Disease Prevention and Control/Engineering Research Center of Green Development of
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Wuhan 430070,China ;
2.Agricultural Development Center of Qianjiang City s Hubei Province ,Qianjiang 433100,China ;
3.Agriculture and Rural Affairs Bureau of Qianjiang City ,Qianjiang 433100,China

Abstract To determine the optimal temperature of embryonic and larval development of Procam-
barus clarkii ,we observed the embryonic and larval development process,and recorded the survival rate,
development time, biological zero degree and effective accumulated temperature at four temperatures
(19 °C,22 °C,25 C and 28 °C). The results showed that the hatching time, hatching rate and larval de-
velopment of P. clarkii were significantly affected by temperature (P<C0.05). The embryonic develop-
ment was accelerated with the temperature increasing within the experimental temperature range (19-
28 C),and the development time at 19 ‘C was (622.67 =26.02) h post spawning, while it was only
(349.67+4.63) h at 28 °C. The embryonic hatching rate firstly increased and then decreased with the
temperature increasing, with the highest hatching rate of 91.03% £2.97% and lowest of 40.53% +4.97%
obtained at 22 °C and 28 “C,respectively. The larval development time decreased with the increase of
temperature,and the development time at 19 ‘C was (304.00+10.73) h, while it was only (194.00 &£
9.03) h at 28 °C. The larval survival rate firstly increased and then decreased with the increase of tem-
perature,and the highest (94.37%+1.60%) and lowest (82.67% +1.51%) survival rate were obtained
at 22 °C and 28 °C ,respectively. The biological zero of embryonic and larval development calculated by
Sanderson-Pearis formula were 7.32 °C and 3.29 °C.Further, a temperature-dependent developmental
model for the P. clarkii embryos and larvae was built. According to the curve fitting equation,the opti-
mal temperature of embryonic and larval development were 22.06 ‘C and 22.78 °C, respectively. There-
fore,it is recommended that the optimal temperature range for the embryonic and larval development
during artificial P. clarkii breeding process should be set at 22-25 °C.

Keywords Procambarus clarkii ; embryonic development; larval development; hatching rate; sur-

vival rate; temperature
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