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B, KB EE I SR AT, G R E IS 0 A R 2 2R R OO &R AR I I L T v L T
B . KR 9~18CI £ Ul 52 A% 2855 v , 1R I 90% 5 7K iR 12~16 CHIMEAL 25 v , ¥ 1 95% : 7Kl 9~16CHY
01 T R R T 4% . BIREAT 4 K 5 AR 5 =Rk 2 TR 306 R s A FUKIR W4T fa ik s s
E 2 e (R O B FARRRSE T A S BRI BT s B TR R I 2 i A AR i 4 IR B O A B L (R KGR
T 2 s R AR A0 28, S ] 0 A W T 26, S A A B TR R SCR DL R SR B R B k. LRA FH I
07 A 300 O A28 TR AT £ B T 26 R T AR i v, 7 5% 2R R £ IR IR 0@ WAk /KR 12~16C
KR R PR A IR R G s SRS A5 T 26 7K

FESEES Q142 kAR A

1 G152 R R AR IR BG R B & I B A7
R B XA AT T 2 R IG R & i
TR B Y ESH, PN AP PR 20 1K £ 2
B ASFFLEE R 52 OB AN A 2520140 . K H
S pH O R R AR 7 S S 0 SR IR K B ¥ RE
(Zacharia & Kakati,2004) , 5 B 1 5200 0 R 8 3%
(Hilder & Ned,2003) . W 7R, /£ — & FIVaHE A,
FK IR T v e DN e 2SRRGB ERE 4 I A N )
(El-Gamal , 2009) . {H 1 2 JIR JI5 % 7K 35 A2 4 13 B
Re 0 — e PR, 250 E B KR RE, 1 & SO AR
(1 7K iR 8 2 5 BUW G A B WY B0 1S B B AR T
(Jobling, 1993) ; b4t , A [F] #1. (1) IR iR K & 6 7K il
PR BB A 1 AN A [F] (AME S AR, 1992) i
FEE 8 5 2 0 TV i 4 PR A Bl R 5 7 AR S ), 4R T R T
R IR R B R4 ,2018) . {E3E B E T
P Tk P s SR ARV R O S R 5
T B T V8 B 0% A0 B TS 0 5t 2 52 B R R A0 1)
(FRKZESE, 20040 s FEMR G K B kA2, 7K AL v fg

WFSEHEE:2021-08-22  f&[E HH#H:2022-11-09

EEWE  hg= BRI O P A B R AR S R
6. (NO:2021WZ001) ; ¥V 458 SR (XZNK Y SCS-2022-C-001) o

PEZ B Av WA, 1989 44, 55 I 92 5%, 32 B SR /K 7™ FR B A
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IR A R B K 2%, 2004) , H i B i ia (8
730 S B 1 BT 26 S A R R A A7 B8 035 R B, 4
SR AT IR 2R L T (M2 R 25, 20040

% 24 B8 a1 (Schizothorax waltoni) 18 FR 1 5% 5
i, )& T 8 J& H (Cypriniformes). i £} (Cyprini-
dae) . 4 if 1 W B} (Schizothoracinae) « %4 i £ J&
(Schizothorax) , AX 347 -1~ 3 [ 78 jek b [X 11 & ek A7
TLH BT SO R B K A, iR, AR K
G0% , Ve RIS R, R B R R, 2 T
X 3= B85 0 252 — (FUE H VA XK R, 1995) .
L LA, Z AR RN K KR T2
I BB K PR B A S5 R 3R s e () B,
2014 ; XI55, 2018) , 2016 4 $i7 % 54 i £ 4 (
FHESNILL RN TN 5 fa a2 (VU GEENISE,
2016) , 2019 4 4 € 78 5B e S 9 A7 VL i 228 S AR
SRS g BIPM I = AR S R 28 (2=
£5,2019), 2021 4 51 O B 58 — K A B AL OR3P B))
Yoo DAL, AR5 O e 5 24 fa ) AR T R AE DG OR3P
PEWFFE T AE

H AT, A R R it BT 0 2K 5k
PE AN 4K (Qiu & Chen,2009) 7> T R4 K E H54W
HFE 2% (Guo et al,2014) 3 R4 O 281545, 2019) V4
5 4 K GRBBURE, 2005) & 1 4 % OB B8, 20140
ANTYIFECE T RB%,2016) N T20E (8 A %%,
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2020a) Wi K B (RIEEE, 20200  TH R & (X AR
&, 20200) 55 , (HIS 4 AR WAT IR NG B A0 /KR 1)
WHARIE . ASEE0 1 B — REVIR R B A b 218
NN SR A b i X A e v N R <
(RIS IAUS Ey NI AL RS UNER i A @
DU AR 2208 0 GH IR R AR RAEM) S B0RL

1 #RFA=*E

1.1 st

SIS A RHE RN 2019 4F 4 F 12 HAE VG 5 6 X #

B AT 10 K R 5 IR I AR PR I B R S 1 S
BN 1.3 J3 KL, 55 AR g e AT VL 1 W ) S R ) B A
B, & N TR 77, 7R 7K IR (12.0£0.5) T AF T T2
KGR o
1.2 LWH*
121 a4 mUHHE, £ 12TH B A KR
T, R SR ROK IR 5, R AR R T O R,
Hofg O35 7 i 8 4, R 3 N E R, 7 il T 5T
91 .12 .14C.16C.18C.20C . 22°CHL 8 MK iR %
PF Tk B

PN E TR TEXE IS A 21 cm X 7 cm X 4 cm
B Ak 25 R, RS 7 7 U FL LA A 1.5 mm R0 X 9%
WA E T HAL 45 cm. =5 B 25 em AL BB .
14°C . 16°C . 18°C . 20°C - 22°C 7K 5. £H 38 1o 5 75 i #4
P A T, R 25 20.5C 5 5T i vk A O IR R, IR
Z +1.00C ; OCHl oL 1H I8 B R A A W E L B
% £1.2C, WL FAACHIBRSE K, i E =8 mg/L,
BRI KT IR, BRIRIRIK /3.6
122 8% & E &R EKERMEE 4K 6:00.
12:00+18:00-0:00) , Q1 7K 5 b 1 5t A 2 B B 1
o BRHIBRVIRICINFFIC T . 2R OF 3 7 H
JIE, EEBE 2 h 7E B IR R S8 W %R 4L iR R
BEAI A RIL R . WS, St A RN A
JR G 52K 22 L AL 2R WD AT R T 26, T AN (RO
2 VR 6 A RPLURL  00) A 8 TR AA BH
1.3 H&EFH=*

JVE iy 52 4 2R R0 AL 2R ) AT F IR T 2R D % i
ARG I AL B BN B BEAR AR B A U N - 2K
=i i b VS U0 5 O 250 X100% ; 7 4% 6= i H
1 #5052 K O H0D X100%; B T 6= (i H AT £ B8 T
H/ AT 20 X100%; 557 A0 B iR =% 44 7 3 iR B
COOXIFAIFEEI 8] Ch) 3 5 A0 FE =1/ A N 7] ; B 3
TR = (4/3)m X(RI2)X(r/2)?, A - r AN S FE S 42,
RN FAKAR (PR TRITEE,2008)

1.4 BESH

#4538 1L Excel 2010 #E 47 g8 1F F1/E B 5 >R A
SPSS 19.0 Gt i ' One—way ANOVA HEAT FLK 1
72T 2 5 B35, WK F Duncan’s #H47 2 & L1
B, RE IR P<0.05.

2 #R

2.1 MBREBYFHIE

A SR R ST e | o UK e N
THER, ORI )0 A AR . R B R — T
Vabsk-a LN G INUTE <3 I 310 NN 70 I 2
H 38 B R 3L 8 MY B (R 1D o HIIAT
i G ARE ] R, LR AR I, R 2 5 KR 7
B TEAN SR RS .

2.2 KR 5RERE Y B E]

TR XS T I HU VA 6 7 A B 1) P 2 ) AL 21
A 1. KR 5CRE, $r % G 0 288 00k & 25
B 4 AR T K IR 9~22°C, 2 RE U I BE K & B fa
B RigE R R OO R R R, B
JR A T 3 38 B o0 A B R R, AN R B B
T 5 B DB E . [RA Hr R, SR A I K
B S WAL 2 R R BRI HMA TR
FHIR R (ROIIHOR, BB B KR T i, R 2 S 4L
/N, & I BT R I (AR (GR 2D .

K L 55 9% A IS T) RS E ) 9% 2R DL ] 2—a 1]
2-b. B KR T &, B 5= 54 R 5 A4 B 8] 32 T I
D AR T R SR T T T . 5C L IR R A BE IR i 1k
Hh B, OCZH VR I B A4 I 1) #2 4K (557 h) s 22 CH IR iR
A IS} 1] 45 45 (95 h) L 58 9CZH 46 6 7 462 ho [8] 1
Iy MR B, AL 8] (HD 5 09 40 7K iR (T) 52 7 BR B0OK
% :H=580.84T"%7 (R2=0.9655) ; J% At 3 & (V) 5 i1k,
IKIR(T) R 2 2% £:V=0.0014T+3%10-°(R?=0.9629) .
23 KiBESHLRE

KRS AR R 2 LK 2—-d . BB KR T s
P75 4G 1 R R AL R LT PRI , 9 CAL AL A i
151 (5 249 h-C) , 22 CH L B K (2 118 h-T) »
(=] U543 B 2 B, KR S A AR R SR R R R
y=5 232.3x "% (R2=0.9135) .

2.4 KEEWRULHR

241 ZAEFR KR XTI AG 32K 2 B s ] 2—c.

SCHMMEKE B E B IREAH K E ,9~18TCH T
5 SR R, YT 00%; KR AE 20C K LA BB, £
Y[ A2 A 2 B 5 PRI, 20°C AL 32 K 5 81.47%, 22°CAHL 32
R A 18.34%.
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Tab.1 Time required for S. waltoni embryo development at each temperature
RE AFEZKIR IR AR E F /h B AFRIR IR I/

i 141 5C 9T 12C 14T 16C 18C 20C 22T I 44 5C 9T 12C 14T 16C 18C 20C 22T
A O 0 0 0 0 0 0 0 0 L3P \ 157 81 - 53 - 36 -
JIAE RS 35 5 3 3 3 3 3 LT B4 168 95 68 56 47 - 36
[EEL Y 77 6 - - - - 6 AR L A 179 99 72 58 - 47 -
4 40 19 8 8 6 6 6 AR L 38 \ - - 75 - - - -

8 4 i 39 29 10 10 8 8 - 6 BB \ - 104 - - - 49
16 41 At 31 11 12 10 - 8 8 W 3 3L \oo- 109 - 61 50 - -
32 2 a4 46 19 13 - 10 - - 8 || ATERUH - - 91 68 - 55
64 44t ifa 1] - - 16 11 9 RN V229 126 95 82 - - 46
EZ b 56 19 14 11 1 10 9 LR 5823 263 132 104 85 68 58 49
FEE 73019 23 15 13 13 13 12 || BEEREEA - 144 109 - 72 6l
B JIf 54 9 31 25 23 19 - 15 15 oI Ji A \ - 157 - 95 75 68 58
Ffifrb 109 48 27 24 22 - 19 16 O EFE B A \ - 167 120 99 8 72 6l
FEE N5 I 120 59 29 26 23 -2 18 HAH BN \ 301 170 132 104 85 75 67
J5 30 156 96 34 28 28 25 25 22 iyt Ji ik \ 300 179 167 109 95 82 71
J5 o 3 \ 102 53 48 36 33 28 27 b5 \ 455 253 216 157 109 95 85
JiR g e 1 \ 120 68 51 - 36 33 30 PR R \ 506 265 229 168 132 104 91
JRHTE i o132 - - - - A \ 557 290 247 203 153 108 95
i \ 144 - 61 48 - 33

P SRR AV (S IRV 4 €7 TN e << AT g 07
Note: "-" no data, "\" all eggs die.
®2 RREANFRESMRELERNEA
SRR EIE A2
Tab.2 Regression equation between S. waltoni
embryo development stage and incubation time

at each temperature

I/ C ME T R
5 y=1.0038x!9028 0.9888
9 y=0.7881x!718 0.9646
12 y=0.9013x"31%4 0.9691
14 y=10.6865x!5304 0.9675
16 y=0.7611x"474 0.9682
18 y=10.8231x!30 0.9728
20 y=0.842x!291 0.9808
22 »=0.9886x"27! 0.9665

2.4.2 A KRR G %A 2 1 5 e O 1] 2—e
b o 7K T R G AL 3 R T S PR A
5T AL AL, N 0;5~14C, WAL KW T
14°CH 3 B 5 7 5 N 96.23%; /K IR T 16°C e , 94k
R A 22 CH AR, A 3.29%. 7K 12~16C,
WAk 8 v, BT 95%. (8] A4 B 3 B, K TR 5 0
1o 82 R R R y=-7.9608x>+68.145x—44.317
(R*=0.9138).

2.4.3 AT & # T KIS AT R T 2 1 5 0 DL
Bl 2—f. Bl K IR T i , B0 A7 f W T2 26 2 35 T o
12 CH M R IR, N 0.76%:; 7K, 9~16 CHY B FE 2R 5%
I, HIET 4%; Ki @ T 18CJa , Wi R 3 T &
18C . 20°C  22C 4 ¥ B T2 2R 3 il O 16.04%+ 27.87%
84.21%. [RIH/ TR , /Kl 5 B T 2 2 Fa R Bk
£ 1 y=0.2325e%75 (R?=(0.8926) . MWiJEAh i BRI N
T EAE BB RS SRR R B A ORI 3 2
WA (P 3) o
2.5 KBESMPFEREIER

7K R 9 A £ T AR FE B () e L3R 3. KR
SR KB IR E W R Ok R (K 4-a) .
12~20C, R EHEKEA 2 & M2 5 (P>0.05),
HEZEmToOCHYE 22CH (P<0.05) . Kiw5
W AT £ B B AR AL 2 3 IRBR ok R (B 4-b)
9~20C &4 A & A W & % % 7 (P>0.05) ,22CH
53 M B (P<0.05) o K 9~14C , W] BEAT
AR A% I Ui 5 T v S 35 4 0 (P<0.05) 5 14~20C, %1
FE A2 A2 (P>0.05) ;22 CHLE 2 PR (P<0.05) .
KR 0~22C, VI AF ik A B ENE R
(P>0.05)
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Fig.1 Relationship between S. waltoni embryo development and incubation time at different temperature
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Fig.2 Relationship between incubation temperature and embryo incubation parameters of S. waltoni

3 itig
3.1 KBEXMERK BIEER

KR T B R IR G R A R B (R e A,
2005) , 1&— € I Va BBl N, IR IR k& 3 JE Bl 7K i

Incubation temperature

R CH /NP, 2012) o AR IRSESS A, 1 F KB
ST RIR R B R 2 EiF LR E , Kikst
T A4 IS ] 5 4R 7K it 2 O 4 B T o 3t 82 1%) - v 1T
BT AR . X PLEE #R R AL L (Schizopygopsis young-
husbandi) (X ¥ 8 %5 , 2019) | 22 # i (Oxygymnocy-
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Tab.3 Comparison of body indices of newly hatched S. waltoni larvae for each temperature groups

AL KR/ C 4K /mm JLET/mm N5 /mm JK/mm IR 4% /mm A7 /mm G2 FE R AN /mm?
9 10.13+0.22° 7.20+0.192 2.93+0.10° 1.19+0.03° 0.47+0.052 2.03+£0.20? 3.92+0.642
12 10.70+0.70¢ 7.54+0.24° 3.17+0.77% 0.86+0.06* 0.47+0.032 2.02+0.112 4.63+0.48%
14 10.75+0.15¢ 8.18+0.204 3.5040.10¢ 1.65+0.061 0.59+0.02° 2.02+0.032 4.47+0.25°
16 10.79+0.22¢ 7.73+0.14% 3.06+0.14° 1.35+0.02¢ 0.54+0.03° 2.03+£0.082 4.424+0.22°
18 10.82+0.27¢ 7.57+0.22° 3.24+0.21% 1.41+0.07¢ 0.57+0.03° 1.97+0.11? 4.05+0.252
20 11.02+0.40°¢ 7.81+£0.19¢ 3.20+0.26% 1.51+0.05¢ 0.58+0.04° 1.88+0.142 3.92+0.342
22 9.65+0.302 7.03+0.26* 2.55+0.342 1.19+0.05° 0.45+0.052 1.96+0.05% 6.3542.81°

T B _ERR/NG FREA ) 2R 2 5 AN 3 (P>0.05) s ANJA - RER VR 22 57t i35 (P<0.05)
Note: Values with the same small letters in the same column denote no significant difference between groups (P>0.05); Values with different
small letters in the same column denote significant differences between groups(P<0.05).

..

LIRS B 2. BROE AHEAON S s 4 FE AR S il - 5. R SR BRI 5 6. Sk HR B W - 78 HE T 025 il - 8. b Bk
R 9. MLRARFRSZ B 5 10.):1=E %“ 725 il 11 LB R 12, RIS I TE -
B3 NFEREaREEH
1. Loss of eyes, 2. Spherical fry, 3. Ventral curvature of spine, 4. Lateral curvature of spine, 5. Yolk sac deformity, 6. Develop-
mental deformity of head, 7. Dorsal curvature of spine, 8. Excessive oil ball, 9. Obstruction of blood circulation, 10. Measured curva-
ture of tailbone, 11. Pericardium enlargement, 12. Eye deformity.
Fig.3 Images showing the deformity of S. waltoni larvae

121 @) »=-0.1068x>+0.8279x+9.3765 R>=0.7007 © mT y=0.0989x3—1.0901x2+3.4767x+1.3571 R*=0.9174
g ! L E°
E5 10 E% 5
g o = o
22 9 2 £y
k- & 3
f,j £ s e
Nl B g
s g 7 = é 2
= ©
6 > 1
5 0
9 12 14 16 18 20 22 9 12 14 16 18 20 22
LR/ C LR/ C
Incubation temperature Incubation temperature

4 RFEREEVIFMFELK@Q@FMERER(b) 5KEHXFE
Fig.4 Relationship between total length (a) , yolk sac volume (b) of newly hatched

S. waltoni larvae and incubation water temperature
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pris stewartii) (X 5, 2018) « H A< 3 4 1 (Nibea
Jjaponica) (VFIESIEE,2010) Hi A 08 (Gobicypris ra-
rus) CH /INF, 2012) K4 1 (Prolosalanx hylocra-
nius) (XEHRTE,2003) . = 804 B . (Epinephelus mo-
ara) CRIEIEEE,2016) BT FE 3545 SR AAE

3.2 FFEREEMLRRKERRERKR

AKX TR R IG K E 2o E B, KRR
= FEM R E 17 1EGKEE 2000 ; BIAE AR 740
HH R A0 AT #2401 28 R B v Ol 8 55, 2018) ;1T
T R R KR 2 B T B A R, B S A0 A2 R O TG VR AL
(R ETREF,2003) . HE 2R (1965) A 2K IR
i AX, 3 A S A4 32 B A0 A Il R 7 AR s IR
SE R MRS i NI RAR R — R A
8 HCTE RIS A S RS M, I A
T LY AP B 2 KOR IS, B T Bk
TEJE R TEA T8, SRR AN SR (2002) 45 H
EMIG K B AR, TR PR AN 5 35 e IR Ak, T
VR I P A 05 28t ) 5 PRI+ R FE 33k 30°CIN, 52
KON R B 2 AR T B A 45 1k 4 22, A I Ta] ) vy i
A58 817 A4 T 53 0 52 30 40 ) B LV R S A T B4R
Z B I R TCIE R o AR IR SIS 45 SRR, KR
SCTHM K B 1L M F R 1E R F , KilE 9~22°C
iF 52 R 2 AR A0 2 B AR 35 R M e B TS R I, %
7K i 2 W T2 256 o B A A s T 2 25 T vy iR A
T 5 i A R P b B HG R P A o A f B [ B 2
M) S i ) Sty 6 FH R T 6 (R FU 2R 1965 s BEZE AR AT 5L
PRF52002) . I, S86 75 18 A A AL IAF
o T 2R S5 R 3R, P 28 ViR R B R BR IR
5, M PR 5 il M 22°C 38 B KR N 12~16C .

o7 5% SR A0 A PR AR 5 A R 7 7 R £
KISt (Hexagrammos otakii) ¥ B PR i =il 5
Jii ) 1 (Aspiorhynchus laticeps) < K7~ 2k AR , it
G AL IE B K iR -5 A G 7 7% R £ ORI S 28
i FPAEZZ i i (Pungitius sinensis) S5 KER 43V K A
HHl , Btk (Hypophthalmichthys molitrix) V82 (Cypri-
nus carpio) - Ji W) . 24 T 85 (Cynoglossus semilae-
vis) 55 i 5 1 28 F 2R [B 2} 1 (Betta splendens) -
(Siniperca chuatsi) Al (Pterophyllum scalare) « =
S0 Bt (Epinehelus moara) “5 3%y 1 I, VE LR 4.
3.3 ETHU/KERIThFEREASREEME

1 8 VR i i A0 A PR K IR AN IS BRI S R K
A TS B KR B VDA O, 08 i E I =5 1 H
R K R 17.5~22.0C , H IR G & & A 1% 46 7K iR N
20.5~21.6°C AL 55,2004) 5 T IG5 1 B A F= 5 1)

F4 o EERERRIFUIRRKRKIEEKE
Tab.4 Water temperature limit and suitable water
temperature for incubation of selected fish embryos

AR Eﬂg"c K ﬁ%ﬁc ZH
AR A 5.0 11.0~17.0  XIHai%,2018
hEERE A 5.0 14.0~17.0  XIHa#E55,2019
fie 20 23.0~26.0  FENIE %2014
il - - 17.0~25.0  5E/KZ4,2004
Ji ) £ 12.0 23.0 15.0~21.0  H#E4%,2008
oA iy 14.0 30.0 21.0~27.0  H/NTF2012
EERi] 26.0~29.0  FHEE 2011
fi; - - 25.0~27.0  ATFIFE,1999
Al £ - - 26.0 JA 45,2001
BECABA 200 26.0 20.0~24.0  FRILIESE2016
HA#EGf 140 28.0 18.0~20.0  ¥FIH#1%5,2010
i o B 14.0 272 20.5~21.6  H:AH%5,2004
K /Ngth 4.0 24.0 16.0 AR 05,2012
IR F®E 17.0 31.0 25.0 FARIREE,2005
HhAE L il - 25.0 14.0-16.0  FZHEHE2E,2008
T .
Note: "-" no data.

H 2R 7K it 22.0~28.0C , R G #5 1& & 07 40 7K iR N
25C AL 35S, 2005) 5 LA b 2 Fifi 5 £ (0 I i & &
Ak 7K IR 38 7 BEHE 2R H AR KIRVE Y . P
1 BT 2 AT VT H W& ) B K S 5~8°C, Ak
6 R B HLE B K IR N 12~16C, B L E I E T A
SR KRR > AT BE 2 78 V8 98 iR A S DA T, i R
ARV IR il B KA 5 (ELE A G R
D, RO T R, i S R A TR KK R R
WBEAR, A T ARG BRI (ARG K E
H BTG %A e A& RARIR I . Rk, hr g 24018
(R IRTE T B AR KIR 2% 1 T R4k, FE 2R e A
J A ATt By TR AL T H SR KR A 1 - BB 548
[ B AE R A5 7, AHES A VLK IR T = 1 2
W, E IR BB, fa B KRR R R B R R 3RS
BRI PR AR 2 S X, AT LB R RN
B 2 R K I R v SR KA 455 1 4 2R

SE

TR T, 5K 9, 45,2008, LR AN E B 6 AR 2 o i i
R RS W], 3105AR, 1(2):282-289.

A, 57 B B, 55,2004, 2B IR IR R B AL 5 KIE
HIR R D] P EZKRFE, 1(1):48-53.

BRIEAR, SR T, 2002. 8 2 5 A0 B 1A TF 703 i % N7 F AT 5
[J]. WP B A, 1(1):48-56.
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Suitable Water Temperature for Incubating Schizothorax waltoni Eggs
ZENG Ben-he'!, GONG Jun-hua', LIU Hai-ping', WANG Wan-liang', WANG Jin-lin!, HE Lin-qiang?

(1. Institute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences,
Lhasa 850002, P.R. China;
2. College of fisheries, Huazhong Agricultural University, Wuhan 430070, P.R. China)

Abstract: Schizothorax waltoni, the primary economic fish species of Tibet, is distributed only in the Yarlung
Zangbo River basin. In recent decades, the S. waltoni resource has been threatened by invasive fish species, hydro-
power project construction, overfishing and habit degradation and it is urgent to carry out research to support
S. waltoni conservation. In this study, we conducted an incubation test of S. Waltoni eggs at 8 water temperatures
(5, 9T, 12T, 14T, 16T, 18T, 20T, 227C), to study the effect of water temperature on incubation time, fertil-
ization rate, hatching rate, deformity rate and body indices of newly hatched larvae of S. Waltoni and determine
the optimal incubation water temperature for embryo development. On April 12th 2019, approximately thirteen
thousand fertilized eggs were obtained by artificially induced spawning and fertilization. The eggs were divided in-
to 8 groups and one group was incubated at each water temperature. From fertilized eggs to newly hatched larvae,
the development of S. waltoni embryos were observed every two hours, and the pertinent data were recorded for
each group. With increasing water temperature, embryo development accelerated and incubation time decreased,
while the accumulated incubation temperature gradually decreased. The relationship between the developmental
period of S. waltoni embryo (incubation time) was described as a power function of incubation temperature. In the
incubation temperature range of 9—18C, the fertilization rate of eggs exceeded 90%. In the incubation temperature
range of 12-16C, the hatching rate exceeded 95%. In the temperature range of 9-16°C, the deformity rate of new-
ly hatched larvae were less than 4%. The relationship between the total length of the newly hatched larvae and
temperature was described by an quadratic function. In the temperature range of 9—22°C, differences in larvae
body height were not large, and the yolk sac volume increased initially, then decreased and again increased. The
relationship of yolk sac volume and temperature was expressed by a cubic function. In conclusion, increasing the
incubation water temperature appropriately can reduce the incubation period. However, a water temperature that is
too high adversely affects the hatching rate, the deformity rate, the absorption and utilization of nutrients, organ
development and differentiation of the larvae. Considering the hatching cycle, hatching rate, deformity rate and
body indices of the newly hatched larvae, the optimal temperature range for hatching S. waltoni embryo is 12—
16TC.

Key words : Schizothorax waltoni; embryo development; fertilization rate; hatching rate; deformity rate;

water temperature



