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B E: N TIRIK F R (Micropterus salmoides ) 1) R HURT , L5 [ HE ) 1 JR Ay SE R RER (US ) 1 A 3758
TR (YZ) LR, T o8 X A5, 34t USUS \USYZ YZUS M1 YZYZ 3t 4 DEA L5, IF x5
AT IR I AR PERBIEAT LA . BFFE 45 R R USYZ 238 FARAE VR BT it A 260 %) 18 a5y T LA 1 3%
PEARH (P <0.05) A8 55 R Bt fie iy 52 225 AU AE MR I HAT SR A3, USYZ J 52 AU AR it (A
Kk SRR BA BRI S, AR RYARTT I T YZUS G AR/ M R e 7100
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K RETA 2 AP — &6 J7 WA (M.
salmoides salmoides) , 73 A5 T 35 B ) TP 45 . 58 7Y
RFARACAR RN EE R R P 7 5 T3 Ah— A2 b 2 L
IBWA (M. salmoides floridanus ) , 4347 76 3 E 1Y
W HR L S E T . kAN 2 DA
JEI—Fi e, B % 20 20 40 454 BAILEY 2517
HIRMNIEE S EXF 2 WA AT X 0 %€, K I 2
ANE FTE B B BRI £R B b A A O 2
S MR A £ g E o [ T 3
AU SFERET B ML Ay
TEHIX 2 DA, I 2 42 58 BORF AR S B
PO s G B A H T B, B T E N A
( Cyprinus carpio) HTISE R s 38 Ak ff ( Oreochromis
YISy
amblycephala ) '™ F0 i ( Hypophthalmichthys
nobilis ) ¥ 4 B LA 0 2L IR AL T PRI ST Y
ARM RABHREFIT L 7% LT M
T A, WILLIAMSON %) 1 ZOLCZYNSKI %"
XFOR I SR 2 AN FR DL S TE 58 Fy AR AR
HEAT T, 4 R B AE T A A R e bR, L
S I S N 3 = s 1 =N VA A P 21
KLEINSASSER % il NEAL %7 51 % Bl % 52
AP BBWAN( @) xJLIriwM (6 ) K
JEf, SR SR 25 R A AN F] oy il e
PR FT RS gt A% Z2 AR T R 1) ) AL, o] 0
SES R 2 AN K I SR R B B T R T Ak 5e 5K
B, R H AR 8 AL AR K PR REEAT R, &
AR JE A 15 Z A AT R KPR RR 3 4R 15
AR . BT 3 51 HE A R 2R G R R (R
A2 A E A FRF AR D5 25 5 A TR A
ICHYBIFSE e B PN 3% 50 RE AR 1) 36t 4% 22 40 P KT
AR MAh, FRFE R IR R B, K R B
[ AR LA SOE M | A B PR 3 PR
TEAGE YR 5 1 N R AR 25 2 I 5%, (H H i
NIRRT 2k E IR )G, A 2 ik
SRR IS . ABESR DL AR 5| i 0 26
RN P A 77 8RR T Jie 5 42 X8 2= 38 ik
5o, sl AR AFGE A RAPEAR, IF X HAE K P RE
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L PR
1.1 Xgf&
SRASK R S E AR (US) 42 2016 4E A3
] 9% 3 BL X35 | A TFAE 2 Bk kel A R 2
PR AT AEE 2 A0 B N SR A R A
(YZ) j& 2014 4F A me 148 oK = 3250 55 1A
FEAE LR A R 7 58 B E & 15
4 7R, 2019 4:4 H 21 H FEF 2 DA
FEARRIN Fe A5, A 2 AR 43 i Pk sk T
ot M5 Ry 450 ~ 550 g (1 1 I AE R oA,
HARSCHE . B2 T F 2R A B 14 00 30 2, e A
P 101, FE K Yot v 5 48 77 B 52 4% , S 0E 4R A5
USUS \USYZ . YZUS 1 YZYZ 3t 4 A2t 4l 41
TR I AE /Nt 8 77 (A0 Ak B PR
fb) . 375 86 d J5 (3 H ), X 4 DAL AW
FAHAT PIT B FhRic PR 5 2R 17 R 57 48
&R BPRiC g 47 USUS 660 F ,USYZ
601 J& .YZUS 614 B YZYZ 560 J& .
1.2 HIERE
FR4E 361 d J5 (12 H i) , 83k o b % B
FEALA 3K 265 B B A PIT FRicd iR 5144,
f14 USUS 92 & . USYZ 64 J&.YZUS 58 J& fil
YZYZ 51 J&, i F R E PR AR i i (RS 2 0. 1
g) , AR A R SR AR TE TR =
G (R 0.01 em)
1.3 HEAK
SEERES WG, A LA 2 S 58 4 % 3 E R
(Agp) VESZRE(C,) JEW B (K) R H R
(Hy) M SEZ P (Hy ) P
ACK=<W2_W|)/<t2_t1) (1)
A ARG AR, o/ ds W,y o, GREEWI IR,
d) BH AT i, g5 W, Ty o, RIS E5 5T, d) B (9 44
JiH, g,
K=w/L’ (2)
A K R AEIRE, g/ cm’ s W IR, g5 L 1A
£, em,
Cy(%) =S/X x100 (3)
Krp:Cy NERREGS HE—TERPRHEZE X
Sy e — PR A I
H,(%) =(F, -B,)/B, x100 (4)
A Hy BRI F, s — RO — M
AROPEIIE ; By I BEE P RE—VERROL R 0254 1)
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Tt
Hy(%)=(F, -M,)/M, x100 (5)

S Hy iR R Py e T s
FERRIG T M, A — AR T4
L4 HESH

FH SPSS 11.5 & Excel HRH B E7E T4 B
R KPEAR S5 FRIERT 7 2 50 BT 529 4 K (F
K80 B S % T L4 Duncan %) 4107, 25 %
TG 1 B, 9 B A AR AT A
(Pearson 41 ) 47 £ 1K PR Rt 2
SPBTRIE FBG

2 4R

2.1 ERKMERMLERD T

3 Hi CONEWRIbRC) A 12 H kY, 4 3SR
HAEMFRAERBIE WA 1, NF1 a4 4
43 ABMAERERZERARE (P >0.05), 4k
R0 275 d J5, USYZ T AR °F 2 14 i &
USUS PR ) F- 25 4 o 2 &5 2. 59% , t YZYZ F
PR Yo 4 T e 1 14 81% , [ YZUS TR 11 °F
BIR R 3.79% o

®1 ZHREAREKILRST

Tab.1 Comparative analysis of experimental fish growth traits (Mean = SE)
A NN Bic %t & Group
Months of age Growth traits uUsus USYZ YZUS YZYZ
3 % Body mass/g  28.902 +0. 800 30.188 +1.112 30.053 +1.173 30.240 +2.411
W JFifE Body mass/g  353.294 +7.459"  362.438 £10.609"  349.224 +9.409" 315.680 +8.475*
4K BL/mm 259.304 £1.537%  264.641 +2.094" 263.086 +2.166" 255.600 +1.627°
3K HL/mm 62.022 +0.523 63.297 +0.703 63.052 +0.723 61.520 +0.714
K SL/mm 218.196 +1.483%  222.766 +1.929" 221.276 +1.888" 214. 600 +1.580°
& %% BT/mm 40.120 +0.354" 39.813 +0.555" 39.603 0. 443" 37.680 =0.390"
0 1A% BH/mm 72.000 =0. 564" 73.406 0. 808" 72.707 +0. 688" 69.760 £0.703*
14T AGR/ % 1.179 £0.027° 1.208 £0.039" 1.161 £0.034" 1.038 +0.034°
AR K 0.034 +0. 000" 0.032 +0.000* 0.032 +0.000* 0.032 £0.001°
A/ 4K SL/BL 0.841 0. 001 0.842 +0.001 0.841 0. 001 0.840 0. 002
K/ 4K HL/BL 0.239 +0. 001 0.239 +0. 002 0.240 0. 002 0.241 0. 002
55/ 4K BI/BL 0.155 £0.001" 0.150 £0.001% 0.151 £0.001% 0.148 £0.002°
/4K BH/BL 0.278 +0.001 0.277 +0.002 0.277 +0.002 0.273 +0.002

T < FAT BB R AN R - B R 2L 22 53 35 (P <0.05) s B A ) 5 Bk R 4[] 22 5 A 35 (P >0.05) ¢

Notes: The means with the different letters within the same line have significant differences (P <0.05), and the means with the same letters

within the same line have no significant differences (P >0.05).

12 A, & i, 4 M A TR USYZ K
e, o) 4% 5 R /NI E Sl USYZ > USUS >
YZUS > YZYZ s /K K K /NI USYZ > YZUS >
USUS > YZYZ; 4k 5 /NI & USYZ > YZUS >
USUS > YZYZ, Z T HIRMEEREH . USYZ 718
IR E S YZYZ FRESWEE (P <0.01),
YZYZ A 5 USUS FARE R B (P <
0.05) ;USYZ M4 X G B R 5 YZYZ X2
SR (P <0.01) ,USUS TR 4% R 5
YZYZ F2E R 5.3 (P <0.05) ; USYZ FAR A4
K52 A EAA (USUS fI YZYZ) FH 227 1
#(P<0.05),YZUS FAUMIAK 5 YZYZ 2%
S E(P<0.05) , KRS AREP>0.05);
USYZ ek 5 2 >3 Z4H 45 (USUS Al
YZYZ) TR W3 (P <0.05) , YZUS Fy 4>

K5 YZYZ ¥RZEF8E(P<0.05), HpxR
R (P>0.05) ;USYZ PV AR S YZYZ +
REFWEE (P <0.01),YZUS FRGE®S
YZYZ FRER B (P <0.05) , Hop 2z AN 3
(P>0.05).

4 A 52 WA TR IR 5 R /NI
USUS > USYZ > YZUS > YZYZ, USUS T-¢ i e
W5, 5 2 e 4B FAR(USYZ Al YZUS)
M2 Bk B3 (P <0.01) , 5 YZYZ FCH
ZRBHE(P<0.05), 4 DLEAAFACH AR5
F/NIRE - USUS > USYZ > YZUS > YZYZ, 45 . 55
HETH B — 5, YZYZ TR S B/, 5 2 A28
HEFRMEFEE (P <0.05), 5 USUS F48
25 Sl 2 (P <0.01)

AR S BRI A K B O R B AR R 2K
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V- e, JFC ORI L AR, B 2 /e A
2 0L, USYZ A1 45 A IR B 22 57 R B A 4
NG HERK, YZUS 5 A KRN S R

B USYZ A5/ BAR T 2 S A SA R
(USUS #1 YZYZ) .

R2 FREEKMERERERH
Tab.2 Coefficient of variation of growth traits of offspring %

[(ROEiNE PR (LSIS ek SIS (LS (LN WER

Group Body mass SL BL HL BT BH GWR

UsuUS 20.25 6.52 5.69 8.08 8.47 7.51 34.44

USYZ 23.42 6.93 6.33 8.88 11.14 8.81 40. 94

YZUS 20.52 6.50 6.27 8.73 8.53 7.20 34.45

YZYZ 13.42 3.68 3.18 5.81 5.18 5.04 39.29
2.2 BEEBE PR bR BB SR # (1. 95% ~2.59% ), YZUS
HiZ3 AT, 2 MR G FRIES A KN AWM PFRIESK WK CARAEE E2 3R

R EA PR (1.81% ~8.36% ), Horp:
USYZ HEMFRIER 2K KK LKA

SEMH(0.98% ~1.66% ) ; USYZ 24 4 TAVLES
PERPERED IR BUE T YZUS 6.

xR3 FZEEFRERKEROEMALSE
Tab.3 Super-parent heterosis rate of growth traits of hybrids %

Mok FB 2 MP heterosis 12234 BP heterosis

Trait USYZ YZUS USYZ YZUS
1A JFi i Body mass 2.59 -1.15 8.36 4.41
K SL 2.09 1.41 2.94 2.25
4K BL 2.06 1.46 2.79 2.19
kK HL 2.06 1.66 2.47 2.07
K% BT -0.77 -1.29 2.35 1.81
A= BH 1.95 0.98 3.42 2.43

2.3 BFESUERNERENBEESH
WA R (F4) R, 2K K5 K E
X AR 5 P A S M 38735 3] T J S M KO 1 1E A
(P <0.05) , Horpr 2 KA 2t 1 B 12 VE 38
R e A A i 7 A A TR 2V T A s S o
T A 28 /N E a4 K A A [ A
FHLBR YZYZ A5, gy 3 G DR FERHA T
TR E AR RN T A K A R IR R
BEAh, 72 4 4L A 0 R Y ok
FRR KT AR TR R H i R B T
USUS 21 A 1T A oy Xof 4 5 £ A e s R BB o
FIRTERI P E BB, A 3 ANALA v, IR m Xt
AR 0 1) 2 2R AT 0 5 X AR 5 1 D R
3 vhHE

WRIFAEREE R, 3 Ak 4 MHEKIRST
PR BRI TE 2 35 22 5, T HEBR &% 41 5 1
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AAERITHA /) 27 77 1 1] 57 58 B4 358 55 PR 38 % HL AR
KR o T AR A 8] 1) Se BL i, 2 2
PR A ORI J7 50 A6 B 58 42 X5 %
SEHARAG 2 1 2% 22 7 A0 BAT R0 H A SR AR
P, H USYZ JR SC H B A 2 R A HEH A
(USUS #1 YZYZ) (%) H A 3 FE 53 Sl 2. 59% Fi
14.81% , tb YZUS Z& 2 4 & Y 2 1 B 4R
3.79% . FAFEZE3 % 4 5 ( Perca Sflavescens ) Fl
ALy (P. schrenki) JEAT2858 , KBRS F, A
P BT 4 AR R TR 33.91% o AHXT AP A] 2 52 3
B P ARG A 3 AR e 28 AR BT 8K
NIV v e e i N e R R B L b e NP S B 1 B
FEAR)E Tl — A, SR e R B, A A
2 T ARVER AR 5 R B = TR AR A
H %, Bl Mk 22 R K, X 5k Bn
A3 S5k (1 ( Carassius auratus ) 5 85005 5% 61 ( C.
carpio L. ) () 28 52 2 P 45 R — B, 7EAFH AL
S5 3 08 (€. carpio var. jian ) 1 ] ( C.
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carpio haematopterus) 22 3% AR K F 4238 F, 1AL
(78 52 R B T oA . [ Lo R M S 0
R RS T W ARFN A — 5 i e 58 il
F12 % 4 DA AU IR & A 72 5 R AL
P TARE: 12 Al 4 DG UK A
(978 5 ZR B0, 33X P RE A 2 a0 7 A b A (4031
TETINFIZE R F5% 58 0 855 T 0] 55 05 06 5 TR RO
[R5 IR o AU 250 X 1T B 3 A AR se 4
G F AT T 08 i 1A 5 2 23 A A B, < P 3
ST HHP HIKWA(S) L TRIEK
PEREDL T 63 57 (@) HAL WA (8 ) 445
0 KL, FTLAE G ge ik — 2 5] A% BLik
AR TT e A e i, E— 20 B i R 1 R A Y
ARKPERE, EE B KBIN BN, AR
HAFIY ARSI AT 3 3 2 AR 7, DT 7 228

RS E B RS R, IE AR W
aok e AR ] R AT XA S s, ik 5 AR Ik
T, 08 AR PR R AATE B I RS B A
B J5 S5 AR IR HL A R E N RE Y R T
VLB (C. carpio amurensis) , 3 33 58 2 WA 238
ST E S HINIE S BE 58 22 M B 7 AR i B Ak, 2ok
ZREF RS “HEmE2 5" EFM L, WA,
ORI PR B 5 A £ 28 ) 2 58 5 R AR T RE,
4 PARKER 48 Rz g 46 43 T 17K 1
515 B B £ ( Lepomis mearchirus) 232 7
RG240 55% ) (LI FAUR
AR 7R R B T PR 40 A 3 7 g e B B I 1) AR A2 1
AR X AR MR 5 SE e B LAE (B AR i —
PRR

R4 3PESERIMERERN R
Tab.4 Effect of three morphological traits on baby mass

WX A Pk *E?Q/%#( ET%{’F)EH [E)321E ] Indirect effect XWFEEE’JH%%%%&
Group Trait Corre'la'tlon Direct 3 - . De(:fsion
coefficient effect 4K BL 158 BT 4= BH coefficient
4K BL 0.879 0.421 0.207 0.335 0.177
USUS {£%& BT 0. 806 0.236 0.339 0.307 0.056
1A% BH 0.909 0.381 0.383 0.215 0.145
4K BL 0.927 0.447 0.349 0.193 0.200
USYZ £ 5% BT 0.923 0.376 0.413 0.192 0.141
1A% BH 0.942 0.208 0.421 0.354 0.043
4K BL 0.891 0.416 0.303 0.282 0.173
YZUS {&5E BT 0.874 0.340 0.364 0.277 0.116
1A% BH 0.929 0.317 0.386 0.316 0.100
4K BL 0.757 0.580 0.334 0.139 0.336
YZY7Z &5 BT 0. 665 0.441 0.386 0.122 0.194
A= BH 0.762 0.183 0.442 0.336 0.033

AR 3BT AT LK AH DG R B G3 fil hy R RO A
JoT i ) B AR AR T, 58 T S AR Y 2
PEo BT AR SR TE R gk m I fe bl LA
2 B T s PR (IR AR 46 ) 1 ) 42
WG AHTELRT R, EmEEY %3 4
AR | <R NP N R o S A EE = R AN |2
RN LA 21 2 HE A A B AR AR R A
B ST R AR OGBS R P T S AR, R A
(UNIESES Al P JUIR AR ZE | KRR NN O
TR PRSI H At B A X A b
( Lateolabrax maculatus) W 5T 2 W, 14 T %o A
I EEE R, KK KRR & E 2
AR GERE AR AR T . A R B, R 1 PR

A ARTE AR AR Y AR L ARG, H
SO 1 T 322y B AR T, T A4 s
AR AR B 4 2 R TR T, 48 32 25
KA, 5§ LRSS R —
SE IR 22 57 , X T RE 55 A [a] 1 4828 56 W B I35 110 SR
AN Ko TR F R [ A2 s BF 58 o, Al /) i
S TR TE 0 MR i 1) B I K TR K
FIIRAEE X — R0 45 R 5 AR W AP TR K 2
S, AR S H TR R B TE AN W] A= K B BOE
AR AR J5 2 114 52 Wi SR AN [), AT 70836 25 1 T i) S5
Hth ol 8 e, miAE s FI R o 12 At 1k
2 R FE xR A oK N &
( Hexagrammos otakii ) WF 5T H & B8, H 6 H IR A K
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X PR BT 5 e i A, (HL 18 T #4114 Bt

OF U0 S/ N PN R MZISE%EEI’J*HBQEM:FP
EIASE R B3 Ak O R e 4L PR
AR AN [R]85 B A ) R E Y
PEZES (P <0.05) 4% %5 Tl K08
By AR SR S R B AR A, A5 R S AR
B —E, A WAER T RS AT LA R O B
PREGVE T TARR,S A WA 12 F R 11 R
AT LAE 2 AR B B IR, JE A S A0 1A s 4
DA B PR, AT B o e T RO RO . AR
WA, YZYZ 25 AR T X A o ke 1) 3K
P EAE T, HAS TR & T AR A R R PR A i
R E R R AE2E 5, IR AL A TR R AR L T T
AR ZES . 300, 4 DA TAVEIR D K
ERAWEEEES (P <0-01) e TR A
TSR A 2 72 5%, A Tt — 2 HEIT, X
JE Bk 15’_6%*%1/\T~/|\‘mﬂa1‘m
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Growth traits comparison and path analysis of two populations of largemouth
bass ( Micropterus salmoides) and their reciprocal hybrids

GONG Yating' , FU Jianjun®, ZHU Wenbin>, ZHANG Linbing’, WANG Lanmei’, QIANG Jun’, GAO Can’,
HU Guifei*, HONG Bin*, DONG Zaijie' >

(1. Wuxi Fisheries College, Nanjing Agriculiural University, Wuxi 214081, Jiangsu, China; 2. Key Laboratory of Freshwater
Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, Jiangsu, China; 3. Zhanglin Fisheries Company, Tongling 224151,
Anhui, China; 4. Fisheries Management Station of Yi’ an District, Tongling 244151, Anhui, China)

Abstract: In order to accelerate the renewal of largemouth bass ( Micropterus salmoides) , a complete diallel
crossing experiment was carried out using the introduced American population (US) and the domestic cultured
population (YZ) as the base populations, and four paired combinations of USUS, USYZ, YZUS, and YZYZ
were obtained, and the one-year-old fish growth performances of their offspring were compared. The results
indicated that USYZ had a significant heterosis (P <0.05) in body weight, standard length, and absolute
weight gain rate, and consistently had the highest coefficient of variation. Meanwhile, two hybrid groups
(USYZ, and YZUS) had median parental heterosis for all growth traits. The body weight, standard length,
total length, head length and body height of the USYZ hybrids have supernatural hybrid heterosis and were
higher than those traits of YZUS hybrids. Additionally, the results of the path analysis revealed a highly
significant positive correlation between total length, body width, body height, and body weight of the offspring
(P <0.01) ; different from USUS, the coefficient of determination for body weight via body width was higher
than that via body height in USYZ, YZUS, and YZYZ. Based on diallel cross mating design, the best mating
group was investigated in terms of growth traits of hybrid offspring, so as to provide a basis for genetic
improvement and breeding of M. salmoides in practice.

Key words: Micropterus salmoides ; growth trait; heterosis; path analysis
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