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3L T i R B A A0 A Sk A I AR, PR T
ikt £58 4% 5 T FEASEA R B ER R, m& MRS, %
FERE A FL A CORS W B, AKRIEOT, R
100 g DA i 2 491 38 Sk A R I AR Bk
TRV M 68 g 2% 7 1) RGN, MEAREH B R, K
B 150 g LA b Al o 2 A Sk £ VR A ME R SR AR
WEHE LA 3 2 2,
12 AI{EF=iEE

87735 R AR R R B R Ay (LHRH-AL) Al
IR R Mo BB (DOM)AL &, R 2 IRyESE: 56
—EFMEPEEARTES LHRH-A, 5 pg/kg, HMEfAATE
5 12 h J5 KM 2R AR BLK E 5T LHRH-A,

8 ng/kg+DOM 6 mg/kg, HEVEWE

o5 2 AR PR T 2 6~7 h i, AE LK F e
SEAIE B IT Sk A A MEPE R A BRI, 5 L o
5 TR R AR S, T AR TS W) 5 555 %,
P BF 10 BT R T 0y SR, T A M
AR SE R T, KA BT RO B, B
AW KBRS, BB 2 min J5 iyEEaR
VERFEMANAR TR, Jo¥ 52 45 00 & T 04k 20 18 L
TR IREAL o AR B AL B B ) 4 3, 0~22 h R 45T
MM 0.5 m/s, 22~27 h FEKHE 2 0.1 m/s, 27 h L
JaWKE RN 0.5 m/s. KA. WALKIE N
18~21 C, A =7 mg/L,

1 TR 1 A A Skt M 2R £ REAE

a. MEfa; b, WM o MEEURSEE; d. MER DR EL
Fig. 1 Characteristics of male and female Garra mirofronits broodstocks during spawning season
a. Male individual; b. Female individual; c. Male testis; d. Female ovary.

13 MRBREENE

R AL IR TE rf AL 30~50 i 324 B1 &
FHEFEMd, 7F T2-HK830 700 i s (R Y1 i 3
WO 22 A AR A R 7)) R AT S LG FI 41 B,
105 R R F 45 B R SRR KoK . R IR
WIHT R BUZAE BN (B fR A2t 10 min, ZJ5 K
B2 K5 U0 6] B AS 5 30 min, A7 3095 i BORE WL
S, 2O AME Ok, IR
B ARE T R Ay A A Skt R R B R, W
W E WA TRy, Y S0%SZREEN . A1
RIS Sy itk AR — R B IR
14 HIERREMIW

N TEFSCRMMENG & B o B SR bRt

NN
A 7 R = G A0 R A AR B 100%;
A =R iy TS B R 0 < 100% 72
WAk SR =1t K AE B/ 32 K5 51 BB 0< 100%;
K=NxT;
AGR=(Lp—L)/(t—t)*;
SGR=[(InLy—InLy)/(t,—t;)]x100%;
Horp, K AT h); N AL T st (h); T A
S KIR(C); AGR A4 K 4% A K 2 (mm/d);
SGR NA K@ A KF(%/d); Lo 1 Ly 4390k %
BE AR
WA HG % & I AR Adobe Photoshop CC 2023
AT BT AR HE, W 454 R H Graphpad Prism 9.1
AT AT L L, Bl DL B bR 22 (x=SD)”
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2024 4£ 7 H 25 H—8 A 21 H, IifrT 3
N TEA SR 1), St it o B, P op
9 BB, M= HIEH 100% ZAEF N (89.93+0.72)% .
R %R (87.83£1.00)%, LIRS HIBEAT 1 23.20x
10° .

*k1 HRELBEATIEHEBRSET
Tab.1 Satisticsof the artificial propagation
of Garra mirofronits

KSR 2024-  2024-  2024-
reproductive parameter 07-25 08-08 08-21
W 25 0 B L 3:2 3:2 3:2
brooding male-to-female ratio
1#7 # /% oxytocic rate 100 100 100
72 EE/10% ind spawning capacity 9.80 9.70 9.90
Z kG2 /% fertilization rate 89.10 90.40 90.30
§¥% 4k /% hatchability 86.70 88.20 88.60
H i H/10% ind. seedling output 7.60 7.70 7.90

22 HRREE

AT A A Sk A S AE B0 R IR, KA, A
U7 B 42 M (1.1240.04) mm, WK %K 5 o0 s 42
i8(3.3740.09) mm, 2K F %L 300.89%, BP AR
B, TOREME, DNEIBRECR, RMAIEE RGN . K
IR 18~21 'CF, £24~26 hEWEGE TSR, ¥
AT 4K (4.5040.07) mm, L5 32 %F, Sk
BURH 496.04 C-h, JI&ZKE00 . IR, s
VI 41700 U I 770 I R 2 I I =S R N
O WA S A AT 45 0 ANIH, SURT4H4) R 32
NREW, & KEHEKIESRE . Diat LA 2
iz 2,
221 ZHREW  AHELMUZHKE, UOREK
K, BP B4R K (3.37+0.09) mm, DR EE K
o, GPREEEIE I, OP R BRA R, R Ak JE R AR
Wl S PR, 5 W R T B A, AT L B i
BT A 240 5 D (11 2-1)
222 BR#EER 2K 25 min G ERE, 4
RN 1/2(F 2-2).

223 BIHE HFsEkaERINA, R
G AT N N

ZHG 41 min J5, ZAEIHTTE | ROZ,
RR 222, 5k v g3t I P W 1o A 400 A0 1) Bl o o 30
1 540540, EIRE T FEIRL 2 DR/ 5324
BR, Fik 2 4 (A 2-3);

ZAE 56 min J5, AT 2 IKEPAL, KSR
555 — Ko T AHTE B, B 4 AN R/MHETF Y
IrBUER, Bk 4 4RI (A 2-4);

ZHKi 1 h 6 min 5, #1745 3 RGH, 21
Gy SATHGE LSS 2 WA B4, 4 A5 2R R 8
A, B3k 8 A (A 2-5);

ZHKi 1 h 18 min J5, SZKGINIEATES 4 ROPZL,
AW 4= 2 Aoy, 55 2 W RimT
17, 43380 16 14L& 2-6);

2K 1 h 33 min J5, ZAGIRHATE 5 o4,
AR A, 55 18 3 RO TAT, 32 4
YA /NS —, HEF AL A AR RN KL (& 2-7);

ZHE 1h51 minf5, AMM4kEsr 2, WA/,
TE AL 64 1~ 4IHE, PEA 64 4 (E 2-8);

ZHE2h 12 min J5, MM EA—, pR
BRIRBUZR W46 /N, T inHEFRHES, BRI A
BRASFHEORI AT, HEAZ 40 (& 2-9);

ZAH 2 h 40 min J5, MRS RARLLIETT, S
BRECE AW N, JLT AR L, 2 RERHES
—ie, SONEARIEE, ASZERBI(E 2-10),
224 FHEH ZKi3 h 35 min)g, HEEINEAN
Wi AT, A3 2LERASFRAR /N A M 1] 700 2% 4573,
21 i 1) L RR B, A3 BRG] AR )Z, 7 DN 4
e, 2B EARR 1/2, BEEIR, F
IRHEARFIA (& 2-11);

ZHG 4 h 40 min J5, AMUARTRRRSESE /DN, HEHR
TRRBE 2 46 /0N, = REE AR 2/5, BitAR L,
P2 5 ON B AL MR B, SR FE R v I (]
2-12);

ZHKE 5 h 50 min J5, F%RE 2 ) A A A A i
AR, WZZE NP, FNZEER, BE, %
JIR i B B RO E AR Y 1/3, 52K 5P 3h W H b TG
B, RS AE N, YRR S 00 OT A
A ZENR I (] 2-13),
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225 EBFEEE 2K 7h20 min 5, RZ4EAN
Wik &, TEIN R AR T Y e, T Ep
B 2/5 Ak, T MZAM RGNS A, FEREE
NGIE N — B BE IR, 2K R (& 2-14);

%A 8 h 10 min J5, JIRJZ 40 ) T~ 2 3 G
B 172 4b, WRIAEH R RARIE, iE AR it
(K 2-15);

%A 8 h 50 min J5, WRJZ4RE N R IIEY
4/5 Kb, DL IRIR— 4R rh 3 SR Y il R i (A
#B), IR P S R 3 [ 40 B AL, IR AL
AR Z AT 0 IR B AR B R, bR A
B A e B (6] 2-16)

2.2.6 FHZFEHE AZK5 10 h 35 min J5, BREEJLF
B AR, W2 T 4R 120 7 38 JEE TR B b 224,
A 22 0 i 1 R TR R e ) i, AL aE— 25
W, BRERR B ETAL /N, JEA IR (A 2-17);

ZHi 12 h 40 min J5, MALEA, SUEIRRIE
AL SEUp B e 2y 3/5, FGEMFLE I 2-18),
227 BWEEERH 245 14h )5, LEBERE K
SR, MR EEIER 6 XL, B
B, BRI ARIRSE Ly 4/5, IRALAT AR 52 420
g, FRAUT B (A 2-19);

ZHG 14 h 40 min J5, WG PN H 80— XF
VORI, BPHR 4, F3EHR % (& 2-20);

ZAH 15 h 20 min J5, WRARHR RIS H BLIEAR,
SRR I (B 2-21);

ZHG 15 h 40 min J5, 500 #4074 —
MO R A, RRRAr B, RIREZE, AR
ZEH( 2-22);

G 17 h 20 min J&, DREEIRICIDR, 'S,
R O T OB P ek, FIR RSB B
FATE b2 B, ] Dcs e JRL L, 810508 00 O i 356 481 (&1
2-23);

ZHG 17 h 50 min 5, EHAOIEMSOmMI, I
R ZEH B R 254, BRI, Fik B Bl
(K 2-24);

ZAE 18 h 20 min J5, FERRPRRIHS 1/4 40 HEE 1
X AR, BPUT R, ARAARSEIER, WL A
HIAE, BINE 16 X, RAUrELI(E 2-25);

ZAH 19 h 50 min J5, WMARSKEE, HEpad

WIGIE, RO LT e WL, IEEKAMNE,
JRE R 0 2 O B TR W R R AR, Bk R
PHA (K 2-26);

2K 20 h 30 min J5, FEAE 5P R S0Z TN B,
AR EEFMALA LT, BiSE2WK, AR
I 32 T 58 5 O B, MR R L B AR,
REL, FFARHLSh, SRR 6~8 YK/min, F|ikAILAIRL
I 31 (& 2-27);

ZHi 21 h 10 min J5, HRZEH HILEDE MK,
SRR AT WL Bk HR A TE B (] 2-28);

2K 22 h 20 min J5, HE&EHHH 2 RGN
WokE, BDHEA, 2R EA BB E 2-29).
228 WEEENE 2K 23 hJE, MRS KA B
BR, WG EBkS), 35 50 ~60 ¥K/min, |
kO IEH S (B 2-30),
229 HIEH K5 25h10min 5, ZHROIIEA
RS, LT, IR S R e o ko i
P, Bt 3 s R A 2l 1 B A 5 4 it g O R
(K 2-31);

ZH 25 h 45 min J5, 50%Pk_FA2K5 90 E 1L H
B, BIEAT KR O T2, 2K N @4.50+
0.07) mm, WL 32 X, R LM, HHLKL
BIEASEE, TCHatg | 6 7EK P VER G =X o
(K 2-32),
23 FEXE

Kk 18~21 CHMT, fFtaREL) 16 d i
AMERH A7 AT 2 Sk B B g A0 R 5 A £
B ¥ P10 DAY £ 07 1 28 O 8 S AR R A SE e B
AT, 5 UAT f0 2 A B B RS IR i o8 22 7 B R
SRS EE . REEETI R EE, IE6E . R L. oY
WG I AT g 21 N EE W, &
KB WILERE WA 3,
231 BB LI 9Sh)E, IR TSNS
R, IERNG S )G B IR AR (E 3-1);

W 16 h 5, HRTF 2862 m HR G il 2R,
A UL i 2RO R, RSB EE R B (E] 3-2);

IR 20 h 5, Mg 2Fak—20 A F ok g 5
FE(A 3-3);

WAL 1 d 3 h5E, IRIGEARRARTW, 2
I8 R R s Ab T L IR 212 10 Y O Bl (e 3-4);
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Tab.2 Timing of embryonic development of Garra mirofronits

KA SRR FFLERY i BUR/C b P 2 B
developmental stage time after fertilization duration accumulative correspondlr}g figure-
temperature panel of figure 2

ZHEUY fertilized egg 0 25 7.50 2-1

JIX 44 39] blastoderm stage 25 min 16 4.80 2-2

2 #HII 2 cell stage 41 min 15 4.50 2-3

4 20 4 cell stage 56 min 10 3.00 2-4

8 i 8 cell stage 1 h 6 min 12 3.60 2-5

16 ZH i3 16 cell stage 1 h 18 min 15 4.50 2-6

32 4] 32 cell stage 1 h 33 min 18 5.40 2-7

64 4] 64 cell stage 1 h 51 min 21 6.30 2-8

Z A multicellular stage 2 h 12 min 28 8.40 2-9

FE WA morula stage 2 h 40 min 55 16.59 2-10
FERRE I early blastula stage 3 h 35 min 65 19.72 2-11
PR F ] mid-blastula stage 4 h 40 min 70 21.47 2-12
FERME ] late blastula stage 5 h 50 min 90 28.05 2-13
JE i 4 early gastrula stage 7 h 20 min 50 15.75 2-14
JE %+ 1 mid-gastrula stage 8 h 10 min 40 12.87 2-15
JE B late gastrula stage 8 h 50 min 105 34.30 2-16
M2 neural stage 10 h 35 min 125 42.29 2-17
JRFLEL 4138 blastopore closure stage 12 h 40 min 80 27.60 2-18
JILS BR3P sarcomere stage 14h 40 14.13 2-19
MR 2] eye capsule stage 14 h 40 min 40 14.07 2-20
MR olfactory plate stage 15 h 20min 20 6.97 2-21
2 2F ] tail bud stage 15 h 40 min 100 34.67 2-22
L IEJFR 4] rudiment of heart stage 17 h 20 min 30 10.30 2-23
FEI B Y] caudal vesicle emergence stage 17 h 50 min 30 10.05 2-24
W &) otocyst stage 18 h 20 min 90 29.40 2-25
FEfi& H B 4] caudal appearance stage 19 h 50 min 40 12.80 2-26
WLAZL Y ] muscular contraction effect 20 h 30 min 40 12.67 2-27
MR AR TE B crystal stage of eyes 21 h 10 min 70 21.82 2-28
HA H B otolith stage 22 h 20 min 40 12.33 2-29
LRSI heart pulsation stage 23 h 130 39.65 2-30
H I3 hatching stage 25 h 10 min 35 10.56 2-31
W18 newly hatched larvae 25 h 45 min 2-32

AR 1 d 8 hm, fER BRI MBI AL RSE RO R, HALE I ] W, T A A
HE, BRSO B 4 e O RSO BRI, L@ 2R AEER/NE B, RIER—2E (8] 3-9);

B 2 (& 3-5); HlE2d 16 h)q, BEi—= R IREER, Hik
WK 1 d 12 h 5, BB GEEHE MR B R JE 3-10);

(&l 3-6); I 3 d 4 h )5, S8 EAT ULYEMER 22, F5E0
Wl 1d 16 h )5, HELHEATINIE 3-7); FRURHERS, R 0 0 3 G (AR A (] 3-11);
B 2d3h 5, I 4 H IR 3-8); AR 4 d 3 hJE, SKERH A PR 6 R IR,

W2 d12h )5, Skt E A RAR, IRIZ  AHEMRBROR, =LK, iR
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f, HLPIIFE, T AkIE AR R (K 3-12); frea FFaR e, M N TRTEE RN ELATR 68 7510,
WHE 4 d 14 h )5, B el AR A dakeZ, ORISR S (F 3-13);

31 1 mm 32

K2 argisssk@irie R E
Lo ZHEOR; 20 RN 302 40N 4: 4 40l 508 40N 6: 16 ANMLIY; 7: 32 AWMLY 8: 64 NN 9 ZANMIM; 10:
FRINE 10 BRI 12 AEIRTRIY; 13 JERRGIN; 140 BRI, 150 U R e JRUmIRIY; 17 MR, 18 BEFLEFEA
W5 190 UST B 20: ARFRML; 210 mARM; 22: EEZFHA; 23 LOREEEN; 24: R AU, 25 WREEH; 26: REEEH B 27: L
PN, 28: IR AR ATE idl; 29: FA BT, 30: (o MERE S, 310 B, 32: Fipfy-f.
Fig. 2 Embryonic development of Garra mirofronits
1: Fertilized egg; 2: blastoderm stage; 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 stage; 10: morula stage; 11: early blastula stage; 12: mid-blastula stage; 13: late blastula stage; 14: early gastrula stage;
15: mid-gastrula stage; 16: late gastrula stage; 17: neurula stage; 18: blastopore closure stage; 19: sarcomere stage; 20: eye capsule

stage; 21: olfactory plate stage; 22: tail bud stage; 23: rudiment of heart stage; 24: caudal vesicle emergence stage; 25: otocyst stage;

26: caudal appearance stage; 27: muscular contraction effect; 28: crystal stage of eyes; 29: otolith stage; 30: heart pulsation stage;
31: hatching stage; 32: newly hatched larvae.
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A5 d 6 hJm, BPEBE Rk, WHikiE ]
VLR 3-14),
232 FHAfF&E WS d 16 hgE, SLEPH A
RIB R UIF(E 3-15);

i 6 d4h )5, BEREDRIRSE S EIE L
R, ARNE SHRAS 7B, ARG &R 3, 56

5B R8s, BEAH AR LT (1] 3-18);

10 DAH frfa g 6528 1 90, EEg4RIL R, B
gy X, 3 w14 3-19);

11 DAH fFfBEEEHIE K, %A HBL(E 3-20);

16 DAH {1 SERH IS, ik h iE6g, Bt
g2k 55, S EECIE, PEAFMEMBI(E 3-21),

24 fFEEK
w A AR Sk AT A KO H R OC R LA 4,
AR BAE 1.5 DAH Fiff-fi e KR s i, M54

&, BREEE, BT HBMREAER(E 3-16);
il 6d 16 h ), FEAME ER(E 3-17);
7 H##(Days after hatching, DAH) {{fi7y#g

K3 HFHisLkafreaks

1 [REBEERI; 2: BHEREAIN; 3. MBI, 40 kA, RIFEG; S O amBir%E; 6: SARIZIN; 7: AT, 8: &1
AT 9 #E—H; 10: WALEAZ K 11 M B 12: LA RTE; 13: WIREREIe M, 14: BREsIRR; 15 S s 66 R 4E,
16: R IRESTE ARG 17: RHE LI 18: HEIE AL 19: WEEZE M. gAY | 6F 2 %1 20 BEEIR AL, 8 I
21: Mg NasEIE k.

Fig. 3 Laval development of Garra mirofronits

1: eye melano-phase ; 2: folding stage of the caudal fin; 3: primordial stage of the pectoral fin; 4: blood pigmentation and eye
pigmentation; 5: collection of red blood in the heart; 6: primordial stage of the swim bladder; 7: anal pit stage; 8: gill arch stage;
9: chamber 1 stage of the swim bladder; 10: enlargement of the digestive tract; 11: appearance of gill filaments; 12: formation of the
digestive tract; 13: initial feeding on rotifers; 14: yolk depletion stage; 15: concentration of melanin in the head; 16: differentiation
stage of the dorsal fold and formation of the eyes; 17: upward warping stage of the caudal vertebra; 18: formation of the dorsal fin;
19: appearance of the ventral fin bud, rudiment of the anal fin, and stage 2 of the swim bladder; 20: formation of the anal fin and
appearance of scales; 21: ventral and pectoral fins are formed.
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55 53]
Br n=5; ¥+SD
gl |
5 :
= SRR
8 ol HifFE
g | yolkesac BT
arva -
LT& ] late-stage larva
& 6F
3

0 g lIO ll5 I 2I0
Hi S I /d time after hatching
K4 2pgissskmir HiR Mk X R

Fig. 4 Relationship between total length and time after
hatching of Garra mirofronits larvae

WS, B OOk, #) 8 DAH
JE B, £ REN BN ERKLENERKSRE
(AGR)FI &K R £ KR (SGR)ILE 3, Hrf 1.5
DAH i a5 Bf AGR #l SGR #ii, 43k 5]

1.15 mm/d 1 21.58%/d, HREIF D% 8
DAH {7 B, AGR 1 SGR 43511543 0.97 mm/d
1 11.40%/d.,

3 itig

31 FHFE=IEBMNEEFHESAIEAETA
AR Sk A I A, O e G R K
MK, B RS BR AR, (H LTI KT K, FER K o
Wl F R A, Ay MR P v £ 2 P gk
PPELTEAE —E RS AR TV AT IS V1,
RV b 40 2 HA — E 172 B R P4, HAAE Y
PP A T R LS £ 50 A 1 v R R 1, AR
FAZAE NI W & 720, i sk 1 Bh I o 7—8
H, BRI A SR K AR ETE 18~21 C [,
Hk, 78250 it fe 4 dil K iRy 18~21 °C,

x3 THELEFEELEMROERE

Tab.3 Growth rates of Garra mirofronits larvae at different developmental stages

develop;eﬁt; stage day(s) experienced K&/ (mm/d) H KR (%/d)

from previous stage absolute growth rate specific growth rate
1.5 DAH Rijfff prelarva at 1.5 DAH 1.50 1.15 21.58
BP % #E W14 yolk-sac larva 5.25 0.53 9.22
8 DAH JF 1471 initial feeding larva at 8 DAH 3.42 0.97 11.40
8~16 DAH ffffi larva at 8~16 DAH 8.00 0.45 3.72
el {7 4 postlarva 10.75 0.61 5.95
AT 4] whole larval stage 16.00 0.58 7.02
57 fa(Mylopharyngodon piceus), ¥ ffi(Cteno- 3.2 HHEBLBHBELEHS

pharyngodon idella) . #%(Hypophthalmichthys molitrix) .
fif§ (Aristichthys nobilis). #&%(Cirrhinus molitorella)
N a8 KR N RN S S
s Sk A0 R R R EFG, $808 T 00 A BGRVE

Zr TR, ANBESE LA T MR R KR
P U T A7 8 58 S £0 BAE I i TR I AP LR A R
IR, TRIBT R ER T 52 me HOB MR A QI 0 A 25 2%
Wi, ppoKEE, fRHk TR MAERR R T . FHE
R0, SIS TR T (g S Y, il 234
B30 B Sk 4k P 2R Sk 6. (G. tengehongensis)?!

5 &Sk (G orientalis)®® FiI#F & Sk 1 (G
qiaojiensis)** 2 J& & PURN AT 10 F N T AT L)
s Em,

Ak MR R EIIS 9 B, 32 MR
B, MAEEE R T AR, fF A
T U I 2 77 1 — i i 120222932930 p
T K R K, O RS T A B, B BTN T O B
K, BEK G K E MG, Rk AR -
WRARTE -2 B - B Y, — M 1~1.5 d
S8 Bk R AFLAN () 8 24 ] 7 £ ek i) AR TLAT
W25, R 2N ., a0
SR G022 TNT UL B, WA SZRE IO AR | O
HRAR IO, AR A I ) AR RR L A 37 e 1%
(K 4); F34b, HIE )52 B A A A B
BRI SR 0 B Y BP AR I R T K S W) i)
(Rhinogobio nasutus) , {HRBEfLKIRFE &, B
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Tab.4 Comparison of embryonic development characteristics between Garra mirofronits and
other fish species producing drifting eggs

i A& 42 YH /¢ [1yE /°C .
4 specie glﬂﬁ/mm oviljnﬂf;lii:lr?;us 7J\<N{J:ti3rc LUﬂ'E':‘Eﬂ’I\ET]./h aj;\u{il/ﬂitiie
egg diameter diameter temperature hatching time temperature
K A2 | elongata 1.58 3.79 22-23.5 34 782
K EW i) R, nasutus 0.60+0.08 23.2£1.0 40.43 964.05
K AgW i)Y R, ventralis 1.7-1.9 6.6-7.0 17.6-18.3 56 1008.0
1 4 £ 12%) C. guichenoti 1.9-2.2 6.4-7.2 20.5-22.5 48-62 1182.5
FH 112 M. piceus 1.7 5.51%0.51 18.8-24.2 37 795.5
L C, della 1.8 5.18 22-24 44 1012
EPT H. molitrix 1.75 5.05£0.52 25.5-26.5 31 806.0
#i2°1 A, nobilis 1.8 5.82+0.42 18.0-24.2 39 822.9
K F/fa" H. vernayi 0.7£0.1 2.7-2.9 26-28 16-17 355.75
FEbisE" C. mrigala 1.41£0.08 4.98+0.67 26.0-28.0 15.67 438.67
T2 TS PO L, rohita 0.95-1.10 4.19 27.8-29.5 13.50 386.80
#1207 C. molitorella 1.1 3.4~4.6 — — —
ik G mirofronits 1.12£0.04 3.37+0.09 18-21 24-26 496.04
J#5 v AR 3k 1) G, tengchongensis — 24-26 16-20 450
PO 25 #4112 D. tetrabarbatus 0.9 3~3.8 — — —

T —RR AR TR, * AR I 1 K R M.

Note: represents no data herein; *represents to be published data herein.

IFE L 3 R i oh, HERAR AT I, sk 4
g, R 6 8. 6B W) (Rhinogobio
ventralis) 1[5 [ 4 ff1(Coreius guichenoti), 7£i&H
LB 0 L PN K T A, SRS [ R AR I A D8
RV W 5 KRR SO UL BT 22 S, B
R 98 A s [ R0 R ek (%) 572 e DK 1 B4 . 3 AT
JE A A X G RO R T B, W5 BT 4 2 2
A5 R KRR 28, AR AR fLIREE B R,
T A SC T 2 5 i P 28 B A K IR BE AR ) A 7R
18~28 °C, lt B4 % W Ak sk [ o0 RRURL 1) 532 Wi oK 1
K

Bt JBIE mm oAz, HER sk
550 w55 3k £ R B RSB AL, AL AR TR LA
T, 005 7S B U O AR Ty Ak 1 P2 Rk,
oy ] A A R ARk g B R AR 2 — Y ]
ARk N 7 T A M B A4 38 A D 23 4% i) (Discogobio
tetrabarbatus) . =5 B % (Labeo rohita)., % .
FEINHEE (Cirrhinus mrigala), BT . W4k
TR A AR e (3R 4), 0 H: 25 451 25 ) £ Y

A2 FNGR BRI Ak TR OK AT, B AR AT DUSE K N
EPEE SR B, AN T H SRS TR I, R
JE B K T L AR HE X 0 A 0 1 SR 1, ik 4
YLK 22 A A ALAURIEE B0 RS I e, FERR B 4
P9 2y 2 2 Sk 0 5 H A £ A7 AR K R S A B
g, RIARTR] & 5 o0 4 A 0% ek T WP A7 B AN TR
X AEAR AR 2 R R4S S, SR RS
A I T B AL, A7 AR Sk T T A
3T U R A R i o 5 (R R B,
HARTERR G A 7 b 300 58 1002 658 68 45 -5 i 6 2k 1
GrAk, O DR U R O R SR A B0, A AR R
T FEA— 2
33 FHELBFEREMEKRER

A AR Sk A A R R AR I A R
B B, AR B R A AR AT A B
0 H IR T i B A R R PR, R
BEX T R H AT B e P
S UP B RN FLHRE DR E T TR AT A S AR
(& 5), RAMAAT feo 55 £ e Al ) 1 1 T 5 ),



%54

TR A A ARk N T S AR R S 617

AR Sk AT A0 A KA — AR R B, ]
A5 H B AR INAT s Ak, Hbn B ety
153 Sy P VA o S SRR £ R S A o B,
TEWNIERPEE IR, (74058 2 LI s A 8 FR W o,
EESOR TR, 1L MPIRRS . HLRG . MG
ARGV R EEMEL L LT, EA LB, 5
Hofte 7= i v O0 M AR — B (3R 5); FEIR G E IR
W, fFEa RS TRERET), i R TEE SR
HNIRAEE SR, T B o R S8 e,
TR T AFAE SR A e A o At 28 Sk £ O B 4
I B B B LR 2R th AL (3R 5), AAIT
HA R AE T, HHE R B fe AT
Az e, s THRERN, BE T &
MAAFRES, R iRt — 2 R Fisshav e
Rheoe M i . FE6E | T 08 | R 6F R 65 25 45 6
Wk, 5HABMZEGER SR BFMFHA—Z, 1
B A A0 S (A 7 2 2 Sk £ REA T P

PR BN B, P A s R

ARk oA o A K T R B B B AR
TE 1.5 DAH Rifffa 2K 3 dUR bR, 1 5 35 312,
FF A TT O 5 3 RO, 2] 8 DAH J& 3 8 i
RALE . 35 DU K SR 25 R (G 7V v O £ A
iy KR AR — 2P0 FREIE T AR S
i R S 3l A R AR GG A AE ML BB P S FIHLIR 5 28
R E 7 4 U A A A By £ 22 B b A A
BRI R MR, IR K . dERE R AR AR A
VI 7 B 1 4% o T 3 22 ) P2, 3 A i e 7
IRFREE T H SR DEAL H 038 P SN . ATt )
AR, fifrmES—EWisshaE S, 1.5
DAH Fiiff-fa g K3 e b, 1 O #675 95 2 s it
SEEE VHLSRERE, BIREKRZE, HEfra
R ERBONVE SR G, AR
A IFE R, ) 8 DAH ML 5E 4038 B AMIE M 57
), PR A

®5 HHELESHMmERENEXFEALRERANILE
Tab.5 Comparison of the developmental characteristics of larva of Garra mirofronits and
other fish species producing drifting eggs

F14 species name Elﬂ&/mm Wﬂ%ﬁﬁét&/mm Eﬂ%%f?@ﬁ;ﬁ)ﬁ ik/d 4?@3% Bt/d
egg diameter full length of hatchlings duration of yolk sac larva duration of larvae

K A2 | elongata 1.58 5 7 26
K EW i) R, nasutus 0.60+0.08 34 3 —
KV P R, ventralis 1.7-1.9 6.07 6 30
[ 4 #21°%) C. guichenoti 1.9-2.2 6.2 8 29
FH 112 M. piceus 1.7 6.7 6 40
#412% C. idella 1.8 6 4 50
55T H, molitrix 1.75 6.1 5 40
#5127 A. nobilis 1.8 7 7 46
K mi/5ifa" H. vernayi 0.7+0.1 2.940.1 3 —
ZEmPisE" C. mrigala 1.41+0.08 451 4 9

22 W B % 5O L. rohita 0.95-1.10 5.94 3-4 —
#2037 C, molitorella 1.1 4.7 7 21

A B G mirofronits 1.12+0.04 4.50+0.07 5 16
PO £ 2% D. tetrabarbatus 0.9 — — >30

T —RERIAE T, R 15 &R .

Note: represents no data herein; *represents to be published data herein.
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Study on artificial propagation and early development of Garra
mirofronits
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Abstract: Garra mirofronits is classified under the order Cypriniformes, family Cyprinidae, subfamily Labeoninae,
and genus Garra. This species is endemic to the Lancang River and is exclusively found in the middle and lower
reaches of the river within China. Its distribution is confined to an altitude range of 500-700 meters above sea
level, and its wild populations have declined. G. mirofronits exhibits a cylindrical body shape with a distinctive
frontal groove anterior to the nostrils, which forms two frontal processes. Each process terminates in a prominent
conical keratinous projection. This species prefers habitats characterized by swift currents and rocky substrates,
where it adheres to rocks using its adhesive discs and primarily feeds on filamentous algae. In recent years, the
progressive development of the Lancang River, including the construction and operation of hydropower stations,
has altered the river's hydrological conditions, thereby impacting the migratory, reproductive, and feeding
behaviors of fish. Notably, the decrease in flow velocity and the reduction in the length of flowing water have
severely compromised the hatching success of drifting eggs, including eggs of G. mirofronits. Consequently, the
wild populations of G. mirofronits have experienced a significant decline, necessitating urgent conservation
measures. This study aims to investigate the temporal characteristics of the early development of G. mirofronits,
enrich research data on its reproductive and developmental biology, and offer technical support for artificial
breeding and large-scale seedling production of this species. Sexually mature individuals of G.mirofronits were
collected from the wild and used to obtain fertilized eggs through artificial induction of ovulation and dry
insemination. Then, the early development process of the fertilized eggs was observed and recorded in detail.
Three artificial breeding experiments were carried out in total. On average, the ovulation induction rate was 100%,
the fertilization rate was (89.93+0.72)%, and the hatching rate was (87.83+£1.00)%. The fertilized eggs were light
gray, with a thin and transparent egg membrane, non-viscous, and a diameter of (1.12+0.04) mm. After water
absorption and expansion, the egg membrane diameter reached (3.37+0.09) mm, with an expansion coefficient of
300.89%. At water temperatures between 18-21 C, hatching occurred after 24-26 hours, with an accumulated
hatching temperature of 496.04 “C-h. The early development process went through nine stages including fertilized
egg, blastoderm stage, cleavage stage, blastula stage, gastrula stage, neurula stage, organogenesis stage,
heartbeating stage, and hatching stage. The total length of newly hatched larvae was (4.50+0.07) mm, with 32
myotomes. The period of the yolk sac larvae lasted for 5 days, with the specific growth rate of the total length at
9.22%/d. The larval stage lasted for a total of 16 days, with the specific growth rate of the total length at 7.02%/d.
The temporal characteristics of the early development of G.mirofronits follow the basic laws of osteichthyes
development and are in line with the general characteristics of the embryonic development of drifting eggs. It is
thus a typical fish species that produces drifting eggs.

Key words: Garra mirofronits; artificial propagation; embryonic development; larval growth; Lancang River
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