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.3 R BEME 1 o REAS , 23 5 5 e SRR Y
HERZRSSRN A S, B ] 2 B2 5
6 AN TN
1.2 ATfE~

9 H 6 H 21:30 5¢ J5 M f 4 7= SR 19 T 4
J5i S £ A ) — T TETR 10 m® (19 R 3t P,
IS, AR, #" Kl 27.4 ~29.0 T
— ELUE g ] IR B 1 R 5 I, e e 2 £ 1] 30 ~
40 mg/LAYT A By RIS, N TR 4R A [5] b e
AT, 73 3 1, e BB 3 i RS )
)25 900t 3k N T8, 0% F 9 A 7 H 15:35
F116.:20 5 B H A ) 0] S 5 A {8 0] 62 51 A9 A T
Bk
1.3 ZRE MR MU EMREETE
B AR 3 ANEE, BAEE K 100 Kz
KON SCR I IR 7E (27 £0.5)C,24 h 58
o BRHUK2 K, EG 1 IR BREPRER
SEOR I3+ K. R iR % 7 o g ) B ( Olympus
SMOL) A TEELE LSS, X K 7 W B 1 24 Foft IR s A0
H&E AR i AN R 59 AL, 2517 47 3% (Moticam
1300) . ME—RAF A IS, 5:F% 0.5 h iy
Pk © AT £, FF I HROE W A7 R AT 8

SRR R ASL NG K 7 AU RIS 15
JASR R (B FEARSE T R R ) o5 S I8 & 2>
FU 5 AL AR TR 4 2 0 L AT £ (A 5 9% 1) e JE
i) R RGO R 0 B T AL S 1] D 52 R
N0 It 22 K DL E AT a0 B5E BT 28 17 ) i
[F1] 5 W FEC 3 by Wy PO A €2 o L JBEA £ SRR 71 20
1.4 rERRIEARRLZAS FFEREERHN
tbig

AR A ) 8 D BEAS B S22 FoAF
OB BAHABUE 3 A EE, B EES 50 B
(1L £ Hh 8 R TE 850 E 3 B AT f S0 47 28
20 d, B EFEIETE (27 £0.5) °C,24 hilFE <o

FER PR BRAE | IF T R HOK 2 I, T
15 1R FFOEEE, B KA 4 48 R/ N
B2, AR e g g YR A MR TS A TR A A e

L5 HERHESRITSHR

F| F} Moticam Images Advanced 3. 0 % {4
FEIRIRAR , M AL IE # A f 4 K (total length,
L)  JL 7 ¥ (ante-anal length, AL) . {& & ( body
depth,BD) 51 ¥ & /)N (R A 12 19 1 A2
8, AAE JE AR R ER ), KSR £ 0. 01 mm,,
GRS I S I A~ 25 BE LI 10 4L, A1 45 T3 45
B0 It g o 28 & BEAILAIIN 10 2.

IR RIRFIT AN V=min’/6, Kb,V
RSB (mm®) L RN IR KA S
FiAe (mm) 5 4K 8RBk A 4K 8 (specific growth
rate, SGR) 1+55 A Xy SGR, = [ (LnL, - LnL, )/
(1, =1,) ] x100% "' Herp L F1 L, 435900 % & 5
IfE] 2, 1 ¢, BPRYA G dlad Excel #4F#E1T4581T
OIAT LIRS HI A + AR ZE R | 41 1) 25 S+
BEVER A E WA

2 iR

2.1 DPRR{REEER

WA AT AR G BN AR LA R LR 1 A
2o DIh ARl e o BEA Y F OB AS 22 57 AN
& s LA R o BEAS B F, B REAR , 75 2 41 it J0] et
ZSARE A H AT ERRIAE @ x rhAefs] e
& F WA 5 R FHA (P <0.05)
2.2 FpAEqE)RE0 T A 2 32 A DR R AL

Hh A {51 ] S o [ 24 52 SR DI PR R A 24 2R L
Lo SR, rpAe ] SR ) 2 58 nl SR H50R 1Y
SERGR G WAL, P Fy 1 3208 % AL R A
PRI IA] 5 [ 28 2 18] B 28 52 A8 3% (E 2R F A7 40
AR T 4 0 2 o T AR H 22 (P <0..05) o

F1 EEIRIGEFE R ZHEIMOPLER
Tab.1 Hatching results of fertilized eggs of interspecific hybridization of S. sinensis
PP AF4% (mm) egg membrane diameter o B . ; X
il N - SR (%) SR (% ) WA (% ) SEA et Ia] (h)
Z AN L HESES e . . C
group ; . fertilization rate hatching rate abnormality rate hatching time
muticellular stage heart pulsation stage
S? xS & 2.67£0.07 2.77£0.04 91.3£12.3 61.7+23.1 10.9 +0.5°¢ 49.30 +0.48
S xD 4 2.68 +0.08 2.80 £0.08 99.3 £0.6 65.7+8.5 57.2+1.6° 51.42 +1.73
S xC 4 2.73 +0.06 2.77£0.05 100 74.3+6.0 83.4 £1.4% 52.03 £2.53

T R R AR T BR AR 22 5 .35 (P <0.05) .

Notes; Values with different superscipt letters within same volumn indicate significant difference( P <0.05).
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2.3 fBIRIEEFhiE) 5 32 Z A5 O BOEAL

TRV ol ] 23 52 52065 B0 1) R AL 4 2R L3 2
LEIIRI 8] B Ao ] 2% 58 AT ARAT R i N 52 A R
fEEE @ x rhAREIRIGE & F) AIF LA S BEA H 22

R2 EIRIEEF E) 2

ZIZEFA R BRI @ x BAFERGE S F, /15
R BT HRA, JeMh 2 [8] F A7 f e e R 22 57
AW HPRE R T AP <0.05) . M2 H
YRIEFAR IR TR 5 BEAR 2 ] 22 57 A .35 (P <0.05) o

RERMHFER

Tab.2 Hatching results of fertilized eggs of interspecific hybridization of S. denticulatus

Gy f5i4% (mm) egg membrane diameter

il ) SR (%) LR (% ) WA (% ) SFA 1] (h)

group S A fertilization rate hatching rate abnormality rate hatching time
multicellular stage otolithes stage

DQ xD & 2.71+0.12 2.92 £0.07° 99.7+0.6 25.7+5.9 26.1+17.4° 55.67 1.50

DQ xS & 2.71 £0.17 3.06 £0.08* 100 26.7 +4.7% 84.9 £8.0% 56.50 £2.08

D? xC4& 2.73 £0.22 2.95 +0.06° 99.0+1.0 9.0+1.0° 91.7 +14.4*% 56.17 £0.87

T RN B BT R AR RN 225 23 (P <0.05) .

Notes: Values with different superscipt letters within same column indicate significant difference( P <0.05).

2.4 ZMFERFERSHER

AR FEIRIEE @ x BRI & SRR [ S AL,
ZeFh F 00 AT (4 < DA KA, PR s B, i
ERARFER IR, B85 B3, (HOP B %k
M2 R 200 5 H A K ITETHC AR
A EAR T RS T A/ R H B 2 R B
(P<0.05), "PAERIGE @ x AT 68 S 5 bk

A ESSHHLE, 2Bl Fy DA R AR, 4 K T
B B A/ i B F Bl , HL28 5% 2%, {HL B
HRAZER AR ;5 BN, 2K TETK R
o S A /AR R L SR AN ) AT LA ] (P <
0.05) o HIA /P U0 B EE ARG R T, A
fEIRIEE @ x R BRI R & Je il F, A7 0 00 AP B
Ao

&3 REERIEEFEIRZ FRFEROREFER

Tab.3 The morphological characters of larvae of S. sinensis and other species of Spinibarbus hybrid F,

Wi newly hatched larvae 5 Hid{ff1 5 days old larvae

an ek Wik dE Ak SRERR Ak Wik Bl Ak SKIRE
group (mm) (mm) (mm) NG (mm?®) (mm) (mm) (mm) LN K (%)
L AL BD L/BD 1% L AL BD L/BD SGR,
6.44 + 4.91 = 0.74 + 8.76 + 2.07 + 9.42 + 6.41 = 1.38 = 6.84 7.60 =
S 9 XS 6 b b b b b 4
0.22 0.21 0.07° 0.52¢ 0.32 0.27 0.09 0.10° 0.46 0.57
6.10 = 4.61 = 0.57+  10.69 2.00 = 8.66 + 5.72 + 1.23 + 7.12+ 7.00 =
S 9 XD a b b b b
0.10° 0.18¢ 0.03 0.58 0.24 0.35¢ 0.14¢ 0.09 0.57 0.82
S0 xCa 6.75 = 5.12 + 0.53+ 12.79+ 2.05 + 9.75 + 6.61 = 1.04 = 9.51 + 7.34 =
X
0.14* 0.35% 0.05° 1.15% 0.62 0.42* 0.17% 0.13°¢ 1.44% 0.87

I FR B B R AR IR R 25 23 (P <0.05)

Notes; Values with different superscipt letters within same column indicate significant difference( P <0.05).

R4 EREFERD FRFEROESFER

Tab.4 The morphological characters of larvae of S. denticulatus and other species of Spinibarbus hybrid F,

1 H & {f£ 1 day old larvae

;iﬁi 421 (mm) HLAT K (mm) 455 (mm) TR AR (mm?) LR/

L AL BD \% L/BD
DQ xD & 7.45 +0.24° 5.36 +£0.18° 0.96 +0.05* 2.43 +0.78° 7.78 £0.51°
D? xS & 6.63 £0.16° 4.90 +£0.17¢ 0.70 £0.05° 3.37+0.87% 9.55 +0.94°
DQ xCé 7.75+0.18° 5.67 £0.10° 0.71 £0.06° 3.66 £0.26° 11.03 £0.79°

T R DR TR AR R 2R 23 (P <0.05)

Notes; Values with different superscipt letters within same column indicate significant difference( P <0.05).
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R @ x el ae & HEEA B S L, A%
FF L Hi s K/ Rt p 3 KT e d, 4
KR A 25K TR 3 22, (R0 B e AR
ZEF AL (P <0.05) o {EIIEE @ x FA g &
SRA ASIMIEL, 2Rl Byl H A fa A B AR T
Ja# JLER AR B E R TR (P <0.05) o AR5
SR H O] LA SR, BEIEIEE @ x 2RAT
{ERIGE S A4l F 1 H SRR

AR BERR R 28 SSRIEIRIGE @ x SRAT Rl il
& M B ME RS o AT REA AL, (AU , 75
SEEMFRSEHET0 Hh BU A 2 1) B, AT 77 65 R AL T
HEBEZ R, Je B T g O TR EEZ 5 (V) o

2.5 RIS ERZRM FFEERSK
ILES

SLEFRW],0 ~5 H % Z 18], rb A ) ] 6 i A
AR F AT L KR R IR AR R SRR 3 52
ZIR 2 (3R 3)  (HIRFP At Y 10T R
FARTHA, Je M Z A 22 57 A 35 (P <0.05) ¢
[FIHHLON B 52 fAE 4 ~6 HigA 8 H I AYSLT:
FAS L g, (BB W] R A AL T e S0 5 A ) )
it @ x BRI S F,F AL T e A EAE S ~ 6
Hlg, BITILTARIE 70. 6% 5 AR I8 @ x
HEPRGE S FAF @it mg i A e 4 ~5 H ik,
ST RIK 67.4% .

RS AR RS0 A 2 3T AT B AE R

Tab.5 The larvae survival rate of hybridization between S. sinensis x other species of Spinibarbus (27.0 +0.5) °C

A5 HIER(%)

£ HISF-IFET % ( % ) the average daily mortality rate

group survival rate 1 2 3 4 5 6 7

9 10 11 12 13 14 15 16 17 18 19 20

S xS4& 70.0=%5.3%
S¢ xD 4
S xC4

0.7 1.3 0.0 9.3 4.7 3.3 0.0 4.7 1.3 2.0 0.0 0.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.7
7.3+4.2° 1.3 1.3 2.0 4.7 21.3 49.3 4.0 2.0 0.0 0.0 0.7 0.0 1.3 0.7 2.0 0.7 0.7 0.7 0.0 0.0
4.0+6.9* 0.0 0.7 7.3 40.7 26.7 8.0 5.3 1.3 0.7 0.0 0.7 1.3 0.7 0.7 0.0 0.0 0.0 0.7 0.0 0.0

RN PR ARIFR R ZR B (P <0.05),

Notes: Values with different superscipt letters within same column indicate significant difference( P <0.05).
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ZeRI G IE W kB B FUR B RRE 5 AR
(He ) s e ) g S A A A
oL, AR 2R PP R IG & B 7RG M 7 24 28 B0 S5 7 T
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— HIMLHES A R4 A R R LS A
A AER (R 1 -6) AREEIK I, FLO S K,
FEHkER b L = SOIR (EIRIV-10) %8, 240 30
IR e Ao VN < Sl A

3 vhe

3.1 REERESFaRRAREHIE
NN, 2SS G 73 BEE N T ROEZ
[T, B 2 ol A 7 B ] A T % =2 e
ZRAI AR A 7 R o T2 AN SR 1 A R A T
B F-REAS B fBE A% 4™ . (B 60 ) 3
Fof 8 R [R] 28 S AP IR IR A T R HE S5 BEAS TR A AR
L, A SE I 4 Fh 2RSS ZH A5 B 2R B IR i 7 I [6] 5
BAR AL Z ) 22 5 A3 (P <0.05) , 15 B 8]
5L Jo o ) 2% 52 2% b R i i 7 N )i < i B g A%
PR, SLE L BEREICE R ERE (% 2) 58
LR (49.48 h) 7 2 BEEK, ATREH O 1

B B WY R EE oL Y WA
0 RS ) 22 < 1 A A L ] FEE K

CA R FY, BB FEZ 8 N+ 5 5
P LR i Bt 2 2458 AR ATt S
AUJE JLR G F i 22 30 5 25 AR AL B AN ) )
MRS SR AR T X — L, 5 EATE S
AEST TR L, AR R R @ 5 AR R 8 3]
R Q 58, 24Pl By A7 L 30 1) 42 /44 35 L B
25 RT3 ) 5 5] ) 6 D S 58 S H A 52
(P<0.05) KRB0, HAT MUY (7% SR 3] ol i
RIVREAE 5 A ol 5 3 o AR PR RS0, 1L 4 2
IERAEHF AT 5 EAAH L, K ITRT 4k
RGeS HL B 25 5 B 3 (P <0.05) 5 241 F,
HE £ 0 40 00 A R0 i 5 668 11 2 008 6 350 L SR BT
(S0 0 i A R, TR BB ) T S 7 i
N EEACHEAE , B 2 P LU @ i BEAS AU AE . i
AT UL, IEH R B ARG TR AL B A Lt [ g IE &
Fodl, 32 SR AF FORSHHER %Rk
3.2 RMEEATHRE MUERMBEENLE

BE B AT I L) A (R B Ry B AR 1 222 3 P
B A 2g S g, RS Q@ x rhAeqs i 0 & |
MA@ x ERIE & e H A RE RS
BA [T B2 5 B2FI RG22 I ITE , & &
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5] 0] 685 ) g 8 P o 0] 2 52 R AR AR 65 o5 1
2 ZEHTE 2008 AEHEA TR @ x Hh AL {3l
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T2 CABRTE R, AR 8] e |
R ) 0 A KRR 2 100, A 2n =100,
18m + 32sm + 26st + 241, B RERL NF 8 150727,
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TRAE 25 SR A0/ )N 5 (3] 3 5 ) ) 00 ) SR % O R AR
G AFAERE R IR AL 2 520 | 100 RO 12 2 ¥ s ) ol
Q L IRAT AN GE & A Ak AN S H 5 P AR A
ZSd Ly | = A=A LS
3.3 EMIFENERSREER

SRR v A £ ) B A ] % 28 F AT R

HAE K 2ZE AR % (P <0.05), Kendall %%
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Preliminary study on interspecific hybridization of
three species of Spinibarbus

HUANG Hong-gui
( Freshwater Fisheries Research Institute of Fujian Province, Fuzhou 350002, China)

Abstract.; Using artificial spawning and dry insemination, experiments on interspecific hybridization within
females of Spinibarbus sinensis and Spinibarbus denticulatus and males of S. sinensis and S. denticulatus and
Spinibarbus caldwelli of Spinibarbus were conducted. Comparisions of egg membrane diameter, fertilization
rate ,hatching rate, hatching time, abnormality rate, early larvae morphological characters and survival rate
were made at temperature of (27 + 0. 5)°C. Meanwhile the embryonic development and abnormal
phenomena of hybrid were observed. The results showed that there was no distinct difference on egg
membrane diameter between the crossbreeding and the oosperm of the female parent of S. sinensis (P <
0.05). There was no distinct difference on egg membrane diameter between the crossbreeding and the
oosperm of the female parent of S. denticulatus at multicellular stage ,but there was distinct difference on egg
membrane diameter between the hybrid of S. denticulatus @ x S. sinensis & and the oosperm of the female
parent of S. denticulatus at otolithes appearance stage( P <0.05). The fertilization rate and hatching time of
hybrid were not significantly different, but the abnormal rates were significantly higher compared to their
mother’ s ( P <0. 05). The hatching rates of crossbreeding of S. sinensis were high and not significantly
different compared to their mother’ s( P <0.05). The hatching rate of S. denticulatus @ X S. sinensis & was
not distinctly different,but the hatching rate of S. denticulatus @ x S. caldwelli & was significantly lower
compared to their mother’ s( P <0.05). There was high death rate stage in the early larvae development of
crossbreeding of S. sinensis,and the survival rates were significantly lower than their mother’ s( P <0.05).
There were characteristics partly similar to the female parent or male parent for hybrids of crossbreeding of
S. sinensis and S. denticulatus @ x S. caldwelli & . It showed preliminarily that it was feasible for the
interspecific hybridization of three species of Spinibarbus.

Key words: Spinibarbus; Spinibarbus sinensis; Spinibarbus denticulatus; Spinibarbus caldwelli;
interspecific hybridization

Corresponding author: HUANG Hong-gui. E-mail ; fjdssagui @ 163. com
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BRI HAeERien @ x @RIEES 7 F, WESHERSF&
1~2. Z40Aa1; 3. IS (S mIfLR B H4]) 5 4 ~8. WiJEAFff; 9.5 HIRBIEAFfh .
Platel Abnormal embryos and larvae of S. sinensis ¢ and S. denticulatus & hybrid F,

1 —2. multicellular stage; 3. optic rudiment stage( the arrowhead pointing to no blastopore closure) ; 4 —8. abnormal larvae; 9.5 days after

hatching abnormal larvae.

EIAR D rRAefisn @ x BEERIEES #£f F, WEREERSFE
1. Z40H01; 2. 55 3. LRI 5 4 ~ 5. OIERE S5 6 ~10. B AT 6,
PlateI Abnormal embryos and larvae of S. sinensis ? and S. caldewelli 4 hybrid F,

1. multicellular stage; 2. gastrula stage; 3. muscular contraction stage; 4 —5. heart pulsation stage; 6 —10. abnormal larvae.
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ERRIT ERIEE Q x AE@RIEn S ZF F, WESHZEER S5F&
1. 240015 2. Hol; 3 ~9. WAyt
Platelll Abnormal embryos and larvae of S. denticulatus ¢ and S. sinensis & hybrid F,

.

1. multicellular stage; 2. otolithes appearance stage; 3 —9. abnormal larvae.

BRIV ERIEE Q x BEERIEES 7 F, WESHERSF&
1~2. Z40Ha; 3. Sl ; 4. pPg it ; 5. OIS 6 ~ 9. MBAFf; 10. BE A (Fi ko m =3CRE) »
Plate]lV Abnormal embryos and larvae of S. denticulatus ? and S. caldewelli  hybrid F,

1 —2. multicellular stage; 3. gastrula late stage; 4. neurula stage; 5. heart pulsation stage; 6 —9. abnormal larvae; 10. abnormal larvae ( the

arrowhead pointing to the larvae has three branches anal end) .
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ERRYV @IRISEEMEZRZRZMF, HF . HE
1 ~6. ARG @ x BRI S F, /B w7 5 Hi 17 Higfrfa 31 HIgHEM 2K 5 om A0 cm g ; 7 ~ 12, e i)
i Q x BAFERIES | F, BRI 0 5 Hil% 17 Hidfrfa 31 M 24K 4 om R 7 cm gf; 13, FIHIE0 Q x AL 4] 4] i
&1 HikfFf; 14 ~16. R @ x BAFRIGES | F, 403 09T A 07 HIRF 4K 4.3 cm g,
PlateV Larvae,juvenile and young of interspecific hybridization F, of Spinibarbus
1-6.S. sinensis @ x S. denticulatus & ,F, ;larvac of the newly hatching,5 days after hatching( AH) ,17 days AH, juvenile of 31 days

AH, young of total length of 5 cm and 10 cm respectively; 7 —12. S. sinensis @ x S. caldwelli & ,F, :larvae of the newly hatching,5 days

AH,17 days AH,juvenile of 31 days AH,young of total length of 4 cm and 7 cm respectively; 13. larvae 1 day AH of S. denticulatus @ x
S. sinensis & ; 14 —16. S. denticulatus @ x S. caldwelli & ,F, :larvae of the newly hatching,17 days AH and young of total length 4. 3 cm

respectively.



