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amblycephala and three Megalobrama species including M. skolkovii, M. terminalis and M. pellegrini using
reciprocal crosses methods. The morphological characteristics of intermuscular bones in hybrids as well as
inbrids of four species (totally 10 groups) were investigated and compared. Among the individuals from these
10 groups (Table 1), the numbers of intermuscular bones ranged from 96 to 134, with the average number of
119 (Table 2). There was no significant difference among the 10 groups and M. pellegrini inbreds had the
minimum intermuscular bones with the mean value of 114. The length of intermuscular bones of the same
fish had the linear relationship with the body weight and body length of individuals in these 10 groups (Table
3 and 4, Fig. 1 - 4). The lengths of intermuscular bones in different parts showed significant difference (P <
0.05): the intermuscular bones in the epiaxial muscle of dorsal part were significantly longer than the other
three parts including (P < 0.05) hypaxial muscle and epiaxial muscle of tail part, hypaxial muscle of dorsal
part (Table 5). The number of intermuscular bones in hypaxial muscle of dorsal part was significantly less
than in other parts (P < 0.05) and there was no significant difference between hypaxial muscle and epiaxial
muscle of tail part (P > 0.05) (Table 6). There were 6 kinds of intermuscular bones in the hybrids, including
“1” type, “ N> type, “y” type, one-end-multifork type, two-end-multifork type, and “(” type, with more
complex shapes in the front part of body (Table 7, Fig. 5). All the results indicate that the hybridization

among the Megalobrama species has no distinct effect on intermuscular bones.
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Table 1 Statistics for weight and body length of sampling fish from different groups

{AIE Body weight (g)

A4 Body length (cm)

. wxifﬁf
Combination type Sample size (ind) FEn e SFEME = bk v ] SFEIME & bR
n Range Mean =SD Range Mean =SD
H%Z Inbreds
TTFQ x TTF & 20 59.2 ~191.7 116.53 +34.77 15.5~20.6 17.88 +1.52
SIFQ xSIFJ 20 80.5~190.0 134.86 +32.19 15.6 ~20.3 18.45 +1.37
HHF @ x HHF & 20 38.9 ~ 148.4 94.36 +30.39 13.5~19.6 16.91 +1.82
GDF Q@ x GDF & 20 51.9 ~165.2 94.91 +27.76 149~213 1731 *1.71
2528 Hybrids
TTFQ xSIF & 20 46.9 ~ 167.0 100.10 +29.19 14.2 ~20.6 17.70 %1.70
SIFQ x TTF & 20 53.2~142.2 95.73 +27.02 145~19.8 17.19 +1.55
TTF @ x HHF & 20 48.2~173.4 114.65 +40.00 142 ~20.2 17.60 +1.81
HHF @ x TTF & 20 59.2~191.7 116.53 +31.08 15.5~20.6 17.88 +1.49
TTF @ x GDF & 20 44.3~170.2 97.99 +29.67 13.8~215 17.82 +1.68
GDF Q@ x TTF & 20 46.4 ~133.3 82.98 +21.62 14.7 ~18.7 16.56 +1.18

TTF. H3kf; SIF. =ffi; HHF. J248ifi; GDF. | 4.

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Table 2 The number of intermuscular bones in sampling fish from different groups

s UUNETRS &4 =] ERIINIINETRS &4 5| IsEid
HEFIHK Number of left side Number of right side Total
Combination type 5 SFEME = bk Ju Hi P+ bRk ¥ Hf SFEME % bRk
Range Mean =SD Range Mean £SD Range Mean =SD
H%Z Inbreds
TTF @ x TTF & 54 ~ 65 60 £3 56 ~ 65 61 £3 111 ~130 122 £5
SIF @ x SIF & 52 ~ 57 54 £2 55~ 64 60 £3 104 ~ 128 118 7
HHF @ x HHF & 47 ~ 62 58 +6 52~ 64 59 £3 101 ~121 114 %7
GDF @ x GDF & 50 ~ 64 57 5 54 ~ 64 59 £5 104 ~ 128 118 7
2458 Hybrids
TTF Q@ x SIF & 53 ~ 67 60 +4 54 ~ 67 61 %3 108 ~ 134 122 457
SIF @ x TTF & 57 ~59 58 +£1 54 ~ 63 59 +£3 108 ~ 126 118 +6
TTF @ x HHF & 58 ~ 61 60 £1 48 ~ 63 59 +4 96 ~ 126 117 +8"
HHF Q@ x TTF & 54 ~ 68 62 +4 50 ~ 64 60 +4 108 ~ 132 121 %6
TTF ¢ x GDF & 55 ~ 65 60 =3 53~63 59 +3 108 ~ 130 121 +6
GDF @ x TTF & 58 ~ 64 62 £2 49 ~ 66 60 +4 98 ~ 132 120 +9

TTR BSkWi; SIF =fl; HHF. JE&W5; GDFR J 4R Wi bifa=5 4Rz R 2% (P<0.05),
TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias. The values with asterisk in the same

column mean significant difference (P < 0.05).
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Table 3 The linear equation of body weight (X, g) and intermuscular bones’ length (y, mm)

in sampling fish from different groups

AT ElZpryss .
Combination type Linear equation

H%Z Inbreds

TTFQ x TTFS y =0.044 3x + 11.097 0.407 2
SIFQ x SJIFJ y =0.023 1x + 13.119 0.2658
HHFQ x HHFJ y =0.041 1x + 10.490 03221
GDFQ x GDF3 y =0.064 7x + 8.898 9 0.717 3
448 Hybrids

TTFQ x SIFS3 y =0.048 3x + 10.377 0.710 2
SJIFQ x TTFS y =0.064 4x + 8.351 4 0.684 4
TTFQ x HHFS y =0.048 5x +9.945 4 05117
HHFQ x TTFJ y=0.2874x +12.24 8 0.7207
TTFQ x GDFJ y=0.072 7x + 8.303 7 0.7153
GDFQ x TTF& y =0.074 5x + 8.552 8 0.605 1

TTF. H3kf; SIF. =ffi; HHF. J248ifi; GDF. | 4.

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Fig. 1 The linear relationship of body weight (g) and intermuscular bones’ length (mm) in sampling fish from

different inbreeding groups
TTR BI3k#; SIF =fM5; HHF JEHils; GDF. | 7M.
TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Fig. 2 The linear relationship of body weight (g) and intermuscular bones’ length (mm) in sampling fish from

different hybrid groups
TTR. F3kii: SIF. =fAWj; HHF JEHils: GDF. | %R,
TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Table 4 The linear equation of body length (X, cm) and intermuscular bones’ length (y, mm) in sampling fish

ZREELIES

Combination type

[l 7

Linear equation

RZ

H % Inbreds
TTFQ x TTFS
SIFQ x SIES
HHFQ x HHFJ
GDFQ x GDF3

y =1.063 3x - 2.867

y=0.5914x+5.3188
y=0.9203x - 1.196 5
y=1.1355x-4.704 2

0.449 5
0.314 2
0.578 6
0.8417

2458 Hybrids
TTFQ x SJFS
SIFQ x TTFS
TTFQ x HHFS
HHFQ x TTF3
TTFQ x GDFJ
GDFQ x TTF3

y=0.912 5x - 0.903 6
y=1.0914x-4.2398
y =1.161 8 - 4.945

y =0.709 6x + 2.557 2
y=1.3055x-7.747 7
y=12727x-6.3451

0.7376
0.6490
0.6796
0.768 9
0.742 8
0.442 1

TTF. P3kigy; SIF. =fffsi; HHF. S, GDF. |45,

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.

*5 HRARAFAGTANAELE (mm) 54E () HEKHER

Table 5 The ratio of intermuscular bones’ length (mm) to body weight (g) in sampling fish

from different groups

EREEEES

Combination type

AR L

Front dorsal part

R L

Rear dorsal part

KT

Front abdominal part

FRABENT L

Rear abdominal part

HAZ Inbreds

TTFQ x TTFE 0.18 +0.04* 0.15 +0.03** 0.13 #0.02"AC 0.14 +0.03*
SIFQ x SIFS 0.14 +0.03%® 0.12 +0.03%® 0.09 +0.02"® 0.11 +0.02"®
HHFQ x HHF3 0.19 +0.05*¢ 0.16 0.05%AC 0.14 #0.04™€ 0.15 #0.04"¢
GDFQ x GDF3 0.20 0.04* 0.16 +0.03" 0.14 +0.03%¢ 0.14 %0,03"AC
%28 Hybrids
TTFQ x SIFS 0.18 +0.03* 0.15 +0.03" 0.12 #0.03% 0.14 #0.03"
SIFQ x TTFS 0.19 0.04* 0.15 +0.03" 0.13 +0.03%¢ 0.14 #0.03"
TTFQ x HHF3 0.17 +0.04*® 0.13 0.03"® 0.11 #0.03% 0.12 +0.03"8
HHFQ x TTF3 0.16 +0.05*® 0.14 0.05™ 0.11 20.04™8 0.13 0.04™8
TTFQ x GDF3 0.19 +0.04*¢ 0.15 +0.03" 0.13 +0.05%¢ 0.15 20.04"¢
GDFQ x TTF3 0.22 +0.03* 0.18 0.03" 0.14 +0.03° 0.16 +0.03™

TTR F3kf5; SIF =fffj; HHF JE8ifl; GDF. ) ARWj. FATEIEE /NS FRERREZRARE (P> 0.05), [FFIHEIEE
HAAHFAREF R R EZRARFE (P>0.05),

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias. The values with the same superscript

lowercase letter in the same line mean no significant difference (P > 0.05).
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Fig. 3 The linear relationship of body length (cm) and intermuscular bones’ length (mm) in sampling fish from

different inbreeding groups

TTF. H3ktyi; SIF. =ffifyi; HHF. JE&fi; GDF. | %o,

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Fig. 4 The linear relationship of body length (cm) and intermuscular bones’ length (mm) in sampling fish from

different hybrid groups

TTF. Pl3kisi; SIF. =fatfi; HHF JEFil5; GDF 4,

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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Table 6 The statistics of various intermuscular bones’ distribution in sampling fish from different groups

AR A “17E fy" e — 5 X PR 7> X% “r o “NIE B
Combination type  Distribution ~ “1”type  “y”type  One-end multi-fork type ~ Two-end multi-fork type ~ “("type  “ 7 type  Total

132 Inbreds

FD 1 10 3 7 0 0 212
RD 13 3 1 0 0 2 19°
TTFQ x TTFS ¢
FA 0 2 0 0 0 0 2
RA 13 3 1 0 0 1 18¢
FD 1 12 3 4 0 0 20°
RD 12 4 1 0 0 2 19°
SIFQ x SJFS .
FA 0 0 0 0 0 1
RA 11 4 1 0 0 1 17°
FD 1 10 3 5 0 0 19°
RD 12 4 1 0 0 2 19°
HHFQ x HHFS .
FA 0 0 0 0 0 1
RA 12 4 1 0 0 1 18°
FD 2 11 4 4 0 0 218
RD 12 5 1 0 0 1 19°

GDFQ x GDFJ&
FA 1 0 0 0 1 3
RA 13 4 0 0 0 1 18°

448 Hybrids

FD 1 9 2 10 0 0 228
RD 12 3 2 0 0 2 19°
TTFQ x SIFS ¢
FA 1 1 0 0 0 0 2
RA 11 4 1 0 0 1 17°
FD 1 13 3 5 0 0 22%
RD 13 3 1 0 0 1 18°

SIFQ x TTFS
FA 1 2 0 0 0 0 3
RA 12 3 1 0 0 1 17°
FD 0 7 3 10 0 0 20°
RD 11 4 2 0 0 2 19°
TTFQ x HHFS )
FA 0 1 0 0 1 0 2
RA 11 3 2 0 1 1 18
FD 2 10 3 7 0 0 228
RD 12 3 2 0 0 2 19°

HHFQ x TTFS
FA 0 1 0 0 0 0 1°
RA 12 4 1 0 0 1 18°
FD 1 9 2 8 0 0 20°
RD 13 5 1 0 0 1 20°
TTFQ x GDF3 b
FA 1 1 0 0 0 0 2
RA 13 4 0 0 0 1 18°
FD 1 10 3 7 0 0 21°
RD 11 4 2 0 0 2 19°
GDFQ x TTF3 b
FA 1 2 0 0 1 0 4
RA 11 4 2 0 0 1 18°

TTF. BIkWi; SIF =St HHF. JEail;; GDF. [~ R, W& W, FRiA 7 RER R & 5 H AA 7 % 57 (P<0.05),
FD. 940 AL RD. RHH UL FA. JRTHIFUL: RA. REH#HT L.

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias. In the same group, the values with different
letters mean significant difference for the different parts (P < 0.05). FD. Front dorsal part; RD. Rear dorsal part; FA. Front abdominal part; RA.

Rear abdominal part.
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Table 7 The number of various intermuscular bones in sampling fish from different groups

— i 5y X , ; ;

AR “17 & “y” g One-en d/ Wi 73 X “(" e N

Combination type “1” type “y” type ) Two-end multi-fork type “(” type “ k> type
multi-fork type

128 Inbreds

TTFQ x TTFS 27 +3%E 18 440 5 428 8 +49APF 1 +1°%F 3428
SIFQ x SJFQ 25 +5%B 20 3P 5 38 5 +3%¢ 1+1%8 3420A
HHFQ x HHFS 25 +434B 20 4B 5 +3%8 5 4P 0 +19%¢ 342%
GDFQ x GDFJ& 27 4780 21 +4PBE 5 +5%8 3 +4%BE 0 +19E 2 +1°08C
%48 Hybrids

TTFQ x SIFS 24 +4%A 17 +5% 5 +3%A 10 +5% 1+1% 342%
SIFQ x TTF& 28 +4% 21 +4% 5 42 5 +5% 0+0% 1+1%
TTFQ x HHFS 23 5% 14 45 7 £44C 10 £5%F 1204 3198
HHF?Q x TTFS 25 +8%B 20 7B 5 +5%8 5 +9°EF 1+1%8 3 +3%A
TTFQ x GDFJ 28 +47C 18 4B 3 £2%8 8 +49ADF 0 +19%P 2 4218
GDFQ x TTF& 23 5% 19 4B 744 8 +4CADF 1 ] 9ACDEF 34204

TTF H3kt5; SIF. =ffiflj; HHF JSail; GDF J RSy, FfT8ds/m AR NS TR R R AL (P> 0.08), [AFIHHE
AMARGFRERRZERA RS (P>0.05),

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias. The values with the same superscript
lowercase letter in the same line mean no significant difference (P > 0.05). The values with the same superscript capital letter in the same column

mean no significant difference (P > 0.05).

GDF2 X GDF & HHE % XHHF & TT [} TTF % XHHF & TTF# XTTF &

GDF # XTTF 4 TTF % X GDF & SIF# XTTF & SIF ¢ XSJF & HHF % XTTF &

B 5 ARGGEAZTRIEEES
Fig. 5 The morphological patterns of intermuscular bones in sampling fish from different breeding groups
TTE. [@3kfi; SIF —fffi; HHF. JE&ifi; GDF | 4k,

TTF. Megalobrama amblycephala; SJF. M. skolkovii; HHF. M. pellegrihi; GDF. M. terminalias.
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