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F1 ROBHRFTMHEBEZIMAEMNEMEKAREERE
Tab. 1 Growth rate of body weight of the three stocks at different stages

/(g/d) absolute growth rate /(%/d) instantaneous growth rate
population 152d 189 d 264 d 152d 189 d 264 d
N 1.36 1.48 1.9 1.226 2 1.353 8 1.2917
NF 1.38 1.18 1.6 0.729 7 0.645 1 0.566 2
FN 1.38 1.01 1.5 0.3200 0.3110 0.304 2
400 [ —e— N M. 5. salmoides
3501 _m NF M. s. salmoides? = ’ NF
M. s. floridanus:
300F FN M. s, floridanus®y » ’
- —h— - .
= M. s. salmoides
P:{’ tﬁr 250+ R FN
= 200+
=% ’
= 2 150}
100+
S50k NF FN
0 — e 2.3
90 152 189 264
HflEl/d time '\:T%,]‘ﬁ:_)’k
2 kOBEIHTHS >
AERMERES BRRXFE NF N , F
Fig. 2 The relationship of age and mass of .
. . . ;FN N F
M. s. salmoides and the reciprocal hybrids between
M. s. salmoides and M. s. floridanus s NF
/ / / /
2.2 / , / /
/ / /
2 4 / : FN /
3 3 9 / / b
/ / / /
) 5 3 8 32 / , / /
8 ( 4, /
NF N 5 7 NF FN
(P<0.05), F S
7 ; FN RENHT
F (P>0.05) 4
8 >
F2 RKOBHLLFTHMH. #TELTHEERZT FRESNEHARABRAEK. KREEE
Tab. 2 Sample quantity and ranges of body length, body weight of M. s. salmoides,
M. s. floridanus and their reciprocal hybrids
/em /g
‘ /' number body length body weight
population + +
range mean+SD range mean+SD
N 31 21.8~27.3 24.46+1.30 273.7~551.4 403.71+68.90
F 30 19.0~25.8 22.05£1.79 174.5~652.1 343.56+114.26
NF 32 16.5~22.3 19.42+1.37 133.0~367.8 211.43+57.66
FN 33 18.4~26.1 21.38+1.74 173.4~523.6 276.28+83.48
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#=3 KOBHIALM. HFBEETMEEIET FRETEMEREE
Tab. 3 Meristic data of M. s. salmoides, M. s. floridanus and their reciprocal hybrids

item N F NF FN
HI HI
. . 8~10(9.00+0.25) 9 8~10(9.00+0.25) / 9 /
spine of dorsal fin
. 14~15(14.61£0.50) 15~16(15.07+0.25)  14~17(14.81+0.69) 4 13~15(14.58+0.66) 106
soft ray of dorsal fin
13~15(13.7740.50) 14~16(14.80+0.49)  14~15(14.59+0.50) 80 10~16(14.21£1.22) 57
soft ray of pectoral fin
s 5 5 5 / 5 /
soft ray of pelvic fin
. ) 3 3 3 / 3 /
spine of anal fin
) 11~15(11.87+0.72) 12~13(12.03£0.18)  11~13(11.97+0.54) 63 10~14(11.70+0.69) 206
soft ray of anal fin
o 28~35(31.58+1.62) 28~35(31.77+1.89)  29~36(32.81+1.45) 647 30~35(32.30+1.40) -278
soft ray of tail fin
rib 15.00(15.00+0.00)  14.00(14.00+0.00) 14~15(14.16+0.37) 84 14~15(14.61+0.50) 61
. 59~68(65.03£2.27) 68~75(70.63+1.87)  60~73(65.69+3.04) 12 61~73(66.00+2.32) 189
lateral line scales
scales 7~8(7.61+0.50)  7~9(7.73+0.52) 7~8(7.34+0.48) 225 7~9(7.33+0.54) 333
above lateral line
scales 15~19(16.97+0.84) 16~18(16.83£0.60)  13~17(16.19+0.74) 557 14~18(16.61£0.93) ~157
below lateral line
fill gill raker 8 8 8 / 8 /
vertebra 32 32 32 / 32 /
mean 209 64.63

x4 AOBHFRRATH. BFEATHREAZIFRAKMERKNFTE

Tab.4 Chi-square analysis results for meristic data from M. s. salmoides, M. s. floridanus and their reciprocal hybrids

item N-F N-NF N-FN F-NF F-FN NF-FN

soft ray of dorsal fin 54.92" 59.73" 33.97" 88.07" 100.62" 90.31"
soft ray of pectoral fin 33.10" 17.43"™ 71.38" 38.74™ 93.48" 90.35"
soft ray of anal fin 119.66" 81.57" 110.06™ 71.26™ 143.59" 102.62"
soft ray of tail fin 19.31" 39.14"™ 32.00” 32.65" 23.48" 36.29"

rib 0.02" 1.29 22.56" 43617 8.40” 3.46

lateral line scales 29.49" 37.49" 62.34" 17.36 22.00 36.35"
scales above lateral line 35.54™ 28.67" 30.227 54.89" 26.00” 73.52"
scales below lateral line 64.66" 80.33" 70.25" 47.29" 64.86" 82.97"

* P<0.05, ;R

P<0.01,

Notes: * means significant difference (P<0.05); ** means highly significant difference.
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Fz5 AOB&HILAFTH. BTEETMEEEZTFRGT MK
Tab.5 Proportional values of traditional metric characters of M. s. salmoides, M. s. floridanus and
their reciprocal hybrids

item N F NF HI FN HI

/ total length/standard length 1.20+0.04 1.25+0.02 1.21+0.02 20 1.20+0.02 100

/ standard length/body depth 3.10+0.19 3.04+0.22  3.14+0.19 —66 3.12+0.23 133

/ standard length/body width 5.69+0.52 5.51+£0.45  5.90+0.45 -116 5.78+0.39 150

/ standard length/head length 3.31+0.21 3.07+0.13 3.10£0.14 88 3.21+0.10 54

/ standard length/ caudal peduncle length ~ 4.61+0.38 5.23+0.36 4.98+0.34 60 4.95+0.59 45

/ standard length/ caudal peduncle depth ~ 8.10+0.60 7.89+0.31 7.94+0.34 76 7.89+0.63 0

/ standard length/ length before anus 1.67+0.07 1.61+0.03 1.63+0.05 67 1.64+0.05 50
peduncﬁ:depﬂlca“dalped““Cblengﬂvca“dal 176£0.14  1.52£012  1.60£0.13 67 1.6120.21 38

/ head length /snout length 4.09+0.21 3.76+0.19 4.12+0.26 -9 3.66+0.36 -3

/ head length/eye diameter 6.25+0.39 6.30+0.47 6.36+0.36 220 6.46+0.56 320

/ head length/interorbital width 3.69+0.17 4.5540.16  3.80+0.02 13 3.89+0.35 77

mean 38.18 87.63
0 5 10 15 20 25

\EAE AL Mos.salmoides D » M.s. floridanus
JZAETFAY Mos.floridanus @ *M.s.salmoides J
ARl Ms.salmoides
PR WKW M. s. floridanus J

B3 XOR&GATH. $FTEETHRERT FREESRELE
Fig. 3 Morphological cluster plot of six groups of M. s. salmoides, M. s. floridanus and their reciprocal hybrids

*6 RKOBBANBHAEREIERNSBFTEMRRERS WS TRETTKE
Tab. 6 Components matrix and contribution of principal components to total variance for
four populations of largemouth bass

principal component principal component
item 1 2 3 item 1 2 3
/ 0.201 —0.658 0.432 C9-7/ 0.719 0.136 0.250
/ —-0.471 0.458 0.417 C7-5/ 0.742 0.211 —-0.090
/ —-0.430 0.389 0.452 Cs5-3/ 0.779 0.152 -0.252
/ 0.107 0.663 —-0.427 C3-1/ 0.752 0.126 —0.083
/ —0.178 —0.654 —-0.007 C4-1/ 0.929 0.004 0.034
/ —-0.042 0.608 0.550 C6-3/ 0.967 —-0.128 —0.056
/ —-0.044 0.653 0.013 C8-5/ 0.974 —-0.035 —0.087
/ 0.105 0.794 0.299 C10-7/ 0.926 —0.034 -0.026
/ 0.091 0.282 0.184 C2-3/ 0.931 —0.138 0.118
/ 0.006 0.047 0.103 Ce-1/ 0.978 0.003 —-0.026
/ 0.014 -0.578 0.533 C4-3/ 0.964 —-0.097 0.051
C1-2/ 0.864 —-0.195 0.183 C8-3/ 0.972 —-0.022 —-0.096
C2-4/ 0.528 —0.368 0.126 C6-5/ 0.948 0.029 -0.107
C4-6/ 0.902 —-0.057 0.167 C10-5/ 0.928 0.007 0.037
C6-8/ 0.862 0.122 0.012 C8-7/ 0.935 0.088 —-0.130
C8-10/ 0.860 0.172 —-0.028 C11-7/ 0.883 —0.006 0.262
C10-11/ 0.847 0.111 0.201 C10-9/ 0.915 0.159 —-0.008
C11-9/ 0.936 0.053 —-0.016 /% 54.9 11.21 5.33
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F7 OBHILATH. BFEEXTMREELXZ FREVFIFER
Tab. 7 Results of discriminant analysis of M. s. salmoides, M. s. floridanus and their reciprocal hybrids

item N NF FN total number
ordinary discriminant N 27 0 4 0 31
F 0 30 0 0 30
NF 0 0 32 0 32
FN 0 0 32 33
total 27 30 32 31 126
/% discriminant accuracy 87.1 100.0 100.0 97.0
interaction validation N 26 0 4 1 31
F 0 30 0 0 30
NF 1 0 31 0 32
FN 1 0 0 32 33
total 26 30 31 32 126
/% discriminant accuracy 83.9 100.0 96.9 97.0

http: //www.scxuebao.cn



807

Px d
[13]
152 ,152
, 3
. 45
(4] 2
( Px )
[13]
3.2
, Bailey
20 40
59~65 69~73 15 14
[15-16]
[17-18]
[19]
[20]
[21]
, 6
82.97%,
80.00%~85.00%2, 6
11
100%,
97%,
87.1%,

(1]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

Bailey R M, Hubbs C L. The black basses (Micropterus)
of Florida, with description of a new species [J]. Uni-
versity of Michigan Museum of Zoology Occasional
Papers, 1949, 516: 1-40.

Bai J J, Lutz-Carrillo D J, Quan Y C, et al. Taxonomic
status and genetic diversity of cultured largemouth bass
Micropterus salmoides in China[J]. Aquaculture, 2008,
278(1-4): 27-30.

. [M]. : R
1993: 83-93.
Hulata G.Genetic manipulations in aquaculture :a review
of stock improvement by classical and modern tech-
nologies[J]. Genetica, 2001, 111: 155-173.

[J1. , 2007, 31(4): 532-538.

. , 2009(6): 12-16.
[M].
, 1998: 3-10.

Witkowski A, Blachutad J.Natural hybrids Alburnus
alburnus(L.)xLeucuscus and Biebrza[J]. Acta Hydrobi-
ologica, 1980, 22(4): 473-487.

Cricelli A,Dupont F.Biometrical and biological features
of Alburnus alburnusxRutilus rubilio natural hybrids
from Lake Mikri Prespa, northern Greece[J]. Journal of
Fish Biology, 1988, 31(6): 721-733.

Williamson J H, Carmichael G J.An aquacultural evalu-
ation of Florida, northern, and hybrid largemouth bass,
Micropterus salmoides[J]. Aquaculture, 1990, 85 (1-4):
247-257.

Philipp D P, Whitt G S. Survival and growth of northern,
Florida, and reciprocal F, hybrid largemouth bass in
central Illinois[J]. Transactions of the American Fisher-
ies Society 1991, 120(1): 58-64.

Zolczynski J R S J, Davies W D. Growth characteristics
of the northern and Florida subspecies of largemouth
bass and their hybrid, and a comparison of catchability
between the subspecies[J]. Transactions of the American
Fisheries Society 1976, 105(2): 240-243.

Kleinsasser L J, Willamson J H, Whiteside B G. Growth

http: //www.scxuebao.cn



808 36

and catchability of northern, Florida, and F, hybrid [18] Matondo B N, Ocidio M, Poncin P, et al. Morphological

largemouth bass in Texas ponds[J]. North American recognition of artificial F; hybrids between three com-
Journal of Fisheries Management, 1990, 10(4): 462—468. mon European cyprinid species: Rutilus rutilus, Blicca
[14] Johnson D L, Graham L K. Growth, reproduction, and bjoerkna and Abramis brama[J]. Acta Zoologica Sinica,
mortality factors affecting the management of large- 2008, 54(1): 144—156.
mouth and smallmouth bass[J]. American Fisheries So- [19] s s . [M].
ciety, 1978, 92—103. , 2000.
[15] Richard H, Editors H C. Black bass biology and man- [20] , , , . (Epinephelus
agement[M].Washington (DC): Sport Fishing Institute, septemfasciatus) 1.
1975: 67-75. , 2008, 39(6): 655—660.
[16] , . [21] , , , . (Scophthalmus
. , 2001, 47( ): 110-115. maximus) .
[17] , , , . fif1(Q)>< , 2008, 39(1): 24-29.
(5] Fi . , 2008, [22] . SPSS11 M].
32(4): 533-544. ,2002: 190-202.

Growth and morphological characteristics comparison of northern large-
mouth bass, Florida largemouth bass and their reciprocal hybrids

CAI Lei'?, BAI Jun-jie'*", LI Sheng-jie', CHEN Kun-ci', CAO Ting-ting'
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on northern largemouth bass and florida largemouth bass, four populations including
selfing of N(Micropterus salmoides salmoides $xM. s. salmoides?) and F(M. s. floridanus @ xM. s. flori-
danusd), direct cross NF(M. s. salmoides?xM. s. floridanus?) and FN(M. s. floridanus@xM. s. sal-
moidesd') were established. Further comparative analysis of growth and morphological characteristics were
carried out between parents and their reciprocal hybrids. The results were as follows. The growth rates had
no difference between N, NF and FN on 152nd day. After 152 days the northern largemouth bass grew
more rapidly than two hybrids. As meristic characters, the numbers of soft ray of pelvic, spine of anal fin,
gill raker and vertebra were consistent in these four populations, and the chi-square analysis of meristic
characters showed highly significant differences between parents and hybrids in soft ray of dorsal, soft ray
of pectoral, soft ray of anal fin, soft ray of tail fin, scales above lateral line and scales below lateral line.
The results of cluster analysis have revealed that the morph metric characters of N and F were much closer,
the same to the reciprocal hybrids groups. Three principal components with accumulative variance per-
centage 71.44% were summarized in principal component analysis. The principal components 1, 2 and 3
reflected the morphological variations of frame, head and caudal peduncle, with the variance percentage
being 54.90%, 11.20% and 5.33%. In discriminant analysis, 11 parameters were selected from 35 measured
parameters to establish discriminant functioned of the populations. Discriminant accuracy was 83.90%—
100.00%. This study would be beneficial to the identification, breeding and aquaculture of largemouth bass.
Key words: Micropterus salmoides; M. s. salmoides; M. s. floridanus; hybrid; growth; morphological cha-

racteristics
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