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Effects of water temperature on the embryonic development, survival and
development period of larvae of ridgetail white prawn ( Exopalaemon

carinicauda ) reared in the laboratory

LIANG Junping'?, LI Jian®> ", LI Jitao®, LIU Ping’,ZHAO Fazhen®, LIU Deyue’, DAI Fangyu’
1 Ocean University of China, Qingdao 266003 , China

2 Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: The shrimp, Exopalaemon carinicauda, commonly known as the ridgetail white prawn, is an important local
fishery resource that has been targeted for aquaculture throughout China. This species makes up one third of the gross output
of polyculture ponds in China; however, the artificial rearing of E. carinicauda needs to be improved. Water temperature
plays an important role in the timing of embryo and larval development. Thus, the purpose of the present study was to
determine the effects of temperature on the egg incubation period, survival and development period of E. carinicauda larvae
reared in the laboratory. The number of days from spawning to hatching and mean rearing temperature were determined from
25 females. The egg incubation period decreased exponentially from 41 to 10 days with increasing mean temperatures of
15.3 t028.1°C, but at 30°C , embryonic development could not be completed. The relationship between mean temperature
(T) and egg incubation period was analyzed using the equation 7= KV + C , based on heat summation theory. The lower
critical temperature for embryonic development represented by parameter C was 12. 18°C, and the sum of effective

temperature for embryonic development was 3828.27°C - h. The larvae from each female were reared in 1.5 L beakers at
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six temperatures (18, 20, 22, 24, 26 and 28°C ) and fed Artemia sp. nauplii. The number of days from hatching to the
attainment of each larval stage decreased with increasing temperature, the period over which 90% of larvae from the T ,—
T,s groups developed into juvenile shrimps was 21, 18, 15, 14, 11 and 11 days, respectively. The survival rates of larvae
decreased with development time. In particular, the survival rate of the T,; group decreased sharply over time. The survival
rates, however, from incubation to juvenile shrimp showed no significant differences ( P>0.05) between the six groups.
The individual dry weight of post-larva from the T, group was the highest of all of the six groups (P<0.05), and the
individual dry weight of post-larva from the T, group was the lowest, but there was no significant difference (P>0.05)
between the five groups from the T,, group to the T,, group. To conclude, water temperatures between 12. 18°C and 28°C
were most suitable for embryonic development, and temperatures from 22°C to 26°C were most suitable for rearing E.

carinicauda larvae.

Key Words: Exopalaemon carinicauda; water temperature ; embryonic development; larval development

B U ( Exopalaemon carinicauda) X 44 FAUF /NSRRI FHREE | S8 15 B 8% 1] ( Arthropoda) | 52 4K
( Crustacea) .1 /& H ( Decapoda) K& HFE} ( Palaemonidae) . YN )& ( Exopalaemon ) , 3243 Aii T 3 [FE A~ Kbk
T e AR e 2 I PG R TR ER /K I, LA A B ™ i ey, R BRI R 1Y 3 PR BIR R 2 —  H UK
T [E XFHF ( Fenneropenaeus chinensis ) F1H1 [E B HF (Acetes chinensis ) 2 THEA B A e A Ko
P AR RIS T A A AR BB UMD (1 T, SRR T AR B oK A 2 et
i 42 R AR IR I ARG 1 T AR A, Bkt g AL B R IR R I A PR IR 280 AR P33
FEATIE 1—2 J7o0/h’ 7 R R R A SRR S, (0 E At R A T AR SR AR A DX R SRR
PR INSEAR E AT BRSO R 2 T R N TR R R R, 7 TR R VA e DX T R AL
A S FRAEA R IR B e R BOR R IR N L R R B HORMEG

TEMMER T Wb, B S S 22— R R X R R kA B AR 7R R IR IR
( Macrobrachium rosenbergii ) . FL 4 1% Xf F ( Litopenaeus vannamei ) . H1 [E X #F ( F.  chinensis ) . & & Xf #F
( Fenneropenaeus Penicillatus) ZLECFEEMF ( Cherax quadricarinatus ) e FJRES IR ( Procambarus clarkii ) F8E 2%
T (Scylla serrata) 30 A L R IR RS TR T IR R XS A2k ORI AL B AR AR 25 R R
FURT G T4 8 FUR IR IR S gl AR AR 25 32 IR B 5% e A ATF 58 4520 AU, 20 1208 80 A AR A T 4 ik of 32 065 B i Ak
T WL RWTSE, R R B EMNRIGE S KRR B BE T —& il . ASCRRIUE R HEMNRIG R & A
TR, UL e g I8 25 0% mY adi it B, LAY E 5004 e LR S MO & ROIGR, 9 RR R AT
FHFHARM A SRR
1 #REFAZE
1.1 SEEphE

S AR FI R R A SN TS KK 41.98—64. 81 mm IR 1.24—4. 04 ¢, B # T 200 L (80 cmx50 cmx
50 cm) PVC IKIEAAM 7K (12.4£0.3)°C, 78T, BV AR R0 4L, 8:00 1 18:00 #% 1 ¥k, 4k K& k5
oK.,

TOUE A ARIGK , F % 31.2,pH A 8.2,NH,-N,, F1 NO;-N ¥ JE 43 5K T 0. 05 mg/L #10.02 mg/L,
1.2 S5k
1.2.1  SZAS OG22

Pk 220tk LA B RS BB TR 60 L(50 emx40 emx30 em) PVC /KA , FEAKIGAE P94 080 1 X,
FK 8:00 F1 1800 AHMH 1 WK, Wl [RIVELEE TR K 1/5 ., WER 0 S MERE AR5 BRI ], 28 B Je B MR AL o | IR B
B N ARG RN R 1 s, Horp 12 C 205 F SRR, H B B 4R A e il , L 0.5 °C/h THlR, B
BWENTTRIRE, BRICRSLIAIRE, B2 1 BRI (Z,) B
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x1 BEEANZHIMLEERE

Table 1 The different water temperature levels of egg incubation of Exopalaemon carinicauda

L A/ L/ A/ L AL/ C
Range Average Range Average Range Average
12.0—18.1 15.7+1.75 20.2—22.2 21.7+1.54 25.0—26.5 26.2+0.57
12.4—17.8 15.3+1.96 21.0—22.4 21.9+0.43 25.6—26.3 25.8+0.69
12.4—17.9 15.5+1.80 21.9—22.2 22.0+0.58 27.6—28.1 27.9+0.89
18.8—19.6 19.0=+0. 67 22.1—24.3 23.9+0. 66 27.1—28.6 28.0+0.69
18.0—20.1 19.2+1.61 22.2—24.6 24.0+0.76 27.3—28.3 28.1+0.98
18.5—20.0 19.5+0.61 23.6—24.1 24.1+0.45 30.1—31.1 30.6+0.41
19.0—20.1 19.6+0.53 23.3—25.0 24.6+0.36 29.8—31.3 31.0+0.52
19.6—20.6 20.0+0.47 24.9—25.5 25.2+0.36 29.9—31.0 30.1+0.39

19.5—20.5 20.1+0.49

1.2.2 #iikkEHU

W 18.20.22 24 26 128 C 6 MREHE , AR 3 ANEE K WIS 6 1 47 Btk gl i
BEHLAMETE 1.5 LBEARI, KIERN 1 L, %R 20 AS/L, R, LL 1 °C/h THE R E IR, e <,
A A i A — SR AR AL

RGN FE ML g e TE 4R, 5K 3 IR, 43514 9.00 .14 .00 F1 19.00, 4K | 2 45 M i 40 [ YR B i 7k
1/5, 3074 & B W B gl ik
1.2.3 4R E F IR R

4R L Larval stage index, LST) AR SCHR > A B IR L FHE, URROBEE LT
PP, SR & B HR BB, B R e RSl THE AT .
Zi X1 +Z,X2+7Z, x3+7Z, X4+Z, X5+7Z,X6+Px7T

Zy+Z,+ 72, +Z, +Z, +Z, +P

K, 2, Z, - Zg 3 0FRE R IR GRS WIS (U, P 3Rs 28 8 AR A £t ; B IR 4 42
AR5 153 I — AL B 1.2 .3 4.5.6 .7, Rk 5B B,

URTEIE R (SR) AR SCHR > TS GRS 5 R IR TE &AL BB AT S 0L, 715 AR T .
Zi+Z,+ 72, +Z, +Z, +Z, +P
20
K, 2, Z, - Zg 30 R IR GRS WA IS (U, P 3R 8 AR E L |20 A A SR Y

WG E
1.2.4  MET BT A e

HEAFAR IS — R, WREASBEAR TR 3—5 RATERECAE 20 B R38R B FRK sk , RS4RI oK
o1, 7R B CARE IS T T B /MR L SRS T RGBT I, 7E 60 C FHET 6 h, BT IRAETT 4372
— I F R EFR AR AR P R, AP MA T R R EA W .

" b MR - B E
MR i (IR

LSI =

SR = x 100%

1.2.5 ARRNTTE
RS2 B AL A SRR T LR OB 2 A O
K=N(T-C) (1)
o K R R VRS20 O 58 BUR B I s 20 A AR (BT, °C - h) s N R B DD, RIIEAL 1 SR 2 i o
FERYITTE] Ch) s T oA % T IR (°C) s € MR AR AR RIAEY2F R (C) .
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HE R (1) TR
T=KV+C (2)
A,V kB IR EE(1L/N)  BURE B,
FE n FPSCRREE (T, T, Ty - T,) T, 0 EE NS SAR D B 2 BRFE] N, N, Ny - N, BN, N, NS

wwﬁ%&mw;nmd@ﬁﬁU?ﬁﬁ@ﬂ*mCﬁKﬁ”%
CZZV-ZT—ZV-;W’ -
ne X VE-(2V)
ne XV =YV 3T

K= (4)

ne Y VE-(V)?

1.2.6 BEMERLE

SEREE R T SPSS BTG oA . AT 2 IR)ERHE TR A T S 1 2 S A Z HTHR ] Kolmogorov-Smirnow
Test 15 5% 7K-F T RIS, ARR I ST AL WA ECHs 4k o % s ~F- 05 #R 5 P P B0 1R 105 22 23017 (one
way ANOVA) #47 H %, Duncan multiple range test FRAG S B 522 5% (P<0.05) . 455 B B detk b/
B, SR IE TV 07 B4 U T 3R sR B SE T 5T
2 ZRHER
2.1 A[E R R ARG & & RS2 R

e FIF NG & I 1R & 7 3R 5B 1 G R N3k 2, i 3% 2 Bl nT 15 319 B IR IG & & AR 2
Z P R OGR4 538 12,18 °C (3828.27 °C - h, 7E 15.3—28. 1 “C iyl Fl NG & & I [R] B A i B 0 s i
SR 2 4, G ZR AT FH— T sR B 2 H = 5708807 (R* =0.9906 ) Frm (& 1), IRIiR & 8 1 W 25 1
FER T i e (R 1) o (ERYIRRE I 30 CC I RAG KT 2 BN H , 52K U0 A B s R A
ASREMURIIEAL IR DA

®2 HEATMKRREMNESEENXR

Table 2 Relationship between development time and water temperature in the embryonic development of Exopalaemon carinicauda

wamgre e T o o
Average duration development Average duration development

15.3+1.96 984 0.001016 24.0+0.76 336 0.002976
15.541.80 936 0.001068 24.1+0.45 336 0.002976
15.7£1.75 888 0.001126 24.6+0.36 312 0.003205
19.0+0. 67 648 0.001543 25.2+0.36 288 0.003472
19.2+1.61 552 0.001812 26.2+0.57 264 0.003788
19.5+0.61 528 0.001894 25.8+0. 69 264 0.003788
19.6+0. 53 480 0.001960 27.9+0.89 240 0.004167
20.0+0. 47 504 0.001984 28.0+0. 69 240 0.004167
20.10.49 504 0.001984 28.1+0.98 240 0.004167
21.7+1.54 432 0.002315 30.6+0.41 — —
21.9+0.43 408 0.002451 31.0+0. 52 — —
22.0+0.58 408 0.002451 30.10.39 — -
23.9+0.66 336 0.002976

2.2 AN[EEEEXTE R IR IR AR 25 5 B B
FURTEH IR K BHEENGE 3 Fis , WAL G 26 2 RIF4R , AN IR IR B 24 o] i 22 B A — RE A 22 57,26 °C I
28 CHZRRE R, BB ERTHEH(P<0.05) . IEBALESS 15 KEF,22 CHI 24 CHAETRREY
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T 6.90, BEF T 18 CHI 20 C WL (P<0.05), 1100 - oo
=
18—28 CH AU I BUAF RIS AR YO 17 a1 oos 2
9.8.8d, 441 90% LA L4 WA R (FUR I U 3 E
£ 700 10,0027 3
21,18 15 14 11 11d, £ B
2.3 R[AELEE A R R Al R & T G A A g 1 0.0018 axg
AR ATE LI R A 2z 4,45 = 300 1 0.000 %
U0 2H AR AT T A AR A W S R R R 100 1 1 o z
FoH Ty, SLIOAEIR R T R BB 145 4140 P 4 e P trememuee
FFURI, T, L7 505 58 92..00% , HUCh Ty Ty,
F Ty i 88. 00% T 4 86.67% , Ty AT RN E1 HREAEHEREAEEESEENXR

Fig. 1  Relationship between time or rate and mean water

85.11% {0 6 AHIA -G FITC B EMZE R (P>0.05)
2.4 N[V EE X R PR AT AR AR B R )5 )

AN LSS AFURANR T B WL 2, Ty AFUF A T
Fitt g KN 0.85 mg, FHBHIEER RE (P<0.05) ;Tyy—T, FHAFEFH T B4 0. 62 0. 67.,0. 64.0. 56
M 0.51 mg, Ty AFUFYT BT ey, (Hi% 5 AT W 22 5 (P>0.05) .

temperature for embryonic development of Exopalaemon

carinicauda

£3 TREBETEEANSHELEREY

Table 3 Effect of temperature on the larval stage index of Exopalaemon carinicauda

WAk IS FH/d IR T HEEL Larval stage index

The days after incubation 18 C 20 C 22 C 24 C 26 C 28 C
1 1.00=0.00a 1.0020.00a 1.000. 00a 1.000. 00a 1.00=0.00a 1.0020.00a
2 1.00=0.00a 1.0020.00a 1.00+0.00a 1.00=0. 00a 1.8020.11b 2.000. 00c
3 1.510. 12a 1.99+0. 02b 2.00+0. 00b 2.0020.00b 2.000. 00b 2.000. 00b
4 2.000. 00a 1.9920.02a 2.00=0. 00a 2.960. 04b 3.000. 00b 3.00=0. 00b
5 2.000. 00a 2.84x0.08b 3.000. 00c 3.000. 00c 3.810.06d 3.97+0.02e
6 2.1920.05a 3.00+0. 00b 3.0020.00b 3.9420.05¢ 4.09+0. 08¢ 4.53£0.08d
7 3.000. 00a 3.000. 00a 3.97+0.05b 4.00=0.00b 4.8320.18¢ 5.86=0.10d
8 3.000. 00a 3.96=0.07b 4.00=0.00b 5.14£0.30¢ 5.880.19d 6.04=0.05d
9 3.0020.00a 3.99+0.02b 4.27+0.27b 5.94+0. 06¢ 6.1720.11¢ 6.68+0.08d
10 3.22+0. 16a 4.00=0.00b 5.86+0.09¢ 6.09=0. 04c 6.700. 18d 6.89=0.02d
11 3.930. 12a 4.9420.18b 5.970.05¢ 6.56=0.08d 6.92+0. 08e 6.98+0. 03¢
12 4.00=0.00a 5.06=0.09b 6.16x0.08¢ 6.90=0.09d 6.97+0.05d 7.00=0.00d
13 4.04%0. 04a 5.130. 15b 6.48+0. 14¢ 6.90+0.09d 7.000. 00d
14 4.520.27a 5.24=0.19b 6.82+0. 15¢ 6.96=0. 04c
15 5.490.07a 5.62x0. 18a 6.91=0.09b 6.99+0.02b
16 5.5520.05a 6.62+0.30b 6.93+0.07¢ 6.99+0.02¢
17 5.61+0.08a 6.85=0.07h 7.00=0. 00c 7.00=0. 00c
18 5.64+0.09a 6.95=0.08b
19 6.0820.31a 6.95+0.08b
20 6.77+0.27a 6.95=0.08b
21 6.94+0. 06a 7.00=0. 00a
22 6.97+0.03
23 7.000. 00

[ A7 BAT R[] AR B R R A e 3 22 52 (P<0. 05)
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Table 4 Effect of temperature on the survival rate of larvae of Exopalaemon carinicauda
AR KA d HRFET 2 Survival rate/%
The days after incubation 18 C 20 C 22 C 24 C 26 C 28 C
1 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a
2 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a
3 100+0. 00a 97.33+2.31a 100+0. 00a 100+0. 00a 100+0. 00a 100+0. 00a
4 100+0. 00a 97.33+2.31a 100+0. 00a 97.33+4.62a 100+0. 00a 95.94+4.00a
5 100+0. 00a 94.67+2.31b 100+0. 00a 94.67+4.62b 96.00+4.00ab 93.22+2.41b
6 100+0. 00a 94.67+2.31b 98.67+2.31a 93.33+2.31b 92.00+6.93b 91.89+0. 19b
7 98.67+2.31a 94.67+2.31ab 98.67+2.31a 93.33+2.31b 89.33+8.33b 89.22+4.53b
8 98.67+2.31a 93.33+4.62ab 97.33+2.31ab 92.00+2.31b 89.33+8.33b 89.22+4.53h
9 98.67+2.31a 90.67+9.24ab 97.33+2.31ab 92.00+2.31b 89.33+8.33b 89.22+4.53b
10 98.67+2.31a 90.67+9.24b 94.67+2.31ab 92.00+2.31b 89.33+8.33b 85.11+2.52h
11 96.00+4.00a 90.67+9.24ab 93.33+2.31ab 92.00+2.31ab 89.33+8.33ab 85.11+2.52b
12 96.00+4.00a 90.67+9.24ab 92.00+4. 00ab 92.00+2.31ab 89.33+8.33ab 85.11+2.52h
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Fig.2 Effect of temperature on the individual dry weight of the

post-larva of Exopalaemon carinicauda
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