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Fig.1 Truss network of distance measures

1. origin of pectoral fin; 2. tip of snout; 3. origin of pelvic fin; 4. ter-
minus of head back; 5. origin of anal fin; 6. origin of dorsal fin; 7. ter-
minus of anal fin; 8. terminus of dorsal fin; 9. ventral origin of caudal

fin; 10. dorsal origin of caudal fin
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Fig.2 The morphometry of parents and offsprings of M. terminalis (2)*C. alburnus (3) F, and
M. amblycephala (?)xC. alburnus (3) F,
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Tab. 1 Growth of body weight of M. terminalis (?)xC. alburnus (3) F; and
M. amblycephala (?)xC. alburnus (3) F, at different stages g
Sikid EWS. MT MA CA MTQxCAJ MAQxCAJ
age population
14 JiFE  range 13.7~46.3 12.0~54.6 8.2~37.0 12.3~54.2 11.2~45.4
1-year-old
PHMEARAEZE  meantSD 24.9+6.2° 28.3+10.9" 14.144.2° 23.5£9.8" 21.3+£5.6°
208 JiFE  range 104.5~753.3 98.9~711.0 91.7~367.8 284.8~780.5 198.2~818.6
2-year-old
PHMEARAEZE  meantSD 322.2+75.0° 423.0£170.1"°  255.7+21.7° 481.1+130.8° 484.2+158.8"
3 JiFE  range 451.0~655.3 452.2~850.1 357.0~800.3 554.0~1 200.0 552.8~1100.0
3-year-old
FEEARHEZ  meantSD 594.2+41.0" 655.1+148.0° 460.0+166.3° 845.6+197.8" 805.2+200.6™

i BT BT REA RN 2 57 535 (P<0.05)

Notes: means in the same column followed by different letters are significantly different (P<0.05)
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Tab.2 Meristic data of M. terminalis, C. alburnus, M. amblycephala, M. terminalis (?)xC. alburnus (3) F; and
M. amblycephala (?)xC. alburnus (3) F,

TZE] MT MA CA MT@xCAJ HI MAQxCAJ HI
SDF 3,7.23+0.34 3,7.42+0.71 3,7.00+0.00 3, 7.00+0.00 100 3,7.00+0.00 100
SPF 8.50+0.76 8.50+0.62 9.00+0.00 9.20+0.16 140 9.20+0.54 140
SAF 3,25.56+0.24 3,25.92+0.71 3,21.95+0.82 3, 23.50+0.65 57 3,23.51+0.63 61
LLS 51.19+1.22 51.23+1.12 86.34+3.58 66.65+1.83 44 66.72+1.22 44
ALS 10.02+0.78 10.18+0.90 17.34+1.74 12.61+0.68 35 12.81+0.95 37
BLS 9.3740.76 9.52+0.86 6.47+0.74 8.90+0.55 16 8.92+0.75 20
j:fnﬁ 65 67

7E: SDF.%fi; SPF. f&; SAF. Ht#; LLS. flZkih; ALS. {4k &% BLS. 2k Tk
Notes: SDF. soft ray of dorsal fin; SPF. soft ray of pectoral fin; SAF. soft ray of anal fin; LLS. lateral line scales; ALS. scales above lateral line; BLS.

scales below lateral line
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225 (P>0.05); R K /AR m (SL/BD). kK /MR [H] FE
(HL/IW) . AR/ A = (CL/CD)3/M AR 55 B
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WK (HL/SnL) . &K /BARK (SL/CL)., K/ il
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Tab.3 Proportional values of traditional metric characters of M. terminalis, C. alburnus, M. amblycephala,
M. terminalis (?)*C. alburnus (3) F; and M. amblycephala (?)xC. alburnus (3) F,

TiH

om MT MA CA MTQxCAS HI MAQ*CAJZ HI
TL/SL 1.19+0.04° 1.19+0.04° 1.18+0.02° 1.170.04° 133.73 1.170.02° 287.15
SL/BD 2.49+0.58" 2.0120.12° 4.54+0.33° 3.05+0.19" 27.13 2.59+0.46" 23.18
SL/HL 4.8040.26° 4.8440.32° 4.63+0.13" 4.91%0.80° —67.38 4.9240.49° -33.91
HL/SnL 5.47+1.36™ 5.95+1.21° 4.90+1.02° 4.86+0.96" 105.82 4.9241.02° 97.66
HL/ED 3.83+0.58% 3.9240.75% 3.66+0.16" 3.88+0.84" -27.17 4.30+0.70° -140.32
HL/IW 2.01£0.31° 1.63+0.15° 2.42+0.12° 2.25+0.53% 57.81 2.04£0.35° 5223
SL/CL 7.73+1.31° 8.83+0.85° 6.31+0.33 6.97+0.52" 53.88 7.92+1.32° 36.15
CL/CD 1.13£0.20" 0.8040.10° 1.85+0.05° 1.38+0.09" 35.51 1.06£0.21% 24.43
SL/DL 4.50+0.71° 4.49+0.39° 5.28+0.64" 5.64+0.30° 145.18 5.65£0.65 146.22
j:iﬁ 51.61 54.75

#: TL.4&K; SL.4&K: BD.{k®: HL.3k¥: SnL.Wj: ED.FRf%: IW. BRINSE; CL. BHi&: CD. EWiF: DL. Hhk
Notes: TL. total length; SL. standard length; BD. body depth; HL. head length; SnL. snout length; ED. eye diameter; IW. interorbital width; CL. caudal

peduncle length; CD. caudal peduncle depth; DL. dorsalspine length
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Fig.3 Morphological cluster plot of the five groups
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Tab.4 Components matrix and contribution of principal components to total variance for five populations

WA FE 4 principal component T F M4 principal component

item 1 2 3 item 1 2 3
TL/SL 0.111 -0.599 —0.087 D4-6/TL 0.429 0.550 0.285
SL/BD —0.873 0.163 0.033 D6-8/TL 0.638 —0.184 0.099
SL/HL -0.373 -0.215 0.575 D8-10/TL -0.351 -0.113 0.593
HL/SnL 0.077 —0.235 0.206 D4-1/TL 0.884 0.051 —0.010
HL/ED 0.174 0.322 —0.460 D4-3/TL 0911 0.196 0.044
HLIW -0.392 0.399 —0.490 D4-5/TL 0.459 0.563 0.311
SL/CL 0.418 0.288 —0.354 D6-3/TL 0.959 —0.047 —0.016
CL/CD —0.762 -0.247 0.276 D6-5/TL 0.925 0.028 —0.019
SL/DL -0.510 0.642 0.180 D6-7/TL 0.742 —0.146 0.035
DI1-2/TL 0.131 0.036 0.272 D8-5/TL 0.916 —0.048 0.028
DI1-3/TL 0.616 0.287 0.297 D8-7/TL 0.737 —0.007 0.268
D3-5/TL —0.249 0.713 0.334 D8-9/TL 0.240 0.028 0.432
D5-7/TL 0.748 -0.372 0.058 D10-7/TL 0.564 0.244 —0.223
D7-9/TL -0.301 0.015 —0.092 D10-9/TL 0.797 0.059 0.013
D2-4/TL 0.844 -0.130 0.016 TIHR#/%  contribution 38.59 9.83 7.60
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Fig. 4 Scatter diagram for PC1 and PC2 of

the five populations

FUA WA M RS Sk
. B/ . KKK . D1-2/TL,
D1-3/TL. D3-5/TL. D7-9/TL. D4-6/TL. D6-8/TL.
D4-3/TL. D6-3/TL. D6-7/TL. D8-5/TL. D8-7/TL.
D8-9/TL. D10-7HID10-93X 194~ % %k 51 ik fc K<,
M LACI~CI9F R, 22 ) Wy 5 )2 10 i) B 4K )5 )
I S B/ AW I S =B N ORI )
R R B . AR H B BRI R TR

MT: Y1=149.174C1+15.096C2+8.708C3+
110.647C4+19.502C5+1 360.668C6392.984C7+
233.273C8+445.288C9-283.214C10+288.945C11+
802.767C12+1 314.886C13+1 405.235C14-236.627C15+
1 040.918 C16-41.301 C17+2 090.639C18—
1274.455 C19-1 271.940

MA: Y2=183.431C1+8.717C2+5.478C3+
144.725C4+17.395C5+1 186.440C6-380.632C7+
308.964C8+486.069C9-250.585C10+327.039C1 1+
1 028.873C12+1 458.390C13+1 466.454C14—
412.395C15+1 200.657C16-277.179C17+1 339.928C18—
898.681 C19—1 389.754

CA: Y3=143.933C1+16.512C2+10.223C3+
93.347C4+21.045C5+1446.733C6-342.419C7+

138.574C8+370.380C164.153C10+386.746C11+
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107.074C4+23.214C5+1 246.454C6-417.683CT+
286.900C8+394.490C9—138.303C10+328.362C11+
734.599C12+1 365.193C13+1 398.060C14-287.290C15+
994.903C16-44.982C17+1 958.563C18—1 084.662C19—
1281.055
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Tab.5 Results of discriminant analysis of the M. terminalis (?)xC. alburnus (3) F, and
M. amblycephala (?)xC. alburnus (3) F,
TiH BAH
item MT MA CA MT@xCAS MAR*CAJ total number
W3 7 MT 61 1 0 3 5 70
ordinary discriminant
MA 0 70 0 0 0 70
CA 0 0 70 0 0 70
MTQxCAJZ 0 0 0 70 0 70
MAQXCAJ 0 2 0 2 66 70
R/ % 87.1 100 100 100 94.3
discriminant accuracy
A HIGIE MT 58 3 0 2 7 70
interaction validation
MA 0 64 0 0 6 70
CA 0 0 59 7 4 70
MTQ*CAJ 0 0 0 70 0 70
MAQxCAJS 2 3 0 5 60 70
/% 82.9 91.4 84.3 100 85.7

discriminant accuracy

WF 5 [R) IR AT T = A 5 ( Q)< W 1 (S)F 5 A
Sty ATk 85 (@)= W (S F B9 A PR RE L
B, KBS kL 5 ()l R (S)F A EL, 7R 1
FO20% , P70 2 R A U TC 2R S, T
3, A8 (Q) M A (3HF I AR KA
P kb 3 g T Ak 857 ( Q)R B0 (S)F o UL
TEU Rl ol ik — s, ARFEN 12
DR (B e 114 85 0 4 S 7 BEUBIT it ol

32 ZAEQ)GEBEERCORRFMESEE

=)
L4, JF R 2 38 40 G iF 5 vh 5 W i AH
B - o =1 S 1 S BN
(xS il (), A1 Sk A5 ( Q)< M i (), wEfh
(Ctenopharyngodon idella, Q)< W i1 (3™, Mg
2181 (Erythroculter ilishaeformis, Q) A1 3k i ()",
ol W 2T 411 (Q) x5 FE £1 #11 (E. pseudobrevicauda,
A 5 =AW R DGR A58 TAEAA XS 85/, Horp
FLAE = 87 ()< Ak 5 () SR 52 ™ 1™, K 7 g
(Parabramis pekinensis, Q)x = f#j(3)* ¥, iRt
LS B ZHON N F LR R Z 8RR
B B, AHESE A R R, FRAH PR AR
AR ZEAE T, = A5 (Q) <k i (O)F, 1 2 Kk
AR ] B T A ke 7 8 2SI 25 22 S A )
b, BT EERSEOER G SRS G E
TUAM T T RS T RAFRIRORY, BRILLISh, E
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L T2 15 VT R K P A £ I~
A3 BT B A A8 B HE A3 B R A 20 G2 Y 2 S IR
FRIRCREY, B3 53 AT RE A 45 AS [R) B4R (] O
A 225N, R 5 oR ES AR L ) D AR AT R
FE—FREFIREA SN AL p — SRR RIS AE XS
FARE T RBEAR W AT BER S, RBUARIL
=5 (Q)<HME 1 (O)F 1 2 B0l Bobk 3N
] B, SF 2 RIS KU HI=65, W& 1] T A0 A
4 3 IR AT = o VN = [ 1 o T S Iy £ ]
()< i (3HF 1 Z 50T | R AR AR, A
TSR R FEAE 4300 5 A B AR M 22 S (P<
0.05), H A3 MMR G REARN A 2=
Sty MR BERAMT QXCAS Y A KA K . R/
KL kKM, SKKRARRE . RK /S BRKE
SAS MR TR I B 2R I S, AR /R R AR A/
FEAR i O 1] B A, Sk A< /HIR 8] B g 1] A AR, AR/
AR 23 FRAR 0 (R E ;. TS A R R B H =
51.61, #imdAEmhEE, BoR AR =M
()< i (3HF T MR R B A R AL, 5
1 Sk 75 () <R 61 ()22 FHF AH LL, A 22 Fh
TR 64 AT EC R HE A AR B2, 9T MR E
HhBRRGAEZADZESF BERMEIR, [HaT %]
PR IR T 2 2 b 4R B WS RE A, 3% B P 5 £
ZRFHIE A 22 A Ko W HE B2 25 W B s it A7 3
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AR, HEAARILE, RAHERLE A5
b, Rz BEA R SR FACAR . LA DL B
P, ARUL = A 7 (@) M B0 (OO F IR 5 3R
A R A, 285 1A Sk 55 (Q )< i1 (3)F B
fif1 =

g 4 nT R R RIAE 28 45 04 5 R 1T 22 00 oy
Mr, R AR 7S B BRLTTER R N
75.88%, i A BER SR S 4 KR4y, RWATT
i JLAS A B b ST i P RS SR AR S 4 AR
BERE B S 2255 M E 7 B X 45 S BE AR S 55
000 U5 Ja AT R, X R A AT Sk f A A Sk
5 ()R BE 1 ()F 1 R B 100% , X = ff 5
()< 61 (O)F 1 H 0 15 5193.7%,  — A 65 1 ]
FRIEAS, H87.5%. ZIu/rras Rz, S
RHIE A 25 T o R B AR TR S L, ok
AR AR

ZE BRI, AHFIEUE SR T = A 05 ()<
W0 (3HF B RAFMFRGE S 1, B o = ff
ELE i) B 2% 52 1 AC B A 9 2 AR 25 2 ) A 3
WA, A7 B2 AR B 6 60 2% 52 5 &R A 5T B
S PRI S
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Growth performance and morphological characteristics analysis of the hybrid
F,, Megalobrama terminalis (?)x Culter alburnus (3)

GUO Honghong, ZHENG Guodong, WU Chengbin, CHEN Jie, JIANG Xiayun, ZOU Shuming

(Genetics and Breeding Center for Blunt Snout Bream, Key Laboratory of Freshwater Aquatic Genetic Resources,

Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In the present study, a hybrid F, of Megalobrama terminalis (2)xCulter alburnus (3) (MTQxCAQJ)
was obtained by intergeneric crossing, based on M. terminalis, from Dongjiang River, and C. alburnus, from
Dianshan Lake. Growth performance and morphological characteristics of MTQxCAJ were compared and
analysed further, with M. terminalis (MT), C. alburnus (CA), M. amblycephala (Q)xC. alburnus (3) F,
(MAQxCAQZ) and M. amblycephala (MA) as controls. The results are as follows: (1) at 1-year-old stage, both
MTPxCAJ and MAQxCAJ grew significantly faster than CA, suggesting a remarkable growth advantage of
over-male-parent. At 2-year-old stage, MTQxCAJ was similar to MAQ*XCAJ in growth rate, which grew faster
than their parents. At 3-year-old stage, the hybrid MTQxCAJ' had not only marked growth advantage of over-
dual-parent, but also its body weight exceeded MAQxCAJ value. (2) Most numeric traits of MTQxCAJ presen-
ted to be medium. Among countable traits, the numbers of soft ray of anal fin and other traits are within the range
of its parents, the average hybrid index is calculated to be 65.00, which shows that the countable traits approach the
middle values between MT and CA, while slightly incline to its male parent CA. Of measurable traits, seven traits
are significantly different from its parents, the average hybrid index is calculated to be 51.61, which indicates the
measurable traits are also close to the middle values. (3) The results of cluster analysis revealed that MT@xCAJ
and MAQ*xCAJ were much closer, the same to the MT and MA, joined CA again after the two groups clustered.
Three principal components with accumulative variance percentage 56.02% were summarized in principal com-
ponent analysis, reflecting the morphological variations of frame, head and caudal peduncle. Discriminant accur-
acy was 87.1%—-100.0% by established discriminant function of the populations. In summary, the hybrid F, of
MTQxCAJ showed advantageous characteristics such as fast growth and excellent morphology, and it is expec-
ted to further cultivate improved varieties.

Key words: Megalobrama terminalis; Culter alburnus; intergeneric crossing; growth advantage; morphological
character
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