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BE: LA HH i (Onychostoma rara)fI N T %5, FEMA AP MRIG AT D ETR, 2016—2019 4F
AR T UC LK R A B B AE AR A 1 0 12 1k, O A T BEAT I IR0E, ARTS PR & B A A AR AR,
2019 4F N T B ARA LT, EEWF 8500 F2; 2023 4, F—REGF MR L &, A8 N T Ba s, B
fh20.2 TR . MRS TP 252404 FF N LHRH-A, 12 pug/kg+HCG 700 TU/kg+PG 1.5 mg/kg, 43 WivRiEst, M
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b, BEATRETE, 2K 30 min JERETENR, DRAE4(2.21£0.06) mm, MK IK S BRSO (2.88+0.07) mm. KN
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W, WZNEEE, RIFRRK T k2,
Py s E# A £ 3 A T Tk R FPETTOK
ZO T o B K BB R SR R A, B R
Fif AR B, BT E B R ML
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H ff1(Onychostoma barbata)lh % % 85 1 H f1.(Ony-
chostoma macrolepis)t N T E5t 5 Fe e 4 R S21
PAK IR RG % 8 Mg P2 B — e g, kA
ELEEVOPNEN -2V SN Y- -k =S5 F S
i, AR T 2016—2019 4E ML TTDEIT K R A/
IREF A HH A, N T YL IR RS NP GEAR,
FFREN T80 542 N T 25, X HIRB AT
By SOk B RHIE T TR RS, WA
1 0 B AR BRI 52 S R A 7 b T R Bt T
PRl WA FRE - F AR ETRAEES
g

1 ##EITE

1.1 ¥&aRES5FE

FEM AL R85 F SR OR3P A7 R w1 Tk Y1366 H (1
FRULVT S ) T A ST 5L 50, T 2016—2019 4FM
P T DL K R B A F A P 12 R, ik
AT S RS H AT AL TR, A R R R R
A%, MAEHIAG 3.0 mx3.0 mx1.5 m, MH 3 cm,
MRS A 80 H i 28 A (fF T W), 4 Ml gl 5 £
LR, R R 30%; UL IR LK
W, EWE N 60~150 cm, 4 7.5~9.0 mg/L,
pH 7.0~8.5, /Ky & 0.08~0.20 m/s,
1.2 ANIZE5#~

TESEAT N AR P H, 248 1 3 32 S i HL AR
Bl FL L i ) S g B A e 43 W i AN W g A B
W EEBURDIRER R | R IE A L B R R
Ui B HEE A . PRI MERE A 100 BB, F
A WA o T 3R, TR 2y N T4 7™ 58
5. I F ONSET HOBO MX2203 (35 [®)i B ic s
T S 2 1 SR A I BE YT Ml 2022 4F 8 H & 2023
47 AW EAEKIRAE G, &K 6:00,12:00., 18:00,
24:00 4 Hlid 5% 1 oK .

2019 & 2023 4, WAFEEEETEMA A
H N T A ™ TR, S IR RO R Ay
(LHRH-A,) . 2% AR M IR 3 X (HCG) i 40 fig
TR (PO M= 25 W) AT IR & 11 5, Ty fig 2
T, ME A PR AT RS, R — A AT
i : LHRH-A, 2 pg/kg; 28 — &0 i 4F JH & -
LHRH-A, 10 pg/kg+ HCG 700 IU/kg+PG 1.5

mg/kg, PYCTESHEIFEITE N 12 h, (2420.5) ‘CK
TR IHL A 11 h, Ml RER—E, dha
MERRSE R RIE 2, 2 2023 4F, 2019 4E B
)F— M R e, T RMRA AW f)s
BRGNS TAE, L L.
1.3 ZFH5W\L

WA S P 2 IR, R DR M £ P B
B, U™ BRIR O R i £ R R T A g Sk
T8, PREE A AL T R K S, R
G R H R IERE, B BRARLET A T4 04 3 355 25 1L
W g, i TRIRE G D5 0 I RS W BT A BB, R
T2 HE, P B R R OOk RS W 7553
1R2), 1~2 min J5FWALKEOE, I H & THT A
40 HMALRE h EAT A0 o IR0 /K SR VT35 b 1Y)
DLILITK, BEALHER /IR 1 mx1 mx1 m, KEH
0.5 m, FF kit P 7R 24 h TAE, PRFRKIREE
fit S8 AF 6.5 mg/L LA I Wbt i, KBSt A
SERDBRBR, B 1k 75 Yt B ) 52 R B o
1.4 BERRYIE2

B 2023 456 A 10 HR AT ZKRHA H
H A AZ KGO0 150 0, B S8 O & TR i ise ™
PEATESEMER o i 210 A LUK TmageView 4K
5 B E TSI, H C1 B s
MR (DIV=10 pm, SIKE R 1 mm)il&E IR H
K/, i Adobe Photoshop CC (64 Bit)4k {46+
Wis %8 B #ir4iHE . #1H ONSET HOBO
MX2203 (3 E) IR LA EE 0.5 hidsg— Ik
KR, WG R B T 2 RURIFR: R A
B A BT A BUR =" BKIR(CCOHO< G R T
2 I WY BT B 1] (h) o 4% 2 8 3 A4 0] 43 2 BR SCHR
(2227290359 432 BB 50% LA 1 3 3% A SRR A
R ] SR ) 3
1.5 BESHEITEER

Gt —AUAE SR EE: LR T —
R B B A1 30 AHEA TR TR L IR A B
P . BRSO B 3 RMEMER A T
— RIS, IR AT . KIS AR
DIRBPSEE R, O, . )5 3 AR
1 g WO, CEEEE, 28Ok, itk
B A X PR OP EE=(OP HLAT L P DRLEUR /3 g)x
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SPELEE; AXTPRBE =X PO e/ L RS PR R

GEiT RS () 32 K5 R DL SRR IEH G 2
WIRRe R T 2, ARG BCE R 320 iR
WEL R, SAREB W A BEZRIRIG 500
AT BT S, WA A 2SI A B 2R
A%y 12 h, #E5245)5 12 h, 21 h LK 52 h BF5¢
T O ECRIE 5 R R AT f

KGR =[N EL-12 h BN E)/ B %>
100%

SBEAL R =[ 1 AT 8/ (BB £ +21 h
FIORE+52 h (1 50%0)]x100%

i F§ Excel 2019 , GraphPad Prism X 52 565 % 3
HATG A DL BB AL SRR, 45 R D+
PRifEZE (xESD)FE R o

2 HRESW

21 ERFEERAREEEEGMEE

2019 AFT LI T AR AT T N T,
FEARHI R 8500 B AN T2 T—REANTH:F,
HEE R EME A 3~4 4FJ5 LT 2 8B s, 2023
SESIIRR A A e N T SRR, & 2023 4
12 F ik, TS A O M B 0 R R 2R AR 24
100 4 . J5 #2648 2000 4. FiA A H )5 &R AR
IRTETEIER 205~430 g/f, IR K 287 g/fE, 1k

KIEHH 19.9~26.0 e/}, FHIARK K 22.8 cnv
(F 1)o 2019 FEH NI A A H A1 —h,
9 AR R B R AN K, B SRR
BRI, = 2023 4F 90% UL EIYFRA H
H Al — AR P 2, LA A 4 X608 O 1y
4208~4610 Ki/Fg, FIJ4a Xt 40 i A (4379+170)
Wi/, MARFXT RO RN 15.37~19.13 Ki/g, FH
AMAEAE X RGP & (17.00£1.58) ki /g (F 1), 2022
A7 A 2023 4 8 1, BEVTIEH G KR AR fk
VLB la, 454 2019 Z 2023 4EFA 11 W 400 258
Sy FEKIRR 23~28 CHF, MfEfa A4 SUR T
BEhF, RO 2 11 h, 220N T AR P i e A
KA 2000 2 3000 BIAL, 2023 45 A T Z5E £ %
e 6 AR 7 A%, 6 A 10 H AN TEWMA 1
ARG ZAE RN 89%, WHLE N 72%; 2019
AEETH AP 0.85 T RRAL, 2021 4E EFH R 1.06 7
FE, 2023 AR A 20.2 J7 R, HEVT I HL B #E
EIR 12 TRGEE D,
22 HEBEBHREaRREE

i A R a2 R 00 Sk ¥ f, DOMEDE, BN,
ZHKE 30 min JEEIMEI S, MIELIRE R 19.5~
25.5 CH}, MZH5EIM L RATEL 455 he WA
P FE o A SZ RS 21 095 A6 1 B v O TR s ) % B AR
DL # AR N B B SRR AN R 2 B o

®1 HEAREAIHEFREBEHR

Tab.1 Results of artificial reproduction of cultured Onychostoma rara

WiH item S #4{H mean JEL Ml range
A /g body weight 287 205-430
A& K /em body length 22.8 19.9-26.0
7 X PR B 2/ (Ri/ JE ) absolute brood amount 4379 4208-4610
FH XA DR 1/ (ki /g) relative brood amount 17.00 15.37-19.13
ROV I [E]/h effective time 11 -
K5 /% fertilized rate 89% -
4L /% hatching rate 72% -
2023 4 JFFPEAKU/L the number of wild parents in 2023 100 -
2023 45 #5344 the number of cultured parents in 2023 2000 -
2019 L Fh 25 &/ quantity of hatching-out larvae in 2019 0.85x10* -
2021 AP /R quantity of hatching-out larvae in 2021 1.06x10* -
2023 4 FhE T /R quantity of hatching-out larvae in 2023 2.02x10° -
2023 4 IF DR /7 $URE number of initial-feeding larvae in 2023 1.20x10° -

I — AR T,

Note: — represents no data herein.
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Fig. 1 Water temperature profile at Hongjiang farm
a. Cultivation water temperature at Hongjiang farm from August 2022 to July 2023; b. Hatching water
temperature at Hongjiang farm from June 6 to June 12, 2023.

221 UPHETHR  3ZHKE U R WK 2 K T B A2 A
(2.21£0.06) mm, 30 min J5 WK KB K, Bk
J5 B4R R (2.88+0.07) mm (8] 2-1), 5P #5445
A R R STRASWT  sh i R I, 324 50 min J&
AR B EARTE, MG, IREABIFEE, 285 1 h
16 min 52 i, M IREIE S (E 2-2),
222 BPZH 2K 1 h 40 min )5, WREFEE
Jr B 24, R AR — 4ok L, PRSI R
ANAREE, R 2 AN (1 2-3) . % AE )5 2 h 2 min,
LA R 2, Ay 3Ty 1) AR — R 1 TR E
AL B 4 S HH IR R/ N A (1B 2-4)0 52K )5
2 h 25 min, HEEE 3 KA, HEPIGEATIY 5y
200, 4330005 1 55— IR B 5 2017, KA
43 A R 8 A (1] 2-5) . 52 K6 J& 2 h 47 min,
WIS 4 W, 3 BTN, BT 4
A, BIE 16 AN, I AR N AR 4,
k16 AHAEII(E 2-6). ZHK5)5 3 h 10 min, HELE
SRS, R 4 17 8 51 32 AN K/NAR— 4,
IS5 A AN S —, o 32 A (& 2-7). %
FiJ5 3 h 30 min, #E1T55 6 K53, 4324 64 4
M, 9 64 40 HIII(1& 2-8), ZK5)5 4 h 15 min, 4
MOAS W 4324, AN AT R H 4 A, T R AR A
B 0 24RO, 20 F R SR R /)N, 41 =[]
HEF MOk S %, F A Z 240 B 1 (E 2-9).

223 FERRE WA AR R L, %
K55 5 h 30 min, BERPER FONBZ I, 4n—ToE

T, #EARIEFI(E 2-10), M TERIRR
T, 20 5 40 B =2 ) 45 AT DL B A SRR, AR A
FEUG B B 0% sh iz o 28G5 7h, B2
4 f Ty 1) BN B B — v AT N ALIE B, BT
B, TR ABENR AR 2-11), 48 IR )2 40 i 4k 25 1]
AT T iz 5, ZA5)5 9 h 35 min, #ERZ
ML 5 IR BT, AR (4] 2-12),
224 [FERFER HEWIRATIAS Wtk AT M i s
iE g, YEMZANMARSE T 4, $ERRS B o 4 ) A
FRZ WA, H2IHK. 2ZHK)5 11 h 30 min,
YA T RN 1/3 Ab, AR
(1K 2-13), 7] F WEH B AR EE R 3245 )5 15 h,
R T EIN R 12 40, 3 A b i (&
2-14), A5 )5 16 h 30 min, WR)Z T 40 % 0P 84 3/4
b, RS G5BT UL, R R 0 (1R 2-15)
2.2.5 MHZEH  AZK5)5 18 h 30 min, R)Z4k%E
T, LR 2 A, (CH ISR M E,
BT RIE R, AR (] 2-16).
ZHKiJE 21 h, WZT B INE, WFLEE, #f
ZENTT T PR R AW ) B B TR R 248, EA
AL E A (] 2-17)

2.2.6 F|EEHEHE AZ2HKi)5 26 h 50 min, fiZ4k
L AWK, TE R, nf USRI, (HAR
TRE B, B 2] U G 6 o A R IR v, HOAS
KO MERINATEH, BGeE T Ech 5, ot
AU B (] 2-18) 5285 )5 27 h 50 min, HR Y
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Tab.2 Embryonic development of Onychostoma rara
25 S R Bl (h-C) Pl 7
embryonic development stage main characteristic time after accumulated figure
y P & fertilization temperature ordinal
ZHEUN fertilized egg ZRIE WO, TRIRE, MEE, YR EE, 30 min 10.34 & 2-1
e K I N ik
BB B blastoderm stage  AHMRIT M B MR AS B, BUE IR, B#GERIE R 1'h 16 min 26.16 &l 2-2
&, HERS
2 4 2-cell stage TR A% 1 T £ 2 A A ) A /DN B4 24 i 1 h 40 min 34.37 & 2-3
4 40 4-cell stage BN E E—RIEEH, SR 4 ERANE 2 h 02 min 41.90 & 2-4
8 ZAJfLil 8-cell stage B, ERMATANE, BT 440400 2 h 25 min 49.75 [ 2-5
16 4ffIH 16-cell stage SR I, 4 47 4 1 16 4L 2 h 47 min 57.26 & 2-6
32 4] 32-cell stage IR, 4 17 8 31 32 4L 3 h 10 min 65.41 & 2-7
64 AffI 64-cell stage NI, 8 47 8 71 64 4L 3 h 30 min 72.85 & 2-8
ZAIMIY muti-cell stage AR R, RALA | A 8] R ERE HT R 4h 15 min 90.05 &l 2-9
BRI early blastula MR A2, RIRER TR 5h 30 min 120.41 [# 2-10
FENR P middlle blastula PENRJZ T, B A B0 e 7h 154.55 A 2-11
FEIRWE] late blastula RICZMR T REIEN 1/4 &b 9 h 35 min 208.00 A 2-12
JE 7 R ) early gastrula stage WZ2 T aZE 1/3 4b, RIR 11 h 30 min 250.10 | 2-13
JEi7 3] mid gastrula stage WZETFEZE 12 4 15h 323.61 & 2-14
e late gastrula stage W2 T 3/4 4k, HEIRE 16 h 30 min 354.48 | 2-15
22 R neurula stage WRZE T4, R OR B RS 5E, AP B 18 h 30 min 395.34 & 2-16
JFLEF P blastopore closing R Z RS N A, 58 4 4 [ B B 21'h 445.90 & 2-17
stage
WL B appearance of L kYOS RN Y v A0 bl I BN Y % NN R K 26 h 50 min 585.78 %] 2-18
myomere I ISTES IR
MR Y eye sac formation M ARZERE I, Fwiofd g ) g MR 36 AT R, T2 B MR 4 27 h 50 min 589.89 & 2-19
BB tail bud appearance  MRLA%E . WrgE B, EIFUEE TOR 2 b, W52 15 %) 29 h 30 min 631.21 [# 2-20
faAR P eye lens forming 1R 2% v s B IR R A1) it A 3lh 669.05 & 2-21
stage
AL muscle response FEEBAIL A 3 B0 5 AR 04 W 4 33h 719.87 & 2-22
stage
O BEW stage of heart beating  FAIABOREIT, B, (OMEFF AT 38 h 50 min 863.52 [ 2-23
BT prophase of RS BB, AR O P, IR IR SR 42 h 20 min 947.78 [ 2-24
incubation T aFE
IBHEHTI prophase of 6 H 6 HAtIKAZAE0R, IREREZUIE, ORI 54 h 50 min - & 2-25
incubation HR T E UL AT 8 1 U B0
NI B4 newly hatched 44 h 20 min FFARBLRE, SRR RIRE A, 2 KA 45 h 30 min 1024.39 & 2-26
larvae 7.2 mm
IS —K the first day after B[ #& 4 pH BROIR 20 M7 A8 RO AR, O i AR W7 0L 2T 8 1 Y% 69 h 50 min - [l 2-27
hatching
ST — K the second day after HRER (4 ZZWTANTR, O IEFIIE FB vl UL 21 €4 M i 3 74 h 40 min - %] 2-28
hatching
LSS =K the third day after  WRBREBARIIR, 25 M8 EW T W, W2 35%F 106 h - & 2-29

hatching

e RIGR& B WIEK IR 19.5-25.5 C; UK AL ToE .

Note: The water temperature is 19.5-25.5 ‘C during embryonic development; — represents no data herein.
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B2 #WAAFalREEERL
L. ZAEON(10 H 11:13); 2. FREJZKII(10 A 11:56); 3. 2 40110 H 12:18); 4. 4 AWM HI(10 H 12:39); 5. 8 AWML (10 H 13:04);
6. 16 HffUIH(10 H 13:27); 7. 32 #MIIHI(10 H 13:58); 8. 64 ZHAEI(10 H 14:17); 9. Z 410 H 14:49); 10. FERF (10 H
16:05); 11. FEARH A0 H 17:36); 12. FIRMHI(10 H 20:19); 13. FEHEH(10 H 22:12), JRIHR); 14. B H 01:19);
15, A1 | 03:19), BE); 16. MZARMI(11 H 05:26), #ZAR(>); 17. FRFLE MBI H 07:03); 18. WL HEI(11
H 13:33), JK®); 19. IRZEH B H 14:40), RFE>); 20. EF HIBI(11 H 16:28), HFEREF (D), WIE(H), Vi (»); 21.
AR B 17:35), SEE); 22, DLAZON (11 H 19:45); 23, OBEBI(12 H 01:37); 24. HERTHI(12 B 05:10); 25. H
JERTI(6 A 6 HALWZHKEHN, 08 H 17:50); 26. WIHELITE(12 H 08:16); 27. HIEJFH—K (13 H 08:30); 28. HIEJFH K13
H 13:20); 29. HIEJEH =K (14 H 20:40). LG & T WEAE 2023 4F 6 A #E4T. K 2-1 18 2-24 BYHLHIR R 2-1; & 2-25 &
(&l 2-29 1 Ho M RUI] [ 2-25.

Fig.2 Embryonic development of Onychostoma rara
1. Fertilized egg (11:13, 10th); 2. Blastoderm stage (11:56, 10th); 3. 2-cell stage (12:18, 10th); 4. 4-cell stage (12:39, 10th); 5. 8-cell
stage (13:04, 10th); 6. 16-cell stage (13:27, 10th); 7. 32-cell stage (13:58, 10th); 8. 64-cell stage (14:17, 10th); 9. Muti-cell stage
(14:49, 10th); 10. Early blastula (16:05, 10th); 11. Middlle blastula (17:36, 10th); 12. Late blastula (20:19, 10th); 13. Early gastrula
stage (22:12, 10th), embryotoxon (); 14. Mid gastrula stage (01:19, 11th); 15. Late gastrula stage (03:19, 11th), embryonic shield
(); 16. Neurula stage (05:26, 11th), neural plate (%); 17. Blastopore closing stage (07:03, 11th); 18. Appearance of myomere (13:33,
11th), idiosome (P); 19. Eye sac formation (14:40, 11th), eye sac (#); 20. Tail bud appearance (16:28, 11th), separate fail bud (),
olfactory sac (#r), otocyst (#); 21. Eye lens forming stage (17:35, 11th), eye lens (3); 22. Muscle response stage (19:45, 11th); 23.
Stage of heart beating (01:37, 12th); 24. Prophase of incubation (05:10, 12th); 25. Prophase of incubation (The fertilized egg on June
6th, 17:50, 8th); 26. Newly hatched larvae (08:16, 12th); 27. the first day after hatching (08:30, 13th); 28. the second day after
hatching (13:20, 13th); 29. the third day after hatching (20:40, 14th). Embryo development observation was conducted in June 2023.
The scales of Fig. 2-1 to Fig. 2-24 are the same as that of Fig. 2-1. The scales of Fig. 2-25 to Fig. 2-29 is the same as that of Fig. 2-25.
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o NG, LR BE LSy, F AHR 28 4 30 A (&
2-19), ZHE)5 29 h 30 min, MREE . WL B,
T TR L, W20 15 %, SEARZE B
WK 2-20), ZHK5)5 31 h, FRARJR S B1 3 48 T 46 1]
B, dhiRHEn, dEA SRS B E 2-21), 2K A
33 h, IMARIIF M A s, Borehdy 15
W, HEANLARLR (K 2-22), b5 R B2 sh 4
RIGTN, WA ol B iRz g B 5L A A A 152 Hh 7 Y
JEN T B . 25 38 h 50 min, fl iAok bk
B, R, DIETF R sh, R UL FAE 3R,
A BRI (B 2-23),

2.2.7 WALEA 2RSS 42 h 20 min, IR EH 5,
AN W o O, iE ARARRTIN (E 2-24), 1t
AR JG I IR Bk 0 AN B B, R DL AT € i) il i 15
S, ZHEI5 45 h 30 min, JRJIE R EBAS Wi o s,
B 4 SR A JE S I H - LB W) 58 5 %) 40, B
WMERKHR, 256K, KKY 6.67 mm (K
2-26). Z¥5J5 69 h 50 min, WHLJG I —K, 4
WK R A, IRERER AR, ISR
/N, BBV mEARIE S, O IEBEEh 2 80 YX/min,
AR AT i A5 5 (K] 2-27). 52K )5 74 h
40 min, FHLIGROSE K, i IRERAY @ K I T
TR, MEER BB B I A5 5 (B 2-28) . 2K e
106 h, WHLIEEE 3 K, 2hmg IREkm R B 8 n
T, U AR B ERIR, F— ) = HE6E S AT
HeD), 822 b AT B AN, 4 B i A T i T
UL, D HEBEENZY 120 Y/min, LAELZ 35 XF, O
AL AT A i sl 2-29).

YT 36 9 Ak 7K KR W S 7R 2023 4F 6 H 6
HZ 12 H bR KIR 2 3 sh T+ & (] 1b). 2023
F£6 H 6 HE 11 Ss2nMA B alris it
ITIEHIEAR)E 2K J5 54 h 50 min A 7E AL ET
1, AU RS AR AL I 2 B 0 R REAE R
HRBR (0 2 0A 5, 0 W R0 50 A 40 € 1 v A 5 (TR
2-25), MELF 6 H 10 HtRZK ARG, HARAG
FESFALHTIA IS () & B R N 58 3% .

3 g
3. BEEREMAIFESEHEIM
P A i AT 1R B A A R X K T A SR

i, R RIRAR . pH I . EAS RSN
TFo HETAR A B A A A DLV AR 9 5
Sk, AELYTT] XA M DA S BRI FR A, it I I
IR e K ISR A5 ) 2 & UK . 2023
EMA AP AR EEMEE ST 202 TR, H
00 DA RE A 1 2 B AR SR KA B
TR

Tk 25 e B SR A A 1 B ) R A G
Wi R Hi, BOSLREARTEAN
AR DR T I R A A B, RBLE R S L
R GE A SR 30%)FR ORI, [
£ 1 2 P 0 28 0 B 21 2 W S PR T iR A T 5%
MIEE, sk A W a0 ok a5 B R e L
FE T A5 e Ao R 7 o ] R e OV R D A e
ZEUURHCHLEE 11 FK S 42%) 44 e B oy 3518,
I ) AR R E A S B 2% B A
TS R Il L K s %) =m0 e B
IR IR T 2 £ 1 P B G G E ] o AR v
A 1A — R e 5 A A vl A
W43k 2 # (3 i, (AR RO HE LT N T
B TAE, 4 M 90%LL AP S, S
T A PR AR RS TR AR e L P-4 58 T — 4R
X N 7R EA RN TR AR, g R
P RRHEC Ty, AT AR KRR A A A I 1Y
ERR, FESCBUBAL IR G, WYY 2 R AE AR 12
AT ISR
3.2 BEORANERKRES

AT FE % B )L UK B IR IR % & e A i 1)
DL ESAE R AR IEIE S EA R R 2E5] . XR
A 7T RE AL (43R BE YLLK IR B A B 0 W 114
PRBEC2A 5, T BR B Tt 5 0 Al 11 0
T DR P TG A R SR AL g bl B kT 3
6 H w17k IR 3 sk L H(E 1b),6 H 6 H
MBI 245 5 54 h 50 min & & BIFAL AT,
IRER A W, O WE LA S B . A I3 A5 5
M6 J1 10 HALR M BE 2K )5 42 h 20 min K&
ZWHALATIN, 45 h 30 min B, BHLIEAE KA
AT R SRR (55 2) W — 6 Bl N T
R, WA R T PR, B A ARG AL
) B T 4 e, EL I B v 2 S OV iR A RS
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MDA B A A A% B A HEIR, (ERSE MR
MG A H o eIk 2 SRR IR AIE 3l DA SRk
T 11 22 fife A FH 2401, e Al I8 A vk R T e 5k v
FHERRG KA 3 R A R T, S N T %00
AP R R o FETT R A A N T8
TAERG, 2R B AR A, ol e A B
Rk
3.3 HARRaSREREMEXMNKEIBEATILR
A E A0 A BIORLRR A5 (7] 8 10 28 B AR AL,

Gk, UUPEDE, BAREE, WK K S &S
PEIH R (R 3), X HHM TR Ima . K%
WA WL B PR ARG N o A 11 fa S R & £
I 2K ON IR K R Ik S R T R, BE KR ) A
BEIA ARz, ERgl e, eiR,
2K NI PP AR 55 1 53 R A AREAE (AR AT 1 P R
Fe 7RG RESEE . B A ARG 9 A s ] DA
K AL s BURS R 2R 1L R 8% (Scap-
hesthes macrolepis)fZE K, (HHAIAH 1, £

®3 BEEFESHMGEBERATHALR

Tab.3 Comparison of embryonic development characteristics between Onychostoma rara and other fishes

A i A 1 H A8 I £ ) HAUE Y @ R ST 8 AP g2 g 20
species Onychostoma Onychostoma Onychostoma Varicorhinys Onychosto}:na Scaphesth?s
rara simus barbata macrolepis macrolepis macrolepi

Bi{4 colour of egg piyi) WHE A IR 6 SEALHA WA HOAGIREA

BWRLPEIR egg trait WA, Uit BEE . DU, . Uik Firk . itk MWKHREETE, 20 min 2K B,
30 min JFRE IEE - éRCEE 20-30 min J&5 ik
Hitk HE

B2 /mm 2.21+0.06 2.0-2.3 1.99+0.04 2.46+0.12 1.90+0.02 1.65-1.82

egg diameter

W 7K J5 BR A /mm 2.88+0.07 2.8-2.9 2.81+0.07 2.87+0.36 2.60+0.03 2.38-2.45

egg diameter after abs-

orbing water

K/ C 19.6-25.5 23-25 16.5-21.7 17.2+0.5 19+1 22.5-24.5

water temperature

JIE A AL 18] /(h, min) 45h30min  48h 101.43 h 147 h 30 min 80 h 46 h 50 min

time from fertilization

to hatching

WG I AL i 3 1024.39 1146.62 - 2537.82 1551.98 -

BUR/(h-1C)

accumulated tempera-

ture from fertilization

to hatching

Hh AT £ R LHEOER, 2HEOE, ikiEy, 6F 2HEY, o @iEEY, OBk m 2SEU, OBk,

development stage of .ok, K OBk, MK A, OBk MW Bk MBS WRIER SEF A — B 1] 5

newly hatched larvae j=2us — e | i, il AEEHMEHRYIE  KALE MR LT LI,
LLEMETE WG PEER W 5 1 M Sk
E2 FHEEE

W7 fa 2K /mm 6.67+0.53 5.5-6.6 - 8. 860. 52 6.00-7.00 6-6.5

newly hatched larvae size

MR 35 48 - - - 46-48

number of myomere of

newly hatched larvae

H I A A £ 0 Bk 120 122 - 114-128 85-90 180

W /min
heartbeat  of
hatched larvae

newly

T — AR TR 4.

Note: — represents no data herein.
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5o Y PP AR R AR R L R S SRR R
A ) T 0 B T IR PR o SR
BRI, BB S N 195 R ) o BB PR IR R AT £
A 70 2 W ) PN TR 2 R 1) AR S SR A A

Fis A5 (1 A0 0 B AR A (2.212£0.06) mm, 5% K £1
W fii (Aplodinotus grunniens)(1.07+0.04) mm"*'L/
K Bt (Carassius auratus)(1.50 mm) 1 1,
i A L 0 S CH R e A0 2 8 T R IR AR ) £ 28 (R
3), NHEEWE T R ERE, AR TR A
ARG 3 W AT AT g LS BCK 35,
A /0 F 1t RN ZR 1L AR 4R, ( 3). Hempel 25141
RINAE— AT, PIAT g LT 005 Ak iy
B R OC . AR 2 ()] AT £ i LT R L
H—E 225, RFPAS EAS R Z ] LS A 8
TR R R WA R &) P TR
eI HAN AR, BIEESE R, My
U JUE DL K FS 00 il A 2 T L, X 5 H
PR e RN 22 % 1 PRt B o AR DL AR TR BERRAIG, IR
e Lt R E K, A A AN IR 2T
TR e, X5 2% 1L AR fa e b R R RIS R E IS
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Briff: AHIRAL R 8k A RIRP A R 3] 69 7R A
SR T EHRFFSF PO KE AATFRAFA
B AMAGT EOHE . HAGF &8 FHRA
EELS LRBEGH

5% 3 k:

[1] Wang X H. Studies on the biological characteristics and the
evaluation of genetic resource of Onychostoma rara[D].
Guiyang: Guizhou University, 2006. [LHeHE. A H H

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

AR R BE IR D). BERH: SR, 2006.]
Dai Y G, Wang X H. Dressed ratio and nutritive composition
of Onychostoma rara[J]. Fisheries Science, 2007, 26(1):
7-11. [fRRLS, EWerE. fif 1 ad R IR BT
SR, JKIERE, 2007, 26(1): 7-11.]

Shan X H, Lin R D, Le P Q, et al. Onychostoma[M]//Le P Q.
Zoology of China-Osteichthyes-Cyprinidae (volume 3).
Beijing: Science Press, 2000: 126-147. [PA[]ZL, #k A,
SRnE, S AEaEM)y R, T E SRR
W-HUE H(TA5). bt BR2zh i, 2000: 126-147.]
Wang S, Xie Y. Red list species of China (volume 1): Red
listfM]. Beijing: Higher Education Press, 2004: 160. [{E#24,
fiz%. PEPMLILELREE—E): LEAFEM]. JLat
EEEHE AT, 2004: 160.]

Hunan Fisheries Science Institute. Hunan Fish[M]. Changsha:
Hunan People’s Publishing House, 1977. [#iFG%& K =Rl
WEFERT. W IEGEM]. Kb WM ARG RRAL, 1977.]
Zheng C Y. Zhujiang Fish[M]. Beijing: Science Press, 1989.
CHSZESE. BRIT M. JEst: Blez b, 1989.]

Ran G X, Dai Y G, Luo H X. Chromosome karyotype
analysis in endangered species Onychostoma rara[J]. Modern
Agricultural Science and Technology, 2014(8): 242-243, 248.
(g, NS, B 5. W m2eia P a g G
RIGMHTI]. BURAOL R, 2014(8): 242-243, 248 ]

Dai Y G, Yue X T, Yin B Y. Characteristics of peripheral
hematocytes in endangered fish Onychostoma rara[J].
Chinese Journal of Zoology, 2014, 49(6): 875-885. [{XN] %,
AR, FYIR—. WG AR 1 T A 4 MR AR D).
HWEIE, 2014, 49(6): 875-885.]

Yue X T, Dai Y G, Yin B Y. Determination of biochemical
blood index of Onychostoma rara from the Yuanjiang
River[J]. Guangdong Agricultural Sciences, 2012, 39(19):
160-162. [FEleM, A5, FHE—. JLIKRMA AR
M A ACFE A5 B9 2 [3]. T AR AR, 2012, 39(19):
160-162.]

Yue X T. Effect of stored time on the biochemical indices of
serum in Onychostoma rara[J]. Journal of Mountain
Agriculture and Biology, 2014, 33(3): 46-49. [/, 7k
P TP X A A 1 P LI 5 A ot 2R AR B 0 s 45 2R B 52 e [,
bl A= H2447, 2014, 33(3): 46-49.]

Dai Y G, Yue X T, Yin B Y. Morphometrics differences
between the populations of endangered species Onychostoma
rara from Yuanjiang River and Xijiang River systems,
Southwest China[J]. Chinese Journal of Ecology, 2013, 32(3):
641-647. [FRAL5E, HIGEN, P —. Bifa A MM
VEVLAM RS PO IR S B i A MR 22 5 1 D). A4S
2F4i, 2013, 32(3): 641-647.]



%5 6 3]

SRS A RN T S0 S R L

671

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Peng S. Polymorphism of D-loop sequence from mtDNA of
Onychostoma rara[D]. Guiyang: Guizhou University, 2008.
(. WA H TP mtDNA D-loop JFHIZASERISE[DI.
EBH: BHHIKAE, 2008.]

Ran G X, Dai Y G, Yue X T. Structure and genetic diversity
of mtDNA D-loop in the population of Onychostoma rara
from the Xijiang River[J]. Journal of Shanghai Ocean

University, 2012, 21(2): 176-182. [#1568, Ui, Fhedu.

i 4 A PG VTR mtDNA D 35X (25 B 5 2R
0], IR R4 4R, 2012, 21(2): 176-182.]

Zeng C F, Li X L, Li C W, et al. Mitochondrial DNA
sequence of Onychostoma rara[J]. Mitochondrial DNA,
2015, 26(5): 744-746.

Shen Z X, Fan J D, Xu Q Z, et al. Study on artifical breeding
technique of Onychostoma lini (Wu) on the Fanjingshan
Mountain[J]. Hubei Agricultural Sciences, 2015, 54(20):
5096-5098. [VLIEAE, BE&TE, WWEE, & At/ H
H 0 N THRFHEARBETE ). #ALARARRE, 2015, 54(20):
5096-5098.]

Liu C, Long M X. Summary of artificial breeding experience
of Onychostoma sima[J]. Sichuan Agricultural Science and
Technology, 2018(11): 50-51. [XIi##, Jeankfe. HEMAAT
FIHAI SEET]. AR, 2018(11): 50-51.]

Chen F X, Zhang X B, Zhou Q C, et al. Artificial breeding
experiment of Onychostoma barbata[J]. Agricultural Techn-
ology Service, 2020, 37(9): 50-51. [ WAk, K@ik, J&H
B, 45, ML W N T8RRI (). RS, 2020,
37(9): 50-51.]

Jing C B, Ma L, Xu G W. Artificial breeding and cultivation
technique of Onychostoma macrolepis[J]. Scientific Fish
Farming, 2023(6): 49-50. [4:hl%, &)1, #RESC. L85
Hapg N T8 5FMEARD. Bz, 2023(6):
49-50.]

Chen Z F, Li G, Xi Y, et al. Study on artificial breeding
technique of Onychostoma macrolepis[J]. Scientific Fish
Farming, 2023(3): 18-19. [Bf:EJr, Z=NI, 4RE, 4. L%
A TEEHARTRI]. Bl23ifm, 2023(3): 18-19.]
Gou N N, Wang K F. A review: Research on biology and
artificial breeding techniques in largescale shoveljaw fish
Onychostoma macrolepis[J]. Chinese Journal of Fisheries,
2021, 34(1): 88-93. [Hjlelh, T4 LEH A Y
HY%HEARWFERI]. K=, 2021, 34(1): 88-93.]
Dong W Z, Wang T, Ma L, et al. Artificial reproduction of
Varicorhinus macrolepis in Qin-Ba Mountains[J]. Journal of
Animal Science and Veterinary Medicine, 2016, 35(3):
27-30, 35. [T, £k, B, & ZEILXZEEH T
1o N T EFHIRIR[). BEHEEEESRE, 2016, 35(3): 27-30, 35.]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Li Y, Zhang Y G, Xie B W, et al. Observations on the
embryonic and larval development of Varicorhinus (Onych-
ostoma) simus[J]. Journal of Southwest China Normal
University (Natural Science), 2006, 31(5): 142-147. [Z25,
TR, HEESC, S AP AR RIS & B Y ME
(1. P8 B O R 2 4 (AR B2 D), 2006, 31(5):
142-147.]

Liang Z Q, Li Q J, Song X C, et al. Observation on the
embryonic development of Onychostoma barbata[J]. Journal
of Inner Mongolia Agricultural University (Natural Science
Edition), 2022, 43(2): 1-5. [BRIEH:, 2908, ROLH, 5.
R A8 BRI K B LR [T]. NSEE Al R4 (1A
IREFERR), 2022, 43(2): 1-5.]

Liu D, Yan H G, Dong Z L, et al. Observation of the early
development characteristics of Varicorhinus macrolepis(J].
Freshwater Fisheries, 2022, 52(4): 92-98. [XIf#, =S5,
RS, & A AR YR EREE ). oK,
2022, 52(4): 92-98.]

Li S, Li H, Zhang M ], et al. Observation on the embryonic
development of Onychostoma macrolepis in Qingjiang
River[J]. Agricultural Science and Engineering in China,
2021, 33(2): 36-40. [Z=41, 2%, SkBHEL, 4% JEVLI 26
H IR R B A ]. H EAOl Scg -4l TR, 2021,
33(2): 36-40.]

Chen H J, Jiang Y L, Song J Y, et al. Study on the embryonic
development of Scaphesthes macrolepis[J]. Acta Hydrobi-
ologica Sinica, 2008, 32(6): 926-933. [FR41%, FHiz R, K
7B, & BIFBHOEIGE T ATIED]. KEAYER,
2008, 32(6): 926-933.]

Yang M. Study on embryo development and early antio-
xidant ability of Schizothorax grahami[D]. Guiyang: Guizhou
University, 2020. [##f. EUIZLUE G IRIG K & B P b4
1L IWF5R[D]. SRFH: BtHIR2#, 2020.]

Kuang J H, Chen G, Ma Q, et al. Embryonic development
and morphological characteristics of larvae and juveniles of
cobia (Rachycentron canadum)[J]. Journal of Fisheries of
China, 2021, 45(11): 1814-1824. [JTAME, WRAI, Th#, 4.
AR R E MATHEEATE SIERT]. K754, 2021,
45(11): 1814-1824.]

Zhao C H. Preliminary observation on embryonic develop-
ment of Rhinogobius giurinus[J]. South China Agriculture,
2023, 17(1): 6-12. [iX AR, FRVIEFE ARG & B P12 0
FZ[1]. FETARl, 2023, 17(1): 6-12.]

Zhang J. Experiment on artificial breeding and larval rearing
techniques of Onychostoma macrolepis[J]. Jiangxi Feed,
2019(2): 19-21. [3KF. L8 AN T B5H K R E
ARRPRIE[I]. VLPE1REL, 2019(2): 19-21.]



672 Hh K R H31 %

[31] Mendonga R C, Ikebata S P, Aratijo-Silva S L, et al. Thermal [37] Zhang Q, Zhao H X, Wu X D, et al. Discussion on the

influence on the embryonic development and hatching rate of hatching enzyme of fishes and the premature digestion of
the flameback pygmy angelfish Centropyge aurantonotus egg envelope by artificial hatching[J]. Current Fisheries,
eggs[J]. Zygote, 2020, 28(1): 80-82. 2005, 30(5): 19-20. [Gk#T, L0, RIMAK, 5. AL
[32] Yamagami K. Studies on the hatching enzyme (choriolysin) it M A0 20 N TS Ab SR RS (R R [0]. PR ZK ™, 2008,
and its substrate, egg envelope, constructed of the precursors 30(5): 19-20.]
(choriogenins) in Oryzias latipes: A sequel to the infor- [38] LiC, Jiang Z Q, Liu Q K, et al. Embryonic development and
mation in 1991/1992[J]. Zoological Science, 1996, 13(3): temperature effects in fighting fish Betta splendens[J].
331-340. Journal of Dalian Ocean University, 2011, 26(5): 402-406.
[33] Liang Y J. Study on the development of hatching gland and [Z4, Z2kam, XpcHh, 4. RE-- s LT RE
the biochemical characteristics of hatching enzyme of Misgu- SRS & B W2 [T]. KSR AR, 2011, 26(5):
rnus anguillicandatus[D]. Wuhan: Huazhong Agricultural 402-406.]
University, 2003. [J2528. Jediibie & & SOk ig A1k [39] Zhang L, Wen H B, Zheng B Q, et al. Artificial spawning
FEHEIOIFSE[D]. BB 4l k2%, 2003.] and embryonic development of freshwater drum, Aplodi-
[34] Lou Y D. Hatching enzyme of fishes[J]. Chinese Journal of notus grunniens[J]. Journal of Fishery Sciences of China,
Zoology, 1965(3): 97-101, 123. [BEARZK. 2SI LB 2021, 28(5): 569-578. [3k5e, FMHE, AvKiE, 5. KA
FWEZRE, 1965(3): 97-101, 123.] HEATH= 5B EEWED]. FEK=R2E 2021,
[35] Hou L. Study on secretion of hatching enzyme and dissol- 28(5): 569-578.]
ution of egg envelope in fishes[J]. Hunan Fisheries, 1984(3): [40] Wang J N, Tai D M, Zhou Q C, et al. Preliminary study on
42-43. [fiebk. FZREALRE I 4> -5 B0 IRV R i AIF 9 0] embryo and juvenile development of Carassius auratus[J].
WK™, 1984(3): 42-43.] Northern Chinese Fisheries, 2023, 42(1): 9-13. [ 41, AR
[36] Fan T J, Shi Z P. Advances and prospect in fish hatching L RHAE, & RO IRIR R4 L B RIS
enzyme research[J]. Transactions of Oceanology and Lim- [71. BIEITKF=, 2023, 42(1): 9-13.]
nology, 2002(1): 48-56. [BE4LfR2, IR M Lgny [41] Hempel G, Blaxter J H S. The experimental modification of
W 5% 18 e K L A B B (7). T PRI A 4R, 2002(1): meristic characters in herring (Clupea harengus L.)[J]. ICES
48-56.] Journal of Marine Science, 1961, 26(3): 336-346.

Artificial reproduction and embryonic development of Onychostoma rara
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Abstract: Onychostoma rara is a fish species distributed only in the Yuan River system in the middle Yangtze
River and the Xijiang River system in the Pearl River basin of China. It is locally popular due to its tender meat,
delicious taste, and high nutritional value. However, stressors including overfishing and environmental damage
have led to a sharp decline in the number of O. rara and it is currently listed as an endangered fish species in the
"Red List of Species in China." The artificial breeding and release of endangered fish can aid in protecting them
from extinction. To achieve this, wild O. rara were captured from the Yuan River system in Huaihua from
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2016-2019. In 2019, numerous artificially reared O. rara reached sexual maturity, and the F1 generation was
obtained by artificial cultivation and manual stimulation with oxytocin. Our findings indicate that male F1
individuals attain sexual maturity for the first time at the age of 2 years, whereas female F1 individuals achieve
sexual maturity at 3 years. By the age of 4 years, 90% of the F1 population has reached sexual maturity. In 2023,
we successfully achieved the controlled reproduction of cultured O. rara. Until Det 2023, there were 100 wild
parents, 2000 cultured parents, and 2.02x10° newly hatched larvae. One hundred male and one hundred female
parents were sequestered in two separate net cage for the subsequent artificial oxytocin experiment.”  Artificial

oxytocin was injected with a mixture of luteinizing hormone releasing hormone A,, chorionic gonadotropin, and
carp pituitary gland extract. Each female received two injections, while each male received one that was half the
dose of the female's second dose. After the response period was reached, which was approximately 11 h after the
second injection, the fertilization was performed using the artificial dry method. The sequence and morphological
characteristics of the developing fertilized eggs were observed using a microscope and described in detail. The
newly spawned eggs of O. rara were yellow, sinkable, and weakly adhesive, with an average diameter of
(2.2140.06) mm. After absorbing water and approximately 30 min after fertilization, the average diameter of the
fertilized eggs expanded to (2.88+0.07) mm and became non-adhesive. When the water temperature was 19.5-25.5 C,
the time from fertilization to hatching was 45.5 h, and the accumulated temperature from fertilization to hatching
was 1024.39 h-°'C. The newly hatched larvae showed a light-yellow color, with no other pigments visible
throughout the larva body. On the second day, melanosis in the eyes and red blood vessels in the heart and
abdomen were clearly visible. When the water temperature was decreased, the time of the embryo hatching from
the membrane was extended, and the embryonic development of the prophase stage of incubation was more
complete; furthermore, the eye pigments were clearly visible, and red blood flow could be seen in the heart and
abdomen. The morphological characteristics of the prophase stage of incubation were basically consistent with
those of the larvae on the second day, with higher water temperatures. This suggests that temperature is crucial for
the hatching and development of O. rara embryos.

In general, the egg traits of the O. rara are basically the same as those of other fish in the genus Onychostoma,
which may be related to their typical habitats such as rivers with strong currents and gravelly bottoms. In such
environments, fertilized eggs can be dispersed with water flowing downward into the spaces between rocks to
avoid predation and improve survival rates. However, due to the difference between species and environmental
factors, the degree and stage of organ development and the time from fertilization to hatching are different. Using
artificial breeding and artificial oxytocin technology, this study realized the artificial reproduction of O. rara for
the first time and carried out a preliminary study on the development of O. rara embryos and larvae, providing
basic data and an important reference for the future implementation of large-scale breeding of this species.
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