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1.1 R RiE iR R EERIE

ZOHH S R kT 2018 4F 1—12
H 2019 4 1—12 H 4 A 5 A58 ] ik B, el 51
PPASEA 1 365 B, iR Kol 159, 33~245. 29
mm, &5 & K 65. 34 ~170. 02 g, X% T 2020
AE A—6 HAE B g B ot G i ol 6 AT, 1R
MM BOR S 0E a3 a3+ DL b, PRI BLR
g tacE Sl A+ DL R B 1 2 2, 3R
FHEA K FE5E M f (GBS =20 m® KIE=0. 8 m.
V4 =5 mg/L) . ] ] £ 07 45 £F AR W 0% M R
T2.T3, HEMWAHE N 3% ~5%.,
1.2 AT~

50 FH Ak £ M, i 960 B, RA R
A 6 AR 0 T 9 R 9% 8 A i T R (Pituitary
gland, PG) | 53 iR 1 X B ( Domperidone , DOM)
FIE 85 & 2 B A £ A, (Luteinizing hormone
releasing hormone A, , LRH-A,) X} 3 B AR
7 A5 SR A BRI O i R AL A TR R AR . DA
PG.DOM.LRH-A, M= #, = RIEE 21
( Schizothorax irregularis )™ 1 40 % % §E fa
(Schizothorax chongi) 7 fi 7= 25 ¥ iF 75 25 i, %
BRI EME, Hrp PG JHEBE N 5,
10,15.20 1 25 mg/kg; DOM AN 5,10,
15.20 M1 25 mg/kg; LRH-A, FIE#E K 10,15,
20,25 F1 30 pg/kg, HAPIURAE R R P E 3
MR AL B 10 BMifa, JE17 3 R =2 R
G R g B, R 3 I ER 1 K B Box-
Benhnken {8 %11, 7K FE 058 —1.0.1, 3K
B At 17 A B R i E 3 A E R R,
10 FBMEA . T a0 2 A A el s A
JE AP (Y) 5 PG(A) .DOM(B) #1 LRH-A,
(O ESEESEAR- A cAEIE R R

JIT A e AT AR 7 B 359 SR B £ B 5 v 4 2
BRLLEE L EPES B 1/5, |k 12 h J5 o5
Ty 4/5 e TS . BARR KA S
G IR 2 G 5 vk 0 3 R KL KR b (16, 540, 5)
C.pH K 8. 45~8. 56, I8 E N 3.5~3.7
mg/L. 4k N 0. 17% ~ 0. 19% . & & << 0. 1
mg/L,

1.3 ANIRBEERML

KA AT BORS . B 52K 00 180 &) Bl T A v
ABHE H (0. 50 mX0.40 mX0.35 m), I AL
Wi (5. 00 mX0.45 mX0.50 m), % ks
ekt kAT W% 1k, K IR AR fk 4% I 7E 16, 0 ~
16.5 C,i#f#>=8.0 mg/mlL,
1.4 BMRBRAEMEHFELXENE

TR HE IR 50 R A2 A BP 3E AT IR 6 K & WL 42
5T R SMZ 1270 Ui 7 =X i flBe W 5% 32 4
B % B 25 B, DL 70 260 1Y 326G B9 A AH [R) & & B
RN —A % B I By 0 5 5 6 B[R] Ik Y0 32 45 B
AR A TR ATk BT, K
TEIZ /D 10 4547 10, SR FH 10 00 8 ZR S bR 375 W [
JE S TEBE T HEAT ISR 5 0 5 IR 38 /N B A6 4]
fr ok & B 7 I T I AR R it R H
R 30 B 1 5
1.5 BEHRETMN

R4 T H A TR RS ORI fo fi = 4 3%
KR TR

7 3 = R R/ BV A< 100 0%

A 2% = I i vh WIS BB/ 7 B9 B < 100 %

i Ak % = 1 K A6 R AR/ 32 B S <100 %
1.6 HiELIE

IR N4 KB B B AT A K R EalE DL
BUECE bRl 22 7ok R . IRGE A T R X B B
JiEE A 7 AR %) BRI 45 N S T 45 A
HoA 7 AR 45 B fdli ] SPSS 26. 0 B F BEAT 20N K Ty
2481 K Duncan’s i 7 £ & b i, B &M
KR 0. 05,

2 HBREAMN

2.1 WMEEARBEEEFRNWABAREER

& 1 ffis 16 5~25 mg/kg PG FH 4 X Bt i),
P PR 4 Ao e AR B A B T A B S
JaU bR 7E PG HHE A 10 mg/kg &£ T,
PP F R B B i, N (26, 6740, 06) %5 [R R, 78
5~25 mg/kg DOM H & X B[], 3% B K 245
7 2R B A Rt b T DR R S B a2 1
BH# L 7E DOM I 15 mg/kg 50T . A7 %
SEN B, R (26,6720, 15) % B 2 TR, Y
LHR-A, HI& N 25 pg/kg i, 35 B4 fa 4 5=
FIkF B, M (23,3350, 06) %,
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ARRE 7 #FR PG ALIA A 35 2% 5+ (P<C0. 05) . 45 A7
KNI NE F 8RR DOM 44T 8% 22 5 (P<C0. 05) ,

Different uppercase letters within the same PG column are
significant differences at the 0. 05 level, different lowercase let-
ters mean with the same DOM column are significant differences
at the 0. 05 level.

E 1 AEAEK PG I DOM Xif# 7= 3§ %
Fig.1 Induced spawning rate under

different dosages of PG or DOM
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7= /% Induced spawning rate

NE/NG F R RR A B3 257 (P<<0.05),
Different lower case letters mean significant differences(P <<
0.05).
B2 AEAEM LHR-A, 3 #=ZM0E0
Fig. 2
different dosages of LHR-A,
2.2 REERFAMRERIE
Mg o7 7 IR T R s R LR 1, IR
LG A R (Y) 5 PG(A) . DOM(B) #l LRH-
A O RFEWMWZ o LEERBFRNY =
—29.42A%—36. 08B% — 24. 42C* — 4. 17AB +
7.50AC+4. 17BC — 8. 33A+ 1. 67B— 2. 50C +
78.00, MR E ZEC R M 0. 993 5, K 1E
FECR G M 0. 985 2, R ML 1R 2 BN BIILR
B P R 0.568 4(P>>0.05), HARHE PG.DOM

Induced spawning rate under

T LRH-A,3 B PR 20 85 BL K S £ 44 7 R 0 45
F e R TET 25 SR R . PG ORI DOM, PG #I LRH-
A, . DOM 1 LRH-A, X} mi v & CY) 138 5 AE
BRI O m R B Btk gk S i R R B (&
3) s U B AR AT 2%, AT LAAR G 3 R 35000 = o A
2% 1 BLR B8 0 A 7 SR RO . AR e
R f Ak 45 R R L PG AE 13, 47 mg/kg . DOM
1E 15. 27 mg/kg Al LRH-A, £ 19. 28 pg/kg, It
A 3 FELOR 41 e ff = S B (H e =, R 78. 750,
o3 B AE , S 0 7 2 W vk BE T B R S
FEER N (76,6740, 06) Y0 . 45 5 5 Bp i F= R I A
AEAE 5 15 B i 1y A5 78 7 8 T A 250 T 3 LR S

L fiE
F1 MEEBREARRER (x+s5)

Table 1 Response surface design and results
o i {H Code value %?%:/d%
Group  A-PG/ B-DOM/ C-LRH-A;/ néuce

(mg/kg) (mg/kg) (pg/kg) spawning rate
1 1(25) 0(15) 1(30) 20.0040. 10
2 0(15) 0(15) 0020) 73.337%0.06
3 0(15) 0(15) 0(20) 76.6740.06
4 —1(5) 1(25) 0(20) 26.6740.06
5 0(15) 1(25) 1(30) 23.33%0.06
6 0(15) 1(25) —1(10) 16.67+0.06
7 1(25) 1(25) 0(20) 0.0040. 00
8 0(15) 0(15) 0(20) 76.6740.06
9 0(15) —1(5) 1(30) 10.00£0. 10
10 1(25) —1(5) 1(20) 6.67+0.06
11 —1(5) 0(15) 1(30) 20.0040. 10
12 1(25) 0(15) —1(10) 13.33%£0.06
13 0(15) 0(15) 0(20) 83.3340.06
14 0(15) 0(15) 0(20) 80.0040. 10
15 —1(5) —1(5) 0(20) 16.67+0. 06
16 0(15) —1(5) —1(10) 20.0040. 00
17 —1(5) 0(15) —1(10) 43.3340.11

2.3 BEAREEKRIKRASE

Wi & BRI KT (ZHh I3 R
HEE BE IR R IR L 2 IR IR AL R A 0D DL
MW AR TE I NE FIER 3 /iM% N
JUL PR A5 Rz 19 o0 Bk B L B ) S 14 A (A
4) FEKIE 19~19. 2 CE&MF T it 93 h 36 min
KB AL BRR A 1 785.24 C « h(F& 2),
2.4 BEAUBEERHTFELS

B AR AR 4 d A
S, AR X 1~36 d fF R H HEAT WL,
WXt 1~36 d 7k BRI R LT JLASE .
2.4.1 SpFZEMA~6d#) 1 dIFmikEy,
B TEE K R 7. 214016 mm (& 5-1 d);
2 dfFARERE R B BL(E 5-2 ;3 dfFAaiE i
Bl (K] 5-2 ;4 d AF @I s i IR BR (6 2R B i
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A. Response surface of PG and DOM to induced spawning rate; B. Response surface of PG and LRH-A; to induced spawning rate;C.
Response surface of DOM and LRH-A;toinduced spawning rate; D. Contour plot of PG and DOMtoinduced spawning rate; E. Contour plot

of PG and LRH-A;toinduced spawning rate; F. Contour plot of DOM and LRH-A;toinduced spawning rate
3 PG.DOM 1 LRH-A, X} 7= 5% iy I B T 2 % 75 4%

Fig.3 PG,DOM and LRH-A, toresponse surface and contour plot of induced spawning rate
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V. R WL LA AR T 5 X o0 DR ST 5 Y. WO Rl W15 Z. M 6 D T B s o VRO PR D 5 B )

A, B. Fertilized egg;C. Blastodisc formation period;D. 2-cell period; E. 4-cell period;F. 8-cell period;G. 16-cell period; H. 32-cell peri-
od; 1. 64-cell period;]. Multicellularperiod; K. Early-blastula period; L. Mid-blastula period; M. Late-blastula period; N. Early-gastrula peri-
od; O. Mid-gastrula period;P. Late-gastrula period; Q. Neurula period; R. Blastopore closing period; S. Appearance of myomere; T. Optic
vesicle; U. Ear vesicle present; V. Tail bud; W. Muscular effect; X. Heart rudiment; Y. Heart pulsation;Z. Pectoral {in;a. Blood circulation

period; (. Hatching
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Fig. 4 Embryonic development of S. biddulphi
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Table 2 Time sequence of S. biddulphi taeniatus embryonic development
Frek = - ;
PR h BEAZRSHE ]/ o ) o B/
] / /
%1741 1l homin ORI/ Co o0 Uy R AT S H¥
Development h:min . Water . .
ot T Time after ¢ f Accumulative Development feature Figure number
suge  Time G ion temperature | e
THORG P UUPE B L 7 B G TR 215 B B0 4% (1. 7420, 15) mm. WK I K 5 3 (2. 8 &
A 5P 000 000 19.1 o 0.16) mm I 4-A.B
Fertilized egg : : : Slightly viscous sunken eggs. light yellow, round, translucent, with a diameter of (1. 740. 15) Fig. 4-A. B
mm and swelling up to(2.8=+0.16) mm after water absorption.
e ; JRC 0 5 9 O R LB £ HaC
Blastodisc  for- 1:52 1:52 19.2 35. 84 ) . . . " N
. . The protoplasm pools toward the animal pole and gradually bulges to form the germinal disc Fig. 4-C
mation period
2 W Lol as " g5 65 GO 1 UAELIB I 2 AN 0 A 1D
2-cell period : Ui . Embryonic disc divides for the first time, forming two cells of equal size Fig. 4-D
1o IEAEHS 2 Uor 2L 55 1 WK o R 158 UL B A A KN 45 11 200 L A I-E
L 2:14 5:27 19.1 42.66 The second division of the embryonic disc which crosses vertically with the first division, forms .
4-cell period . Fig. 4-E
four cells of equal size
8 2 it 44 1.01 6.28 19.1 19. 42 JREEES 3 WA A B 2 5 ) 4 A3k 8 AN RN A Y 4 Al 4-F
8-cell period : : . . Embryonic disc divides for the third time, forms two rows of four cells of equal size each Fig. 4-F
—— BEERS 0 UAR LTI 16 A A/ B AL 00 B G
i ) 0:42 7:10 19 13.3 The embryonic disc divides for the fourth time. forms sixteen cells of equal size. and the individ- 10 * 7
16-cell period N X P Fig. 4-G
ual cells become smaller in size
p— BB 5 A B IR 52 A KL ) A A L — 2 .
2ol s 1:02 8:12 19.2 19. 84 The embryonic disc divides for the fifth time, forms thirty-two cells of equal size. each of which -
32-cell period RN Fig. 4-H
shrinks further
64 41 R AR5 6 U 53 BB 64 I/ AH RLAY 20 A L A 20 A AR 40K 25 4 /1 &l 41
- > 0:42 8:54 19.1 13.37 The embryonic disc divides for the sixth time, forms sixty-four cells of similar size. and the indi- i~
64-cell period . . o Fig. 4-1
vidual cells continue to decrease in size
EZ 0] VS 258 0k 25 3 % 200 L 5 AR 43 A o T LA 00 2 I R 2 M A e R A 1
Multicellular 1:55 10:49 19.1 36.61 The embryonic disc continues to divide, cells are densely distributed, cell boundaries can be dis- ]; e
period tinguished, and cell clusters are elevated upward 18
BRI 20 0 S TR T O L A0 S R S 1 A 1K
Early-blastula 3.01 13:50 19.1 19.42 The number of cells increases dramatically. the surface tends 10 be smooth. and the cell bounda- 1o 5
period ries gradually become inconspicuous e
Tl i - o BRERARSE SR A B AL
Mid-blastula 1:58 15:48 19 37.37 Th b R " . livid he b [ cells . . . . "
period ¢ embryonic disc continues to divide and the number of cells continues to increase Fig. 4-L
fati i : N T T R TYN T e
Late-blastula 1:34 17:22 19.1 23.56 . . -
period Cell clusters are elevated to a reduced height and have an overall small cap shape Fig. 4-M
B ) TG TF 6 030 50 AL IS0 N
Early-gastrula 6:34 23:56 19.2 119. 68 The embryonic disc begins to underwrap, thickens at the margin, and the embryonic ring is ob- Fig, 4-N
period vious 8-
Vik ) WAL A% 1/2. )& B 2 Embryonic discs are subpunctate to the first half, embryonic shields & 4-O
Mid-gastrula 5:05 2901 19.1 97.09 : fer it s ¥ Ses subp b : yomic S S ~!
N are evident Fig. 4-O
period
SR I ) SR A 2 3/4 b U A A o R0 A B — 43 O B ER O B B A 1 4-p
Late-gastrula 1:51 30:54 19.2 35.52 Embryonic disc subcircumscribed to three quarters of the way down, embryonic shield extended, Fig. 4P
period vegetative pole exposing only part of yolk bulb, forming yolk embolus &
- B LS 4/5 bR o B MO0 S L RO R H1Q
FEEESE 0:52 31:46 19.1 16. 55 The embryonic disc is wrapped down to four fifths, the embryonic body appears immediately a- §
Neurula period . i . Fig. 4-Q
bove the yolk sac. and the anterior end expands to form a brain vesicle
LS {E=gEib ] [ 4-R
Blastopore 4:13 35:59 19.2 80. 32 JRFL & M Blastopore closing Fie. 4-R
closing period '8
A T S S 6o 1 25 4 4 G [ s
Appearance of 3:24 39:23 19 26.6 The head of the embryo is clearly elevated caudally, and about four pairs of somites appear in the Fi 4:§
myomere middle 8. 475
A s s 1o sos BB, KRR 8 4 1T
Optic vesicle 0 : . : The optic appear on both sides of the head and the somites increase to about eight pairs Fig. 4-T
e il arse es soop  TORMENMBLEA M2 12 4 B 1-U
Otocyst stage : : : . The otocyst appear on both sides of the hindbrain, with twelve pairs of body spacing Fig. 4-U
T2 JE A S A R 2F L LA 25 16 X & 4-v
it ing 3:36 51:15 19.2 24.32 The posterior end of the embryo body elongates and forms a tail bud, at which point about six- i~
Tail bud ; ! Fig. 4-V
teen pairs of somites :
LA 2Rz 38 1.32 56.07 19.1 80. 22 VR TE Uy £ B B A B 2 21 % [ 4-W
Muscular effect : : : . Embryos begin to show faint fluttering and increase to about twenty-one pairs of somites Fig. 4-W
oL I Ji K 30 10 % 6 T 4 1 LA 2 A0 MO A SR L (A 1Y 22 26 %) & 1-X
Heart rudi- 11:23 67:30 19.1 216.79 More cells appear in the anterior part of the yolk sac to form the cardiac primordium. increasing ]_: X
ment to about twenty-six pairs of somites '8
o B30 1 f . - LWETF 5 B U 24 30 7 Y
Heart pulsation 1:53 69:23 19.2 85.52 Heart starts beating, about thirty pairs of body segments Fig. 4-Y
o 8 158 O 1L R 7 5 00 0 A O RO UK 2 32 4 -
L] 1:45 71:08 19.1 33.43 Pectoral [in primordia appearing at the junction of the posterior lower part of the ear capsule and ]_: 7
Pectoral fin the yolk, with about thirty-two pairs of somites '8
1L VA1 A 19 A JUE b T KT T AU ) o Y0 3G N AR 4 34 % &l 4-a
Blood circula- 6:43 77:51 19.2 128.32 The heart is in the trunk where blood flow can be observed. with about thirty-four pairs of so- Fig, 4-
tion period matic segments 8.
) 40 SR AT A 3 2 05 3 BE R R A 2 36 % 4p
H'nc]/]ing 15:45 93:36 19.2 302. 4 The embryos continuously pump, alter the intensity increasesand the [requency acceleratesto a- I-:ig ip

bout thirty-six pairs of body segments
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2.4.2 EHWETHT~17 d#B) 7 dfF 0
BUTEEN Sl DNl 5 SR R EU QL IS
7 )11 d AF B AR L L R AR R R A
FAE (- 5-11 d) 5 17 d AF 10 iz 18 /i 3 T 46 25 il
(K 5-17 d)

2.4.3 BTWH8~26 d#) 18 d {101y g
4t /N A HE ) S i R G = (R 5-18 d) 519 d
o 1 0 8 2% B SERE A /B U ST R B R i
FFUf 4y L 5-19 d) 526 d 1 £ 2 8 B A 8 (&

Lo g
&Jlfd 2d
‘ T | 3 Cam—
5d 6d
f i &Mﬂ‘

I 30 4
5-26 d),
2.4.4 BWEMQRT~36d#) 27 diFELE

NI ZH NG (K 5-27 d) 531 d 11015 g 5 % g
TR (B 5-31 d) ;34 d A7 7 68 4 TT 16 31
(1 5-34 ;36 dfF RN ES . B THSHE
RE e, WAF ALKy (19,4240, 87) mm
(K 5-36 d),
2.5 BEAEBEEAIERERBER
20204E 4 F 23 HZE 6 A 3 HAEET 500
S 1B U i A B LK BN A S A 44 L R AT
SHE VIS BRI fa N T a5 L W R 3 AT

3d 4d
e
7d 8d

17d 18d

35d
1~6 d. GR B ;7 ~17 d. 25 AT 5 18~26 d. 25l ;27 ~36 d. 25 i 5 )

5mm

34d

36d

1—6 d. Yolk sac period;7—17 d. Early of bending phase; 18 —26 d. Bending phase;27—36 d. Late of bending phase
5 BEARUBEEREENREHFTELSE
Fig.5 Larval development of S. biddulphi
®3 BEANEEATEERR
Table 3 Artificial propagation test of S. biddulphi

; LT 7K/ C =2/ % ZHIE/ % WAk K iR/ °C T fL 2/ % KAL BT/
ey i 1) 7B i/ﬁ*\i Induced spawning Induced Fertilization Hatchery Hatchery Pap::
Date Fecundity .

temperature spawning rate rate temperature rate Fry
2020-04-23 2.54 15~19 37.50 71.26 15~20 96. 69 1.75
2020-04-25 13.07 15~19 61.11 74.22 15~20 89. 38 8. 67
2020-04-28 0. 86 15~19 40. 00 80. 23 15~20 62.32 0.43
2020-05-01 5.16 15~19 83.33 68. 80 15~20 94. 37 3.35
2020-06-03 3.45 15~19 71.43 43.48 15~20 47. 67 0.7
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Artificial Propagation Technology, Embryonic and Early Larval
Development of Schizothorax biddul phi

ZHAO Nianhua'*?,XU Xiao*,ZHAO He'**,WEN Zizheng'**,
LLIU Maochun', HU Renyun' and NIE Zhulan'"*"*

(1. College of Animal Sciences, Tarim University, Alaer Xinjiang 843300, China; 2. Key Laboratory of
Tarim Animal Husbandry Science and Technology,Xinjiang Production & Construction Corps, Alaer
Xinjiang 843300, China; 3. Tarim Rare Fish Research Center, Alaer Xinjiang 843300, China;

4. Wuhan Zhongke Ruihua Ecological Technology Co. ,Ltd, Wuhan 430072, China)

Abstract To realize artificial breeding and stock enhancement of Schizothorax biddulphi,a series of
artificial reproduction tests were systematically carried out in 2020 for exploring key artificial technol-
ogies suchas spawning season, sex identification, hormone injection and artificial hatchery. The resul-
ted showed that there were 44 spamming fish, 250 800 eggs and 149 000 fries. The results also re-
vealed that the optimum concentration of artificial oxytocin was PG 13. 47 mg/kg. DOM 15. 27 mg/kg
and LRH-A, 19. 28 pg/kg; the main spawning season of S. biddulphi ranged from late of April to
middle of May in southern Xinjiang; the egg diameters of S. biddulphiwere(1.7+0.15) mm, reac-
hing(2. 8 = 0. 16) mm after water swelling; there wereseven stagesin theembryonic development
process, whichwere embryo disc, cleavage, blastocyst, gastrula, neuroembryo, organ formation and
membrane formation; under the condition of water temperature at 19—19. 2 °C, the fertilized eggs
hatched for 93 h and 36 min, the total accumulated temperature was at 1 785. 24 °C + h. In addition,
the total length of the hatchling was (7. 19£0. 15) mm, with heart beats and blood circulation; the
development of the early larvae could be divided into four stages including yolk sac period, pre-ben-
ding phase, bending phase, andpost-bending phase; and after 7 d, the yolk sac could be completely
absorbed. In this study, the artificial reproduction experiments were conducted to identify optimum
concentration of artificial oxytocin aswellas the developmental characteristics of corresponding embry-
os and early larvae, thereby,further enriching the early life history data of S. iddulphi and providing-
essential data for resources protection.

Key words Schizothorax biddulphi ; Artificial propagation; Embryonic development; Early larval de-

velopment
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