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HRIX, MBS, BT, 2R=E

(h ER e EIE T T AL B S E X SR, 2 W] 650223)

W 2007—2010 4F, SFEM 4RI (Sinocyclocheilus grahami) AT T SRMAREH  BhH 1 FG42 (egg diameter,
ED) K/NWHITST . it SR il (R0 = 28 RS 2RI A6 28 23 i el 2007 4E1 25.2% 61.5%F0 30.4% % 2010 4F
) 91.3%. 85.2%F 44.5%., VU4E[A)IX 3 Wby AN RFLEE e M, Horb, =R mrma . ROHE 63
SRS SR A T MV RL AT DURIE SR (55 & W tEROR, R = i W ORI 0 o VO G 2R R 56 PR R 5 5 A4
1156 & S F=0.0004826SL*'*°(R’=0.6424, P <0.05). PUSERUL A L0 [ P34 B f ok (2 118.4+899. 1)K, ¥4
STPRORE A (2 402.9+881.9)k:, MR ERUIE A (70.4 £20.8) k. P HIE . LN PR IIERIAHN PR BRI B 48 B 14
Km0 s SIS IRIRAEIEAH DG, TEMIGR G HIETPIR, ARHALRIEIG T 23R FE M5
RIPET 3, 1M 5~7 d AEK/MOIEZIARZET-Z, BI/NW O RAT S 0AET %, hiIIE>2.0 mm MG
TR AT ROE, KINUNE A, ReORb o Dar4ka e 3 B R8s B B el R A In R B fg & .
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Broodstocks management, fecundity and the relationship between egg
size and embryo survival ability of Sinocyclocheilus grahami

PAN Xiao-Fu, YANG Jun-Xing , CHEN Xiao-Yong , LI Zai-Yun

(State Key Laboratory of Genetic Resources and Evolution, Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223 China )

Abstract: Broodstock management, fecundity and egg size of the golden-line barbel Sinocyclocheilus grahami were
studied from 2007 to 2010. The induced spawning success of female S. grahami was 25.2% in 2007 and dramatically
increased to 91.3% in 2010. The nucleus deviation rate and hatching success were 61.5% and 30.4%, respectively, in
2007 and increased to 85.2% and 44.5%, respectively, in 2010. Providing nutritious food for broodstocks of S. grahami
can ensure optimum breeding conditions as well as high-quality eggs and fingerlings. There also seems to be a
relationship between absolute fecundity (F) and standard length (SL), as described by the power-exponent function
F=0.0004826SL*'® (R?=0.6424, P<0.05). The average of number of spawn egg was 2118.4%899.1 from 2007 to 2010,
the average of absolute fecundity was 2402.9+881.9 from 2007 to 2010, and the average of relative fecundity was 70.4
+20.8 from 2007 to 2010. The number of spawn egg, absolute fecundity and relative fecundity increased in individuals
with a longer body length. Additionally, egg size contributed to the survival rate of embryos. The different batches
reached an asymptotic, low or stable embryonic mortality during the first two days; the balance was broken in the
subsequent seven days, as high embryonic mortality was observed in smaller eggs. The mortality of embryos from eggs
larger than 2.0 mm was, contrastingly, rather stable. Embryos from bigger eggs have stronger survival potential, as bigger
eggs can provide more energy and thus, a more favorable environment for early development.
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TYNFERIN T BT (HSE, K2Rk
MEF AR EEIT S BN TR IR, AR AN RESE I
BT N TEEHI AL A SRR A L5
WER, & SEBLE A 40 28 B P BT B T A
W2 —(Slater et al, 1995; Brzuska, 2003; Yang
et al, 2007; Gullu et al, 2008; Pan et al, 2009a). 1}
TR A E SO i B E A B 320K I 58 1B i R I
B MR JJ(Brooks et al, 1997; Bonnet et al, 2007). T
fiff 5 | dEC £ BN BT AR R BR 3R, AT B PR A X L
PR 2% DLk 38 8 v £0 B0 ot i, R S N T TE I %
Bt TE Nk N TR A A A B A A A )
AHOG, R ORI B 52 N 5o 0 s ik 7 v
IRBTFIE I3 445 R 2 50 (Cadrin et al, 2005). 3
B T R B RRBINERR A 2, £y
(IR I} e ST E Rl S T AT E K]
YW 547 ) i (Izquierdo et al, 2001). 7EA/75E
B, AN AE SR A0 B FT LA T IR B0
e T P ORE ATLLR 2 M o 3 O 0 e
(Izquierdo et al, 2001). 24 Jj (fecundity) & 17 &= F12
BIHPERE E e bRz —, 0 SEBE A R O
SR IR S VRN R AR (Yin, 1995). 542K/ egg
size) R IR U R B NI B B AR e X
s VPO BN iR B IS 82— (Yin, 1995). G
VAL T A2 T M AR 7 I R R B TR B 2, —
ANSERGI SR AR T 5 5, TSRS OR & s o ) £
GUANA HT RAFIC N L, S SRR 2 A
BRI BATIT AR B I BFAMMORER RS A5
B HAT, 2608 (Sinocyclocheilus) 125
WEAT 55 M, )R AME R B AR &) TR A
JA1X.(Zhao & Zhang, 2006). LA FT 54 LA 8 411 25
9T 2 B P AR B A R R R R G K B 91(Chu &
Cui, 1985; Wang et al, 1999), ifij 4= 4EH) 24 KIFIT
#/>(Zhao & Zhang, 2009). H T, L TR 44k
it C Sinocyclocheilus grahami ) « Tt Alll 4 £k i
(Sinocyclocheilus  tingi) 1 4 Sk & 2 il
(Sinocyclocheilus oxycephalus)¥) EHEHF 5T HIE, A
W IORMETE . NTEIE. frMEffrvE gL
K:(Yang et al, 2007; Pan et al, 2009a, b; Yan et al,
2009) . J7 8 b, PO 4 28 68 (Sinocyclocheilus
grahami) AT R PP T B RN G . vl
i FEIIE . KBS RS H GRS b A 2k
A5 A7 T I 1R )83 K] 2% (Chen et al, 1998; Pan et
al, 2009¢; Zhao & Zhang, 2009). iZ#Fh T 1989 4E 4

FIHE R I R E0Y, 78 (b EWE s YA
o« B2R) PR B BISE S (Yue & Chen, 1998).
AL AT e A g iR fa B . B R
PR RIS, BRITAEAN ARG B 5T S fh ) 2
W, DR I S R s a1 T &, $e M
Tt <5 i £ DAY F81 0 J5

1 #MR57%

1.1 EAXRRESAFHR

SRAER 2005 4F 5—7 HRAE A RW] i WIHCE W,
TRIFRAE B2 B R St R e AR IRE
WL e (k. 2008 m; N: 25°02°37.2", E:
102°5524.3"). 2006 F 20, A MNEF&b5 | FhEEE
)5, FEEATIE NI TR, il g fa i R
FTH WA W8, SRR 1E 2006 4F 1 H—
2010 4 4 H[aIdHT, B SEAEE R T.

2007 fEFEFSE B fi it 2006 ©F 1 H—2007
4 H, B S0 E 8 AR 300 mT. KIR N
1.5 m Fple)iIh g, AER 111 o b fa fak
CBURL L A2=2.0 mm, 38 &8 0 B A W B4 4
Al)e RH ASRKHE, SFKEEE N 7~28 C, K
Tk E AR, SR K AR BT K . 2007
3 HHHT N TR .

2008 F L [F)oE B 5 1t 2007 4F 5 H—2008
1 H, SRMaEE TRR LR 2008 452 H
—4 JPBAn I NAETRL Y 50 m*. KEN 1.2 m K
Kt AR ) DABE0RE 111 SR ot TR
HIR AR 5 8 40%MMPIRTA K], JEiz i
R AR DR 0

2009 F R [SR R E it 2008 4F 5 H—10
H 31 H, SEaiAsRfEmfih 50 m*s KFEHN 1.2 m
(K et by, a5 (R B 111 R £ £ TR
2008 4F 11 H 1 HESREE2E AN 2.0 mx1.0
mx1.2 m B GEL P ot ss, SRS
A0% FRIR AR A B, TR A W . KRG K
PEARFFAE 0.8 m, /KL E N 18 L/min, SEIF#E
AE>6 mg/L, TEREA K TR, Kl HI7E
16~21°C . fEMHT N TR, S5 2 /DA KREL
TFE 30 do

2010 fEFE(F2E RS 5 it 2009 4F 5 F]—2010
3 H, BRSO SRS, AFETR
EBEFEET N, PR EZELL 111 S b Aa dal R R 2
TN 40%IMIRIR AR B, AR o B



198 3 W ¥

[ 32 %

HI ) SRR 2 A 225
PR IA o
1.2 FREMAEER
12,1 SRk sebadt B/ S, &
3 WU by AR 30 g DL By MR 2 BSDL B ARTE
20 g LA ko BURZER AR AT 53D
ReJynim. 5 Py FIEE SR 508, 71l 77 W IA) AT R A
. fEiEE RS, KPR TRA, SN IR
H AR RAZ A AN AN
122 MERESE ) fEAR SRy, < 2 e e
BVEIEANI . R B EY, E A A R
PE 2R —EIEA 2 o B DX AR AE . AR
RPN N PN TE S 7 O 21N 22 5 NN BN
iy RO ISP A A, T BN L ) Y YA
AN
123 Wig by oRaiss il gin g T A
R, g A T K, FREMmSELL 50~200
m’y ZKIELL 1.0~1.5 m B, BRSBTS ) FH .
WETTE . AETHEK, PR m TR A, il
1 77 A 2 S I (<3kgm ), WEREELL 10 1.5, T
FEATH s R A RN B, RETEARTK, H
HEGAE 90% M AR G I 5, 8 A Y B . b
WAE S m’ Aii B — kAR, It I A
1.3 ATZEESMHL

Z IRV M 4 26 00 N T B4 J7 7 (Yang et al,
2007), ffE"F K H BRI HLEEH(DOM, T 5 —
WER) AL SRR BN Ao(LHRH-a,, T8
TWE ). SRR A TR 1 mg H R R ML RK R
+ 1 pg PEE M ERIBIEER Ay, HEMAER SR, H
0.9%I1) 4= B R K FBIR G 5, WUAESS . )5 24
h ZeATAT N T HES2HG

FEREAT N T BTH 2 1, D05 A o £ 7 B9 i )
1A ¥ (spawn before body weight, W). 7751 Ji5 ()44 T
(spawn after body weight, W,). 4+ (standard length,
SL). 4K (total length, TL)FIH H (1) A 52 K I (1) IR 2
(egg weight, EW); T 53 45 M £f ™ HY i) £ G4,
BARTTEN I 0.2 g 7o A7 RS2 HG B 981 2B T V14K,
T G B N KIS 1) DA% (egg diameter, ED). 5%
W THAGRAE I, A0 50 K I 25 i (R D /K
FENZN AR A E)ETE 15 min, MEFRRHEMR
LRGP I 50 RO R TP AL, JfAEgR
] fi# 5 5% (Zeiss Stemi 2000-C, Germany) I, 141
ARG K B 5B B e T4k, WG & & I A &

K EITE 16~21°C, I

AR Ma et al(2008).
1.4 BURWE

B 5 (fecundity) & F5 B 24 ME £01 (1) A B1ORL 2L,
— M SRR 5% PR B i (absolute fecundity, F); AHXPR
Y[l i (relative fecundity, RF)/& M 57 /AT~ H
K19k, B RF = F/W,, (b Fo24ax 8561, w,
A7 BN MEA R R . 7 B 5 (number of spawned
eggs, PE) &5l i N T ZHE 5% H ME £ 1) £0 DR 28
7= 2 (induced spawning success, IS)+&§5 7= U
B, o5 EA R E 2 L, B IS=(NW/N)* 100, 1
oH N A DI R R, N kg 4 A M £ 1 B
77 i % (spawning success, S)7& H K P REANE A )
=R, B S=(PE/f)x100, 3 f 2 A4 4 K-
PO NSV = 13 /A= WO T (i = AT 2 NI~ P -
(condition factor, CF): CF=Ww/W, X\ w2 SzilifA
q, WO T O A U 144 (Yin, 1995;
Kreiner et al, 2001); %1/ % (nucleus deviation rate,
ND)72 45 I AF F& e £8 i 7™ th (1) £8.50 Hh BE LA 20
Ki, BT 10%M BRI T, AR ILSAZ i 25 1
DL A ONVETE 2R %, Bl ND =(N/20)x100, =X
N R R A S () A BRLE . R B A Ze (rate
of embryonic survival);2fg AR B 23— KB
FH IR A7 35 ) VR 6 280 5 P W ¢ W i i 9 50 L
{H - B4k (hatching success) e H IR P47 w5 5
RGN AR LA . A A7 # (survival success) & 4R1T
£ RN (R AA TS 2, R B AT 880 B A 7
101 G ECE ) LU AE(Yin, 1995). 775 4E T % (death after
hatching, SDH)& 45— N EIHT=TIIE TSR M)
Bt 5 S e B0 I 0 1 B AR
1.5 HIEANE

5 W AR 1) R - 2 Bt b 1% (mean+SD) o
FH DR 2R T 22 43 A R R YA 20 B BE 323 A A BE B4R,
P A7 H 4 b 2R R B34 5 Sigmaplot 2001 Al
Statgraphic 14T, WK A P<0.05.

2 &4 R

21 FaEHIES

T ZR A A B A0 2K, (2 S PR
PR SRV < e 5% 11 I FH KD DAy ) 111 80 £
o 4R RHCBRL H 42=2.0 mm, 8 EB A R 2w B
ST TR H BN B SR AR 3% A4,
HNAZMRA S AR RN 5 17 DR TG A 4,
RIS LL 0.5~1 h 258 . —M— RPN
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W, EARRA%—R.

AR DL TV 0N SR AC, BT LSRR
BESNIZEE . KT, KRB E LLREEF:
IEHARKRIA . (HJE, JE 4 2R 00 A 2R V5 (R 7K iR
BRI S, fEAFMRERR &Y, Fi, 17
KAWL KRB, 5 B B i &, 76
A1~2 AN H, N EA TGRS, A LLE
TR} AR B IR, DA S 4 e S R
o I DL B R S T, 3E P K
ol R PIEERL, A TR IR E . I
=00, SRR Bk, R4 &
AR R B R R A, U AT DU e, PAB
32 S DR ) BT R AN TR

FEREA ARG W), pRoK R B IR A 7
AT KT IE R A B B DL R R . Ny
WK, ATLASGE K. EAKCOR FIAZR /KR AR I, 3
KB, B 5~7 d diK 1 IR, BHR 1 h KEAq; &
FURTTUR RIS, BFRE 3~5 d 17K 19k, BRK 1~2
hy FEHT 1~2 S H AT BUIE Y38 oK k8. /i
2~3dK 1R, Jail1~2 d oK 1R, FRRIK 2~3
hy FE R LR S e R A K B DA 7K
B, URHESE AR — D R H .

22 EEAS5IPEKRN

FRA 25 2 IV~V HIPEIRFE S 1 056 RijiAion
HE ORGS0, TR G R PR R R S A K AR AE
[l 22 F=0.0004826SL>'%°(R*=0.6424, P<0.05).
DY AF AR I G 2R BE IR P 2 7 B 5 (2 118.4£899.1)
K, VS5 PR B A (2402.9 & 881.9) KL, T XA KPR

YU N (70.4 £20.8) 0. PRONE . ™ G B FIALGT P G
A A K I I i R, = E SRk
(2% R ] H A7 FERoR

F=0.00066145L>""

PE=0.1267SL""""

RF =100.8—0.2368SL

2007—2010 4[] 4 4 Y th <5 2 it A4 b5 7 B
B AHRRONE I OCR, MRS, &R
PR BN AR RN R AR 1 PR, IR Ef1Z
FRCER, W 1. 2 Pios. MAINEHET 1
500~4500 FiZ 1], P304 2400 SR &S5 EKT
KA MMEMEK R, NE 1 FE 1. 2 ]
Tt VR G 0 7 0 R AT P O S B K 1
BRI A AR R

Wi AR E% ), LA P R A
PRON B SRR O 45 45 7 T A 34 AR
P, EBIHFAT, WL AN R T, Wskfa
PERE BB (3R 7 V2 R0 7K 5 25 B 12 v 10 B 1 o B
T

FRPE LR, G N S2 R & B 2 5 I e 19 MR
T 2E 48 h, TEIXBLINT ] Y IRIGIRIZE T 2R B, &
A BET N 5%~10%2 [H(3R 2), AS[EIGE KNS
BT R —Fh R BRI PET- R, BIEARLE 58
JS W IR 2 5 IR i R 7 I A TR S i BE T S T
I BEAAETYIAG, DR O 0T 5 AN 1T e 11 9
AT R KON o R A A48 5 1ok AR B 7,
BIAERS 1N BN PY, B EEET I IO Y, H 3 )5
JR LS5 5t 2 ik 4t B T 5l R IR BT AE AL 1T

1 20072010 FH S Z&O S A TEENR

Tab.1 Results from artificial propagation of female Sinocyclocheilus grahami from 2007 to 2010

T H Ttems

Mean + SD (50 % /Year)

2007

2008 2009 2010

7= % Spawning success (%) 1819.6+695.2%

HHXS PR Relative fecundity (%) 79.7+25.0°

Y {4 F Ovary volume (mm®) 5509.3+3048.5

Bli1% Egg size (mm) 1.76+0.17°
MIXHRBI R Relative fecundity (%) 90.8+27.4°
{# 7= Induced spawning success (%) 252

¥R % Nucleus deviation rate (%) 61.5+25.9°
i1k % Hatching success (%) 34.9+£22.1°
HEA7Z Surviving success(%) 27.0£22.9°

1978.9+755.2% 2180.14+853.8% 2495.1+1113.8°

62.8+12.2° 69.3+21.1% 69.6+19.8°

7177.9+£3891.5 8300.9+4025.8" 10587.2£6038.0°

1.87+0.13° 1.92+0.11° 1.97+0.13°
88.8+18.6" 91.8428.4° 87.6+23.6"
74.8 90.3 91.3
86.6+11.6 80.6+18.6" 85.2+17.9°
36.1420.8° 30.4+21.4° 44.5+17.5°
33.5421.2° 26.9421.4° 41.0+18.2°

[l —AT B EFRA R TR AT B35 2257 P<0.05; AP RERR To B 22 5%

Values in the same row with different superscripts denote significant differences at P<0.05, same superscripts denote no significant difference.
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3 3500 F2 EHELETEINERNMEREERMFLER
S 3000 L Tab. 2 Differences in embryonic survival and hatching
2 2500 L due to egg size of Sinocyclocheilus grahami
ﬂ:‘j 2000 + Tt
H Average of egg size (mm)
1500 . <1.6 (1.6, 1.8] (1.8,2.0] >2.0
1000 F77 0 o
500( WELEIX Number of batches observed 11 46 95 48

L ke L L L L L L )
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Bl 1 2007—2010 it G 4 O i 5 A KOG R
Fig. 1 Relationship between number of spawned eggs and

standard length of female Sinocyclocheilus
grahami from 2007 to 2010
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Fig. 2 Relationship between relative fecundity and standard
length of Sinocyclocheilus grahami from 2007 to 2010

3~7 d AN/ BN BRI G AET 4, BN
G S RSB TR, M IARIAE] 2.0 mm LI ERJR
FET AR TRUE, IFRFFE IR, HA A

Wi Nucleus deviation rate (%) 27.0  56.6 87.5 93.3
JENIGA7E R Rate of embryonic survival (%)

H2JJ51Y] Blastula period 90.1 925 913 949
Ji Jiz I 53] Early gastrula period 853  86.7 89.7 90.4
J5 % i ] Late gastrula period 452 474 73.4  85.7
1715 5. 4] Early segmentation period 409 421 68.2 73.6
%4t 31 Hatching period 13.6 224 488 559
1L % Hatching success (%) 293 374 437 54.1
473 Survival success (%) 11.1 19.4 402 524

A, PR 2007 1 25.2%8E E E H AT
90%Zc 47 o [ 2007 FEX) N T AZRE A B4R 1IANE 4
f4h, Fe 3 1 BN A% AR AL 4 R FEAE 80%
DA b, 7368 A0 BN g5 A 52 RS I )b A R FE R 3 i
B IR AR RO 0, A ) e B S5 (10 ARt i 2 14
INER 1, B 3). AR A A7 R I3 LA 212,
IX 5t I B 5 ) A6 2 B A E T e S RL 2
H Tl R I Rk 2 5 3E (0 B 4B 1R I
24 FEIPE

FEHEAT I A 2R 0 N T A A DY AR, 7 Jis
MR PET R BK T 0.5%, Mitadi—NEZE
WIAE T FARUAK, I HEFA R PET R MR A T [,
2010 FEMEAAIIAET-HAL 0.152%(£ 3). ERFEIETS
(RS, 22 8000 N T BB B A 0 S 0 A = 3

&3 20072010 FATEERAEM SKILAKIK. KEMRHE
Tab.3 Standard length, body weight and condition factor of Sinocyclocheilus grahami for artificial propagation from 2007 to 2010

T H Items 2007 2008 2009 2010
£ 8 ? ? 8 2 8

MK NR 50 50 50 50 50 50 50 50
TR (g) W 24.0£10.3 16.1£3.2 31.7+11.0 18.7+8.1 32.3+9.8 23.4£11.5 35.5+11.1 30.3+13.2
4K (mm) SL 122.7+14.2 101.243.5 126.3+13.2 109.5+9.7 130.0+12.6 118.8+10.9 135.8+14.4 125.2+12.7
@isﬁﬁi% W=0.018SL*** W=0.017SL>™ W=0.011SL** W=0.014SL*”® W=0.015SL**® W=0.012SL*>"" W=0.024SL*>” W=0.022SL*%
HEiE CF 1.006+0.10  1.010£0.02  0.999+0.03 1.032+0.07 1.004+0.06  0.9754+0.04  1.007+0.11 0.9856+0.02
FHH M A NT 1127 2589 1984 3502 2449 3081 2512 3301
F2JESET R (%) SDH 0.354 0.386 0.454 0.400 0.449 0.227 0.477 0.152

NR' = Number of fish researched; NT = Number of total broodstocks in each years.
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Fig. 3 Induced spawning success, nucleus deviation rate
and hatching success of Sinocyclocheilus grahami
from 2007 to 2010

HAREBAETIN 80% AcAa; IR, R b, o
RN ORI B, I REIRR, X
TR PTRE ARG, N 3T N T 2HM 2 EE#AE,
AR S g RS s R 7 il R ki, 1Ak
O, MAEEAE, W29k R EE . BRIk, NS
PR SR SR O B . AEDUSEI N T hE X
AT B FEATL LU Fr I GO S
NG, KO WIE, N F—F RN LB
e R 1 2 ot % o

3 i i

31 FEEERAREYR
RN R LT T RFEESE
SRAPEIRR B s B I RIS i O A ) A
AIWEER R fEA7 Sk B L R M a2k 0w
AR SRR RO A A AR T pH fEH. K
TR FE S B ACEE SR, B an ) ad ik N T a4 0 2
HIEARY B IR B R AR T, IE B SEHLHN
TS, JFARAS R iR I AT, U4
N T B LR SR —Bop s 5 7 ZIARe
SEPTA TR . H R TR B 4 A H AR IR
I Nt S TR PN B RS A T R 58,
KA Ty AAT i o B IR AR OPRORS o RN T2
FRLEALGE N b, K= FRiE e it TR E IR I
. AH B SRR AR R, B, ER
1B R AETE H A SRR R RO 1) R T, RN T
B EYE T 53—, R 7 A R
LRAP, B KBRS F.(Oncorhynchus  kisutch) XX

S A PR RV 2 T R (RS R SR TR,
RO R W 5] BE AE )L+ 4F BT AT 2% T (National
Marine Fisheries Service, 2010).

ok R B B AT DL I S5 v P 3R A £ B )5
IR N LA v s, AR B R AR
ST H S IR RS A HR A N LR S,
& APEAN £ BN BTy W A, X E SR AR £
G R P AR HE RS A BN e £ ) A A . AR
(Dicentrarchus labrax) 4= 3:8(Sparus auratus)/¥I5#1L
E—HH 5%~15%, K V4 V¥ Ji§ % (Hippoglossus
hippoglossus) ) 5 A6 2 FEA, AL 1% I 9% 4 2
(Brooks et al, 1997). {H & R iFfb A L 50%,
G BTRVE R SR AT UESE, OF 7 FORG 1 BT TR
AR B S A B T Sk M e ok R 5 7 &
32 FeREES5EFURMXEA

—UE B R EATIMER AR, WK AN T
WEER, 97 R, EAEAEAR AL 2t H
1o X B TN THRFRIAE N 2R 1) A58 )
REZRALT Y, Ty AR ILAEME £ 7 1 (Gui et al,
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