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Bk, BOF, REW, EHE, £ &, 2hF, FFF
CRIF TR K= P 4% 453007)

B O CRHBEEGHRE O AR TE J7 kX WL ( Cyprinus carpio haematopterus ) f1-HE £ JJL R & B 1
BEABBANIREEE JES A5, 450 BoR, # 14 dpf (day post fertilization, &1 11.29
mm) JILEE B SEAE TR R B, SR A B R G B R B OB e A PR AR AR K LRI B R
) SR UCE K, 26 dpf (144K 15. 60 mm) JILIE] BB A A0 50 o 2RI UL IR - 50 7E 93 ~ 104 Z 1], 342k 98
5 R —ME S /B34 34 85, KOS /NS 20 15 B, BRTER LR B AL T MBS T7IE L NE.
YT w2 SO Wi 43 SO P i 22 SOV IR AT | 85 30 0 A o UL IR B TR SR 2 . BFRE 4 R R
A Ja 4B 7 S SR YL R BB AR 3T AL, 55 D UL 2 0 L) B 4 BT SR i T IR A

KR MR WUEE; KE R TEASFHE
FES%ES: S917.4 XHkFRER: A

WLIE) & ( Intermuscular bone, IB) B HE® P
A JULRR o F -1 /N ), SR L 1] 30 =8¢ JUL 1) /s
T WURRZS 45 20 234 28 0o 3wy B Be 43 8 Ak T
RO B o B B Ao T 43 3 S il
5 /g (epineurals) | HE{AR /N F (epicentrals ) F1 fik
5 /N (epipleurals) ", I T £ 24 3k A7 18 )L
()i, [ Fof P ol £ 288 1) 15 D 7, UL TA) i B 2
RAEEMUE AL, JCH SR a2, LR IE S
TR ST kLA B Bt s, 2 &
BE 0K R GG P T
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AR AR GBS H T 1 22, BIRD 1 MABEE™ 7¢
X BEEy £ ( Danio rerio) 35 WA 5T H 42 K JULIR]
BRA KA, WAL X 4 Fi AR} 0 2 )L
)R H RIE A T 9I5BT
XS EL A S L] B AT T 8O RS LA
ST T R B O A )
%f it ( Hypophthalmichthys molitrix ). J& g
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(Cyprinus ) , 377 T H] 8, Jhy 3% H 2R K
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U BPRS ik

1.1 SEIe##t

O] BT HE f RN FA A I E AT RS Y R 2K
FEFRFE AL, 5 A N A) 3R A ARRS e L AR R
I e AR f AT N D 12 dpf TRIRBER
B, B3 26 dpf WLIE]E 43 8o 1k, A 5
4% Z R REE W E . B o H ik 18 H i il 30
F e es 3 R T i) (AR L3 1, Bin 25
UL Mean = SD RIR) , WAL BB A
1.2 F HaggLtarE

Bkt BB IR R I (053, R
FHAVETI®E . B S 25 B /K IV T A A DA
FBRE W ] TBST IR AR B0k, B AR 4
LU 581K 5% B8 TBST ¥ ; Ve JE A
AR 19% KOH ¥, A 1% {£F1 H,0,, 0%
HERR 2R B, i 1% KOH i vE 5 15
V5 i A% 22 JR AR 1 I TR W, TH AL B 2 3k 34l 41
B REAL T 0.5% P54 Y @, 37
C Yt 7 B YR, H 1% KOH FlEDE, &
PRZHZH BR A7 YL 85 H T B R Uk, K AR A7 AT
BFSOTFREED W H M. Bt
FH Olympus SZ61 1A 1) 2. S 2%, I F 87
B A5 R g2l 41 B, Adobe Photoshop CS5 %k
At AT B R Ab R

F1 TEFHETRHONG

Tab.1 Size of C. c. haematopterus at different ages
1A JFifE/g Body weight {AK/cm Body length

AR ™ -
Age il FHE WE P
Range Average Range Average
6 Ay  67.0~79.0 73.7+6.1 13.4~14.8 14.3+0.8

18 A% 560.0~658.5 611.6£49.4 28.2 ~29.5 28.7 £0.7
30 it 950.0 ~1080.0 1026.7 +68.134.8 ~35.5 35.9 +1.4

1.3 piEEEEERET %

BT AR, 45T MR I A i R
M A e ik, T K 5 0. 05 ~0. 10 MPa Ji
JIEEANZE 5 min Zidy . fp B ARG R L 2
Ay, T 2B B R EH L, /O BIBRILEY , A
SRR E 5 /N FIBK 5 /N, $7 HLAE R
H A2 BB ST HESI, F Canon EOS 70D AHALIANE,
OB LA B R SR A WL B R 25
SRS IE BT bR

2 4

2.1 HAUFAEETNEEMNBLHET S

Xof JT SR v ] R £ A S A R A
8,12 dpf (fR4 10.06 mm ) ) 2 TR B A L
) B A, (LI S JHC At B % 0 5 = B B B
EE e (EIRR-1) 514 dpf (fA£4< 11.29 mm) JjL
] B F LR e A B, 08 77 /e B IR AE 36 ~
37 W5 Z 18], Bk 5 /i B e AR 35 ~ 36 LYY
ZIAICEIRR-2) s B R AR 4 LR B 38 28 ) 3k
HRT 1B Ak (P RR-3 ) I HL A Bl 2% €5 i 28 (&1 RR-
4) ;22 dpf(fA+ 13.04 mm) BE5/NVETEF BT 7
JULRR 5 BE CETRR-S ) 526 dpf (fA4C 15. 60 mm) JjL[E]
B IR T (EIR-6) , IF HAK T-5B4E =
/e K NE AT LB Ay ST ) | Sk
J7 5 SIRBE (I R-8 ) o 2 1L, WLIA]H FE AR 423
BATEL (3R 2)  TE iR R 2SI H 53 i .
2.2 EimeEpliE e

LLEE 9 FRAS [) 4F % B w ] i JUL |) 15 0 B &
AN [ ARAS dE T R ALR] B 5 B o B 25 7 (P >
0.05) ,JEFETE93 ~ 104 Z i), FI4(E R 98, Al
IV T St A AN L) B 257 45 ~ 53 Z [, 22

®2 HUEARBREKEINEEHE

Tab.2 The average standard length and amount of IB at different ages in C. c. haematopterus

H %/ dpt FEA R R/ mm SN EE iSS U R JULIa] 1%
Age Body size Body length Amount of epineural Amount of epipleural Amount of intermuscular hone
12 9 10.06 (9.36 ~10.99) 0 0 0
14 8 11.29(10.68 ~11.75) 2.0(0~4) 1.6(1~4) 3.8(2~6)
16 7 11.72(11.13 ~12.33) 4.5(2~7) 2.5(1~5) 7.0(3~12)
18 4 12.40(11.76 ~12.89) 14.5(13 ~17) 6.8(4~10) 21.3(19 ~23)
20 6 12.95(12.66 ~13.30) 13.0(11 ~15) 9.0(8~10) 22.0(19 ~25)
22 6 13.04(12.74 ~13.80) 25.7(17 ~31) 10.7(10 ~11) 36.3(28 ~41)
24 6 14.28(14.08 ~14.85) 32.0(30 ~34) 13.7(13 ~14) 46.0(43 ~48)
26 6 15.60(14.82 ~16.17) 34.3(33 ~37) 15.0(14 ~16) 49.3(47 ~53)

TE AN AL, 455 B R R TE

Note: Only the left of the body was included and the range was showed in the brackets
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®3 ARAMARETEEFHE
Tab.3 The numbers of IB in C. c. haematopterus at different ages
BEAKL ZMWLE AR RSN BRILTRE BRSOV R BN
g U R EE B MM RE WM ISR DL
Age . P Number of Number of Number ~ EN number of Number of EP number of Total IB number of
sie left side IB  right side 1B of EN each sarcomere EP each sarcomere each sarcomere
6 A% 3 48(47 ~48) 49(46 ~51) 68(68 ~69) 0.89 29(28 ~29) 0.38 97(96 ~98) 0.64
18 A% 3 49(47 ~52) 48(48 ~51) 67(65~72) 0.88 30(30 ~31) 0.39 97(95 ~103) 0.64
30 H % 3 49(48 ~51) 49(45~53) 67(65~68) 0.88 31(28 ~36) 0.41 98(93 ~104) 0.64

A7 WL TE) B AN R 45 {EL AR He i il
(£3).
2.3 HUSEEBHHESESH

JULTE] B A A AR, BRI H % iz f s T
DL BLAR™ , FAE R A r phy A 1) S A R e LR
TR o, I L S — S o] #44
B o SRR A 2 AN AE A (0L T 7K - B I o e A A
AINEE E BT (LR SR R B (RN AUAE
FERH_E UL o 6 =5 /0B A T WLL Y A i
BRIV o BT ER L] B AT AE 7 FOE AR T
(A NI (I AR B BI5r 30
Y (—am AR AP ) 2 SOE (— i 3
Aal A b3 30 P S 1 SUIE (9 S 24 0 7
) P22 S (B34 2 A s e 30 A
WY (Pists o 4 AL IR, I Hoor SR
fifi AR B S o B S /NVEHE T RE S HLL
YT OR E, milk S NE TR SRS N
1] B, AR A B A o R 3 S % G i 22 SUE AP, L
— 35 2 X R BOE AT DB R p e, 3
T LAFHE AL B P A B, N — R
A HRA YRR AR S L T o iiE
Feo AN[AIAFE I B ] R A 72 A PN JULTE) B ) T
oA AN E] H 28 A K, A 1 R, i
PR 2 3k LI i) 25728 A R B e g 2 3]

AR,
3 e

HUEAEBENELMEE

0 B B S T 0 A RIS A oA A A
B R 102505 B R B4R
BRI AR R 2 i B, W S ] FE T 4
i B A R A A B i A Ay
Wn'" TGF-B™ | BMP'™) % — R B {F 5 il 1.
X B B RIF IR I8 v 22 8 T M, i R A
LA A AL PP g st 0 2202 ot L] g

3.1

AR T X HIE 25 o34 i F3 , LA KA ) £ 2
UL B 2B e o7 2 o B U A
AL B AR 20 T HL SE BT R TR A A
w2 TR R — RODLIEL A 43 dpf (MR
10,50 mm) i 3, ULIR] BB A & AR TR 3l
s B B R . B REAET E k BE
35 dpf (K4 23. 67 mm) I}, fRfig JULIE] & JT 4R 7E
JE 0 X B Ak BETT R B LA ) 2 A 32
dpf (AR K 13. 79mm ) I IF UG TE R AR B 1. ABF
FERI 14 dpf (M4 11. 29 mm) i} JJLTR] B 72 25 {1
{2 S 1 B M ST A %) 3 S B
B O A TE A, 5B A L R] B A A
BALZ 5 IR AR o A [ £ 2 L) B Ak
W) 22 5, (H 34 BT R s B2 )5, X
ot 5 oA A8 3 1 i 7 A I TR] b S 2 S A
7R LR B & AR P RE 5 S R 8 0 BB B
AR ) KB WAL, R H AR 3P 82
Je e A 400 ) L] e A R 3 7 /0 JULTR] B
LR R A —E AT, AR KRB IE R 1
JILIR] %] 3 471 ( Ctenopharyngodon idellus ) 28 7% 4 [
P P AR T X —

TEB BRAFHE (B rp d s R 8 5 /i A
kS AINE T A H R T e, 200 178, Al 2R B i
LI B8 1 - " =Y B> Z OB 7
W R B #ifh 14 dpf (4K 11,29 mm) R
FE A k211G = o i =i R N R s N ST = 7
MR Z LB T5 AW B AL, 5 H A 8855 ( Anguilla
Japonica) > L] /N A Sk 1) 2 B Ak 14 B A 5K
ANTA], 47 L] A B A AT BE A2 A [ il Uk O 2
B o B SCARSE A AT T BE ) fh (8547
2, WABAT2) 08 g ( 6817 20) PR A [Wl ik
B Y NI K= iR = e TIN5 = gt = o S R
LW T XA — KR, BB Z= 1 L IE]
B IR 26 dpf (44K 15. 60 mm ) B yaf i L ]
HRHALTEE, IR X REE, W—Hi
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AOFFAE LI B B 0 (R A 58 2 — 3,20 BB O7C R BUA By SUBZS, iR — H i 4
dpf MK 13,16 mm BRI B AL G L K 13,60 mm AYREAS L] E WI-E- 1k 2 95 68 Fi 7
T B, T 12,66 mm ) B AR L] BAUR B %@%%%@%,Eﬁﬂ@ﬂﬂlﬂﬂﬁ’] (LS Nib}2

FHIE)T )7 ;24 dpf R 14,85 mm (G RETRIBAEY b S LT IR AL, B0 Tt A XA Sk )

JSJ

15 6 6_ 4.3

J%%#M%M% il (/1( |

7 |
HHD

1 AEA&KETEYIEERE
Fig.1 Various types of IB in C. c. haematopterus at different ages
A. 6 Hi%,67.0 ¢; B. 18 H%,658.5 ¢; C. 30 H##,1050.0 g; len. ZEBE5 /N ;5 ven. FEES/INVE 5 lep. ZEBKS /IVE 5 rep. HlkS
N L~T 3 RIRETIE . BB Y IB i SO Wi B 73 SOE (Wi 2 SO RBOE LR &
A. 6 months,67.0 g; B. 18 months,658.5 g; C. 30 months,1 050.0 g; len. epineurals in the left side; ren. epineurals in the right side;
lep. epipleurals in the left side; rep. epipleurals in the right side. 1 ~7 represent non-forked, one-end-unequal-bi-fork, one-end-equal-hi-

fork,, one-end-multi-fork, two-end-bi-fork, two-end-multi-fork, and tree branch types, separately
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RIS —3L
3.2 HimeEplEgrEE

AW FE A BEAS ] KA 1Y 3 ) g (13, 4 ~
35.5 em,67.0 ~1080.0 ) LI B4 H L FH 2
F(P>0.05),7E93 ~104 Z[a], ¥ 98 R, 5
P26 ot I ST 2 SRR [, ]
JULTE] B AN S 20 A X Bk oA, w0 JUL 1] - %5 H A
SEAAAE] , {H 22 5 AN, 33X Fl 3 R 7E Ho Al £ 26 v
[IREAE 261 5 [ 02 2 B F g A —
Y B RRE N R A 2 AT 2 5 L ) B AR
SR A BIE 5 v ] g JUL T - 2 UL 1] R R
0. 64, L[] J& SR i) A #1284 i (0. 75) |
(Aristichthys nobilis, 0. 72) % 4 (0. 66) "0 il
( Carassius auratus 0. 72) 2 %, BR T KM
VLI B i) 22 5k, Al e 5 S iy AR A 2 1
FARTYGEAT — 58 A O , AN ) 2 e AR S A
T ek R 5 Dy AR ARG 222 5 ki &
PRAE L] B B B 22 R

IS BB £ 2R B T 2R WU 7
( Osteoglossum bicirrhosum ) | ¥ fif 2 H 2|l 2 5
B, JIUE B H RIS TR S T R 22
PO B iR S H &5 2 B 1 B8 3 ( Pelteobagrus
Sulvidraco) WUIB) &40 H K& AL, X215 JULE]
B Gt 3R B R BOM [ e = L
(] B )X o 7 i R 2R A e i rh e 1 22 ) U
DR, 4 R RE AR D — MR I A% B A
FE ANt 2 TE A A7 B AT IR 5 o
3.3 HAREAEBRNESRERIH

ST A2 LA B P AS 2, R Rt o
BB 4 FRARIC TR NTIB YT IR AL
TE) o AR SE FL B 28 LA B 8 2 0 &2 A
JIE | BRSO O T4 45 R 25 L) B 34k
AR AN 7 RSB T7JB % N7
YISO W 9y SUE M 22 SO
PRI ) o 7 A 5 A S 7 L) B FE 2543k
A (CIBLENI 6 MIES(TE . h7IE Y7
Wi 22 SO8 Wi 2 SUE (7 IB) o ARSCER]
SR P B REE A5 43 2 0  , B T L e
B3 R NIRRT 17 8 B e S AR i B AR N
1) 7 FIEE .

FURT-A5 0 DA SR 1 2 L i) B A5 9 3
et (1) “1"JB-“ N IB-“Y" JB-—ui 2 LIE .
H Tl ( Macrura reevesii ) H 17 7E — i 22 I 1M 1%

A B S P 23 SUIE 1 LI -, 48 B X o s £
T AR (2) “ T N7 HB-5 Y7 - i
53 SOV - Wi 22 SOE-MAIE o A% S50 Hhoxk 2 i i
PR A 1) 5 B, A T A A i o 42 ] 00 58 5 /> i v A
— it 2 SUB BMAETE , W0 A7 W9 3ty 19 3 LIPS Bl A
e, It B A — 3 2 OB F9 3 19 53 SO [6] I 77
T8 5 Dk 5 /L Al R B — i 2 SUBAFAE, R,
BT LI B T A iR AR 0 A TR IR AR,
050 11] 55— R 2 58 R AR M IO E IR

RN RN 5 B A B LA ) E
B2 L5 T R UL A LG e 9 UL i [
e ) T 2 T T 16 AR 1) JULS I 150 T , (HLAS
SR, IERSES ™ RIS Y
FHEH BROFDGT 7, v o S A 5y 38, b e e
T T AR —IUE /N A2 34 K, Bk D
B 15 B, ARk E WU BN, B A K
K, AR RL SRR ARAR LA A2 3l fir it , (B DY 81 H
1 ~3 Ml S5 A A E, BABRER
SR RE, R 5 Z AR % 0 LTS oh I UL T B A
15, NS5 4 MEB TF R AR L LS 0 BURE 5 /N, B
Ja B — WU LT B A 88 5 /B A, HOBE i
PRI DK R ZU A2 2l 1 F2 3, JLTR] B RORL o, 5L 2
A3 S WK/ INE AR I S I % 55— R HE AT 4B
LTS ob B R i LT 45— WU XA Bk 5 /i
FEAE . B ILIA]E G WOA v DLFE 2R LA
fleith F I LA B MWL IE 3 2, #F 5 L]
B R T EY ) # KR CHRZIHE ™™,
I SR B o R0 H A 8 g JUL B) Bl Y T A4y
B 25 37 I R AR AL T 40U A BALE , 18T ) 3
L £ 1 H AR B8 fig iy DK 2 B R AR T R R A, L
V1) P R A I8 35 2 T[] e b R K
PR JLI] B Fr B 5 BT e o I A 8 fg £ (K
E IS S e N ST = = A A A R 7 R <
PG B7n 1 JILIE] B 5 1k n] RE 32 2 i i Uk 7 A=
(BB i e 3 e iy ) DR L v T B A UL
WS A —EEH B ERS 5EL
LR E i B I T 2 M O A e IR
NGO

AR, SC T LA & & & 012 | E 5T 2
Witk %, BTSN S SIS MBS KK I ik
E P W3R, 12 /8 MsxC  ( muscle segment
homeobox C) H&PH| ] BE X} i i AL 1] 5 O 2 JiAT —
SE RS W, 7 TR SRR Sk i A BF 9T R OR
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Developmental and morphological study of intermuscular bones in Cyprinus
carpio haematopterus

CHEN Lin, TIAN Xue, MI Jiali, HUANG Xingiang, WANG Lei, DONG Chuanju, LI Xuejun
(College of Fisheries, Henan Normal University, Xinxiang 453007, Henan, China)

Abstract; To investigate the ossificational process of intermuscular bones in Cyprinus carpio haematopterus ,
the modified bone clearing and staining experiment were conducted to study the number, morphology,
distribution of intermuscular bones in C. c. haematopterus. It was reveled that the initial intermuscular bones
were ossified at 14 dpf (day post fertilization) with the standard length of 11.29 mm, in which period the
other types of bones had already showed up completely. The first appeared intermuscular bones were located
in the tail region and then turned toward the head. When the larvae were 40 dpf with the standard length of
15.60 mm, all the intermuscular bones basically appeared and were equally distributed from the tail to the
head. The number of intermuscular bones in C. c. haematopterus ranged from 93 to 104 with an average of 98.
The average number of epineurals in each side of the body was 34, and the epipleurals was 15. Seven types
were included; non-forked, one-end-unequal-bi-fork, one-end-equal-bi-fork, one-end-multi-fork, two-end-
bi-fork, two-end-multi-fork, and tree-branch types. Generally, the morphological complexity of most
intermuscular bones in anterior body was greater than that in posterior body. These results will be helpful for
us to further understand the molecular mechanism underlying intermuscular bone development as well as the
breeding of C. c. haematopterus with fewer or even no intermuscular bone.

Key words: C. c. haemaiopterus ; intermuscular bones; developmental process; morphological characteristics
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Plate Distribution and morphological specification of IBs during the development of C. c. haematopterus

1. 12 dpf, FRE# LA O LA 2. 14 dpf, WUEB7ERAREAL; 3. 18 dpf, WUE]E kw85 &4k ; 4. 22 dpf L] &3
GHIRINGE; 5. 22 dpf, LE] & AR BE T 55 6. 26 dpf, URIE7ESLJE )7 i3 ; 7. 26 dpf, JK-FRNLIE]& Al DT 2305 8. 26
dpf, KT WUEE AT IR0y o en. BES/NVE S ep. KD /NE

1. 12 dpf, the spindle bones and appendicular skeleton appeared ; 2. 14 dpf, IBs appeared in the tail; 3. 18 dpf, IBs appeared gradually from
the tail to the head; 4. 22 dpf, the color of IBs deepened; 5.22 dpf, IBs appeared under the dorsal fin; 6. 26 dpf, IBs were shown at the
back part of the head; 7. 26 dpf, intermuscular bones with forklike have appeared at the front dorsal part; 8. 26 dpf, IBs at the back part
of the head showed clearly with forks. en. epineurals; ep. epipleurals
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