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I E R 2 N8®E, gl &%E (prechordal ;:artilage 8¢ trabecula) BMIZikE (para-
chordal cartilage), EAIRIGRIEE. 21%5.7 KK 2 XHRF EREL IMUE R4

A1 mAanEE (D

L &g 492k (EM); 1L £ 5.7 2K (JEHD); UL £K 7.0 2% (A. ¥#, B. . HE@); IV.
4K 8.2 8% (A. HF, B H); V. £K 10.35% (A HH, B. lH); VI &4k 12.3%
* (A E¥, B. fEHD; VIL 2K 16.0 24 (A. #H, B. I{HD
LAl 2 Es 2. RKEs 3.8%; 4. BREN; 5. ABEKE; 6.8 7.0HKR; 8. FHEKT; 9.
AT 10 ERs 11.BIBEE; 12.250R; 13808 14.808; 15. %85 16. 5T
o B BEELTEERD

Fig. 1 Development of the neurocrania (1)

1. TL(Total length) 4.9mm (ventral view); II. TL 5.7mm (ventral view); III. TL

7.0mm (A. dorsal view, B. ventral view); IV. TL 8.2 mm (A. dorsal view, B. ventral

view); V. TL 10.3mm (A. dorsal view, B. ventral view); VI. TL 12.3mm (A. dorsal
view, B. ventral view); VII. TL 16mm (A. dorsal view, B. ventral view)

1. prechordal cartilage (trabecula); 2. parachordal cartilage; 3. notochord; 4. audito-
ry cartilage ring; 5. sclera cartilage; 6. acrochordal cartilage; 7. ethmoid plate (com-
misura trabecularis); 8. auditory capsula cartilage; 9. anterior fontanelle; 10. posterior
fontanelle; 11. parasphonoid; 12. basal plate; 13. vomer; 14. frontal; 15. basioccipital;

16. mesoethmoid

R cartilage PZZ bone (the following figures same as it)
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Lo &K 26 2% (A. B, B. fH); 1L £K37.58K (A- FH, B. j7H); 1l £K89.1%
K(A. B> B. FHHD

LRE; 2. QUEE; 3.BRES 4. BIga: 5. 88 6.8F8; 7.01EH; 8.BHE: 9-WM&; 104

B LLchiFEs 12.708;5 13. RHE; 14. LEE; 15. BEE: 16 THEH: 17. RELE;

18 UskEEELE S 19-BIEHE; 20.885F
Fig. 2 Development of the neurocrania (1})
1. TL 26mm (A. dorsal view, B. ventral view); II. TL 37.5mm (A. dorsal view, B. ve-

ntral view); Ill. TL 89.1mm (A. dorsal view, B. ventral view)
- sphenotic;

1. vomer; 2. paracthmoid; 3. orbitosphenoid; 4. alisphenoid; 5. frontal; 6

7. prooticy 8. pteroticy 9. exocuipitaly 10, basioccipitaly 11. mesoethmoid; 12, parietal;

13. epiotic; 14. supraoccipital; 15. posttemporal; 16. subtemporal fossa; 17. supraorbit-

al canal of lateral line; 18. supratemporal canal of lateral line; 19. parasphenoid; 20.
Squamosum

(occipital arch), DUGTEERILX B8 BREER, BRE R, ElHRERIERK
B o 7 BRNBIREERNURKE AN U T E W, AR E RS R E#E D5
FERGERER, RRERLERER (F3:1D; WRKBEERLBSARERE HA



&

B3 5.8 REENEER)
L 44 5.7 85K; il &K 7.058%; 1L £%8.225%; V. &K 10253%; V. 4K 122%; VL.
&k 16.523%; VIL £k 24.5830; VIIL &4 54.1 5%

LaigSFE; 2.BFHRE; 3. ANEFREE; 4 5HKRE; 5. AFRE; 6. AEKE; 7.MEKT;
8. 5% 9. AREE; I10.THES L.G5E; 12.2F%E; 13.85; 4.XHKE; 1586
B 16, REUE: 17.%08; 18 hEE; 19.E@EEE; 20.5RE; . 6EE; 22.058; 23918 =
&y 24 THEE; 5. [EEE; 26.BKEFN; 27.RKER; 8. HKER; 29. BE; 30. HME
3.8
Fig. 3 Development of the mandibular arch, part of hyoid arch and operculum
(lateral view)

1. TL 5.7mm; 1I. TL 7.0mm; I1l. TL 8.2mm; IV. TL 10mm; V. TL 1Z2mm; VI. TL
16.5mm; VII. TL 24.5mm; VIII. TL 54.1mm
1. prechordal cartilage; 2. palatoquadrate cartilage; 3. Meckel’s cartilage; 4. hyoma-
ndibular cartilage; 5. ceratohyal cartilage; 6. ceratobranchial cartilage; 7. parachordal
cartilage; 8. notochord; 9. scapulo-coracoid cartilage; 10. pharyngeal bone; 11. symple-
ctic cartilage; 12. interhyal cartilage; 13. c(leithrum; 14. pterygiophore cartilage; 15.
premaxilla; 16. maxilla; 17. dentale; 18. mesopterygoid; 19. operculum; 20. metapte-
rygoid; 21. ectopterygoid; 22. quadrate; 23. preoperculum; 24. infraoperculum; 25. int-
eroperculum; 26. olfactory cartilage ring; 27. optic cartilage ring; 28. auditory cartilage
ring; 29, palatine; 30. hyomandibular; 31. symplectic
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RRSTTEMKE, BRBHEEHN. 10 2KMNHMA FEREFRERREET, 122
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B, HRERE SERRE O E, BERE SO0 3, WEBKREHIL, THEIGEFBE
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B 31T 19 KM, LEE . AEERHIEL, BEFEHEL. 245 BANBECE
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BLRBERIARE, THERE, WHERERE. 541 BANEAREHR PR,
TEECOEA 2 BT - SHEREEFHELRRE, EHE . TRELE G/, HHE
BRI EFMNL, NEFERE 4+ E@SHHEEE I ORE, 89.1 Z2RNEACRERE
(@ 37 4)0

. FAKBRERBNHRE 10 BRMNKFUR S NERLHIAKRER, £1—5H
SREHH, BLEASE, 37 EEERAER, HFaRERREE, 11 BRNE1
BESH T HAKAMIRE (scaphium), 3. 2E 4+ WEHHRAE—RBEBNRERS
ZHE,E 1. F 2 BEABREE BER NI THRMKERE, 5 1—11 A RE LA
BRE, BG4+ MBS KSERE, 12 2XRNHE 1 BSERNBREEAKRE,
B3 4 MRS R, B 14 AR, 14 B EARAA. B 512
SEEARE.E B2 BSNAEESE, B 25 BESLENXEARSE. 145 BXRNH
RERFHCEN, HE 2 S TERNNAES (intercalarium) KIS EL, 53 Bk
REFAAZIE (tripus), EMEFHBREL, £ 1—4 BSEHRRERT K; 5§ 1—18
BEHAKRE, WEHE, £ 1—4EERESE L, SRSORSIRSHEH, 18
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L 4K 5.78%; L £87.08%; 1L £K8.28%; (V. £K108R; V. &K 1284;
VI. £ 26 BX; Vi, &K 54.1 8%
LRREHKKES 2.Bh%E: 3-A5KE; 4. AEKE; 5. 25%RE; 6. THEkE; 7.585%8;
8. TFMEE; 9. EFWE; 10. LEE; 11.MREMKHE; 12.TEFKE; 13. LEKRE; 14858
Fig. 4 Development of the hyoid arch and branchial archs (dorsal view)

. TL 5.7mm; . TL 7.0mm; I'I. TL 8.2mm; IV. TL 12mm; V. TL 12Zmm; VI TL
26mm; VI TL 54.1mm

1. Meckel’s cartilage; 2. palatoquadrate cartilage; 3. ceratohyal cartilage; 4. ceratobr-

anchial cartilage; 5. interhyal cartilage; 6. hypobranchial cartilage; 7. basibranchial

cartilage; 8. pharyngeal bone; 9. basihyal cartilage; 10. epibranchial cartilage; 11. pha-

ryngobranchial cartilage; 12. hypohyal cartilage; 13. epihyal cartilage; 14. branchiostegal
ray

BEAN[OARSFE—DZE,FRE (daustrum) BB ER, WEB/AL R E =W
BHANBGARE,E 3,58+ BESEHIHEHEAX, HERERERS 14.5 BXN
TRl 205 ANBRZHE T HEREREN, DHERERREESEML, B3 E 48
SHEEA. BRE 318 K LRFLBREI, 20 B 25 BRNKERIFiE
540,18 F IR AKX B R BERE. 37.5 BN B ARBEWE, F 2 Wik,
KERD, KT —HOBENEEE SESHAS, WIS HLHETE 2 2, BTN —%
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T 2 RE TR RE 2 EAR (neural plate 1), JFH—RIER 3 HBFHSEH
EE&#WEE (neural complex), Dl FEBRAIMARFTREELE, 54 ZBRMNER
—HERBERE, B 3 RERERARRYH (B 5).
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L &k 102%; I 44 1125K; 1L 4K 128%; IV. &4 14.588%; V. £k 18 2% VI
4420523 VIL 4% 252%; VIIL 24 37.583K%; IX. 4K 5423k

12 1af R 2485 3 BRMSS; 4. 50 5 RE; 6.REE; 7.ZH8; .EAMEHE;
9.5 2 WEHR; 10.HREF

Fig. 5 Development of the Weberian apparatus and the first to fourth vertebrae
(lateral view)

I. TL 10mm; II. TL 1lmm; III. TL 12Zmm; IV. TL 14.5mm; V. TL 18mms VI. TL
20.5mmgs VII. TL 25mm; VIII. TL 37.5mm; IX. TL 54mm

1. 1st vertabra; 2. neural arch; 3. transverse processes; 4. cartilage plate; 5. scaphi-

um; 6. intercalarium; 7. tripus; 8. neural complex; 9. neural plate IT; 10. claustrum

4 BHLBEHESHNEE 57 2KNELERREE, BHA—NENBS%KE
(scapulo-coracoid cartilage), 6.3 Z KA EBKRET KX, THHI—HFLo 10.3 X
BEBEMNL, KIETE  B%KE %RET K, 577 BB — YW R f e 65 >0 RE , PR A—
PITKFlo 12 ZOKRHHEL E e, BRREREER, KoL, XHERET X, H
B3 RARB, 16 XK KRG 3 RILRYT R, £ 19 RN ERASEY R
RA 4 PSR 245 XN HIAGERE, BRKE LMEF B 4RGN, hEE
— &AL, BRI RS, 5 B4 B, B SRR A — KM B AL, el + 5 g e
WE o 26 BREBRECEL, HEFESLRBRANEEMARERSE, AWTS
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B 6 AW R g e E r 2 E (UR)

L 2K5.78%; 1. £K6.33%; I £ 10.32%; IV. 28 128%; V. &4 16 Z%;
VI 4K 198%K; VIL 44 24,5 35K; VIIL 24 26 35 X, 24K 26 25K(AMA)
LEREE; 2-BBHR T 3. XHEKE; 4. L&E; 5.8 6.5RE; 7.RWE; 8-LK%dE; 9.
hamE; 103285
Fig. 6 Development of the shoulder girdle and pterygiophores of pectoral fin
(lateral view)

I. TL 5.7mm; II. TL 6.3mm; III. TL 10.3mm; IV. TL IZmm; V. TL 16mm; VI TL
19mm; VIL. TL 24.5mm; VIII. TL 26mm; IX. TL 26mm (internal view)
1. membranous cleithrum; 2. scapulo-coracoid cartilage; 3. pterygiophore cartilage; 4.
supracleithrum; 5. cleithrum; 6. postcleithrum; 7. scapula; 8. coracoid; 9. mesocoraco-
id; 10, pterygiophore

BEHA. 375 ZRNBHE. SRESFERE, BHRNE XEEC SEEBRIE
'6)0

5 B REHSIHENEE IS 2XRUARLEREI. 15 Z2XRKMHEI 1 FER
TERRE, RILER. 19 BANETREE “L” B,imA0X, BAEHI, 21 X
B RE RIS 3, RN 22 RN EWREBINERN—XE &L, R&Ho0
AR Bo 25 BARIER BB, THE R, Gk, ArTHESE TE; B8
1 HLEEN, 2RI, T EHEE SR EG EREENMIE 7).

6. HHFTHETNEE
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H7 BEWNRRSEHERNREE

L 2K 198K I &K 258K
LEESEEAE); 2. XHE

Fig. 7 Development of the pelvic girdle and pterygiophores of ventral fin (dorsal view)

I. TL 19mm; II. TL 25mm
1. pelvic bene (innominatum); 2. pterygiophore

(1) WHTHEBUEE: 103 BRI 5 KBRESERE; 123 BKRE 8 K&
BB, W AT I TR T MO A B BB AR N3 2 M BRI M R, AP 88 B B B
F B 4 55 5 B IR 1 BTG 16 BRAHER IR o K TSRS 7 K5 4—8 BS
IR 4 BRIEAR; 25 BRI | B 5 A 5 R, HEEHCR b7 B H B s 2,
BREIAR 5 BOETFIRE b 37.5 SRR A6 E OB b, FBRB 2, S asREEr,
BRI K 4 B A (7 8)o

2t //2?/?/

H 8 BHIXEITHAEN)

L 44 10.38%; IL &k 12380k 1L &K 168K; IV. 2K 2583%; v. &K 37.5&%
LAESRE; 2. 0ARS 3.RIERE

Fig. 8 Development of the pterygiophores of dorsal fin (lateral view)

I. TL 10.3mm; II. TL 12.3mm; IIl. TL 16mm; IV. TL 25mm V. TL 37.5mm
le basipterygiophore cartilage; 2. interspine cartilage; 3. interpterygiophore cartilage
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L 2% 10380 IL &4 12,3808 L &K 168K V. &K 155%
L EFERE; 2.AEKRE

Fig. 9. Development of the pterygiophores of anal fin (lateral view)

I. TL 10.3mm; II. TL 12.3mm; lII. TL 16mm; IV. TL 25mm

1, basipterygiophore cartilage; 2. interpterygiophore cartilage

B 10 EHXEFTNEEOID

L &K7.08%; 1L 24 8.220%; 1L £ 10.32%; Iv. &% 12.383%; V. &k 25 2%
LX#EYE; 2.ELF; 3.BHH; +.BTH

Fig. 10 Development of the pterygiophores of caudal fin (lateral view)
I. TL 7.0mm; Il. TL 8.2mm; III. TL 10.3mm; IV. TL 12.3mm; V. TL 25mm

1. pterygiophore cartilage; 2. epural; 3. urostyle; 4. hypural
(2) BESUERLT: 103 KWL 5 BRERE; 12.3 22X0E A 20 Mk
BEPCE, HWE 2—5 BB IMUGTRIE YR 16 KA 25 M m@sE, 15 K
s 25 BORATA 28 MOERSHT, 27 MRS 37 RN EHST OB, BEANED
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B, B IR VIR B R A 5 R, TR AR SR B L IR R EHEA 3 MR IR IR
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NI, 4 B e BB B B E R, MRE2 B, BEERERSTER;
B BHTEETORI. ARE, BEYEETEA LORE RS, RETEMEEHI
BRHEEH S EBESN, Y SREREM, 21K 2438 R, X—MEBL TSR AL
DR R, HATEMNSSEESF IMRAZN, 2K 38 2K L, FB%RE5R
£ 1B B R AE AR — o

2 AR MREEEME RN EERE, SOERERHE 13 SHIN—BIR_L
TR B SAEEHORT 4 NSRBI, EA R B ERANERY, MELS 0T
BAEHBRER, BREEIEHREBE)ESDHS 1| BB LTS ST

R, 10 BRI L MBS AL EMES, 11 B 15 RN EEE AWRE RIRE, i
G RN BEE | B HALENWHED HSNE; MEE@EERTE 2 AEY
77 » B MR POBE S AL AR, & AR AR D 10— 11 BEKIN B =5 19 1E 38, LG5 S ke ik i
B A RIS  SHE (BE malleus) AT 3 Mkl R, R 3 M1 iz
5 41 T R » T B HE AR AR SR RS K, DUS R B SHE RIS, LU SIS E, X5
AR BIRE, K EFRE AR,
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HIRATLAL. HTEEN 4 KERTRET—RIINEN, FHILEST R
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3. EAMABNEERLETY B ARKNE R, EAeER 55 RREE X AN,
EWHAEENRESR, BRREL 1 EE 3HERFTHIHA—KER, ALkeK 11 %

KROFERMLAERMEENRER, EEYTHEEEBRNTN LT o RERE—FTT K,
583 AL ENES XE 4 BB ESE, i oL ORTEW S, BT T B —3k
FERE 2 HEHLUERAE 2 RBRWRAEHSRER: EHN—REREAWREE. B
BREET R TG BB K IR RS RS 3 HE B OBERE, FH 598 4 B MR YR AL
—fo

HIk#558 4—9 MBS T T A 5—6 MIFEAFCRE KRB AL AR €52 8
EEPEMHELER UERITN—RBRT AKR=Z4AF, STEAMEEE LY, &
REBROREE5—I HSHAL,

EE&MBENEESNREIRNAE T, DA ILER RS BEANEBRRIE,

4RERL G ER AL ENER UL ANLEE FWERERE MR ERET. XT
R R LB T R, S EENRBEARAE—B(IREE, 1960; HRKE%E, 1960; Gr-
egory, 1933; Parker and Haswell, 1951; Harder, 1975)B:46:10722 42 3pee 5% Fi P SL &k
HEENEEBERE LR, ARKE; XTEERERBMBIEERSNERE,

®1 BEEEMRLERE

Tab. 1 The comparison of the skeletal properties of neurocrania by various authors

w Parker Edrr %B%%
ﬁ%ﬁ;ﬁ(ﬂ Gregory and Bing‘mihi Meng and| Harder ii‘ﬁﬁi%f
1933 Haswell 1960 Su 1975 ¢his
1951 1960 paper

BBHEHS \\\\\

HEE Mesethmoid M D (o M M M
e Parethmoid M Cc C M c M
B & Vomer D D D D D C
5B Frontal D D D D D D
R B Orbitosphenoid C C C C C
BiEE Alisphenoid C c C Cc C C
Blyeg Parasphenoid D D D D D D
ELE Supraorbital D D D D D
ETE Infraorbital D D D D D D
wm & Parietal D D D D D D
i Bl Sphenotic M C C M C M
BHE Pterotic M C o} M M M
LE® Epiotic M C c M M M
BIEE Prootic C C C [ C C
e Scale bone D D D D
fEEE Posttemporal D D D D D D
LuE Supraoccipital M C C M M M
ek & Exoccipital C C C C C C
‘e Basioccipital C c C C Cc C
C RE & cartilaginous bone; D——f&-B dermal bone; M——-F#:H mixed bone.

(1) authors; (2) skeletal properties; (3) names of bones
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AR BMNRE LR THRERERFTNERFTREBNKELE, BEARKRE. 8% FH
BRI Sk Bg A RABEEEILE 1, 2

#2 BEEFHRERIERE

Tab. 2 The comparison of the skeletal properties of splanchnocrania by various authors
) 5
e ke | me | BRR | L [
i Gregory Haswell Bing Zhi|{ Meng and 1975 result of
1933 1951 1960 Su this paper
BRaHe 1960
Eukit=s Premaxilla D D D D D D
LHE Maxilla D D D D D D
= B Palatine D C D D D C
REE Ectopterygoid c C C C C D
T RE Mesopterygoid o] C C ¥ o] D
FEE Metapterygoid [} [} (o} C (o} C
5 OB Quadrate C Cc c o] C
B B Dentale D D D D D D
KHEEEHKE| Meckel’s cartilage CA CA CA CA CA CA
XHE Artioular M (o} (o} C M M
B Angular D D D D D D
ZEB Interhyal C C (o} C C C
+FEE Epihyal C C (o} C o} (o}
BEE Ceratohyal C C C C C [o}
TEE Hypohyal C C C C o} C
EEE Basihyal o} C C C C C
BEE Urohyal D D D D D D
& Symplectic C C C Cc C C
HHE Hyomandibular C C C (o} C C
==y Opercular bone D D D D D D
HEE Branchiostegal ray D D D D D
R =4 d Branchial arch c o] Cc c o] c

C——3k &4t B cartilaginous bone;

mixed bone

(1) authors; (2) skeletal properties; (3) names of bones

[6] Beer, G. R. de, 1937, The development of vertebrate skull. p. 1—176.
[7] Dingerkus, G. and Uhler, L. D.

CA——ik & cartilage;

D—- JE'® dermal bone; M—— ¥ &

£ #F X ®
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[81 Goodrich, E. S.,

Claredom Press, Oxford Univ.
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DEVELOPMENT OF SKELETAL SYSTEM OF MEGALOBRAMA
AMBLYCEPHALA (PISCES: CYPRINIDAE)

Su Jinxiang, Meng Qingwen and Tang Yuping
(Shanghar Fisheries University)

Abstraci

The present paper deals with the development of skeletal system of Megalobrama am-
blycephala, including the development of neurocranium, splanchnocranium, vertebrae, We-
berian apparatus and appendicular skeleton. The skeletal development was observed  with
transparented and stained samples. The morphological characters and process of the “skele-
tal development were described and drawn.

The total length is 4.0 mm when the larva has just hatched. The prelarvae stage, from
just hatched to yolk sac completely absorbed (4.0—7.0 mm), has a few cartilages. The pos-
tlarvae stage, from yolk sac completely absorbed to the occurrence of pterygiophores of ven-
tral fin (7—24 mm), is the important period in skeletal development, for many of the skull
and appendicular skeletons are ossified and the vertebrae are completely formed. The juvenile
stage, from the ossification of fin rays of ventral fin to the appearance of scales on both
sides of the body (24—38 mm), is characterized by most of the skull cartilages being ossifi-
ed. The young stage, from scales covering the entire body to the period before maturity (ab-
ove 38 mmi), has the skeleton all developed so that the characters of skeletal system is the same
as the adult.

Weberian apparatus is formed from the specialization of part of the first three vertebrae.
There are five to six interspines found between fourth and ninth neural spines.

According to the different process of skeletal development, each bone can be determined
whether it is dermal bone or cartilaginous bone.

Key words Megalobrama amblycephala, skeltal system, development, skull, larvae and ju-
venile



