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Tab.1 The development and ossification schedule of vertebral column,appendicular
skeleton and aculeus of tawny puffer
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the beginning  the beginning the beginning

MEEARrgE IR R B BB 52 LT R %

the days old of KEL the days between the

days old of days old of days old of ossification ossification beginning of development
development  chondrification ossification acomplish lasting days and ossification acomplish
HHE
vertebral 9 9 17 29 12 20
column
Y fi
pectoral 2 12 29 42 13 40
fin
G
dorsal fin 9 12 29 56 27 47
and anal fin
fi&
ek 9 12 29 38 9 29
tail fin
bl
B 4 12 36 56 20 52
aculeus
A 5H A W ( Inimicus japonicus ) | K TH 77
3 e
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Early development of the vertebral column, appendicular skeleton and
aculeus in the Tawny puffer ( Takifugu flavidus )

ZHANG Zongfeng, SHI Yonghai, XIE Yongde, ZHANG Haiming, XU Jiabo, LU Genhai
(Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: The appendicular skeleton and the aculeus were examined in larvae of tawny puffer ( Takifugu
Sflavidus ) from hatching through 56 days after hatching (d. a. h) by the the clearing and staining technique of
cartilage and bone. According to the observation, the vertebral column started to develop from neural arches
at 5 d. a. h. cartilage dyeing started at 9 d. a. h, haemal arch appeared at 13 d. a. h, bony ring appeared
at 17 d. a. h, and then was ossified from front to back. The vertebral column was ossified at 29 d. a. h. In
developing sequence, pectoral fin was the earliest, the anal fin followed it, and then the tail fin. The pectoral
fin started to develop from the appearance of pterygiophore primordium of the pectoral fin at 2 d. a. h. The
cartilaginous pterygiophore of pectoral fin formed at 28 d. a. h. , and the pectoral fin was basically ossified at
42 d. a. h.. Dorsal fin and anal fin appeared in the age of 9 d. a. h, and began to ossify in the same age of
29 d. a. h. Up to 38 days of age, they were completely ossified, and branch pterygiophores appeared. The
caudal fin started to develop from the appearance of pterygiophore at the end of the notochord at 11 d. a. h,
and was ossified at 38 d. a. h. During this period, there are some characters followed, like pterygiophore
shifted, hypural and lateral hypural developed, sickle shaped trabecular bone emerged and so on. The
aculeus began to develop at 4 d. a. h with the emergence of a small amount of belly aculeus, however the
scalp aculeus appeared at 16 d. a. h. All of the belly aculeus ossified almost simultaneously, but the scalp
aculeus were from front to back. This study can provide the basis for the function and adaptation research,
system evolution and classification of tawny puffer during its early development.

Key words: tawny puffer; vertebral column; appendicular skeleton; aculeus; early development
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Plate I Development of the vertebral column in the Taikifugu flavidus

1.0 Higfffa; 2.5 Hifrfh; 3.9 HIRMEM; 4. 13 HidHEM; 5. 17 HIRHEM; 6.18 HIRHMEM; 7.21 HibHEM ; 8.22 H kMM, 9.
29 HgHEM ; Fr. i 5%; Ha. Ik ; Hs. JRB; Hy. B N ; Na. #§7; No. H%; Ns. 4l Pe. SCEEHCE; Pp. MEMRBEZE; Pr. Z08H
Su. il F s V.HER

1.0 d. a. h larvae(SI2.60 £0.07 mm) ; 2.5 d. a. h larvae(SL3.19 £0.08 mm) ; 3.9 d. a. h postlarva(SL3.95 £0.28 mm) ; 4.13 d. a. h
postlarva(SL6.83 £0.23 mm) ; 5.17 d. a. h postlarva( SL8.75 £0.43 mm) ; 6. 18 d. a. h postlarva( SL8.76 £0.76 mm); 7.21 d.a. h
postlarva(SL9.34 £0.60 mm) ; 8.22 d. a. h postlarva(SL9.89 +0.40 mm) ; 9.29 d. a. h postlarva(SL13. 81 +1.20 mm) ; Fr. fin ray;
Ha. haemal arch; Hs. haemal spine; Hy. hypural plate; Na. neural arch; Nec. notochord; Ns. neural spine; Pe. Pterygiophore cartilage;

Pp. Parapophysis; Pt. pterygiophore; Side under the hypural plate V. vertebra
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PlatelI Development of the pectoral fin in the Taikifugu flavidus
1.2 Higfff; 2.7 Hifr40; 3.9 HIRMEM; 4. 12 HigHEM; 5. 15 HIRHEM; 6.20 HIRHMEM; 7.29 HiHEM ; 8.42 Hik4f; 9.
56 Higahfa; CL Bg; Co. BME; Fp. SLIEEFIL; Fr. 6855, Pe. SZEEHCE; P 2688 Se. JHME
1.2 d.a.h larvae(SI2.84 £0.09 mm) ; 2.7 d. a. h larvae(SL3.45 0. 11 mm) ; 3.9 d. a. h postlarva(SL3.95 £0.28 mm) ; 4.12 d. a. h
postlarva(SL6.01 £0.33 mm) ; 5.15 d. a. h postlarva(SL7.97 £0.56 mm) ; 6.20 d. a. h postlarva( SL8.91 £0.67 mm); 7.29 d. a. h
postlarva(SL13.81 +1.20 mm) ; 8.42 d. a. h juvenile fish(SL22.30 £2.67 mm) ; 9.56 d. a. h juvenile fish(SL34.87 +4.24 mm) ;Cl.

cleithrum; Co. coracoid; Fp. fin plate; Fr. fin ray; Pc. Pterygiophore cartilage; Pt. pterygiophore; Sc. Scapula

http: //www. shhydxxb. com
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Platelll Development of the Dorsal fin and anal fin in the Taikifugu flavidus
1.9 HigRHES; 2.18 HlRHES; 3.20 HdAEM; 4.24 HRMEf; 5.36 Hid4ha,; 6.38 Hid4ha; 7.38 HiR4hfh; 8.56 Hilk4hfa;
9.56 Hig4hith; Pe. SCERCR; PLSCHEF; Fr. f57%
1.9 d. a. h postlarva( SL3.95 £0.28 mm) ; 2. 18 d. a. h postlarva( SL8.76 £0.76 mm) ; 3.20 d. a. h postlarva(SL8.91 £0.67 mm) ; 4.24
d. a. h postlarva(SL10.79 +1.05 mm) ; 5.36 d. a. h postlarva(SL17.28 +1.60 mm) ; 6.38 d. a. h postlarva(SL18.46 +1.64 mm) ; 7.38
d. a. h postlarva(SL18.46 +1.64 mm) ; 8.56 d. a. h postlarva( SL34.87 +4.24 mm) ; 9.56 d. a. h postlarva( SL34.87 +4.24 mm) ; Pc.

pterygiophore cartilage; Pt. pterygiophore; Fr. fin ray
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PlateIV  Development of the tail fin in the Taikifugu flavidus

LoLL FeAfEf s 2,12 FRfES; 3. 13 FERMEf; 4. 15 MESHEM; 5. 19 FikHES; 6.36 [ ik4)fh; 7.40 Aid4fh; 8.42 A4 fa;
9.56 Hit4hfi; Ep. & B8 ; Fr. 6% ; Ha. ik ; Hs. Jkli; Hy. B F8; Na. §65; Ne. H2; Ns. §aii; So. 2 F&; Su. T
5 St HRTDIR B

1.11 d. a. h postlarva( SL5.05 £0.29 mm) ; 2.12 d. a. h postlarva( SL6.01 £0.33 mm) ; 3.13 d. a. h postlarva( SL6.83 £0.23 mm) ; 4.
15 d. a. h postlarva(SL7.97 £0.56 mm) ; 5. 19 d. a. h postlarva( SL8.81 £0.40 mm) ; 6.36 d. a. h juvenile fish(SL17.28 +1.60 mm) ;
7.40 d. a. h juvenile fish(SL19.34 £1.63 mm) ; 8.42 d. a. h juvenile fish(S[22.30 £2.67 mm) ; 9.56 d. a. h juvenile fish(SL34.87 +
4.24 mm) ; Ep. epural; Fr. fin ray; Ha. haemal arch; Hs. haemal spine; Hy. hypural plate; Na. neural arch; Nc. notochord; Ns. neural

spine; So. sideover the hypural plate; St. sickle shaped transversum; Su. side under the hypural plate

http: //www. shhydxxb. com
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PlateV  Development of the belly aculeus in the Taikifugu flavidus
1.4 Hipfrea; 2.9 HibMEf; 3.12 HidHEf; 4.17 HiRHEM; 5.28 HIRHESM; 6.36 HEbg)fi; 7.36 Hid4)fa; 8.42 HiEdg)fh;
9.56 Hit4hf; Ba. fhEZH; Bs. 35 Dj. B BER %
1.4 d. a. h larvae(SL3.00 £0.08 mm) ; 2.9 d. a. h postlarva( SL3.95 £0.28 mm) ; 3. 12 d. a. h postlarva(SL6.01 £0.33 mm) ; 4. 17 d.
a. h postlarva(SL8.75 +0.43 mm) ; 5.28 d. a. h postlarva( SL12.56 +£1.70 mm) ; 6.36 d. a. h juvenile fish(SL17.28 +1.60 mm) ; 7.36
d. a. h juvenile fish(SL17.28 +1.60 mm) ; 8.42 d. a. h juvenile fish(SL22.30 £2.67 mm) ; 9.56 d. a. h juvenile fish(SL34.87 +4.24

mm) ; Ba. belly aculeus; Bs. bone spur; Dj. duck webbed joint

http: //www. shhydxxb. com
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PlateVI Development of the scalp aculeus in the Taikifugu flavidus

1.16 HibHMEfa; 2. 17 HEdHMEf; 3.27 HidHEf; 4.28 HidHEf; 5.36 Hik%fi; 6.40 Hik4ha,; 7.42 Hig4hfa; 8.50 Hik4hfa;
9.56 HE4ta; Bs. Fofil; Dj. TSBERZEHE; Sa. Sk Bl

1.16 d. a. h postlarva(SL8.48 £0.62 mm) ; 2. 17 d. a. h postlarva( SL8.75 £0.43 mm) ; 3.27 d. a. h postlarva(SL12.04 +1.07 mm) ; 4.
28 d. a. h postlarva(SL12.56 £1.70 mm) ; 5.36 d. a. h juvenile fish( SL17.28 +1.60 mm) ; 6.40 d. a. h juvenile fish( SL19.34 +1.63
mm) ; 7.42 d. a. h juvenile fish(S22.30 £2.67 mm) ; 8.50 d. a. h juvenile fish( SL29.51 £3.44 mm) ; 9.56 d. a. h juvenile fish( SL34.
87 £4.24 mm) ; Bs. bone spur; Dj. duck webbed joint; Sa. scalp aculeus
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