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Abstract: To understand the effect of water temperature on fish embryo development is important for its
successful artificial rearing and domestication. Temperature has a great influence on the metamorphosis of
fish embryos and larvae. Accordingly, the effects of temperature on embryonic development and growth traits

of Oxygymnocypris stewartii larvae and juvenile were studied in the laboratory. The fertilized eggs of O.
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stewartii were randomly and averagely divided and raised at different water temperature groups (5, 8, 11, 14,
17 °C), respectively. Morphological measurements included total length, long diameter of yolk and short
diameter of yolk volume were measured by a stereo microscope with Nikon Image Analysis system (Nikon
SMZ1500). We used one-way ANOVA and regression analysis to analyze the data by the SPSS 21 and Excel
2007 software. Accumulated temperature K = the time of a certain development stage > average temperature,
hatching rate (%) = number of hatched larvae / number of fertilized eggs > 100%, fertilization rate = number
of fertilized eggs / total number of eggs invested < 100%, yolk volume = (4 / 3) = x (long diameter of yolk /
2) x (short diameter of yolk / 2)?, temperature coefficient Qo = (Incubation time at temperature To /
Incubation time at temperature T2)1%(2"T0), Descriptive statistics was presented as mean =standard error, and
the significance level was set at P < 0.05. The results showed that the hatching time of the embryos was
shortened and the development speed was accelerated with the increasing of water temperature. The hatching
time of embryo was separately 530.78 h, 366.12 h, 214.22 h, 220.63 h, 153.95 h at different temperatures (5,
8, 11, 14, 17 C), the relationship between temperature and incubation time was in a power function style
(Fig. 2). The minimum accumulated temperature at 11 ‘C was 2 356.4 h - C (Fig. 4). The relationships
between developmental periods and their accumulative time of O. stewartii embryo at different temperatures
were all in an exponential function style (Table 2). The hatching rate showed a trend of decreasing firstly and
increasing then with the rising of water temperature (Fig. 3). Compared with the Quo, the Q13 was closest to 2
when the temperature was 11 - 17 “C (Table 3). Total length of O. stewartii larvae at hatching and
temperature did not show a significant cubic function, but the relationship between yolk volume of larvae at
hatching and temperature was in a significant quadratic function style (Table 4). The results indicatethat the
suitable temperature for early development of O. stewartii embryo is 11 - 17 °C, and the suitable growth

temperature for the larvae and juvenile is 14 - 17 C.
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SRR R B, R N TEEAMA T
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AEfii (Pomoxis nigromacufastus) G & & i
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Table 1 Embryonic development of Oxygymnocypris stewartii at different temperatures

AN FIELEE R HERR IR & 6 I )
I Stages The development time of embryo at different temperatures (h)

5°C 8 C 11T 14 C 17 C

U=V SPN

Perivitelline space maximum (/R 1 : 1)
AR Blastodisc (FEIRR T : 2)

2 70Nty 2-cell stage (KR 1 : 3)

4 41 4-cell stage (IR 1 : 4)

8 4l 8-cell stage (AR I: 5)

16 4y 16-cell stage (Bl 1: 6)

32 4 32-cell stage (AR I: 7)

64 A 64-cell stage (R : 8)
ZAiuy Multicellular (BEIRR T : 9

FAHW Morulastage (FIR 1: 100 39.33 26.78 21.87 17.25 16.62
HJE 5 Early blastula stage (R 1: 11) 4157 36.53 24.22 21.92

i Middle blastula stage (R 1 : 2) 64.63 41.62 27.22 31.38 20.80
B Late blastula stage (R 1 : 13) 122.70 50.75 41.87 27.07
JE 754 Early gastrula stage (BT : 14 147.47 75.55 58.52 44.02 31.23
JE %3] Middle gastrula stage (AR 1 : 15) 173.13 93.13 68.17 58.32 42.05
JF i3] Late gastrula stage (FEIRR 1: 16) 199.60 109.68 75.65 68.00 47.18
MW Neurulastage (EIRR T: 17 221.45 118.03 83.85 73.35 51.18
AT B Metameres appearance (ISR 1 : 18) 241.65 129.88 87.08 75.38 58.07
JEFLETEASY] Blastopore closure (R T : 19) 249.65 147.08 97.47 83.65 62.13
HRJSE] Eye original (AR 1= 20) 258.92 _ 108.43 93.03 67.87
AREFE Eye sac formation (AR 1: 21) 282.72 162.02 110.65 99.95 70.37
Wr#EH] Otocyst stage (FfR I : 22) 289.32 186.58 118.92 109.43 73.00
H LY Otoliths appearance (FIRR I : 23) 313.68 199.15 130.95 _ 83.45
2P Tail bud appearance (IR 1 : 24) 366.43 21357 136.18 129.90 86.52
R fm A B Eye lens formation (BfR I : 25) 333.20 220.93 155.28 136.50 89.15
WLPA R3] Muscular contraction C(EIfR 1 : 26) 389.28 232.47 162.97 146.58 96.67
DRFEW] Heart original (AR T : 27) 437.50 249.03 168.25 154.23 99.45
WL Sniffing sac formation (iR 1: 28) 449.57 256.92 179.27 161.80 106.98
L4 Heart beating (R T 29) 464.22 295.12 _ 166.87 121.68
IMAEAEFR A Blood circulation (FR 1 : 30) 482.98 312.68 194.85 178.15 134.72
AT Anal board (I T : 31) 328.43 _ 193.20 136.18
FEHEFRE Fin fold stage (BRI : 32) 487.82 199.93 198.78 140.47
Jig % J5 349 Pectoral fin appearance (iR I : 33) 515.85 358.62 202.83 212.92 146.35
Y4k Hatched larva (AR T : 34) 530.78 366.12 214.22 220.63 153.95

FPPIE 2 R [ A R ST, A B R S W TS

The time of dash area in the table is calculated by the fitting equation, other data were obtained through experimental observations.
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K2 ARBETRMERKRERNF OO MERERME (y) KEHEGRE

Table 2 Regression equations of embryonic development stages (x) and developmental time (y) of

Oxygymnocypris stewartii under different temperatures

A CCH WERREOTE

. . R? F P
Temperature Regression equations
5 y = 11.5400g0-1357¢ 0.8830 218.87 <0.01
8 y = 8.2774g0.1285¢ 0.9351 446.66 <0.01
11 y = 7.6061g0.1157¢ 0.898 6 230.49 <0.01
14 y = 7.0343¢0.1141x 0.918 4 270.17 <0.01
17 y = 5.791760.1078¢ 0.917 4 288.74 <0.01
600 -
500
=
(]
£ 400 |
g A
s
= 300 }
Q
=
= A
= 200 b 4
=
100 |
D 1 1 1 1 J
5 8 1 14 17

i {43 FF Incubation temperature ('C)

B 1 REEIRALE ALK IR IR R

Fig. 1 The relationship between incubation time and incubation water temperature
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Fig. 2 Hatching rate and fertilization rate at different temperatures
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Fig. 3 Accumulated temperature of Oxygymnocypris stewartii at different temperatures
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Table 3 Q1o of and Q13 embryonic development of Oxygymnocypris stewartii at different temperatures

rome Tommure B Ta L WK TR A o
T.(C) To () The time ta required for incubation (h) The time to required for incubation (h)

14 153.95 220.63 3.32 4.76

11 153.95 214.22 1.73 2.05

t 8 153.95 366.12 2.62 3.50

5 153.95 530.78 281 3.82

11 220.63 214.22 0.91 0.88

14 8 220.63 366.12 2.33 3.00

5 220.63 530.78 2.65 3.55

8 214.22 366.12 597 10.20

1 5 214.22 530.78 4.54 7.14

8 5 366.12 530.78 3.45 5.00

Z5 (P <0.05) . /KIEFES ~ 14 CYuHEN,
AR AT 00 G 0 FEAAAR B A5 P [ T v
LR Mefash, TE/KIR 17 CIH ATt bp 5 58
RN, 5 5 C4l. 8 C4l. 11 CHfF
EREEES, HRSdmLEEEER &
4) .

TE/KIR 14 CHI 17 CINF, WIFATta 4 KK

THA 3 NEFEL, 1T 5P AR T H A 3
MREH (R4, RYPKIRA 14 CH 17 C
B, BREE IRV BE 0 U T O R 57
fFfIAEKRE . A, SRBREEY]AT A K
(L, mm) 5EE (T, C) Al %MW =KL
R, WA TN L =-0.0161T 3 + 0.5179T 2
- 4.8429T +21.135, R2=0.9978 (P=0.06) ,
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R4 AREE T RREYIREF A RER R

Table 4 Comparison of growth traits of Oxygymnocypris stewartii larvae at hatching at different temperatures

i3 ERIS (L3S JIN:IRIS JINERIS RIS B FE AR

Temperature Total length Body length Length before the  Length before the o Yolk volume
. Ratio 3
(C) (mm) (mm) anus (mm) anus (mm) (mm3)

5 7.84 +0.19% 7.76 £0.19% 6.18 +0.12° 1.26 +0.18< 4.90 6.00 +0.20°

8 7.35 +0.66° 7.24 £0.65¢ 6.25 +0.62° 1.13 +0.10¢ 5.53 6.40 +0.24°

11 9.00 +1.25b¢ 8.83 £1.14° 7.21 +£0.74® 1.77 +£0.53% 4.07 6.29 +0.97°

14 10.70 £0.252 10.54 £0.22° 8.31+0.142 2.37 +0.06° 351 5.13 +0.89%

17 9.32 +0.63%® 9.11 +0.59% 7.34 £0.57% 2.02 +0.18%® 3.63 3.47 +£1.13°

[Fl— B bR E AR T B 2 A B E R (P<0.05).

Within the same column, different superscript letters indicate significantly difference (P < 0.05).

SR GEEZ AGEREEXR; MY
TR (V, mm3) H5IRE (T, C) [A
SIEEFEEN k20K E (P<0.0D) , #)
&77F AV =-0.041T 2+ 0.6917T + 3.5527, R?
=0.997 1.

252 RHEEFHALEKEHRKXR @
AR K (L) FEHE (D) =
W2 R (R 5) , REGHRAT 2K N
H S5 E A K REUEEF) 0.95 PLE, &£
B Cubic A=K ABAY REAE IR I Hbfili TH SRR BT £
A ARAEAN AR B T B A H e 3 o e I AR K
A RGHER AT f KAEKIE S CH 8 C
FHZEAR, B AKRE RGN, 7KiE 8 CHl
11 C IR R 0 A K A KOl FE a1 — 2L
XML, KRS C M rfaakKAK
AN S, KR 17 C FfFfa4KAE 54 d
ZH— BRI A K, 7R 54 d 5,
2Tk 14 CTRfradk (K4 .

3 Wig

31 BEXRFEEIERE R E M
RGBT S H IR A T i
A7, AR R VR i R B 75 2 ()R B SR A AN TR
X FE S M YE AR R ZE R (BKIEZE 1999,
SRAREE 2008) , ok vay BRI I A A 2
HMBMAERKKRE, HEFRIET . MmN
Wi 3 EARIUAE IR K B R B AR (k&4

2006) , WRfASFHALIE R I AE T (F
FiA S 2014) , B WA A S om0 Hh e
B AAE S IRTRIE T

KR BB R e B R G I K B TR (YRR )
& 20100 , fE— IRV, SRR AL
o [P S T T 4 . (R RRSE 2003) o A
W 50 BT A9 BE RN IR I B 1R B A s i) 52 8 3
MHmMH R ERBRR, S5c8akm
(Epinephelus moara) (3KiE%E 2016) « HA
#htti (Nibea japonica) (U614 2010)
SN HE s (Neosalanx oligodontis) (2 [
& 1996a) . ZZ[E 3} (Betta splendens) (2=
A4E 2011) —B, AT R AAHILN: R HUT)
HPEf A (Esox lucius) (AL 2010) , 7RAN
[F] T 5 41 A0 OC 48 20k 2 K3k 6% ( Gadus
macrocephalus) (T FHEZ 20100 . Bhbabh, 4R
BRAE GIAN[F] A B I SILE & A0 I B2 IR 2RI
[) 3% B A% 175 AT S 2 HE 52K B TE AN R B I I RE
S (R BE IR AR 3, 35 IR Rk HOk
Fo TE/KIR 5 CAIFALIT A 530.78 h, TizK
I 17 CHIRLR R 153.95 h, St H A g
TEAS [RIELRE T SRR ) 22 S 880K

ARGHR A B 1 16 4 A s A 23 2Rk FE 1 BHL
i (R&EREE 2003) , AEBERFEI R (FIE
EEE 1997) , AT B, TR S
2 AR 4R B A IR 5 3 R (VRSN S 2010) .
KIRPE 5~ 17 °C, MEHREM TS, JEREIT
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£5 R¥ELK (L 5HE (D) WEET#E
Table 5 Regression equations of total length (L) and days (D) after hatching of Oxygymnocypris stewartii

e 3045 CubicH 7 -
Temperature (C) Cubic function
5 L = 0.0006D? - 0.0297D? + 0.6025D + 8.2305 0.955 6
8 L = 0.0005D3 - 0.0231D? + 0.6186D + 7.9691 0.969 6
11 L = - 0.0002D% + 0.0054D? + 0.3443D + 9.1358 0.994 1
14 L = 0.0007D? - 0.031D? + 0.7576D + 9.1655 0.9657
17 L = 0.0004D? - 0.0236D? + 0.844D + 8.9224 0.990 6
3000 f —— 5T — 3T
2800 f —— 11 °C —_— 14
2600 [ 7T
2400
E 200 }
550 2000 r
2 1800 r
[
2 1600 |
Mo 1400 F
N 1200 F
10.00 R
8.00 F
6.00
305 7 9 11 13 16 18 20 25 27 33 37 41 45 49 54 60 70
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Fig. 4 Curve growth model of total length and days after hatching of Oxygymnocypris stewartii
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1 OPsE AR 2. IEAE G 3.2 40030; 4.4 A0 5.8 40l 6. 16 dNU: 7.32 ZUAEiY: 8. 64 Uil 9. BANMUY: 10 &
M 11 TR 12, FERRIW: 130 FEARRGIA: 14. FUBE: 150 FEP s 160 RN 17. MEREI: 18, AT HIUN: 19.
WELE P 20, ARSI 20, HRZEND. 220 Wi 23, HOMMIUM: 24 BAHIIUY: 25 MRABMAHIIUN: 26 WIPIRRIHE: 27, O
JRIEHE; 28 WLFENA; 29, M 30 MURAEIAME; 31 ATARINA; 32. REERYHNAE; 33. MNHEJRIEEME; 34. WEfk.

Explanation of Plate

Embryonic development stages of Oxygymnocypris stewartii

1. Perivitelline space maximum; 2. Blastodisc; 3. 2-cell stage; 4. 4-cell stage; 5. 8-cell stage; 6. 16-cell stage; 7. 32-cell stage; 8. 64-cell stage; 9.
Multicellular; 10. Morula stage; 11. Early blastula stage; 12. Middle blastula stage; 13. Late blastula stage; 14. Early gastrula stage; 15. Middle
gastrula stage; 16. Late gastrula stage; 17. Neurula stage; 18. Metameres appearance; 19. Blastopore closure; 20. Eye original; 21. Eye sac
formation; 22. Otocyst stage; 23. Otoliths appearance; 24. Tail bud appearance; 25. Eye lens formation; 26. Muscular contraction; 27. Heart
original; 28. Sniffing sac formation; 29. Heart beating; 30. Blood circulation; 31. Anal board; 32. Fin fold stage; 33. Pectoral fin appearance; 34.

Hatched larva.
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